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Abstract: In agriculture, a rising number of sustainability assessments are available that also
comprise financial ratios. In a literature review of farm management textbooks, taking account
of the differences between European and North American practices and considering prevalent
sustainability assessment approaches, we identified frequently used financial ratios. Five ratios relate
to the indicator profitability and four to the indicator liquidity. Another eight financial indicators
refer to the indicators financial efficiency, stability, solvency and repayment capacity. Based on more
than 14,000 accountancies of dairy farms from the Swiss Farm Accountancy Data Network (FADN),
we carried out a Spearman correlation analysis for normalised and harmonised financial ratios.
The correlation analysis revealed mostly positive correlations. To assess the implementation of a
quantitative economic sustainability assessment we compare an aggregated indicator compound of all
17 ratios with two selections of financial ratios–first, a compound European and, second, a compound
North American economic sustainability indicator. The correlation between the complete and the
reduced sets of indicators suggest that both aggregate economic indicators can be reasonably applied
to estimate the economic sustainability for Swiss dairy farms.
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1. Introduction

Sustainability assessments of farms based on quantitative indicators are of growing concern
in agricultural sciences [1,2]. Agricultural production provides a wide range of public goods for
society [3]. These goods cover environmental (such as biodiversity), social (such as rural vitality) as well
as economic issues (such as food security) [3]. Due to their high interdependence, all three dimension
or pillars are considered equally important [1]. A rising number of sustainability measurements
are available covering the environmental, social and economic dimension and providing an overall
sustainability assessment of a farm [4–7]. Such assessments can be categorised according to different
criteria, such as their primary purpose, the level of assessment, the geographical, sector as well as
thematic scope, and also the perspective on sustainability [6].

The Food and Agricultural Organization of the United Nations (FAO) published the SAFA
guidelines to provide a ‘holistic global reference framework’ ([8], p. 3.) This ‘umbrella framework’ ([8],
p. 10) intends to provide convergence within existing sustainability tools. Therefore, and due to its
global utilisation along the food chain, this framework encompasses a wide range of indicators in the
sustainability dimension ‘economic resilience.’ These indicators cover enterprise finance as well as
legal requirements.
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The following considerations focus on the economic sustainability at farm level of a specific
farm type. According to the categorisation of Schader et al. [6], there exist different approaches
with such a scope, most of which address European countries and some with a global geographical
scope. Within the farm level assessment schemes, qualitative and quantitative indicators are applied
in parallel.

Economic sustainability at the farm level is defined as the (long-term) viability of the farm, taking
into account opportunity costs (e.g., Christen [9], Landais [10], Heißenhuber [11] and Slavickiene
and Savickiene [12]). O’Donoghue et al. [13] address farms’ economic sustainability in different EU
countries with a review on farm viability. Focusing on farm household income and the contribution
of off-farm income they compare different models of farm viability. Their analysis reveals that such
sustainability analysis requires detailed analysis to identify weaknesses of critical farms. Data from
the Farm Accountancy Data Network (FADN) are considered useful to assess the economic dimension
of sustainability. In FADN, large datasets with regard to the number of farms, the available variables
covered and to the time series offer profound statistical analysis.

Danish farmers assessed the use of detailed quantitative data as useful to ‘gain insight in
the sustainability assessment of their farm’ [14]. Using financial ratios as starting point provides
a concrete information basis for assessment and improvement of farms’ economic sustainability.
European assessment approaches prevalently use three indicators to depict the economic sustainability:
profitability, liquidity and stability [4,15,16]. Further indicators, less prominently addressed by
literature, deal with productivity, autonomy, resilience, solvency, repayment capacity, financial
efficiency and local economy [17–20].

Current practices of sustainability assessments at farm level consider quantitative data and
financial ratios. Comparison of farm level tools [14,21] point to the use and relevance of financial
ratios. In quantitative sustainability assessments at the farm level, economic indicators are typically
depicted by financial ratios, as for example return on equity (ROE). Such relative figures facilitate
the comparison of differently structured farms [22] in comparison to absolute values, such as farm
revenue. Relative financial ratios are either presented individually or combined towards an aggregate.
In literature, the pros and cons [23] and methods for constructing composite indicators are intensely
discussed [24,25]. For the latter, the single ratios or indicators are typically weighted and summed
up [24]. The aggregation of financial ratios in an overall assessment constitutes a simplification and
enhances comprehensibility and communicability since the use of numerous financial ratios can be
‘confusing’ [26].

It is important to mention that sustainability assessment is one among several purposes for which
financial ratios are used. The analysis of (agricultural) accountancies, for example [27,28], uses financial
ratios to assess the financial situation of a farm or a company in detail. Studies provided by the financial
sector [29,30] make use of economic indicators and financial ratios in order to evaluate firms with the
objective of supplying more information and regulating credit ratings. Similarly, financial ratios are
applied to assess the risk of business failure [27,29].

While there are already studies at hand investigating the relationships (e.g., trade-offs, synergies)
between financial ratios addressing general companies [31–33] a specific analysis for farms examining
the interrelations of financial ratios for sustainability assessments so far has not been carried out
as far as we are aware. A synergy, that is, a positive correlation between financial ratios and
indicators, would enable us to focus on a few or even only one single financial ratio or indicator.
Conversely, trade-offs between economic indicators require a cautious interpretation, since some
ratios are conflicting, at least to some extent. Given sectoral specificities such as production tied to
natural processes, seasonal aspects of production or the dominance of family farms, it is necessary to
specifically analyse economic indicators of farms.

This paper aims to answer the following research questions (I) What are common relative financial
ratios for farm assessment in general and which are used for economic sustainability assessment at
farm level? (II) How do these financial ratios and key financial indicators relate to each other, and what
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are their trade-offs and synergies for the case of Swiss dairy farms, the most important farm type
in Switzerland? In addition, the paper compares two aggregate indicators for farms’ economic
sustainability, each based on a reduced set of financial ratios.

The paper is organised as follows. Section 2 describes the approach and the data used. Section 3
is devoted to the financial indicators applied to assess farms’ economic sustainability, that is,
the framework of analysis. Section 4 presents the results of the empirical analysis followed by the
discussion (Section 4). The final Section 5 contains our conclusions.

2. Methods

2.1. Compilation of Financial Ratios

To identify the most frequent financial ratios, we consulted farm management textbooks,
agricultural accounting literature and considered also existing quantitative sustainability assessment
approaches. The following review and compilation of indicators equally considers European and
North American textbooks. The literature review focused on quantitative and commonly used financial
ratios [14]. A set of quantitative ratios could be harmonised and aggregated into a farm economic
sustainability index. Absolute values, such as the working capital or the net farm income, as well as
qualitative criteria which are also widely used in farm sustainability assessment were not considered.

Furthermore, the financial ratios should have a practical relevance for farm management. The list
of relative financial ratios was finally verified with sustainability assessment tools. According to the
typology of sustainability assessments developed by Schader et al. [6], we prioritised approaches with
a purpose on farm-advice and self-assessment at the level of the farm or the company. The compilation
of financial ratios covers all found relative financial ratios that were computable based on the data
at hand.

2.2. Data

The Swiss Farm Accountancy Data Network (FADN) differentiates eleven farm types. These are
differentiated according to physical criteria such as the share of arable land in the utilised agricultural
area, the stocking rate or the share of cattle in farm’s total livestock [34]. Between the years 2003
to 2014, the Swiss system was unaltered and includes between 2400 and 3400 farm observations,
that is, farm accountings annually [35]. This analysis is based on the specialised dairy farm type,
the most frequent Swiss farm type. The sample consists of 14,058 observations from 2404 farms for the
above-mentioned period. In average, a dairy farm keeps 20 milking cows and cultivates 22 hectares of
land. The share of milk in the farm turnover is 64%.

The data at hand offers, first, the analysis of a subgroup of dairy farms for which during a short
time period observations for every year exist; such data allows calculating multi-annual means to
smooth extreme annual values. Second, the data allows the analysis of a longer time series of many
diverse dairy farms for which observations exists not in every year. Due to the exploratory character of
the analysis and the small number of farms which were surveyed continuously, we use the unbalanced
sample. For the twelve year-period, farms remained for an average of six years in the panel.

2.3. Descriptive and Correlation Analysis

As a first step, we calculated all financial ratios for each farm and for each year. Carrying out
descriptive statistics, we examined the mean value, the coefficient of variation and selected percentiles
in order to assess the variability of financial ratios.

For a quantitative assessment of the economic sustainability, the relation between the financial
ratios is of interest, in particular with regard to trade-offs and synergies. Because the ranges of ratios
differed clearly a normalisation was necessary. Following Sachs et al. [36], we transform all ratios
towards the range between 0 and 1. In addition, due to some extreme values of outliers, score 0 is
assigned to values of the 1st percentile and below, and score 1 is assigned to the values of the 99th
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percentile and above. This normalisation was realised in a linear way [37], that is, relative distances
were retained for untransformed values. Furthermore, all ratios were transformed in a way that the
value 1 signifies the preferable case. Ratios for which a low value indicates a better performance were
transformed. In order to have an ascending progression of all financial ratios, such ratios were inverted
by subtracting the calculated percentile from 1. For example, the inversion of the value 0.1 results in
the value of 0.9 (1 − 0.1 = 0.9).

The transformed, normalised and-partly-inverted financial ratios (marked with a little square
�) are the basis for correlation analysis and subsequent data processing. Taking account of the
skewed distribution correlation analysis is performed using the non-parametric Spearman approach as
suggested by Sachs et al. [36]. Finally, we aggregated all transformed, normalised and-partly-inverted
ratios on the level of indicators, such as profitability or liquidity.

2.4. Measuring Economic Sustainability

The idea behind an aggregated performance indicator is to approximate the economic
sustainability. An aggregate indicator allows comparing different farms directly, since information
is condensed and can hence succinctly and efficiently be communicated [38]. Using an aggregate
indicator, allows considering different ratios complementarily, such as return on assets and return on
labour, to reflect different farm structures. For this exploratory analysis, we apply the widespread
summation of equally weighted and normalised ratios [24].

Because there is no compelling argument in favour of only one aggregate indicator, we calculated
two types of indicators. This approach draws upon the opportunity to simplify the sustainability
assessment by using a reduced number of financial ratios. Such a reduced aggregate indicator could
imply less complexity, fewer data requirements and higher practicability.

The first one, Y, incorporates the information of all ratios presented. The financial ratios are
aggregate on level of the indicators profitability (P), liquidity (L), financial efficiency (FE) as well as the
compound indicator stability/solvency/repayment capacity (S/RC; meaning S and/or RC). Hence,
the aggregate indicator Y is built upon four indicators, each composed by at least four financial ratios.

Y =

[
(P1∗+P2∗+P3∗+P4∗+P5∗)

5 + (L1∗+L2∗+L3∗+L4∗)
4 +

(FE1∗+FE2∗+FE3∗+FE4∗)
4 + (S1∗+S2∗+S3∗+RC1∗)

4

]
/4. (1)

The second type represents two selections, each considering just one ratio to represent an indicator.
Different accounting approaches across the North Atlantic are considered by constructing an indicator
ZE based on financial ratios used in Europe and an indicator ZA composed of financial ratios applied
in North America. All possible compositions of ZE (4 P × 3 L × 3 S) as well as ZA (3 P × 3 L × 4 FE
× 2 S/RC) were calculated across the sample and correlated with Y. To identify the combination of
ratios which best covers all areas (P-L-S for Europe, P-L-FE-S/RC for North America) and which is
closely related to the overall score Y, we consider from each indicator the ratio with highest correlation
with Y. For all types, Y, ZE, ZA, we give all indicators the same weight, which corresponds to typical
sustainability assessments [4,16].

Aggregate performance indicators are calculated for each farm and every year separately. In a
subsequent step, the mean value over all years of a farm was calculated. Farms were sorted ascendingly
according to Y and Z, respectively. Then, we distinguished four performance groups, each consisting
of 25% or a quarter of the total sample. The first quarter represents the group of low performing
farms and the fourth quarter represents the group of well performing farms according to Y, ZE and
ZA. For all four performance groups, the mean scores for each ratio are given. As a consequence,
the aggregate indicators enable us to explore how dairy farms with differing economic sustainability
scores are mapped by financial ratios. Finally, we compared the aggregate indicators by means of the
non-parametric Spearman rank correlation.
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3. Framework of Analysis: Financial Indicators

European farm management textbooks [22,28] differentiate financial ratios generally into three
groups: profitability, liquidity and stability. These groups usually are considered equally important.
North American textbooks on farm management and farm accounting differentiate up to five areas
and corresponding financial ratios: profitability, liquidity, solvency and financial efficiency [26] and
some textbooks consider in addition repayment capacity [27,39].

An article by Ahrendsen and Katchova [20] compared the financial ratios suggested by the
American Farm Financial Standards Council [40] with those reported by the Agricultural Resource
Management Survey (ARMS) [41]. A corresponding comparison does not exist for the pan-European
FADN; whose ‘standard results’ do cover just a few high level financial ratios, such as farm net income
and cash-flow, which apart from income per family work unit are all absolute figures [42]. We follow
the recommendation from Ahrendsen and Katchova [20] and refer the ratios suggested by the Farm
Financial Standards Council [40] rather than the shorter list of the ARMS [43]. From the review and
selection process 17 ratios result. Figure 1 illustrates these ratios and their assignment to the different
areas or indicators. This illustration shows similarities and differences across the Atlantic. Identical
indicators, such as profitability and liquidity, partly are based on identical financial ratios, partly differ
in practical implementation. Furthermore, we observe a partial congruence between stability and
solvency. The indicators financial efficiency and repayment capacity or corresponding areas are not
referred to in the European farm management textbooks. The formulas of all ratios are presented in
the Appendix A.

3.1. Ratios for Profitability

Profitability ratios assess the ability of a farm to generate profit [27,39]. The ratios at hand relate
the profit during a period to the factors of production such as capital (equity and total assets) and
labour (unpaid family labour input) or the farm’s gross revenues. The higher the ratio, the better—this
applies throughout the profitability ratios. Since different farm types use factors of production and
other inputs in varying intensities, the farm type can affect these ratios.

Blanck and Bahrs [44] explained that net profitability is the best financial ratio, in order to
have a proper standard of comparison and differentiation criterion for differently structured farms.
Net profitability (P1) measures the relative factor income and it is calculated by dividing the farm
net income (family farm income in case of a family farm) by the sum of opportunity cost that is,
the imputed cost of equity (imputed capital cost are derived from the interest rate of Swiss government
bond futures with a duration of 10 years) and the imputed cost for unpaid labour (opportunity
cost of labour are derived from the averages of regional incomes in the 2nd and 3rd sector) [45].
In family farms, which are predominant in Europe [46] and particular in Switzerland, the farm family
provides most of capital and labour. The family focuses on the remuneration of the ‘total complex
of family-input’ [47]. Austrian and German farm accountancy analysis uses the business ratio net
profitability [48,49].

In the following we look at the two components of the agricultural income, capital and labour
remuneration, separately [39]. As a precondition, the other component needs to be valued by
opportunity costs. In the first case the opportunity costs for family-own labour, that is, the imputed
costs for unpaid labour, are deducted from the agricultural income. Relating the return to the total
farm investment, yields the return on assets (ROA, P2). Return on equity (ROE, P3) refers to the
farm net worth. Both ratios are frequently applied to measure profitability [26,50] and often used in
sustainability assessments [7,45,51]. The ratio of ROE by ROA indicates the different effectivity of
using debt capital versus equity capital [39].
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Figure 1. Framework of quantitative economic sustainability indicators and underlying financial ratios
for farm analysis.

In the case of the second component of the agricultural income, the remuneration of labour, the
calculation is similar, while validating own capital (farm equity) by opportunity costs. The income
per family work unit (FWU) (P4) is derived from the farm net income. Given current (low) interest
rates [52], the remuneration of labour for Swiss farms outweighs the remuneration of own capital
around 15 times [53]. The income per family work unit is an important criterion for agricultural
policy and is a standard ratio of the Farm Accountancy Data Networks (FADN) [54,55]. Different
sustainability approaches use this ratio to evaluate profitability [7,45,56,57].

Finally, the operating profit margin (P5) relates the profit to a farm’s gross revenue and hereby
measures the operating efficiency [27,39,40]. US and also French farm accountancy data [58] comprise
this ratio. Direct payments are considered as revenue due to their great importance in European
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agriculture [59], especially for Swiss farms. For example direct payments account in average for over
40% of gross revenue of Swiss farms in the mountain region in the years 2015 and 2016 [60]. We focus
on sold agricultural products and direct payments but do not consider sales from agriculturally related
activities (such as agri-tourism or machinery rental).

The return on assets respectively the return on assets are common ratios in European and North
American farm management textbooks. Besides, European textbooks consider more keenly the
remuneration of own, that is, family labour: P1 (net profitability) and P4 (income per family work unit)
include this factor’s return.

3.2. Ratios for Liquidity

Liquidity describes a farm’s ability to meet its financial obligations. The current ratio (L1) is
a common and very popular liquidity ratio [26]. It considers the farm’s ability to meet current
debt obligations by current assets in the next twelve months [39]. Dividing current assets by
current liabilities or short-term debt capital yields the current ratio (to avoid division by zero and
subsequent missing values, we alter the denominator by adding one). This ratio is applied in different
studies [50,61,62].

Working capital-gross revenues ratio (L2) relates the amount of working capital to business size
measured by gross revenues. Generally, the higher the ratio working capital-gross revenues, the better
a farm’s financial condition. However, interpretation of this ratio depends on farm type.

The cash flow ratio (L3) divides the cash flow by the turnover [63]. This ratio is used by banks [64]
to compare farms within a farm type and it is also used for sustainability assessment [65]. The cash
flow is the difference between receipts and payments of the farm. In our case turnover includes all
sold products from agriculture and agriculture related activities as well as direct payments. The higher
the cash flow ratio, the better the financial capacity [strength] [63] of a farm.

Dividing the farm liabilities including short and long-term debts by the cash flow, we obtain
the dynamic gearing ratio, L4 [28]. This ratio, serves as liquidity ratio in different sustainability
assessment tools [4,16,65]. It describes the necessary number of years to repay the farm liabilities by
means of the cash flow.

Comparing the application of the four liquidity ratios, we see a common application in the North
American and European hemisphere only for the current ratio. American farm management textbooks
mention the working capital-gross revenues ratio whereas European financial analysis rather employ
the cash flow ratio and the dynamic gearing ratio to assess farm’s liquidity.

3.3. Ratios for Financial Efficiency

Ratios on farms’ financial efficiency intend to measure how well financial resources were used to
generate revenue [27,39]. Alone American textbooks discuss the category of financial efficiency and
these measures of financial performance. All following ratios for financial efficiency are suggested by
the Farm Financial Standards Council [40].

The asset-turnover ratio (FE1) assesses the efficiency in using capital [27,66] and is broadly
applied [20,43,62]. To determine the asset-turnover ratio, the sum of farm production (farm turnover)
plus direct payments is divided by (total) farm assets. The higher the asset-turnover ratio, the more
efficient farm assets are used.

The operating expense ratio (FE2) indicates the share of operating expenses in farms’ gross
revenue (in our case including direct payments). The higher the ratio, the greater the proportion of
farm production that is required to cover operating expenses, that is, the less efficient a farm [67].

The depreciation expense ratio (FE3) indicates the share of depreciation in farms’ gross revenue.
The lower the ratio, the less gross revenue is required to cover depreciation. Hence, the lower the
depreciation expense ratio, the better. It is sensitive to farm type and the method of depreciation [40].

The interest expense ratio is another measure of financial efficiency [27,39,40]. This ratio indicates
the share of farm interest expenses in the gross revenue. Swiss farms dispose of considerable shares of
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interest-free debts (so-called investment credits from public institutions for structural improvement).
Such investments credits can lower the absolute interest expenses and hereby could influence this
ratio. Therefore, this ratio is not considered. The lower the interest expense ratio, the better a farm’s
financial efficiency.

Finally, the net income from operations ratio (FE4) relates the net farm income to the gross
revenue. The higher this ratio, the higher the financial efficiency [27,39].

3.4. Ratios for Stability and Solvency

European textbooks on agricultural accounting differentiate the areas liquidity and stability
whereas American textbooks use the terms liquidity and solvency. They differentiate liquidity as
a short-term measure—‘next 12 months’ [39]—whereas solvency considers all debts and takes the
long-term perspective. Hereby, solvency indicate the viability of a farm after a financial adversity,
that is, the ability to continue farm operations [40]. Alike, stability is regarded as viability of a farm [68]
or the ability to retain profitability and liquidity. Hence, the terms stability and solvency are used in a
similar context and therefore are illustrated together in this section.

For the fixed assets to total assets (S1), fixed assets (without livestock) are related to total
assets [28,63]. This stability ratio shows the share of assets bound for a medium or long term, hereby
analyses the asset structure and informs on the financial flexibility of a farm. Swiss FADN results
report a similar ratio which includes livestock as fixed asset [60].

The equity to fixed assets ratio (S2) represents the relation of own capital or (farm) equity and the
fixed assets [21]. This ratio is also called the golden rule for balance sheets, that is, to cover long-term
assets by long-term credits or own capital [69]. The multiplication of S1 × S2 yields the farm debt-assets
ratio, an international common ratio [28,43,70].

The farm debt to equity ratio (S3), third ratio which is relevant for both, stability and solvency,
relates the debt or borrowed capital (liabilities) to the equity [26] and is suggested by the Farm Financial
Standards Councils to report on a farm’s solvency [40]. It depicts how much the holders leveraged
their equity in the business. The lower this ratio, the better since more equity is available to cover a
farm’s debts.

3.5. Ratio for Repayment Capacity

North American farm financial analysis uses different measures of repayment capacity. This is the
ability of a farm to meet cash flow obligations [39]. European textbooks do not cover a corresponding
area of financial analysis; however, the topics liquidity and stability cover similar or corresponding
issues. Three out of five common criteria to assess repayment capacity are absolute measures.
The term debt coverage ratio (RC) is mentioned by textbooks [27,39] and commonly used in financial
analysis [40,43]. This ratio assesses whether the farm generated enough cash to cover term debt
payments [39]. Values greater than 1 or 100% indicate that debts are covered. The higher the ratio, the
greater the margin to cover debt payments. This ratio’s value is low for farms without or with little
debt; then, the denominator is zero (to avoid division by zero and subsequent missing values, we alter
the denominator by adding one) or small and the resulting ratio is not computable or will be very
high [40]. In the following analysis, the single ratio on repayment capacity due to its similar purpose is
examined together with the ratios on stability/solvency, so that four areas of similar structure, each
including at least four ratios and one, profitability, with five ratios.

4. Results

4.1. Descriptive Statistics

Table 1 presents the descriptive statistics of the pooled raw (untransformed) data on financial
ratios. The statistics include the mean, the coefficient of variation and five percentiles (5th, 25th,
50th = median, 75th and 95th percentiles). The ratios for profitability indicate a generally low
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performance of Swiss dairy farms: for example, the majority of the farms (85.3% of observations
for which P1 < 1) cannot remunerate the deployed capital and family labour at given opportunity
cost. This means, they do not attain comparable incomes of other sectors. The ratio P3, return on
equity, exhibits a high coefficient of variation. The large variation could be attributed to the calculation,
in which the mostly low return is put in proportion to the typically voluminous equity. All profitability
ratios reveal a generally low profitability of Swiss dairy farms.

Table 1. Descriptive statistics of the financial ratios.

Ratio Mean Coefficient of
Variation

Percentile

5% 25% 50% 75% 95%

P1 Net profitability 0.63 0.66 0.09 0.38 0.59 0.83 1.30
P2 Return on assets −0.05 −1.77 −0.21 −0.08 −0.03 0.00 0.05
P3 Return on equity −9.60 −23.96 −56.84 −17.36 −7.21 −0.92 9.74
P4 Income per family work unit (FWU) 38,959 0.82 1148 21,267 35,560 52,942 89,989
P5 Operating profit margin ratio −0.19 −1.61 −0.72 −0.32 −0.13 0.00 0.17
L1 Current ratio 3977 7.43 −16.83 2.28 8.58 27.33 32,399
L2 Working capital-gross revenues ratio 0.30 2.41 −0.67 0.11 0.30 0.52 1.24
L3 Cash flow ratio 0.26 0.93 0.01 0.15 0.24 0.35 0.56
L4 Dynamic gearing ratio 6.25 39.34 −5.11 1.12 5.09 10.88 32.33

FE1 Asset-turnover ratio 0.28 0.60 0.12 0.19 0.24 0.33 0.60
FE2 Operating expense ratio 0.67 0.30 0.44 0.55 0.64 0.75 0.97
FE3 Depreciation expense ratio 0.19 0.60 0.07 0.13 0.18 0.23 0.34
FE4 Net farm income from operations ratio 0.32 0.55 0.06 0.22 0.32 0.42 0.58
S1 Fixed assets to total assets 0.73 0.40 0.37 0.70 0.79 0.84 0.90
S2 Equity-fixed assets ratio 0.84 3.65 0.12 0.47 0.71 1.02 1.89
S3 Debt-to-equity ratio 0.85 49.12 −0.26 0.14 0.59 1.38 4.57
RC Term debt & lease coverage ratio 2809 5.15 −10.58 1.39 5.18 13.55 25,786

Source: Swiss FADN data from the period 2003–2014 from 2404 dairy farms (unbalanced panel with N = 14,058
farm observations, for RC 13,975 observations).

The ratios on liquidity (apart from L3) exhibit extremely low and extremely high values; however,
in the area between the first and the third quartile, the values lie in a common and non-critical range.
Again, large coefficients of variation point to extreme values in the tails of the distribution.

Financial efficiency ratios range between zero and one (apart from singular extreme values).
All ratios relate to gross revenue including direct payments. Ratios on stability and solvency inform on
a farm’s capital structure. Extreme debt-to-equity ratios are below zero due to negative equity. Again,
such unexpected values are mirrored in the highest coefficient of variation of all ratios. The other
stability/solvency ratios are inconspicuous.

Finally, the term debt & lease coverage ratio (RC) covers a broad range of values and exhibits a
considerable coefficient of variation. Strikingly, a considerable share of farms (close to 10%) do not rely
on term debt or do not pay interest. For such farms, this ratio cannot be calculated.

4.2. Correlations between Financial Ratios

Table 2 reports the 136 Spearman’s rank correlations between the transformed, normalised and
inverted (L4, FE2, FE3, S1 and S3 were inverted) financial ratios. Hence, a positive correlation
means that the better one ratio, the better the other. Within the ratios, an almost uniform pattern of
positive correlations can be observed (apart from the correlation FE1 × FE4, which is significantly
negative). Three ratios—P1, FE2 and RC—feature positive correlations throughout (in case of P1,
however, two correlations—those with L1 and L2—are not significant). Most ratios show few negative
correlations. Only five ratios, P2, P5, FE1, L1 and S1 exhibit considerable shares of negative correlations.
Only five negative correlations are below −0.1 with the highest correlation between L3 and FE1
with −0.38.
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Table 2. Spearman’s rank correlations between transformed, normalised and-partly-inverted financial ratios. Negative correlations are highlighted by red font.

Financial
Ratio P1 ��� P2 ��� P3 ��� P4 ��� P5 ��� L1 ��� L2 ��� L3 ��� L4 ��� FE1 ��� FE2 ��� FE3 ��� FE4 ��� S1 ��� S2 ��� S3 ��� RC ���

P2 � 0.87 *** 1
P3 � 0.79 *** 0.84 *** 1
P4 � 0.99 *** 0.83 *** 0.75 *** 1
P5 � 0.92 *** 0.95 *** 0.81 *** 0.90 *** 1
L1 � 0.01 −0.02 * −0.01 0.01 −0.03 ** 1
L2 � 0.01 0.01 0.02 * 0.00 −0.04 *** 0.78 *** 1
L3 � 0.28 *** 0.33 *** 0.34 *** 0.25 *** 0.25 *** 0.07 *** 0.17 *** 1
L4 � 0.12 *** −0.01 0.20 *** 0.10 *** 0.02 * 0.08 *** 0.15 *** 0.32 *** 1

FE1 � 0.16 *** −0.11 *** −0.07 *** 0.20 *** 0.10 *** −0.08 *** −0.20 *** −0.38 *** 0.14 *** 1
FE2 � 0.42 *** 0.26 *** 0.31 *** 0.39 *** 0.26 *** 0.11 *** 0.04 *** 0.30 *** 0.27 *** 0.04 *** 1
FE3 � 0.28 *** 0.05 *** 0.06 *** 0.31 *** 0.19 *** 0.00 −0.05 *** −0.34 *** 0.09 *** 0.63 *** 0.04 *** 1
FE4 � 0.62 *** 0.39 *** 0.42 *** 0.60 *** 0.39 *** 0.11 *** 0.13 *** 0.36 *** 0.24 *** −0.09 *** 0.60 *** 0.14 *** 1
S1 � 0.08 *** −0.15 *** −0.04 *** 0.10 *** −0.03 ** 0.17 *** 0.30 *** −0.07 *** 0.43 *** 0.57 *** 0.08 *** 0.43 *** 0.08 *** 1
S2 � 0.05 *** −0.07 *** 0.16 *** 0.02 * −0.05 *** 0.10 *** 0.16 *** 0.17 *** 0.72 *** 0.09 *** 0.29 *** 0.07 *** 0.23 *** 0.43 *** 1
S3 � 0.02 ** −0.08 *** 0.29 *** 0.00 −0.07 *** 0.08 *** 0.14 *** 0.19 *** 0.69 *** 0.04 *** 0.27 *** 0.05 *** 0.23 *** 0.36 *** 0.84 *** 1
RC � 0.49 *** 0.37 *** 0.44 *** 0.47 *** 0.40 *** 0.06 *** 0.08 *** 0.39 *** 0.41 *** 0.09 *** 0.45 *** 0.03 ** 0.42 *** 0.16 *** 0.40 *** 0.36 *** 1

Source: Swiss FADN data from the period 2003–2014 from 2404 dairy farms (unbalanced panel with 14,058 farm observations). Statistical significance: ‘***’ for p < 0.001, ‘**’ for p < 0.01,
‘*’ for p < 0.05, � transformed, normalised and-partly-inverted financial ratios.
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Within the five ratios on profitability, P1, net profitability, and P4, income per family work unit,
stand out for few negative correlations and generally high synergies with other ratios. The synergies
mainly appear within P, but also with regard to FE ratios (especially FE4, net farm income from
operations ratio, which is relatively close to the profitability ratios).

Regarding the four ratios on financial efficiency, we observe two pairs of ratios. On the one
hand, FE1 (asset-turnover ratio) and FE3 (depreciation expense ratio) seem similar according to
their correlation coefficient and their coefficients with the other two FE ratios. On the other hand,
FE2 (operating expense ratio) and FE4 (net farm income from operations ratio) exhibit a high correlation.
This distinction is also reflected in a similar general structure of correlations with other ratios.
The pair FE2 and FE4 shows considerably more synergetic relations and higher overall sums of
correlation coefficients.

The ratios on liquidity exhibit relatively low synergies with other ratios, apart from L4, dynamic
gearing ratio. Regarding L1 (current ratio) and L2 (working capital-gross revenues ratio), low synergies
result from generally low correlations and especially from insignificant correlations between L1 and
L2 with profitability ratios. Between L3, cash flow ratio, and FE1 as well as FE2 highest negative
correlation coefficients show up, indicating trade-offs.

Finally, the ratios on stability, solvency as well as repayment capacity are examined together.
These ratios exhibit a clear synergy with most other ratios apart from profitability. Negative correlations,
although low, appear especially with P2 and P5. The S2 equity-fixed assets ratio and the S3 debt-equity
ratio are highly correlated and feature similar results.

4.3. Correlations between Indicators

Table 3 presents the correlations between the four indicators (aggregated financial ratios),
which are computed by weighing all transformed, normalised and partly inverted ratios equally.
All of them are positive and significant but correlation is relatively weak (highest correlation coefficient
is 0.42). Low correlation coefficients between financial efficiency and liquidity or between stability and
profitability suggest that these indicators cover different issues. The aggregated indicator on financial
efficiency shows the strongest correlation, both with profitability and stability.

Table 3. Spearman’s rank correlations between indicators (aggregated financial ratios).

Indicator Profitability Liquidity Financial
Efficiency

Stability/Solvency/
Repayment Capacity

Liquidity 0.19 *** 1
Financial efficiency 0.42 *** 0.04 *** 1

Stability/Solvency/Repayment capacity 0.02 * 0.25 *** 0.40 *** 1

Source: Swiss FADN data from the period 2003–2014 from 2404 dairy farms (unbalanced panel with 14,058 farm
observations). Statistical significance: ‘***’ for p < 0.001, ‘*’ for p < 0.05.

4.4. Aggregate Performance Indicators

The aggregate performance indicator Y is composed by all 17 financial ratios. The average score is
differentiated for four performance groups (quarter 1–4, Table 4). The mean score of Y ranges from 0.36
(first quarter, low performing farms) to 0.54 (fourth quarter, well performing farms). The following
column shows the range between the first and fourth quarter of Y amounting to 0.18. Furthermore,
Table 4 includes the mean values of the indicators and ratios across the quarters. All indicators and
ratios exhibit monotonous increasing values across performance groups. This means that the fourth
group of farms with the highest overall mean score has highest mean scores for all financial ratios.
Looking at the range between boundary quarters (Q1–Q4), the ratios L1, L2, L4 and S3, all dealing
with farm liabilities, show the lowest differences with ranges between the quarters below 0.10.
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Table 4. Aggregate performance indicators Y, ZE and ZA: average scores of performance groups (quarters–grouped according to mean overall score) and underlying
indicators as well as financial ratios.

Quarter Y1 Quarter Y2 Quarter Y3 Quarter Y4 Range Q
Y1–Q Y4

Quarter
ZE1

Quarter
ZE2

Quarter
ZE3

Quarter
ZE4

Range Q
ZE1-Q ZE4

Quarter
ZA1

Quarter
ZA2

Quarter
ZA3

Quarter
ZA4

Range Q
ZA1–Q ZA4

Y 0.36 0.43 0.47 0.54 0.18 0.37 0.43 0.47 0.53 0.16 0.37 0.44 0.47 0.53 0.15
ZE 0.19 0.24 0.28 0.37 0.19 0.18 0.24 0.28 0.39 0.22 0.20 0.25 0.29 0.35 0.15
ZA 0.48 0.57 0.61 0.67 0.20 0.49 0.57 0.62 0.66 0.17 0.46 0.56 0.61 0.69 >0.23
P 0.41 0.53 0.60 0.69 0.29 0.41 0.53 0.60 0.69 0.27 0.40 0.53 0.61 0.69 0.29
L 0.37 0.40 0.42 0.46 0.09 0.38 0.40 0.42 0.46 0.08 0.38 0.40 0.42 0.47 0.09

FE 0.39 0.49 0.54 0.61 0.22 0.41 0.50 0.54 0.59 0.18 0.42 0.50 0.54 0.58 0.16
S/RC 0.28 0.30 0.32 0.41 0.13 0.28 0.30 0.33 0.40 0.11 0.29 0.32 0.33 0.37 0.07
P1 � 0.23 0.37 0.47 0.61 0.38 0.23 0.37 0.47 0.61 0.37 0.23 0.37 0.48 0.59 0.36
P2 � 0.57 0.67 0.73 0.80 0.23 0.57 0.67 0.74 0.79 0.22 0.54 0.67 0.75 0.82 0.28
P3 � 0.54 0.61 0.64 0.67 0.13 0.54 0.61 0.64 0.66 0.12 0.52 0.62 0.65 0.67 0.15
P4 � 0.24 0.36 0.45 0.59 0.36 0.24 0.36 0.45 0.59 0.35 0.24 0.37 0.46 0.58 0.33
P5 � 0.47 0.62 0.71 0.80 0.33 0.47 0.62 0.72 0.79 0.31 0.45 0.63 0.71 0.80 0.34
L1 � 0.11 0.12 0.13 0.16 0.05 0.10 0.10 0.11 0.21 0.11 0.12 0.13 0.13 0.15 0.03
L2 � 0.50 0.51 0.52 0.56 0.06 0.51 0.52 0.52 0.55 0.04 0.47 0.50 0.52 0.60 0.13
L3 � 0.32 0.38 0.43 0.48 0.16 0.34 0.39 0.43 0.46 0.12 0.34 0.37 0.41 0.50 0.16
L4 � 0.56 0.60 0.62 0.64 0.07 0.58 0.60 0.62 0.63 0.05 0.59 0.60 0.61 0.63 0.04

FE1 � 0.15 0.18 0.20 0.28 0.13 0.17 0.17 0.20 0.27 0.10 0.19 0.22 0.22 0.18 −0.01
FE2 � 0.54 0.67 0.72 0.78 0.24 0.56 0.68 0.73 0.75 0.19 0.57 0.66 0.72 0.76 0.20
FE3 � 0.54 0.63 0.67 0.74 0.20 0.57 0.63 0.66 0.72 0.15 0.58 0.65 0.67 0.67 0.09
FE4 � 0.33 0.48 0.56 0.65 0.32 0.33 0.50 0.57 0.61 0.28 0.33 0.46 0.54 0.69 0.36
S1 � 0.14 0.17 0.20 0.34 0.20 0.17 0.17 0.20 0.31 0.14 0.19 0.20 0.20 0.26 0.07
S2 � 0.21 0.24 0.26 0.35 0.14 0.19 0.24 0.27 0.36 0.16 0.23 0.26 0.27 0.31 0.07
S3 � 0.61 0.66 0.67 0.69 0.07 0.63 0.66 0.67 0.68 0.05 0.61 0.66 0.67 0.69 0.08
RC � 0.14 0.15 0.16 0.25 0.11 0.15 0.15 0.17 0.24 0.09 0.15 0.16 0.18 0.22 0.07

Source: Swiss FADN data from the period 2003–2014 from 2404 dairy farms. The score for each financial ratio ranges between 0 (poor result) and 1 (good result). � transformed, normalised
and-partly-inverted financial ratios.
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To construct the aggregate indicators ZE with one ratio from P, L and S as well as ZA with one
ratio from P, L, FE and S/RC, correlation analysis between Y and all possible combinations of financial
ratios were performed. Within the 36 combinations (4 P × 3 L × 3 S) of European aggregate indicators,
the highest correlation with Y occurs with the combination P1/L1/S2, a correlation coefficient of
0.88; the correlation coefficient attains the combinations P1/L4/S1 and P1/L4/S2, as well as the
corresponding triplets with P4. Within the aggregated indicators ZA, constructed from financial ratios
referred by North American literature, the combination P5/L2/FE4/S3 exhibits the highest correlation
with Y. The combination P5/L1/FE4/S3 nearly reaches that level.

Comparing the overall indicator Y (all 17 financial ratios) with the reduced sets ZE (P1/L1/S2)
and ZA (P5/L2/FE4/S3) shows different levels of resulting performance indicators: the quarters of
Y range between 0.36 and 0.54, ZE is on a remarkably lower level (quarters range from 0.18 to 0.39)
whereas ZA lies slightly above Y (0.46 to 0.69). The difference between quarters of performance could
be interpreted as an indicator’s ability to differentiate. The difference between quarters is higher for
the reduced performance indicators ZA (0.23) and ZE (0.22) than for Y (0.18).

Considering the indicators profitability, liquidity, financial efficiency and stability/
solvency-repayment capacity, we observe similar results across the quarters of the performance
indicators. The scores are continuously increasing, providing a clear distinction between quarters.
Continuously increasing scores can be detected also for the underlying financial ratios apart from FE1
in case of ZA: the average score of the quarter ZA4 exhibits the lowest value of all quarters.

Considering a larger range of values as ability to differentiate between farms, we observe highest
differentiability with profitability (especially P1, P4, P5) followed by financial efficiency (especially
FE2, FE4). The financial ratios on liquidity and stability/solvency-repayments capacity in contrast
feature rather narrow ranges and accordingly low differentiability.

5. Discussion

The analysis of financial ratios in farm management textbooks revealed different approaches in
North American and European textbooks. The areas profitability and liquidity are considered similarly
and to a large part identical ratios are applied. American textbooks deal with financial efficiency
and repayment capacity–areas of analysis not differentiated and explicated in European textbooks.
Whereas the latter consider stability to analyse the financial structure. The areas stability (Europe)
and solvency (America) partly overlap. These differences in farm management textbooks shed light
on the challenge to introduce common, broadly employable standard financial ratios for economic
sustainability assessment at the farm level.

5.1. Methodological Issues

Even though the present analysis is based on data from just one specific and specialised farm
type and ratios as relative measures were considered, data problems occurred. Unexpected values,
such as zero liabilities, any debt capital or interest rates of zero, resulted in missing values for ratio
RC. The use of ratios led to very large numbers in case of division by very low values. This highlights
the need for transforming the data range. Corresponding issues must be considered and anticipated,
when selecting financial ratios for a sustainability assessment.

Financial statement information such as farm equity or farm debt typically are observed at a
specific point in time, the reporting or accounting date. However, financial ratios should provide
information on a period, usually a complete year. In this exploratory study, we did neglect this
subtle distinction, due to the unbalanced nature of the panel data. In case of implementation,
the recommendation of the Farm Financial Standards Council, to use the average values of the
opening and the closing balance sheet [40] should be followed.

The analysis of financial ratios from farm accountancy data network (FADN) seems
straightforward. However, such analysis is based on the willingness of farm operators to grant
access [71]. In the Swiss FADN, farmers and accountants are paid for data provision. Important market
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players such as processors or supermarkets could draw on their market power to get access to such
data from farms. However, providing farm financial data requires mutual trust.

Profitability ratios rely on imputed costs, for example, imputed labour (P1, P2, P3) and imputed
capital costs (P1, P4, P5). The assumptions or legal requirements for labour cost imputation
differ between countries: Swiss law refers to income in the second and third sector in the same
region [72], whereas the Austrian [48] or the German [73] FADN approach rest upon agricultural
wages. This reflects different normative assumptions on imputed labour costs that are reflected in the
resulting ratios. When applying ratios that are sensitive to assumptions on imputed costs, this must be
critically evaluated. This especially applies, if the farms are differently structured, for example, in case
of examining simultaneously different farm types.

While we transform the outliers of the 1st and 99th percentile to the scores 0 and 1, Dolman et
al. [74] determine the score 1 to the 10% best performing farms while the 10% worst performing ones
were set to a value of 0. Looking at the descriptive statistics especially at the 5th and 95th percentiles
(Table 1) a substantial loss of information would be the consequence. In case of L1, however, even after
normalisation we have a highly right skewed distribution with few extreme values. This results in
very low normalised ratios and a small range and differentiation (see Table 4).

The normalisation of the values to the range between 0 and 1 goes along with the assumption,
that the higher a value, the better. This must not necessarily be the case. Hands-on literature on
financial ratios often provides categories, that is, ranges together with a traffic light system [75].
This issue offers further research.

For the aggregated performance indicators, we used the simplest possible concept by weighting
the indicators equally, which is motivated by analysing the basic relations of financial ratios. A logistic
regression or a linear discriminant analysis, as suggested by Desbois [76], may represent more
sophisticated approaches to building a score.

The present study is based on yearly data. Apart from L1 and L4, the mean values of financial
ratios do not fluctuate considerably between years. Using perennial averages for the financial ratios
would be an interesting alternative. This especially applies to L1, the current ratio, which is based
on current farm assets and current liabilities. The use of two-year averages—as implemented in
practical usage of ratios [20]—could alleviate heavy fluctuations while increasing demands on data
availability. The variability of agricultural production and its’ effect on financial ratios argues also
for the use of perennial averages. With less variation, the basis for the sustainability assessment
would be more stable. However annual data offer two advantages: first, given an unbalanced panel,
a standardisation to a uniform number of years that a farm has to be present in the sample would
reduce the available data. Secondly, bearing in mind that a large investment (for example to build a
new barn) affects financial ratios, with the use of yearly data the development of farms can be followed
at different stages.

Farm types can differ considerably with regard to required assets or labour. Younger or beginning
farmers exhibit higher debt-to-asset and asset turnover ratios [77]. Therefore, the evaluation of financial
ratios for sustainability assessments should differentiate farm types and—if possible—should even
be based on similar businesses [26]. The comparison of ratios is especially useful when similar farms
with regard to structural and natural conditions of a specific farm type are compared. Weighing up
a large number of benchmark farms with a higher degree of similarity within the benchmark group
must be dealt carefully regarding the specific case and the impact on financial ratios.

5.2. Reduction of Financial Ratios

Within the financial ratios, positive correlations or synergies dominate. This is contrast to other
findings with regard to the economic dimension [71]; though, the contrasting results are based on the
rather qualitative SAFA method.

The mostly positive correlations between ratios and the observations that financial ratios
continuously increase across quarters of the performance indicators Y, ZE and ZA suggest that a
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reduced set of indicators could be applied. Such a reduced set could simplify data acquisition and
could increase the comprehensibility and acceptance of a sustainability assessment tool.

The most extreme case would be to focus on just one financial ratio. The correlation analysis
(Table 2) points to financial ratios on profitability. These ratios provide a clear measure of economic
performance. P1, net profitability, suggests itself as single financial ratio, since it exhibits positive
correlation coefficients with all other financial ratios. The concentration on only one ratio which is
highly dependent on assumptions on imputed costs, however, is also risky. Alternatively, the income
per family work unit could be used.

6. Conclusions

Based on a literature review of financial ratios in farm management, 17 financial ratios
were calculated for dairy farms from the Swiss FADN to assess their economic sustainability.
The literature analysis revealed different usages of financial ratios across the North Atlantic Ocean
and illuminated these differences regarding their application in farm management. Furthermore,
the analysis considered these different cultures by differentiating a European and a North American
accounting approach.

The harmonisation of financial ratios to scores allowed comparing and analysing them irrespective
of challenges such as positive versus negative values, opposite direction of action, diverse magnitudes
and differing units of measurement. Correlation analysis revealed synergies among financial ratios,
most of them at a modest level. Accordingly, trade-offs are the exceptions between financial
ratios. Also at the indicator level, we found small but positive correlations between profitability,
liquidity, financial efficiency and stability/solvency/repayment capacity. We conclude that at least
weak synergies exist between them. This result is also reflected by three performance indicators,
Y compounding all ratios and ZE as well as ZA representing two subsets of ratios used in Europe (ZE)
and North America (ZA). For all indicators, we observe that the overall performance is reflected by the
scores of every financial ratio involved, which is in line with the predominant positive correlations
between financial ratios.

This analysis represents a starting point for further elaboration and testing of a quantitative
assessment of economic sustainability. The use and transformation of data offers further research
opportunities with regard to the sensitivity of transforming and normalisation. Comparable studies
of other Swiss farm types but also farms from other countries are necessary to assess whether the
found positive correlations between financial ratios are specific for the farm type under consideration
or whether it is a general agricultural phenomenon. In case of large datasets, the sample could be
subdivided into group of similar farms (e.g., by farm size, farm turnover, regional origin, age of farm
manager) to further refine validity of an assessment. We expect that such a procedure would reduce
the observed heterogeneity. In addition, the question arises whether the found effects are transferable
and the suggested approach is applicable to other industries to assess their economic sustainability.

Using financial ratios could also provide an impetus for farmers to consider the results of a
sustainability assessment for farm management. For this purpose, the use and comparison of annual
data instead of perennial means and the benchmarking with other, possibly similarly structured farms,
would offer farm managers most benefit [26]. Finally, given the positive correlations a reduction of
economic ratios within a sustainability assessment seems to be an option. This would reduce the
necessary effort and may serve as an incentive to carry out an (economic) sustainability assessment
more frequently.
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Appendix A

Calculation of the ratios
Net profitability (P1)

P1 =
farm net income [family farm income]

imputed cost of equity + imputed cost for unpaid labour
(A1)

Return on assets (P2)

P2 =
farm net income + interest paid − imputed cost for unpaid labour

farm investment
(A2)

Return on equity (P3)

P3 =
farm net income [family farm income]− imputed cost for unpaid labour

farm equity [net worth]
(A3)

Income per family work unit (FWU) (P4)

P4 =
farm net income − imputed cos ts for farm equity

number of FWUs
=

earned income of all FWUs
number of FWUs

(A4)

Operating profit margin ratio (P5)

P5 =
farm net income + interest paid − imputed cost for unpaid labour

farm gross revenues + direct payments
(A5)

Current ratio (L1)

L1 =
current assets

current liabilities
(A6)

Working capital-gross revenues ratio (L2)

L2 =
working capital
gross reveneus

(A7)

Cash flow ratio (L3)

L3 =
cash flow
turnover

(A8)

Dynamic gearing ratio (L4)

L4 =
farm liabilities

cash flow
(A9)

Asset turnover ratio (FE1)

FE1 =
farm turnover + direct payments

farm assets
(A10)

Operating expense ratio (FE2)

FE2 =
(total farm operation expense − depreciation expenses)

gross revenues
(A11)
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Depreciation expense ratio (F3)

FE3 =
depreciation expenses

gross revenues
(A12)

Net farm income from operations ratio (FE4)

FE4 =
net farm income from operations

gross revenues
(A13)

Fixed assets-total assets ratio (S1)

S1 =
fixed assets
total assets

(A14)

Equity-fixed assets ratio (S2)

S2 =
farm equity
fixed assets

(A15)

Debt-equity ratio (S3)

S3 =
farm liabilities

farm equity
(A16)

Term debt and lease coverage ratio (RC)

RC =
capial debt repayement capacity

total principal and interest on term debt
(A17)
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