
ABSTRACT

The importance of financial benchmarking has in-
creased in recent years as European Union milk quota 
abolition has facilitated rapid change in the dairy sec-
tor. This study evaluates the association between us-
age frequency of a financial benchmarking tool [Profit 
Monitor (PM)] and farm changes on spring-calving 
pasture-based dairy farms. To this end, physical and fi-
nancial data for 5,945 dairy farms, representing 20,132 
farm years, for the years 2010 to 2018 were used. Farms 
were categorized by frequency of annual financial 
benchmarking over the 9-yr period into frequent PM 
users (7–9 yr), infrequent PM users (4–6 yr), low PM 
users (1–3 yr), and nonusers. We use a mixed model 
framework and econometric models to characterize 
farms and to explore characteristics and determinants 
of economic performance and user groups. The most 
frequent users of the financial benchmarking tool had 
the greatest increase in intensification (measured by 
change in farm stocking rate), productivity (measured 
by change in milk production per hectare), and financial 
performance (measured by change in farm gross output 
and net profit per hectare) across the study period. 
Infrequent and low PM users of the benchmarking tool 
were intermediate for all variables measured, whereas 
nonusers had the least change. Empirical results indi-
cated that economic performance was positively associ-
ated with dairy specialization and pasture utilization 
for all groups. Despite considerable fluctuations over 
the observation period, the overall change in total farm 
net profit between 2010 and 2018 was greatest for the 
frequent PM users (an increase of 70%, or €37,639), 
followed by farms in the infrequent PM user category 
(a 71% increase corresponding to an increase of €28,008 
in net profit); meanwhile, low PM user and nonuser 
categories showed increases of 69% (€26,270) and 42% 

(€10,977), respectively. The results of this study also 
clearly indicated the existence of a strong positive as-
sociation between frequency of financial benchmark-
ing and greater technical and financial efficiency. The 
econometric analysis revealed that financial bench-
marking users are more likely than nonusers to have 
larger herds, and that regional differences exist in usage 
rates. Finally, the study concludes by suggesting that 
the development of simplified financial benchmarking 
technologies and their support are required to increase 
benchmarking frequency, which may also help to fa-
cilitate a more sustainable and resource efficient dairy 
industry.
Key words: dairy, pasture-based, financial 
benchmarking, technical, financial

INTRODUCTION

European Union (EU) milk quota abolition in 2015 
precipitated considerable restructuring within the EU 
dairy sector. Milk production has significantly in-
creased in some countries, such as Ireland, Poland, and 
the Netherlands, but declined in others, such as France 
and Romania (Eurostat, 2020). In general, milk pro-
duction has expanded in countries with a comparative 
advantage, which are often regions that favor pasture 
production. For example, Irish milk production, which 
is based on pasture-based systems, has increased by 
67% between 2009 and 2019, with almost 3 quarters of 
this increase (73%) occurring since 2015 (CSO, 2020b). 
Moreover, the Irish dairy herd has increased by 39% 
during the same time 10-yr time period (CSO, 2020a).

Although considerable variation in production costs 
is observed on dairy farms across continental Europe 
(IFCN, 2019), Ireland has one of the lowest costs of 
producing milk worldwide (Dillon et al., 2008). The 
principal reason for the low production costs that prevail 
in Ireland is that milk production is primarily based on 
seasonal calving pasture-based systems (Dillon et al., 
2008). Grazed grass is the lowest-cost feed available, 
and farmers aim to optimize its use in the diet of the 
lactating dairy cow (Dillon et al., 1995). A wide vari-
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ety of factors affect pastoral dairy herd performance, 
including region (Patton et al., 2012; Ramsbottom et 
al., 2015), with southern and eastern regions of Ireland 
reporting greater production per cow. Similarly, higher 
concentrate supplementation rate, although associated 
with increased production costs in pasture-based sys-
tems (Ramsbottom et al., 2015; Neal and Roche, 2020), 
is also associated with greater milk production per cow, 
and cows with greater genetic merit for milk produc-
tion produce the greatest yields (Ramsbottom et al., 
2012; O’Sullivan et al., 2019).

Generally, Irish and EU dairy farmers are increasingly 
exposed to world market prices, with increasing fluctua-
tion in milk prices observed since 2006 (Teagasc, 2015). 
Careful financial monitoring is particularly important 
for pasture-based systems because low-cost grazing sys-
tems tend to be inflexible to milk price volatility. The 
fixed costs associated with pasture production have 
already been incurred, and thus there is little scope 
for further cost reduction. Hennessy et al. (2015), for 
example, reported that farmers who financially bench-
mark have, on average, lower production costs and are 
more profitable than the national average. Even among 
dairy farmers who benchmark regularly, Ramsbottom 
et al. (2020) observed a 150% difference in 8-yr average 
farm net profit per hectare between the highest and 
lowest profit quartiles.

A variety of tools are available to farmers to deter-
mine their costs of production and facilitate peer-to-
peer benchmarking, including Farmbench in the United 
Kingdom (AHDB, 2020), Dairybase in New Zealand 
(DairyNZ, 2020), and Redsky in New Zealand, Aus-
tralia, and Argentina (Dowie, 2020). Teagasc, the Irish 
semistate advisory, research, and education agency, 
produces an analysis of dairy production costs on an 
annual basis using both the Profit Monitor (PM) and 
the National Farm Survey (NFS). Profit Monitor com-
pletion allows users to analyze and benchmark their 
production costs and profitability against their contem-
poraries and, when completed regularly, allows them to 
monitor trends in performance on a multiannual basis 
(Teagasc, 2019a). However, despite initiatives by the 
Irish Department of Agriculture to increase the number 
of dairy farmers completing PM in the 2010 to 2015 
period through financially incentivizing extension pro-
grams that required completing PM annually (Läpple 
and Hennessy, 2015), only approximately 14% of dairy 
farmers (approximately 2,500) complete one each year 
(Teagasc, 2019a). Participation in the programs was 
voluntary. Farmers could complete PM without par-
ticipating in or while participating in the extension 
programs. Either option is likely to be influenced by 
similar unobserved factors such as farmer’s ability or 
economic motivation. The low benchmarking rate is 

consistent with previous research from Ireland (Byrne 
et al., 2003) and New Zealand (Parker, 1999). More-
over, frequency of PM completion differs considerably 
between farms, ranging from none to regular comple-
tion over several years. How and whether this difference 
in frequency of financial benchmarking affects farm 
performance remains an open question, with the stud-
ies of Candler and Sargent (1962) and Parker (1998) 
suggesting that there is little evidence of an association 
between financial benchmarking and farm performance. 
Indeed, Ferris and Malcolm (1999) suggest that the use 
of multiple indicators such as cash flow, profitability, 
and net worth change is necessary when evaluating any 
business.

In this study, we explore how frequency of engage-
ment with a financial benchmarking tool affects farm 
physical and financial performance, and assess charac-
teristics associated with different levels of PM engage-
ment. We also discuss implications for environmental 
sustainability and resource use. The specific objectives 
of this study, using a large farm physical and financial 
database, were (1) to characterize the physical and 
financial trends from 2010 to 2018 on spring-calving 
pasture-based dairy farms, (2) to describe the farms 
categorized by frequency of use of PM and explore 
factors associated with economic performance for each 
farm category, (3) to document the trends over a 9-yr 
period for the different PM use categories, and (4) to 
identify the drivers for the different PM user categories.

MATERIALS AND METHODS

Data

In this study, we combined PM and NFS data to 
explore the associations between financial benchmark-
ing and farm physical and financial performance. Both 
data sets are described subsequently. In relation to PM 
data, information (both technical and financial) is pro-
vided by the farmer through the completion of an input 
sheet, which is typically checked and then entered by 
the farmer’s advisor (Hennessy et al., 2015). The data 
are held centrally, and secure access to the database 
is provided to facilitate the input of data and viewing 
of reports (Ramsbottom et al., 2015). The results gen-
erated are not nationally representative, as the farms 
included in the annual data set are self-selecting and do 
not proportionally represent the entire farming popula-
tion.

The NFS fulfills Ireland’s statutory obligation to 
provide data on farm output, costs, and income to the 
European Commission. A random sample of approxi-
mately 1,000 farms is selected annually, representing 
a farming population of approximately 90,000 farms, 
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with a weighting factor assigned to each so that the 
results of the survey are representative of the national 
population of farms (Teagasc, 2020). Farmers par-
ticipating in the NFS are surveyed through a series 
of face-to-face interviews with a professional data col-
lection team. Although the NFS distinguishes between 
6 dominant farming systems in Ireland (i.e., dairy, 2 
cattle systems, sheep, arable, and mixed livestock), this 
study was restricted to dairy farms. The NFS includes 
approximately 300 dairy farms in each year, and we 
extracted nonusers from the NFS data.

In the present study, we extracted data from PM 
and NFS databases on farm physical data and financial 
performance for the years 2010 to 2018. The overall 
data includes 19,416 observations from 5,688 individual 
farms from the PM database and 716 observations from 
257 individual farms from the NFS.

Variable Calculation

In relation to farm physical data, monthly animal 
numbers of cows, replacement heifers, and dry stock 
(i.e., beef cattle and sheep) were averaged across each 
calendar year to determine their average livestock units 
(LU) in both data sets. The animal categories included 
in the calculation of total LU were dairy cows, replace-
ment heifers, and dry stock. Farm stocking rate (SR) 
was calculated by dividing the total LU on the farm 
by the number of hectares of forage area (pastureland 
and forage crop area combined) on the farm. Total 
farm milk production was divided by total dairy cow 
LU present on the farm to calculate average milk yield 
per cow and multiplied by farm SR to calculate milk 
produced per hectare. Average annual fat and protein 
percentages were obtained from the milk processor re-
turns and used to calculate milk solids yield (i.e., yield 
of fat and protein expressed in kilograms). Liters of 
milk produced per kilogram of feed used was calcu-
lated by dividing the liters of milk produced per cow 
by the kilogram of feed fed per cow. This serves as a 
measure of resource efficiency. Pasture DM utilization 
were calculated by back calculating DM intake per cow 
using data for milk yield and estimated cow liveweight. 
Then, the estimate of pasture DM consumed per cow 
was calculated by deducting the DM content of concen-
trate feed and purchased forage fed per cow. Finally, 
pasture DM per hectare was calculated by multiplying 
the estimate of pasture DM consumed per cow by the 
farm SR (Ramsbottom et al., 2015). Pasture utilization 
serves as a measure of environmental sustainability, as 
the amount of grazed grass is an important greenhouse 
gas mitigation measure (Lanigan and Donnellan, 2019).

In relation to financial data, gross output per farm 
was calculated by combining the value of milk, crop, 

and stock sales, and the standard value of calf transfers 
to beef and replacement heifer enterprises. Then, the 
cost of purchased stock or the standard value of in-calf 
heifers transferred from the farm’s replacement heifer 
enterprise was deducted and an adjustment made, 
where applicable, for stock inventory change. Variable 
costs recorded in both the PM and NFS included feed 
and fertilizer, breeding and veterinary costs, and farm 
contractor costs as well as other variable costs includ-
ing milk recording, parlor expenses, and bedding costs. 
The cost of dairy cow feed was allocated directly to the 
dairy enterprise. Fixed costs recorded included machin-
ery, hired labor, electricity, phone, and transportation 
expenses as well as the costs of leasing land and milk 
quota. Net profit was calculated as the profit remaining 
after all variable and fixed costs were deducted from 
the gross output. Net profit was expressed per hectare 
farmed by dividing total farm net profit by the total 
number of hectares farmed. Gross output, total vari-
able costs, and total fixed costs were calculated using a 
similar approach. The economic values presented are in 
nominal terms, as our main interest lied in comparing 
changes over time across PM user groups, which were 
all subject to the same input and output price changes.

Finally, 3 geographical regions were identified, which 
differ in their seasonal production of pasture and rain-
fall similar to those detailed in Teagasc (2019b).

Data Analyses

Analyses were undertaken using a mixed model 
framework in PROC MIXED (SAS, 2005). Fixed ef-
fects included in the 3 analyses were farm year, PM 
frequency completion category, and the interaction 
between year and category of PM frequency comple-
tion. The first series of analyses estimated the annual 
least squares means, and thus the longitudinal trends 
in physical and financial performance over the study 
period. The second series of analyses quantified the 
association between category of PM frequency comple-
tion over the 9-yr observation period and the various 
physical and financial characteristics. The third series 
of analyses quantified the association between category 
of PM frequency completion and the various physical 
and financial characteristics for each year.

To get insight on specific factors that are associated 
with economic performance, we estimated a panel data 
fixed effects model divided by the 4 PM user categories. 
We let yit be farm gross margin per hectare and Xit  
be a matrix of explanatory variables comprising farm 
size, specialization, pasture utilized, meal fed, and their 
squared terms. We estimated the following equation to 
reveal associations between economic performance and 
farm physical factors:
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	 yit = β1 + β2 Xit + β3 Tt + ui + εit,	

where β are the coefficients to be estimated, Tt is a 
year fixed effect, ui is a farm specific effect (that is 
“differenced away” in fixed effects estimation), and εit 
is an idiosyncratic error.

In our last step of the data analysis, we applied a 
multinomial logit model that separated individual 
farms into the 4 distinct PM user groups to explore the 
factors that distinguish among these groups. The mul-
tinomial logit model is an extension of the binary logit 
model, in which the response variable has more than 
2 unordered qualitative responses. More formally, the 
outcome variable yi can take on values j = 1, 2, . . . , J, 
with J being a positive integer that corresponds to the 
number of outcomes (categories). In this application, 
we have 4 categories: nonusers of PM (j = 1), low PM 
users (j = 2), infrequent PM users (j = 3), and frequent 
PM users (j = 4). The determinants associated with 
each category are contrasted to the base category (i.e., 
nonusers of PM). Specifically, we are interested how, 
all other things being equal, changes in an explanatory 
variable x affect the outcome probabilities Pr(yi = j|x) 
j =1, 2, . . . , J (Wooldridge, 2010). As we had a 9-yr 
period, we estimated a pooled model with year fixed 
effects and cluster standard errors at the farm level. 
We include farm characteristics and regional dummy 
variables as explanatory variables and also control for 
year effects. Our main aim was to reveal significant 
differences between the 3 categories of PM frequency 
use and nonusers of PM.

RESULTS

Interyear Variability in Physical and Financial 
Performance on Pasture-Based Dairy Farms

Summary statistics, calculated through the PROC 
MIXED procedure in SAS, for a range of performance 
measures for the sample farms over a 9-yr period are 
presented in Table 1. This table provides least squares 
means, and associated standard deviations are reported 
in the Supplemental Table S1 (https:​/​/​doi​.org/​10​
.3168/​jds​.2020​-18843). Overall, we observed signifi-
cant changes in all variables over the study period and 
significance levels are indicated in the last column of 
Table 1. More specifically, there were increases in farm-
ing scale, specialization, and intensity during the 9-yr 
study period. The total area farmed increased over the 
period by 12%, whereas the scale of the dairy enter-
prise (measured in herd size) increased by 36%, which 
implied an increase from 78 to 106 cows (P < 0.001). 
The farms also became more specialized in dairying 
over the study period as the proportion of dairy cows 

increased by 5.1% over the 9-yr period (P < 0.001) and 
comprised 70.1% of all animals on the study farms in 
2018. In relation to intensity, SR increased (P < 0.001) 
from 2.02 in 2010 to 2.19 LU/ha in 2018.

Production increases were also evident on study farms 
over the observation period. For example, milk solids 
increased per cow and per hectare farmed (P < 0.001) 
by 15% and 26%, respectively. Milk fat and protein 
content increased by 7.2% and 3.4%, respectively, per 
cow. Milk produced per kilogram of feed consumed was 
least in 2018 (P < 0.001), reflecting reduced pasture 
DM production following a prolonged summer drought. 
Furthermore, pasture DM utilized per hectare, despite 
varying between years due to the effect of weather, 
increased (P < 0.001) from 7.6 to 8.1 t of DM/ha and 
was 6.6% greater (P < 0.001) in 2018 than in 2010. As 
a consequence of both higher milk production per cow 
and per hectare, production of total fat plus protein per 
farm increased by 57% during the study period.

Both farm output (P < 0.001) and costs (P < 0.01) 
increased between 2010 and 2018 (Table 1). As a result 
of increasing intensification and varying milk price, 
gross output (€/ha) was lowest (P < 0.001) in 2010 at 
€2,425/ha and peaked (P < 0.001) in 2017 at €3,574/
ha. Net farm profit (€/ha) was greatest (P < 0.001) in 
2017 (€1,286/ha) and lowest in 2016 (€629/ha). Net 
farm profit as a percentage of farm gross output aver-
aged 27.9% and ranged from 22.9% in 2016 to 36.0% in 
2017. Finally, farm net profit was highly variable during 
the 9-yr period and was greatest (P < 0.001) in 2017 
(€89,506) because of a combination of factors including 
milk price, greater pasture utilization, increased dairy 
specialization, and scale growth. Farm net profit was 
least (P < 0.001) in 2010 (€39,564) because pasture 
utilization was least, farms were less specialized, and 
smaller in scale.

Frequency of PM Completion and Farm Physical  
and Financial Characteristics

We divided the farms in 4 categories based on their 
financial benchmarking use frequency. A total of 1,071 
individual farmers (representing 7,973 farm years) were 
frequent PM users, completing financial benchmarking 
between 7 and 9 times over the 2010 to 2018 period (an 
average of 7.44 PM completions); 1,492 individual farm-
ers (representing 6,472 farm years) were less frequent 
PM users, completing financial benchmarking between 
4 and 6 over the 9-yr period (an average of 4.34 PM 
completions); and 3,125 individual farmers (represent-
ing 4,971 farm years) were low PM users, completing 
financial benchmarking between 1 and 3 times over 
the 9-yr period (an average of 1.59 PM completions). 
Finally, 257 individual farmers (representing 716 farm 
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years) were nonusers and did not use financial bench-
marking at all during the observation period.

Summary statistics, calculated by the MIXED pro-
cedure in SAS for a range of performance measures 
are presented in Table 2. This table provides least 
squares means, and associated standard deviations are 
reported in Supplemental Tables S2 (farm physical) 
and S3 (financial), respectively (https:​/​/​doi​.org/​10​
.3168/​jds​.2020​-18843). Again, the last column in Table 
2 indicates whether differences across categories were 
statistically significant. Overall, we observed significant 
differences across all groups over all farm physical and 
financial characteristics.

More specifically, compared with the nonuser cat-
egory, frequent PM users had 12.1 ha larger farms (P 
< 0.001), a 16.6 ha greater area of pastureland (P < 
0.001), and an average of 39 more cows (P < 0.001; 
Table 2). However, heir herd size was considerably 
more variable than for the nonuser category, averag-
ing 109 ± 68.3 cows and 70 ± 35.8 cows respectively 
(Supplemental Table S2, https:​/​/​doi​.org/​10​.3168/​jds​
.2020​-18843. Compared with the nonusers, the frequent 
user category was also more efficient when measured 
by SR (0.13 LU/ha more; P < 0.001), pasture use (P 
< 0.001), milk yield per kilogram of feed (P < 0.001), 
milk solids yield per cow and per hectare (21 kg and 
95 kg respectively; P < 0.001), and fed less meal per 
cow (168 kg; P < 0.001). Farms in the nonuser category 
were smallest and least efficient, whereas the infrequent 
and low PM users were in between the 2 extreme cat-
egories in relation to their farm physical characteristics.

In relation to financial indicators, by virtue of their 
greater intensity, the frequent PM users also had the 
greatest farm gross output per hectare (P < 0.001), 
production costs (P < 0.001), and farm net profit (P < 
0.001) (Table 2). However, farm net profit per hectare 
was considerably less variable for the frequent PM user 
category, averaging €1,091 ± 600.7/ha compared with 
an average of €658 ± 511.6/ha for the nonuser category 
(Supplemental Table S3, https:​/​/​doi​.org/​10​.3168/​jds​
.2020​-18843). We also observed that total farm profit 
increased with the intensity of financial benchmarking 
use (Table 2).

Next, we explored the specific factors that determine 
economic performance in each of the PM user catego-
ries. Results are reported in Table 3. We used farm 
gross margins per hectare as our economic performance 
measure and regressed this measure on farm physical 
characteristics. We focused on gross margins as opposed 
to net margins as we hypothesized that PM users were 
more likely to focus on the improvement of gross mar-
gins because many elements of fixed costs such as loan 
interest or depreciation on investments are not affected 
greatly by PM use. We tested a nonlinear relationship 
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of all factors by including a quadratic term, which we 
retained in the final specification if it was statistically 
significant (P < 0.10). Overall, we found that the same 
factors were associated with economic performance in 
each category; however, the magnitude of this effect 
differed across categories.

More specifically, our findings revealed that farm size 
(measured as dairy herd size) was not a statistically 
significant (P > 0.1) driver of economic performance. 
However, dairy specialization showed a significant (P 
< 0.05) positive association with gross margin, but 
with diminishing effects with increasing specialization 
in the nonuser group. In addition, our empirical find-
ings revealed that when over 85% of nonusers’ LU are 

dairy cows, gross margins were predicted to decline. In 
relation to pasture utilization, we found a statistically 
significant (P < 0.01) positive relationship with gross 
margins for all categories, with small diminishing ef-
fects for the frequent PM user group. This implied that 
higher environmental sustainability was positively asso-
ciated with economic returns. Finally, our findings also 
revealed that meal fed was positively associated with 
higher economic returns for all groups except nonusers, 
albeit the effect was rather small.

As our descriptive statistics reported in Table 2 clearly 
indicate that frequent PM users had larger dairy herds, 
we explored this effect in more detail. More specifically, 
we assessed whether there were farms with lower farm 
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Table 2. Least squares means for measured farm physical and financial characteristics for a sample of seasonal spring-calving, pasture-based 
dairy farms categorized by frequency of use1 of Profit Monitor (PM) during the years 2010 to 2018, inclusive (n = 20,132)

Item Frequent PM users Infrequent PM users Low PM users Nonusers SE2 P-value

Number of farms 7,973 6,472 4,971 716    
Total area farmed (ha) 72.0a 66.3b 66.5b 59.9c 0.93 <0.001
Pasture area farmed (ha) 71.1a 65.3b 64.9b 54.5c 0.88 <0.001
Stocking rate (LU3/ha) 2.22a 2.11b 2.08b 2.09b 0.011 <0.001
Pasture utilized (T DM/ha) 9.0a 8.2b 8.0c 7.7d 0.05 <0.001
Dairy herd size (no. of cows) 109a 90b 88b 70c 1.4 <0.001
Dairy LU (% of total LU) 68.9a 66.5b 65.7c 63.8d 0.31 <0.001
Milk yield (L/cow) 5,307a 5,187b 5,194b 5,208b 18.3 <0.001
Meal fed (kg/cow) 886a 968b 1,011c 1,054d 8.7 <0.001
Milk (L/kg of meal fed) 7.0a 6.3b 6.0c 5.8c 0.04 <0.001
Milk fat content (%) 4.13a 4.05b 4.03c 3.98d 0.005 <0.001
Milk protein content (%) 3.51a 3.46b 3.45c 3.43d 0.003 <0.001
Milk solids (kg/ha) 931a 852b 838c 836bc 5.7 <0.001
Farm gross output (€/ha) 3,367a 3,033b 2,935c 2,736d 22.1 <0.001
Total variable costs (€/ha) 1,349a 1,269b 1,258b 1,249b 9.6 <0.001
Farm gross margin (€/ha) 2,018a 1,764b 1,677c 1,487d 15.4 <0.001
Total fixed costs (€/ha) 926a 895b 894b 829c 7.9 <0.001
Farm net profit (€/ha) 1,091a 869b 783c 658d 12.8 <0.001
a–dMeans within a row with different superscripts differ (P < 0.05).
1Farms were categorized by frequency of annual financial benchmarking over the 9-yr period into frequent PM users (7–9 yr), infrequent PM 
users (4–6 yr), low PM users (1–3 yr), and nonusers.
2Pooled SE.
3LU = livestock unit.

Table 3. Results (robust SE in parentheses) from panel data analysis of factors associated with economic performance by Profit Monitor (PM) 
use frequency1

Farm gross margin (€/ha) Frequent PM users Infrequent PM users Low PM users Nonusers

Dairy herd size 0.129 (0.188) 0.588 (0.368) 0.374 (0.721) 0.828 (2.078)
Specialization 17.73*** (0.798) 27.80*** (6.130) 14.17*** (1.684) 44.49** (17.31)
Specialization2   −0.0780* (0.0463)   −0.259** (0.124)
Pasture utilized 260.5*** (16.23) 215.9*** (5.587) 204.2*** (9.587) 137.0*** (19.87)
Pasture utilized2 −2.245*** (0.850)      
Meal fed 0.313*** (0.0197) 0.212*** (0.0223) 0.174*** (0.0357) 0.0513 (0.0712)
Year FE Yes Yes Yes Yes
Constant −1,806*** (105.1) −1,915*** (206.7) −1,282*** (142.0) −1,621*** (592.1)
Observations (no.) 7,972 6,472 4,970 708
R2 0.708 0.603 0.592 0.405
Identifications (no.) 1,071 1,492 3,125 253
1Farms were categorized by frequency of annual financial benchmarking over the 9-yr period into frequent PM users (7–9 yr), infrequent PM 
users (4–6 yr), low PM users (1–3 yr), and nonusers. FE = fixed effects.
***P < 0.01, **P < 0.05, *P < 0.1.
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size within the frequent PM user category that were 
most economically efficient. For this, we selected the 
top and bottom quartile of farms in relation to economic 
performance (gross margins per hectare) and farm size 
(dairy herd size), respectively. The results revealed that 
only a small proportion (2.75%) of frequent PM users 
fell into this subgroup. Compared with the remaining 
frequent PM users, t-tests revealed that this subgroup 
was significantly more specialized in dairy production 
(73.89 vs. 68.83), utilized more pasture (10.19 vs. 8.97), 
and were also more intensively stocked (2.43 vs. 2.22).

Development of Farm Physical and Financial 
Performance Over Time by PM Use Frequency

Next, we explored how selected farm physical and 
financial performance indicators developed over the 
study period between the different PM user groups. 
Selected measures of physical performance by year and 
categories of PM use are presented in Figure 1. In gen-
eral, we observed significant differences in characteris-
tics in the base year (2010) that developed differently 
across groups over the observation period.

More specifically, dairy herd size of the frequent PM 
users was 41.0% greater in 2010 than herd size of nonus-
ers’ farms (P < 0.001). Moreover, over the 9-yr period, 
herd size increased by the greatest number (43.3 cows) 
in this category when compared with the other catego-
ries, with nonusers having the lowest herd expansion (P 
< 0.001; by 13.9% and 9.1 cows respectively). In addi-
tion, frequent PM users had the highest SR and great-
est increase (P < 0.001) over the study period, whereas 
the nonusers had the lowest SR and lowest increase 
over the 9-yr period (3.8%). The frequent PM users 
utilized the greatest amount of pasture per hectare in 
all years (P < 0.001) and recorded the greatest increase 
(P < 0.001) in pasture utilization between 2010 and 
2017 (1.7 T DM/ha). The difference in pasture utiliza-
tion between the most frequent PM user and nonuser 
categories widened between 2010 (1.2 T DM/ha or an 
18% difference) and 2017 (1.8 T DM/ha or a difference 
of 23%). However, the difference narrowed between the 
2 categories in 2018 to 1.1 T DM/ha (14%), most likely 
due to the challenges experienced in growing pasture 
during the summer.

Selected measures of financial performance by year 
and categories of PM use are presented in Figure 2. 
Measured per hectare, farm gross output and net profit 
were greatest (P < 0.001) in all years for frequent PM 
users, and second greatest for the infrequent PM users. 
The low PM users and nonusers had lowest farm gross 
output and net profit. The difference in farm gross out-
put per hectare between the frequent PM user category 

and nonuser category increased from €473/ha in 2010 
to €1,002/ha in 2018. Similarly, the difference in farm 
net profit/ha between the 2 categories increased from 
€397/ha in 2010 to €500/ha in 2018 due to intensifica-
tion and increase in scale of the dairy herd. On a whole-
farm basis, the change in farm net profit between 2010 
and 2018 was €37,639, €28,008, €26,270, and €10,977 
for frequent PM user, infrequent PM user, low PM 
user, and nonuser categories, respectively, with the gap 
in change in farm net profit between the frequent PM 
users and nonusers increasing by €22,662.

Results of the Multinomial Logit Analysis

The multinomial logit model separated the farmers 
into the 4 previously described groups to explore the 
factors that distinguish these groups (Table 4). Overall, 
the model confirmed that there were significant differ-
ences between the groups, which were revealed by a 
Wald test that rejected the null hypotheses at the 1% 
level that any PM user groups can be merged. The 
Wald test was based on all variables, and the individual 
coefficient estimates provided detailed insights into the 
differences between the PM user groups.

The model revealed significant differences between 
the PM user groups in relation to herd size, with all 
PM user categories more likely to have larger herds 
than the nonuser category. In relation to specialization 
(i.e., the proportion of dairy cows in the livestock herd), 
there was no significant difference between low PM 
use and nonuse, but more frequent PM user categories 
were significantly more specialized than nonusers. The 
model also revealed that PM users were more likely to 
have higher single farm payments (SFP) per hectare, 
although the economic significance of this effect ap-
peared small. This indicated that there was a tendency 
for more specialized farmers with larger herd sizes and 
higher SFP per hectare to frequently engage with PM.

In relation to feeding strategies, there was no signifi-
cant difference in relation to pasture utilization between 
nonusers and low or infrequent PM use. In contrast, 
frequent PM users had significantly (P < 0.01) higher 
pasture utilization than nonusers. However, all PM 
user groups fed significantly less concentrates per cow 
than nonusers. Finally, we found significant (P < 0.01) 
regional differences in relation to the frequency of PM 
use. For example, farmers in the south and northwest 
regions were significantly more likely to engage with 
PM use than farmers in the east and midlands regions 
(the base category). Although generally the northwest 
region was not seen as a typical dairy region, this result 
can be explained that due to the small number of very 
committed PM users in the northwest region.

Ramsbottom et al.: FINANCIAL BENCHMARKING ON DAIRY FARMS AND FARM PERFORMANCE
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DISCUSSION

This analysis provided a unique opportunity that 
characterized the implications of frequency of finan-
cial benchmarking using a common methodology for 

a large database over an extended timeframe. We used 
a unique data set comprising 5,945 dairy farms, rep-
resenting 20,132 farm years, over a 9-yr time period, 
which included detailed farm physical and financial 
characteristics. The general trends toward intensifica-
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Figure 1. The effect of Profit Monitor completion category on (a) dairy herd size (no. of cows), (b) stocking density (LU/ha), and (c) pasture 
utilized (T DM/ha). Farms were categorized by frequency of annual financial benchmarking over the 9-yr period into frequent PM users (7–9 yr), 
infrequent PM users (4–6 yr), low PM users (1–3 yr), and nonusers. Error bars represent SE within completion category. LU = livestock unit.
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tion, increased operational scale, specialization, and 
productivity observed within this study (Table 1) were 
similar to those previously reported for pasture-based 
dairy industries internationally (DairyNZ, 2019). In 

Ireland, this trend has been accelerated by the EU milk 
quota abolition in 2015.

The current study indicated that there was a posi-
tive association between frequency of use of financial 
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Figure 2. The effect of Profit Monitor completion category on (a) farm gross output (€/ha), (b) farm net profit (€/ha), and (c) farm net 
profit (€/farm). Farms were categorized by frequency of annual financial benchmarking over the 9-yr period into frequent PM users (7–9 yr), 
infrequent PM users (4–6 yr), low PM users (1–3 yr), and nonusers. Error bars represent SE within completion category.
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benchmarking and greater technical (measured by 
greater milk yield per cow, yield of milk per kilogram of 
purchased feed and SR), and financial efficiency (mea-
sured by greater gross output and net profit; Table 2). 
Milk per kilogram of feed used can be seen as a mea-
sure of resource efficiency, and our findings indicated 
that more frequent PM use was associated with better 
resource efficiency. Moreover, there was also a positive 
association between pasture utilization and PM use 
frequency. Pasture utilization was closely linked to 
environmental sustainability, as increasing the amount 
of grazed grass is an important mitigation measure in 
the Irish marginal abatement cost curve (Lanigan and 
Donnellan, 2019).

Our findings also indicated that economic perfor-
mance was positively associated with specialization 
and pasture utilization. The latter indicated that an in-
creased focus on environmental sustainability may also 
imply higher economic returns. This provides a win-win 
strategy for farmers and society, encouraged by finan-
cial benchmarking. Of course, one has to be careful 
in attributing effects directly to PM use, as generally 
farmers who decide to use financial benchmarking are 
also likely to be farmers who are better farm managers 
and more motivated. Therefore, in the current analysis, 
financial benchmarking and initial farmer’s ability may 
drive better farm performance. Nevertheless, our study 
provided important insights on associations.

The study also showed that frequent PM users were 
better resourced initially (measured by farming scale, 
SR intensity, and milk yield per cow and per hectare) 
and had the greatest change over the period investi-
gated (Figure 1). This conclusion was consistent with 
previous research (Garforth et al., 2004; Hennessy and 
Heanue, 2012; Forbord and Vik, 2014). Furthermore, 
frequency of PM use can also be interpreted as an indi-
cator of the level of engagement with advisory services. 
In this context, the findings confirm that higher levels 

of engagement with agricultural extension services are 
positively associated with greater technical and finan-
cial change as observed in previous studies (Läpple et 
al., 2013; Brennan et al., 2016; Nordin and Höjgård, 
2017). Finally, frequent PM users had greater SFP per 
hectare than nonusers (Table 3), which indicated that 
this category has a history of intensive farming and 
greater scale as such payments were established almost 
a decade before the current study period commenced. 
This finding supports results from Läpple and Hennessy 
(2015), who found that longer term participants of farm 
discussion groups were more technologically advanced, 
had larger scale, more intensive, and more specialized 
farms than shorter term participants, who were more 
advanced than nondiscussion group participants

Quota abolition in 2015 facilitated rapid increases 
in technical efficiency. For example, Kelly et al. (2020) 
documented substantial technical change in Ireland, 
and Sipiläinen et al. (2014) observed similar trends 
on Norwegian dairy farms following the liberalization 
of agricultural policies. Also of importance in the cur-
rent study is the increase in scale emerging on dairy 
farms, which is consistent with that reported in other 
countries (MacDonald and Newton, 2014; DairyNZ, 
2019). Similar to their studies, the findings reported in 
our study suggest that there is a growing financial gap 
(Figure 2) between more technically efficient bench-
markers and the nonusers, which is consistent with the 
variation observed in other countries (AHDB, 2018, 
AgricultureVictoria, 2019). The likely outcome of this 
emerging gap is the development of a 2-speed dairy 
industry comprised of fewer, larger scale farms, as has 
happened elsewhere (MacDonald and Newton, 2014).

Ongoing financial benchmarking and continued tech-
nical improvement are essential to maintaining future 
competitiveness (McDonald et al., 2016). In an effort 
to promote increased financial benchmarking, PM 
completion was a mandatory element of 2 knowledge 
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Table 4. Multinomial logit analysis of physical and financial variables for frequency of Profit Monitor (PM) 
use category1 compared with nonusers of PM (robust SE in parentheses)

Variable Frequent PM users Infrequent PM users Low PM users

Dairy herd size 0.0183*** (0.0032) 0.0148*** (0.0032) 0.0139*** (0.0032)
Specialization 0.0256*** (0.0063) 0.0108* (0.0061) 0.0042 (0.0060)
SFP per hectare 0.0020*** (0.0004) 0.0017*** (0.0004) 0.0009** (0.0004)
Pasture utilized 0.1473*** (0.0437) −0.0045 (0.0430) −0.0306 (0.0425)
Meal fed −0.0011*** (0.0002) −0.0007*** (0.0002) −0.0004** (0.0002)
Northwest 2.3961*** (0.3257) 2.0831*** (0.3204) 1.9212*** (0.3123)
South 0.9794*** (0.2493) 1.2000*** (0.2460) 1.2433*** (0.2366)
Year FE Yes Yes Yes
Constant −3.1017*** (0.5857) −1.3364** (0.5661) −0.1389 (0.5519)
Observations (no.) 20,132    
1Farms were categorized by frequency of annual financial benchmarking over the 9-yr period into frequent PM 
users (7–9 yr), infrequent PM users (4–6 yr), low PM users (1–3 yr), and nonusers. FE = fixed effects.
***P < 0.01, **P < 0.05, *P < 0.1.
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transfer programs developed by the Irish Department 
of Agriculture, which operated in the 2010 to 2012 and 
2013 to 2015 periods (Läpple and Hennessy, 2015). It is 
perhaps not surprising that, without such incentives, fi-
nancial management technologies have had a low uptake 
rate among the general farming population. McDonald 
et al. (2016) found that dairy farmers perceive farm 
financial management technologies as neither easy to 
use nor easy to understand. Incentivizing uptake alone 
without greater simplification of the available financial 
management technologies will likely not be successful in 
ensuring their greater adoption and more frequent use.

CONCLUSIONS

Across a period of profound change within the Irish 
dairy industry, the results of this study clearly indicate 
the existence of a strong positive relationship between 
frequency of financial benchmarking and greater tech-
nical and financial efficiency. Our findings also indicate 
that financial benchmarking is positively associated 
with environmental sustainability and more efficient 
use of resources. At the same time, there is substantial 
evidence of a growing divide in technical and financial 
efficiency and farm income between cohorts of farms 
within the industry. Our study suggests that financial 
benchmarking could provide a means to overcome this 
growing divide, unless the effect is entirely driven by 
unmeasured variables such as financial motivation. 
Nevertheless, to facilitate more widespread use, new 
approaches are warranted in both the development of 
simplified financial benchmarking technologies and in 
supporting their extension to increase their frequency 
of use. Wider uptake rates may also help to facilitate a 
more sustainable agri-food sector.
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