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Abstract

In recent decades, the German wine market has undergone significant structural changes due to
intensifying competition and shifting consumption patterns. Increased imports and declining
exports have pressured German wine estates to adapt for survival. The study explores these

long-term trends and structural changes in German wine estates, focusing&n those marketing

bottled wine. It aims to understand how these businesses have adapted to ecOpemic pressures
in a highly competitive market from 1993 to 2020, using business panel d
analysis for 16 key performance indicators (KPIs). At first (until th
estates benefitted from mechanisation and economies of scale, i

in labour hours per hectare and moderate increases in

long-term profitability. When observing di
large wine estates experienced a consi

eless, this could be counterbalanced by

large wine estates also generati gher productivity increases in the same time

period, resulting in a significant profitability for large wine estates from 2009

onward, while small t dium sizediwine estates stagnated.

Ke ds*key-pe ge-indicators, business structure, long-term trends, economic crisis,
economiesyef s
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1 INTRODUCTION

Over the past decades, international wine markets have changed fundamentally and increased
internationalisation [1,2]. In a global context, Germany is a medium-sized wine producer and
major wine importer [2]. Saturated domestic wine consumption, declining exports, and
increasing imports from a highly competitive global bulk wine market have resulted in intense
price competition for German wine producers [3,4].

To ensure sustainable long-term survival, various types of wine producers have been driven to

adapt. Much like the agricultural sector as a whole, the wine industry has undgkgone structural
change and increased concentration, with wine prices experiencing only m alygrowth [5].

This long-term process of consolidation has also been observed i

international agricultural sectors [6,7]. The current econamiccr igntficant cost
pressures present major challenges for businesses within the

Itis of great interest to understand how wine estates have r pted to competitive
market conditions in the past. Gaining insight into_exiSting term trends and survival
strategies from the past will be invaluable for adt @ ent and future challenging
conditions [9]. Inthis context, this paper exa esses using a unique data

set of long-term business data from Ger, estates, spanning nearly three decades, from
structural changes can provide a deeper
d over time, while also offering potential

recommendations for policymake estates to achieve future economic success.

1.1 The Positio WinejEstates within the German Wine Sector
The German highly competitive. Wine consumption remained relatively stable
unti 012 afterwhich it began to decline, with a brief but strong recovery during the
0]. Within this market, German wine holds a significant, yet recently
rket share, decreasing to 44% in 2022 in terms of purchase volume [5,11]. The
of German wine is evident, with the percentage of German households
purchasing domestic wine falling from 46.3% in 2004 to 35.9% in 2023. [10].
Globally, Germany ranks among the largest wine importers, with a significant share of these
imports comprising bulk wine priced around €0.80 per litre, which is bottled domestically by
large, efficient co-packers [2]. After peaking at 3.0 million hectolitres in the 1980s, German
wine exports have steadily declined, hitting a historic low of under 1.0 million hectolitres in

2020, with only modest recovery following the post-COV D period and the removal of US wine
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tariffs. The combination of strong import competition, falling exports, and a gradually declining
domestic consumption creates a highly competitive market environment with intense price
pressure [12].

Wine estates account for around 27% of the total volume of German wine sold domestically
[4]. The approximately 7,000 estates typically operate fully integrated supply chains, growing
grapes, producing, bottling, and marketing their own wine. Recently, some estates have begun

purchasing bulk wine or grapes to market under their own brand, competing with bottlers and

on direct-to-consumer sales, with cellar-door sales playing a key role in reg e tourism
[4,13]. Unlike bottlers or cooperatives, wine estates manage the enti

them the least specialised, as family members often develop expertis ple areas of
production and business management. The fragmented nat f uction, price
competition from imports, and the dominance of large food highly competitive

market, where most producers, including estates, a akers, with only a few

A\

differentiating through strong branding.

1.2 Research objective

Wine estates, confronted witimthis highly comp environment, have been compelled to

adapt their business strategies I order to ensure survival. This study seeks to

analyse and explore the econo d strtictural changes that German wine estates have

undergone, with the al sustainingitheir operations in the long term. Expectations regarding

the development indicators are drawn from agricultural economics and existing
research on thegeco olution of wine businesses.

of a total of 16 business factors and key performance indicators
nalysed for a sample of wine estates participating in the Geisenheim
sis, based on their balance sheets and income statements over a period of 28
ith research in agricultural economics, the development of these KPIs is
examined for potential structural breaks and shifts in trajectory, particularly around the 2008
financial crisis. Additionally, developmental variations of different size groups (small, medium
and large) were analysed separately, to gain a deeper understanding if wine estates of different
sizes developed homogeneously, or if some size groups were able to develop and adapt to

market changes more successfully than others.
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2 EXPECTATIONS FOR ECONOMIC DEVELOPMENT OF WINE ESTATES

2.1 Overall framework of economic performance
This study builds on the economic sustainability framework developed by Bennett & Loose

[14], with minor modifications (Figure 1). The framework organises economic input factors
and Key Performance Indicators (KPIs) into three tiers. These key figures from controlling can,

by definition, be derived from one another and categorized into three tiers. The key figures in

Tier 2 are ratios of the key figures from Tier 1. Similarly, KPIsin tier 3 furthier aggregate KPIs

from tiers 1 and 2.

represented as wine yield per hectare, and its external market v. 10 d as turnover

per hectare. This paper builds on previous research by also inMg, i ments, fixed asset
structures, and workforce composition within wine estat

Tier 2 aggregates KPIs from Tier 1, focusing on i nd productivity. Cost per
litre considers total costs, including family w e to pro ion volume, while cost per
hectare measures costs in relation to estate sizg, Labou uctivity is defined as turnover per
worker, and area productivity as turnoverper he hough previous studies have examined

area and labour productivity, m

trends in the wine estate sector, as analysed here,

remain underexplored.

Tier 3 represents théphighest levelfof aggregation. Profit per litre reflects the surplus after
accounting for pric st per unit, while the operational result measures the surplus per
hectare. The operation hectare includes an imputed family wage, which ensures a

fair remunerationg§for family®members working within the wine estate, making it a key indicator
ility in this framework [14]. Return on equity and sales are calculated
from pro 0 total equity and turnover. While profitability has been studied in
agricultural wine economics, long-term trends in profit per litre remain largely unexplored.
The following subsections outline expectations for the long-term development of these KPIs,
based on existing literature in agricultural and wine economics. For areas where research is

limited, statistical data and relevant considerations are used to establish expectations.
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Tier 1 Tier 2 Tier 3
Input

Land ] Total costs

Estate size (ha
(ha) Cost per liter (€/L)
Average Costs per Hectare (€/ha)

Capital Main Costs per Hectare (€/ha)
Investments per Hectare (€/ha)

Fixed Assets per Hectare (€/ha)

Profit and returns

Labour force Efficiency Profit per liter (€/1)
Labor per Hectare (h/ha) - .. Operational result (€/ha)
Labor productivity (€/worker) Return on equity (%)

Workforce Composition (%)

. Return on sales (%)

Wine Price
| Turnover per liter (€/L) | Productivity
/vi Area productivity (€/ha)
Raw output
‘ Yield (hl/ha) ‘

Figure 1: Conceptual basis for Key-Performance-Indicators (based on an nm [14])

2.2 Tier one
2.2.1 Business size

In recent decades, the agricultural sect en signitiCant consolidation across numerous
countries [6,9,15,16]. Increased globalisation ightened competition in international
u

agriculture, leading to substa 9]. In the US, average farm size expanded

jth the number of large farms more than doubling
between 1987 and 20
1995 and 2020, wdi ge business size grew by 62% [17]. These changes are often
i gh economies of scale [18,19].

dicate that larger businesses tend to be more efficient, with size-

focused on eratives, large companies, and distributors, especially in countries like Italy
and Spain [20,23-25]. However, there is limited research on the concentration of family-run
wine estates that primarily market their own bottled wine. The trend of consolidation and
increasing business size in agriculture is anticipated to continue in the wine sector, likely

leading to a gradual increase in the average size of wine estates.
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2.2.2 Labour per Hectare and Workforce Composition

Annual Work Units
The agricultural industry has seen several labour-related changes in recent years. Rising
opportunity costs for farm labour, due to higher wages in non-farm sectors, have driven the
development of labour-saving technologies [6,26]. Larger farm sizes make it more viable to
adopt these technologies by investing in large machinery, resulting in efficiency gains [21,27].
In Germany, despite increasing farm sizes, the Annual Work Units (AW
from 1990 to 2020 [28]. Although no data on AWU trends for wine estate

currently available, a reduction in labour per hectare required is ant pased on

per farm halved

i Germany is

developments of the broader agricultural sector.

Workforce Structure

expected in the wine sector, which also r g and temporary workers.
However, since wine estates manage th irgisupplychain, growth leads to more specialised
labour needs, including mana

employees likely [14].

2.2.3 Investments p and Fixe

nologies, increased mechanisation (as discussed in sections

ential expansion of productive capacity through business growth

vestments are expected to result in increased technological assets,
machinery, an@vehicle fleets necessary for the supply-chain processes in viticulture and wine
production. In contrast, expansion in sales and marketing typically does not require costly

machinery but is reflected in increased salaries as part of variable costs.
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2.2.4 Turnover per litre

The demand for German wine has been visibly declining, reflected in a shrinking market share,
reduced domestic consumption, and falling exports [11,12]. Combined with price competition
from imports, this forces German producers to compete for the remaining demand, creating a
highly competitive market with significant price pressure [12]. Given this weakening
bargaining power, producers are unlikely to achieve substantial increases in real prices over the
observed period.

2.2.5 Yield

In recent decades, agricultural businesses have seen increas ue to
improvements in plant material and fertilisation, leading to hi i rossghe sector [30—
32]. However, the conditions for wine and grape production di ific > The wine sector

is highly diverse, with products varying by grape varietig nd price segments.

Additionally, it is heavily regulated, with strict yi are to ensure quality and
comply with regional regulations.

In Germany, there has been a shift towards fiarket p es by replacing high-yield grape

varieties from the 1970s with more tr
Gris, and Pinot Noir [33]. D3

volume [34]. Asa result, no sig

lonal; epyield varieties, such as Riesling, Pinot
wing, must yields indicate a long-term decline in
n long-term yield development is expected in

the wine sector, unlike the trends in broader agriculture.

2.3 Tier 2

t products in Germany has steadily risen over recent decades [35].

Data sh ge material costs per hectare for German wineries increased by 27%
between the 2006/07 and 2021/22 agricultural years [36,37]. Labour costs, driven largely by
the introduction of minimum wages in 2015, rose even more sharply, increasing by 106% over
the same period [36,37]. Afterhigh inflation rates following German reunification, interest rates
were initially high in the early 1990s but steadily declined to low levels by the mid-1990s, with
central banks imposing negative rates after the financial crisis, keeping financing costs very

low until around 2021[38].
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This variation in cost growth over time indicates a shift in the composition of main costs, with
labour and material costs rising, while financing costs decreased. The sharp rise in labour costs

post-minimum wage introduction suggests a temporary acceleration in overall cost increases.

2.3.2 Area Productivity and Labour Productivity

The adoption of labour-saving technologies and specialisation, as outlined in section 2.2.2,
along with improvements in planting material and fertilisation, as discussgd in section 2.2.5,

have contributed to notable productivity gains in the agricultural sector glob [26,29,32]. In

particular, increases in land productivity (output per hectare) and labour p ty (output
per annual work unit, AWU) have been observed. In Germany, area p
€/ha) has risen by 72% over two decades, from 2001/02 to 2021/

However, the wine sector is less likely to benefit to the sa ent iMprovements in
planting material and fertilisation. Instead, the primary ¢ tivity gains in this
industry are increased mechanisation and the adoption O aving technologies. Wine
estates must reach a certain scale to fully benefit fr , such as grape harvesting
or woodcutting machinery [21]. As a result, ef wine businesses, due to
reduced labour requirements per unit of utpesforms smaller ones [20,27].

An additional benefit of ingagasing average b S sizes is the effect of specialisation,

particularly relevant for wine e oss all stages of the supply chain. In smaller

operations, a family of two t ages viticulture, winemaking, administration,

marketing, and sales, ialisation and creates time conflicts. For example, sales

and marketing of less attention during busy periods such as plant protection or
harvest seaso labour, with tasks allocated to specialised roles, has been
showii, to iferease‘€eon efficiency and labour productivity [39-41].

In sum roddctivity gains seen in the agricultural sector, combined with anticipated
improveme rom technological advancements and specialisation dueto larger business sizes,
suggest rising*area and labour productivity over time.

24 Tier 3

Return on Sales and Return on Equity

Return on sales (ROS) and return on equity (ROE) for German agricultural businesses have

fluctuated significantly over the past two decades, averaging 2.7% and 1.3% respectively from

9
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2001/02 to 2021/22 [37]. This aligns with stable ROS and ROE values observed in agricultural
businesses across several European countries between 2009 and 2015, though some were
negatively impacted by the global financial crisis until around 2010 [42].

Official statistics for German wine estates, including those producing high shares of bulk wine,
suggest a stronger performance than agriculture overall. Wine estates nearly doubled their
average ROSfrom 5.97% in 2006/07 to 11.5% in 2021/22, while average ROE rose from 2.86%

to 7% over the same period [43]. Given these trends, an increase in both ROS and ROE is
anticipated for wine estates in this data set, specifically focusing on bottled :
Operational result and profit per litre
%
S

The average operational result of German wine estates incr

from 2006/07 to
2021/22, though this does not account for an imputed family w re ners [43]. Over
the same period, average profit per hectare grew by 20.3% n trends in profit per

litre for German wine estates remain unexplored.

Given the expected decrease in yield (section 2.

drawn about its impact on profit per hectare. ase in profit per litre may

still result from efficiency gains from s. The average operational result per

2.5 Potential changes of path the assessed time period

Major economic event tural breaks or shifts in developmental paths for various

sectors. The literattre has ified the 2008 financial crisis, triggered by the sub-prime

mortgage colld] uclhan event with significant implications for the agricultural sector

[44, onfirm the long-lasting impacts of the financial crisis on both
economi igtles, including persistent effects on economic systems and growth capacity
[46], slower very in regional areas [47], and long-term shifts in political sentiment [48].

The pronounced impact of the global financial crisis has been consistently highlighted in
agricultural economics. When examining agricultural developments over periods that include
the 2008 financial crisis, structural breaks and functional changes in the sector were evident
post-2008 [45,49-52]. As this study spans both the pre- and post-crisis period, it will consider
potential changes in developmental trajectories by dividing the analysis into two phases: before
and after 2008.

10
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3 METHODOLOGY

Data was sourced from the Geisenheim Business Analysis [14,53]. It comprises internal
business data from participating wine estates. Due to the voluntary nature of participation, a
potential self-selection bias in the sample could limit its representativeness for German wine
estates in general. The sample includes only wine estates where bottled wine constitutes at least
80% of total revenue. Wine estates primarily selling bulk wine or grapes were excluded, as they
cover only the initial stages of the supply chain and have a fundamentally different cost

structure.

The initial sample size was 106 wine estates in 1993, shortly after the pro eption. A
gradual expansion saw the sample grow to 182 estates by 1999. How
leadership in 1999 caused a drop to 112 wine estates in 2000 g-rom t ample size

gradually increased over the next decade, reaching 311 wine es in

consultants. A detailed distribution of the sample
(see Appendix A, Table 4).

The Geisenheim Business Analysis is a I'Study ofywine estates, with participation varying

over time. On average, wine in i ple for seven years, though some have

participated throughout the en iod. This exploratory analysis, spanning 28

as a separate observat
In 2017, all histori transferred into a unified datamanagement system. This process
involved corregtin dataentry errors, standardising the datato a single currency (the
Eur i e Mark as of 01.01.2001), and adjusting the data to net values

11
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For 16 Key Performance Indicators (KPIs), yearly averages across all businesses were
calculated over the 28-year period from 1993 to 2020. These were graphed in Excel, and linear
trend lines were fitted. A visual inspection of the graphs and trend lines guided the decision to
divide the linear regressions into two phases. Graphs that showed clear changes in trend around
2008/09 (coinciding with the global financial crisis) were split into two phases: 1993-2008
(Phase 1) and 2009-2020 (Phase 2). Regression coefficients were calculated for both the overall
period and/or the two separate phases. For KPIs influenced by earlier tiers of the economic

accurate and nuanced understanding of its implications. Since this is

with the focus being on investigating the long-term develop@en

tests between the two phases were not conducted, as such test Id e e scope of this
paper [44,45,50-52,54].
To evaluate whether size groups developed homogeneo

estates were divided into
terciles based on vineyard area, representing small @f nd large estates. Since the
average wine estate expands over time, the g e usi these three groups is not
static but increases accordingly (see Ap i
Regression analysis was pe

med g SS® (Statistical Package for Social

d using datafrom the German Federal Office

Sciences). Adjustmentsfor infl

of Statistics, with 1993 as the bas ough the residuals were not perfectly normal, the

increased sample size ve n=100)\was sufficient for the Central Limit Theorem to apply.

This ensures that sampling distribution of the regression coefficients is approximately

normal, allowi retation of standard confidence intervals and hypothesis tests

Additi e ssumption of homoscedasticity was not fully met, residual plots were
inspected, anghextreme outliers were removed to reduce the influence of individual data points
d variance, indicating that the impact on the model was limited. The overall
pattern of results remained stable, suggesting that the core findings are robust to minor

violations of this assumption [57].

12
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To investigate potential differences in development across business sizes, regressions were
performed separately for each tertile, with confidence intervals of the regression coefficients
analysed to identify statistically significant variations. Due to space constraints, these
differences are presented in tables in the appendix only if significant differences were observed

between at least two tertile groups.
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4 RESULTS

The following section presents the results of the linear regression for each tier, accompanied by
graphical visualisations of the long-term development of the KPIs over the 28-year period. The
graphs display the starting value in 1993, the end value in 2020, and the linear trend across the
full period, or two separate slopes for the distinct phases (1993—-2008 and 2009-2020).

41 Tierl
4.1.1 Business Size

The average size of wine estates exhibited consistent and highly significant the 28-

year period, more than doubling from 7.5 hectares in 1993 to 16.6 (Figure
2,Table 1). As shown by the slope in Table 1, wine estates n angaverage of 0.3
hectares per year. The three size groups exhibited signific ren th trajectories.
While large wine estates expanded by 0.62 hectares per e s grew by only 0.09
hectares annually (Appendix C, Table 5).

19,0

17,0 "—’

P e 16,6
15,0 e
13,0 >
ha -—'—’—’ \
11,0 o
“,—" B:0.32

9,0 _,,——"—

70 75

5,0

1993 1998 2003 2008 2013 2018

business size in hectares 1993-2020. f indicates the regression coefficient found in Table 1.

14
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360  Table 1: Tier 1 regression analysis results

Total timespan (1993 - 2020)

Phase 1 (1993 - 2008)

Phase 2 (2009 - 2020)

Coefficients Coefficients Coefficients
T- Corrected T- Corrected T- Corrected

Variable Coefficient [ value | p-value R? Coefficient | value | p-value R2 Coefficient | value | p-value R?
Business Size (ha) 0.32 | 18.17 | <0.001 0.92 - - - - - - - -
Investments per ha (€/ha)

nominal 20.63 | 1.50 0.145 0.04 - - - - - - - -

real -29,75 | -2,62 | <0.05 0,18 - - - - - - - -
Fixed Assets per ha (€/ha, nominal)

Viticultural area -321.43 | -6.84 | <0.001 0.63 -334.07 | -2.17 | <0.05 0.21 -12550 | -1.70 | 0.118 0.14

Buildings for agricultural use 10256 | 2.38 | <0.05 0.15 - - - - - - - -

Technological assets and machines 36.31 | 297 | <0.01 0.22 - - - - - - - -

Vehicle fleet -9.62 | -3.07 [ <0.01 0.24 - - - - - - - -
Labour per hectare (h/ha) -14.59 | -9.18 | <0.001 0.76 -25.51 | -7.27 | <0.001 0.79 -0.77 | -041| 0.687 -0.07
Workforce composition

% Family workers -0.61 | 14.00 | <0.001 0.88 - - - - - - - -

% Full-time employees 0.85 | 34.58 | <0.001 0.98 - - - - - - - -

% Temporary employees -0.20 | -5.34 | <0.001 0.51 - - - - - - - -
Turnover per Litre (€/L)

nominal 0.06 | 7.06 | <0.001 0.65 005 | 214 | 0.054 0.22 0.12 | 5.43 | <0.001 0.70

real 0.00 | -0.14 0.887 -0.04 0.00 | -0.18 [ 0.862 -0.08 0.04 | 273 | <0.05 0.35
Yield (hl/ha) -0.63 | -2.62 [ <0.05 0.18 -1.21 | -191 | 0.078 0.16 -0.13 | -0.17 [ 0.867 -0.09

361
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4.1.2 Investments per Hectare and Fixed Assets per Hectare

Major investments in buildings, machinery, or cellar equipment are infrequent for wine estates,
as buildings can last over 30 years and tractors for more than 10 years. Consequently, it is not
surprising that average investments per hectare fluctuate significantly over time (Figure 3). The
nominal average increase in investments of €21 per hectare was non-significant (Table 1),
indicating that they remained relatively constant over time. However, when adjusted for

inflation, real investments per hectare show a significant downward trend @ith a reduction of

€30 per hectare per year on average (Table 1). Generally nominal investmentSincreased with

business size, but due to high variance this difference was not statistically s

6.000 €
5.500 €
5.000 € B: 2063
4.500 € / Investments per ha
oy HO0E 3'5=5:_€ _____________________________ sgsmem )
3500 € N\ o (=teao MO
3.000 € ] ------------------ Investments per ha
2.500 € 2687€ ")
2000 € B:-29.76
1.500 €
1993 1998 2003 2008 2013 2018
Figure 3:Long-term deve tof non&nvestments per hectare (as € per hectare), and investments per
hectare adjusted fori ion.
Figure 4 show development of major asset categories of wine estates, viticultural

al assets and machines as well as vehicles. The average value of

land use i e per hectare fluctuates significantly (Figure 3). Values were higher
before 2008,
Analysing both periods separately shows a significant reduction of €334.10 per hectare during
1993 to 2008, while no significant linear trend is observed from 2009 to 2020 (Table 1). The

llowed by a sharp decline after 2010, with minimal change through to 2020.

decrease around 2010 may be linked to the reassessment of land value as loan collateral
following the financial crisis, when banks increased collateral requirements to mitigate risk.
Another possible explanation is a decline in the marginal productivity of land, which is likely

associated with a decrease in land value.
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The nominal value of viticultural land shows a consistent decline over the entire time span for
small wine estates, whereas no such trend is evident for large estates. For medium-sized estates,
land values decrease significantly in the first period but recover in the second. This pattern may
indicate that larger businesses successfully preserved the marginal productivity of their land
(Appendix C, Table 6).

The average value of agricultural buildings per hectare increased significa from 1993 to

onwards. Over the entire period, building asset values increase

hectare and an expansion in hectare size. “

35.000 €
30.995€ T~
Yal s B: -125.50
30.000 € / Seao /
- - - -
- ] 25.866 €
B: -334.07 T, Viticultural area
25.000 € e m——a. (nominal)
20.000 €
1 102.56
P 17.035 €
€/ ha
14562€ | memmme=— Buildings for
15000€ L cmme=m=m= T agricultural use
--------- (nominal)
10.000 €
B: 36.31
6.431 € _
5366€ 000 S e e m e mmm——— Technological assets
5000€ ====ssooossSooToTTEETT and machines
' (nominal)
B: -9.62
1.324 € / 1.098 €
--------------------------- Vehicle fleet (nominal)
0€
1993 1998 2003 2008 2013 2018

Figure 4: Long-term development of fixed asset values.

17



397
398

399
400

401
402
403
404

405
406

407
408

409

410
411
412
413
414
415

416

417
418

419

Technological assets and machinery values showed modest growth during the observation
period (Figure 4). with the average value rising from €5,366 per hectare in 1993 to €6,431 per

hectare in 2020. As wine estates expanded by approximately nine hectares during this time
(Figure 2), this indicates an overall increase in the total value of technological equipment.

Conversely, the average value of vehicle fleets decreased from €1,324 per hectare in 1993 to

of scale, as wine

e fleet, with
'
ore pin agricultural
be linked to

€1,098 per hectare in 2020 (Table 1). This reduction may reflect economie

estates ranging from 7.5 t0 16.6 hectares (Figure 2) typically require a similar,
substantial expansion in fleet size only necessary for estates of 20 hectares O

Per hectare, smaller and medium-sized wine estates tende
buildings, technological assets, machinery, and vehicle

economies of scale. However, due to high variance, thgse ere not statistically

significant.
4.1.3 Labour per Hectare and Workforce posi
The development of labour hours per héetare is@learlyidivided into two distinct phases. From

1993 to 2008, labour hours
Figure 5). However, from 2009

sed ificaptly by 25.5 hours per hectare (Table 1 and
verage labour hours plateaued, fluctuating slightly
around 800 hours peg hectare (Fi 5, Table 1). It is important to note that the hours per
hectare encompass al n the wine estate, including viticulture, cellar work,

management, and

The kst plase re idespread adoption of mechanical harvesters, which significantly

reduce al labour required during harvest. Once these harvesters were universally
implementedfgno comparable progress in mechanisation followed.
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First, increased market competition after the finan \ine estates to invest more in
sales and marketing personnel. Second, a gi@wing ortion of Ofganic wine estates and a
greater commitment to environmentally ainable praetices increased labour requirements in

viticulture. Finally, rising admiistrative,dema er time added to the hours needed for

general managerial tasks wit in es. These three developments have likely

counteracted any additional time economies of scale.

basis, fro 993 to 21% in 2020 (Table 1). These results suggest that wine estates
ploying more full-time staff, reflecting a greater need for skilled labour over
temporary assistance. The relative number of full-time employees increased significantly more
in large wine estates, highlighting their capacity for specialization (Appendix C, Table 5).
Interestingly, there were no significant differencesin the overall decline in labour per hectare

over time, although the negative tendency was stronger for smaller wine estates.
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Figure 6: Development of the relative workforce composition of iy w ,

temporary employees.

4.1.4 Turnover per Litre

Turnover per litre fluctuates due to annual yi a ns. Afterstkong harvests, wine estates
often need to sell more bulk wine at low (S, as tie annot bottle and market all of it at
higher prices. Despite these fluctuationg§ithere a 0 be a structural break in turnover per

litre around the 2008 economi

In the period leadin inal turnover per litre grew slowly, though the increase

was only marginally s i i ant (Figure 7, Table 1). Afterthe financial crisis, while

modestly by €0.04 per litre annually from 2008 to 2020. However, due to the lower starting
point post-2008, real turnover per litre showed little change over 28 years (Figure 7). This
suggests that, when adjusted for inflation, average prices of wine sold by estates focused on

bottled wine have remained relatively stable over the past 30 years.
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Figure 7: Long-term development of Turnover per litre (€/L) and Turnover 3 mr inflation intwo
linear regression phases. No data available for 1993, leading to diff tar values for nominal and real
Turnover per litre in 1994.
415 Yield
As expected, average yields fluctuated signifigamtl r thelobserued years due to variations
in annual weather conditions (Figure 8). \Adi ere is,no 0bvious clear demarcation, the graph

the first phase and stagnation in the
with the rest of the analysis, the first phase
shows an average Yield declin
hase (20

per hectare, which is marginally statistically

significant. In the se —2020), the slight reduction of 0.13 hl per hectare is not

statistically signifi e 8, Table 1). The development of yield over time did not differ

(
significantly amon ee groups.

N
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Figure 8: Development of average Yield generated in hectolitres per hecWession phases. g

indicates the regression coefficient displayed in Table 1.
4.2 Tier 2
421 CostKPIs %

Cost per Litre

Most costs for a wine estate ar d eld. Due to weather-related yield variations,

cost per litre fluctuates, rising in ears and falling in high-yield years (Figure 9).
Despite this, the grap nalysis ingicates a shift around the time of the financial crisis. Prior
to 2008, nominal ¢ ro an average of €0.07 per year, nearly doubling to €0.13 per year
from 2008 to
200

per yea i growth rate was statistically significant. The development of nominal

| costs per litre remained nearly stagnant between 1993 and

1 per year on average. After 2008, real costs rose slightly by €0.05
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Figure 9: Development of Cost per litre (nominal) and cost per litre
regression phases.  indicates the regression coefficient displayed 1

fo ion (real) in two linear

Cost per hectare

Costs per hectare shows a clear division into tWo phases: gnating or declining phase before
the financial crisis, followed by an incre@sing co thereafter. Visual inspection of Figure

10 suggests that costs per hec o fall until around 2011, picking up only with the

post-crisis recovery. For consi ever, the 2008 cut-off is applied, which may

underestimate the tr

real costs per hectare were 17% lower in 2020 than 28 years prior,
efficiency gains, while nominal costs per hectare increased by 23%, however.
During the first phase, total cost development per ha did not vary significantly between the size
groups. Inthe second phase, however, substantial differences were observed, as total costs for

large wine estates increased at almost twice the average rate (Appendix C, Table 6).
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505  Table 2: Tier 2 regression analysis results.

Phase 1 (1993 - 2008) Phase 2 (2009 - 2020)
Coefficients Coefficients
T- Corrected T- Corrected

Variable Coefficient | value | p-value R2 Coefficient | value | p-value R2
Cost per litre (€/L)

nominal 0.07| 252 | <0.05 0.28 0.13| 264 | <0.05 0.33

real 0.01| 0.21]| 0.837 -0.07 0.05| 131 0.216 0.06
Cost per ha (€/ha)

nominal 36.07| 0.26 | 0.798 -0.07 685.11 | 6.74 | <0.001 0.79

real -298.67 | -2.47 | <0.05 0.27 25146 | 3.39| <0.01 0.47
Main Costs per ha (€/ha)

Material costs 4478 | 1.02 | 0.326 0.00 164.18 | 4.16 | <0.01 0.58

Labour costs -12.67 | -0.65| 0.530 -0.04 | 302.99 | 10.87 | <0.001 0.91

Financial costs -16.70 [ -1.71| 0.111 0.12 -36.14 | 13.24 | <0.001 0.94
Labour Productivity (€/worker)

nominal 1,447.12 | 9.58 | <0.001 0.87 1,715.61 | 10.85 | <0.001 0.91

real 578.23 | 4.17 | <0.01 0.54 596.46 | 5.01 | <0.001 0.67
Area Productivity (€/ha)

nominal 49.07( 0.42| 0.683 -0.06 711.34 | 6.27 | <0.001 0.76

real -309.34 | -2.96 [ <0.05 0.36 24213 | 2.89 | <0.05 0.38

. 4

506  Development of different cost

507
508
509
510
511
512
513
514  higher than in'1993. Per-hectare labour costs increased most substantially for large wine estates,

by €303 per heetare annually in the second phase. By 2020, labour costs per hectare were 82%

515 exceeding those of small and medium-sized businesses by 80%. Similarly, material costs for
516 large estates rose at twice the average rate and were significantly higher than those of medium-
517  sized wine estates, though not significantly different from those of small estates (Appendix C,
518 Table 6).
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Figure 10:Development of average cost per hectare (hominal) and adju
regression phases.

Financial costs, however, deviated from the overall cos
per hectare during the second phase, as anticipated i
by a factor of 3.5, from €1,387 to €392 per he
very small portion of total costs, their decline €auld not the substantial increases in labour
and material costs. There were no signifiCant di sin the development of financial costs

among the size groups.
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Figure 11: Nominal development o
phases (€/ha). Costs for amortisation &

The Tier 2 KPIso our

effects of Tier r productivity is affected by changes in yield, turnover per litre

, While area productivity is shaped by developments in yield and
labour and ar€a productivity (Figure 12, Figure 13).
Labour prodUe€tivity increased over the entire period (Figure 12). Since yield stabilised after
2008 (Figure 8) and turnover per litre grew more strongly (Figure 7), the annual increase in
labour productivity was higher in the second phase (1,715 €/worker) compared to the first

phase (1,447 €/worker). When adjusted for inflation, the trend is similar, yet with a reduced

difference between the phases. Over the full 28-year period, nominal labour productivity

26



543
544
545
546
547
548

549

550
551

552
553
554
555
556
557

558
559

nearly doubled, increasing by 91%, while the inflation-adjusted increase was more modest at
30%.

Inthe first phase, labour productivity developed similarly across all three size groups. However,
in the second phase, large estates experienced a substantial improvement, increasing their

labour productivity by 60% more than the average and 125% more than small estates (Append ix

C, Table 6). \

90.000 € 84.441 €
B:1,715.61 - Labour Productivity
80.000 € v 1as (nominal)
B: 1,447.12 7

70.000 € PP
o) P Y
2 P - 57.335 €
S 60.000 € eec
= _—"’ __________ Labour Productivity
w o227/ N mmmm===T o=

50.000 € e - Y —————— X (real)

PY = ik
40.000 € 44271 €
B:578.23 B: 596.46
30.000 €
1993 1998 2003 2008 2013 2018

tivity orkerjpominally andadjusted for inflation (real) in two linear

Figure 12: Development of Labour
regression phases.
rea productivity remained stable in Phase 1 but

Due to declining yields (Figure 8 in

productivity is like the falling asset values of viticultural land during Phase 1 (Figure
4). When the i alted and real wine prices began to rise after 2008, area
icantly, both in nominal terms (€711 per hectare per year) and real
per year). However, by the end of the observation period in 2020, real
ity was 11% lower than in 1993. This decline is reflected in the significant

f real area productivity, which fell by €194 per year over the entire period.
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Figure 13: Development of Area productivity (€/ha) nominally and adjus
phases (real).

than medium-sized wine estates. However, in the firs

size groups were observed (Appendix C, Ta

4.3 Tier 3

Both nominal and real values for a Is incfeased significantly during the first phase, peaking
in 2008, the year of th

at a more modera ce. cansistent increase during the first phase is reflected by a high

isiSThey then declined until 2011, before rising again, albeit

whereas the fluctuations in the second phase lead to a lower
3). To avoid redundancy, only the operational result KPI is

re, as the other three KPIs follow essentially identical trends.

performance indicators (KPIs). In the first phase, the economic development of all three size
groups was largely similar, with no statistically significant differences. However, in the second
phase, only large wine estates demonstrated notable improvements in economic performance,
significantly diverging from small and medium-sized businesses. The only exception was return

on sales, where the substantial nominal difference was not statistically significant due to high
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variance (Appendix C, Table 6).

4.3.1 Profit per litre

In 1993, wine estates made virtually no profit per litre, with a value of just €0.01. Nominal
profit per litre then rose sharply, reaching €0.35 in 2008, before declining to €0.18 in 2011. By

the end of the observation period, profit per litre had recovered to €0.42. The increase in profit

per litre during the second phase was much smaller than in the first phase, wheke it grew by an
average of €0.02 per litre per year. Over the entire second phase, the growth
different from zero (Table 3). During the second phase, only lar ~ eénced a

significant annual increase in profit, rising by €0.03 per litre pen

4.3.2 Operational result per hectare

bsidies, aSWell as revenues generated

through rents and leases. As a result, ich are unable to cover costs per litre

exclusively through wine s generat positive operational result per hectare

through activity in said second iness.

The development of the operation rimputed family wage is illustrated in Figure 14.
The explanations for i iscussed in section 4.3.1 apply here as well. The linear
trend line for the figgFphas rts,in the negative range, indicating that wine estates were unable
to sufficiently eir family workers during this period. Nominal operational results
ing at €3,000 per hectare in 2008, before dropping to €1,100 in
2011 in of the financial crisis. By the end of the observation period in 2020, the
nominal opefational result had recovered to approximately the 2008 level, at €3,051 per hectare.
As a result, slope for the second phase is not significant (Table 3). The real operational
result follows a similar trend, with a slightly widening gap due to inflation.

In the second phase, large wine estates were the only group to achieve a significant
improvement in their operational result, with an average increase of €248 per hectare—nearly
five times the overall average. This growth deviated significantly from that of small wine estates

(Appendix C, Table 6).
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Figure 14: Development of Operational result per hectare (€/ha, incl. fam
inflation (real) in two linear regression phases. £ indicates the regression co

4.3.3 Return on Sales and Equity
Return on sales and return on equity were both hi

period. In first phase, both increased significantly,

return on equity by 0.38% annually (Table 3):Return reached average positive values
in 1998 and return on equity in 2002. pe in/2008, the year of the financial crisis, at
8% and 5%, respectively, befargydeclining,sharply. By the end of the observation period, they
had partially recovered to 79 % sales and 4.4% for return on equity. The

developments duringghase 2 wereWot statistically different from zero.

was not statistigally significant due to substantial variation (Appendix C, Table 6).
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Table 3: Tier 3 regression analysis results

Phase 1 (1993 - 2008) Phase 2 (2009 - 2020)
Coefficients Coefficients
T- Corrected T- p- Corrected
Variable Coefficient | value | p-value R2 Coefficient | value | value R2
Profit per litre (€/L)
nominal 0.02 | 5.40 | <0.001 0.67 0.01| 1.96 | 0.076 0.19
real 0.02| 5.05]| <0.001 0.64 0.00 | 1.12] 0.285 0.02
Operational result per ha (€/ha)
nominal 159.84 | 4.76 | <0.001 0.61 59.21 | 142} 0.182 0.08
real 133.12 | 4.44 | <0.001 0.57 21.48 | 0.69 | 0.505 -0.05
Return on Sales 0.58 | 6.16 | <0.001 0.73 0.05| 0.38 | 0.708 -0.08
Return on Equity 0.38 | 5.60 | <0.001 0.68 011 ] 1.43]0.180 0.08

5 DISCUSSION AND CONCLUSIONS
This study descriptively analysed the long-term economiCide * German wine estates
over a 28-year period, based on 16 KPIs. The wi alysed represent approximately
one-quarter of Germany's wine production vo
cultivation to the marketing of bottled wifge. Simi previous studies in agricultural

break in the economic development of

before and after the i isisssand relates them to the expectations from the literature.

The discussion emp ase was driven by distinct economic factors.
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Tier 1 Tier 2 Tier 3
Input Total costs
Cost per litre (€/L) coef.:
Land Phase 1: 0.07*
Estate size (ha) coef.: Phase 2: 0.13*
Total span: 0.32%%% Average Costs per Hectare (€/ha) coef.:
Phase 1: 36
Phase 2: 6857 Profit and returns
Capital Main Costs per Hectare (€/ha) coef.: -
Investments per Hectare (€/ha) coef.: Material costs: Profit per litre (€/L) coef.: -
Total span: 21 Phase 1: 45 Phase 1: 0.02
Phase 2: 164%* Phase 2: 0.01
Labour costs: Operational result (€/ha) coef.:
Labour force Ph : 1. 13 Phase 1 160%**
Labour per Hectare (h/ha) coef.: Ph:zz . 303 Phase 2: 59
Phase 1: —26%H* Financial cost;:. Return on equity (%) coef.:
Phase 2: -0.8 Phase 1: 17 Phase 1: (0.58%%*
. Phase 2: 0.05
5 " Phase 2: —36***
Wine Price Return on sales (%) coef.:
Turnover per litre (€/L) coef.: Efficiency Phase 1: 0.38***
Phase 1 0'05*** Labour productivity (€/worker) coef.: Phase 2: 0.1
Phase 2: 0.12 Phase 1: 1,447***
Phase 2: 1,715%%* L )
Blank = no significant difference
Raw output Productivity * (p>0.05)
*%
Yield (hl‘ha) coef.: Area productivity (€/ha) coef.: . (p>0.01)
Phase 1:  —1.21 Phase 1: 49 (»>0.001)
Phase 2: —0.13 Phase 2: T1LH**

Figure 15: Nominal regression analysis coefficient r Ssu

Figure 15 provides a summary of all

ts into consideration.

fo Bﬂportant KPlIs.

ic results for the nominal KPI developments

r discussion to ensure comparability with previous

hase 1 was a 30% reduction in working hours per hectare (-

to mechanisation and economies of scale (Figure 16). This aligns

ed to the widespread use of rented machine harvesters, reducing the need

outlays by wine estates. This contrasts with other agricultural sectors and

challenges the expectation that larger businesses would drive up capital investments [6,29]. For
wine estates, the benefits came from supply chain specialisation and using full harvesters
provided by external service providers, who can leverage economies of scale more effectively

than individual wine estates.
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Additionally, as a minor positive driver, nominal turnover per litre increased by €0.05
annually, driven by value-added sales and marketing of bottled wine, while bulk wine prices
lagged. Together, these factors resulted in a 48% increase in labour productivity. This is
consistent with trends in the agricultural sector [15,36].

Inadditionto the two positive drivers, phase 1 was marked by negative factors, with declining
yield being the most relevant. Unlike other agricultural sectors, wine estates did not benefit

from yield improvements. Instead, yields consistently fell by 34% overall durig the first phase

(Figure 16). This decline reflects the shift of German wine estates from high-yie ardsmore
in-demand grape varieties like Riesling [33]. The substantial yield drog

minor increase in price, led to stagnating nominal and declini : @

wine estates significantly improved their pr

properly compensate family workers, a negative operational result after

deducting family wages. H ance indicator increased by €160/ha

annually, and by the end of pha i d shifted from a deficit, with negative return

The economic drivers ified i first phase applied regardless of wine estate size. The

development of keygerfo ce indicators (KPIs) did not differ significantly among the three
size groups, Wi ion of the value of viticultural land as a fixed asset, which
decliped f me@itim-sized businesses but remained stable for large estates (Appendix

C, Tab
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Figure 16: Key developmental drivers of Phase 1 (1993-2008).

5.2 Economic development in phase 2 — after t Cc

The increase in nominal prices per litre wasfthe on ant pesitive driver in the post-
financial crisis recovery period. Wine es aged to raise prices by atotal increase of 33%,
primarily driven by value-ad arketmng, diff ion, and sales activities for bottled wine

(Figure 17).

Labour hours, whic eclined n, the first phase, stagnated in phase 2 despite continued

growth in business _si igure 17). Any notable gains from mechanisation may have been

offset by increase in , marketing, and administration, as well as a growing focus

on ecosyst es [58]The rise in prices led to a 30% increase in labour productivity and

raised IViity, by 31%, with yields remaining stable in phase 2.

The primary Reégative factor in phase 2 was the sharp rise in costs. Average costs per hectare
grew by 32%, while costs per litre saw a similar increase of 31%. These increases were largely
driven by rising minimum wages and higher material costs. Overall profitability, which had
declined significantly afterthe financial crisis, recovered slowly, barely returning to 2008 levels

by the end of phase 2, with price increases only just offsetting the rising costs (Figure 17).
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Figure 17: Key developmental drivers of Phase 2 (2009-2020).

In the second phase, wine estates of varying business aibi istinct performance
patterns and growthtrajectories. While the trendsde
and medium-sized estates, the largest tertile continu i ofitability gains, as reflected
in Tier 3 key performance indicators (Appen fter 2009, however, large estates
experienced more pronounced cost incr than theif smaller counterparts, primarily due to
rising labor and material ex hallepges the assumption that larger wine estates
Sellers & Alampi-Sottini [22]. Despite these

offset rising expenses through substantial

g labor, land, and capital more productively, thereby creating greater
value from their resources. These findings suggest that economic success in the wine sector
under challenging conditions stems from specialization, which enables a more efficient and
productive allocation of key input factors. The fact that large wine estates are significantly more
successful has important implications for the future economic development and strategic
adaptation of wine estates. Overall, the discrepancy between a positive development of the
operational result, on average, even though the growth of average costs per litre exceeded that

of the average turnover per litre, points to a reliance of wine estates on subsidies and revenues
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generated by secondary branches of business, such as gastronomy or events, as established in
chapter 4.3.2. These implications for the future will be discussed in more detail in a separate

discussion paper.

5.3 Limitations and Future Research

A limitation of this paper is sampling bias, as the data set is not fully representative of German

economic KPIsof wine estates with these other business types would

More successful wine estates are more likely to particip

fully met. Specifically, the assumption of
indicated non-constant variance. While

suggested limited influence o ts, it is still"possible that heteroscedasticity affected
the precision of the standard e , the residuals were not perfectly normally

distributed, however, given that a es exceeded 100 observations, the Central Limit

findings appea liable across model specifications.

tive analysis and linear trend estimation, without accounting for
heterogeneity over time. The structural shift following the global
financial crisg, has not been confirmed yet through statistical tests. Future research could
include hazaf@/survival models or multivariate analysis for more detailed comparisons.

This study remains at an aggregate level, analysing KPIs across all participating wine estates
without examining specific strategies employed by individual businesses. Future research could
explore the strategies of the most successful estates to understand which decisions and actions

have driven their success. The paper is also limited in scope by only interpreting past data, due
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toa lack of availability of more recent data, which could be included for further analysis in the
future.
A separate discussion paper will apply these findings to the economic developments after 2020

and derive recommendations for the future strategic management of wine estates in Germany.

5.4 Conclusion

This study focussed on the long-term economic developments of German Wike estates before

and after the 2008 financial crisis. From 1993-2008, estates benefited fro hanisation,

material costs negated price increases, culminating in stagna
increase of economic performance of large wine estates ver:
small to medium estates in the latter period, suggests a pe
scale through size increase. Moving forward, the 8ing costs, inflation and a
declining global wine consumption, leave wi t npr ely dire straits. To adapt,

German wine estates must further embrace Smechanisa and the investment into labour-

saving technologies to counterbalancgl increa sts, while also reconsidering yield

management strategies and op ning within the market. All in all, this study
provides lessons from past devel future roadmap for wine estates to enhance their
efficiency and produ rsistent in the face of current economic challenges, and

ensure long-term ec ustainability in the future.
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769  APPENDIX A

770 Table 4: Sample size of wine estate participants per year,aswell asminimum and maximum size values per tercile.

Sample Small (ha) Medium (ha) Large (ha)
Year size Minimum Maximum | Minimum Maximum | Minimum Maximum
1993 106 1.2 5.2 5.2 8.4 8.4 22.4
1994 107 1.7 5.9 6.0 9.4 9.5 32.0
1995 114 15 6.0 6.1 8.9 9.0 24.7
1996 129 2.2 6.5 6.6 10.2 10.2 24.7
1997 153 1.7 6.9 6.9 10.8 10.9 28.5
1998 172 1.8 7.2 7.3 115 11.5 40.4
1999 181 1.8 7.4 7.4 11.7 11.7 35.4
2000 110 2.2 7.6 7.6 10.8 11.0 26.7
2001 117 2.1 7.2 7.2 11.2 11.2 29.0
2002 131 2.3 7.0 7.1 11.2 11.2 36.6
2003 125 15 7.1 7.2 10.8 10.9 36.2
2004 140 1.9 7.2 7.2 11.7 11.7 36.3
2005 159 2.7 9.7 97 136 13.7 67.8
2006 185 3.1 10.0 10.2 14.4 14.4 47.0
2007 223 2.1 9.7 9.7 14.4 145 70.0
2008 282 0.6 8.6 8.6 14.2 14.4 49.8
2009 292 2.0 8.6 8.7 145 145 55.7
2010 311 2.1 8.8 8.8 15.1 15.1 50.5
2011 319 1.5 8.8 8.8 15.2 15.3 57.4
2012 300 2.3 9.8 9.8 15.7 15.7 57.8
2013 304 2.3 9.4 9.4 15.5 15.6 50.9
2014 309 2.1 9.8 9.8 16.3 16.4 62.8
2015 304 0.5 9.7 9.7 16.9 17.0 60.3
2016 300 0.5 10.4 10.4 17.0 17.2 72.6
2017 309 0.5 10.0 10.2 17.0 17.1 67.0
2018 310 0.5 10.1 10.1 16.3 16.6 58.6
2019 304 2.3 9.9 9.9 16.6 16.7 69.0
2020 279 2.3 10.2 10.2 17.9 18.0 72.6

-
771 \
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APPENDIX C
Table 5: regression analysis results by size group total timespan
Total timespan (1993 - 2020)
Coefficients Conf. Int. 95%
Variable Coefficient V&ﬁl-.le hs lower upper
Business Size (ha) 0.32 | <0.001 - -
Small 0.09 | <0.001 c 0.07 0.12
Medium 0.25 | <0.001 b 0.22 0.28
Large 0.62 | <0.001 a 0.56 0.68
% Full-time employees 0.85 | <0.001
Small 0.75 | <0.001 b 0.68 0.82
Medium 0.77 | <0.001 | b 0.67 0.87
Large 1.00 [ <0.001 | a 0.90 1.10
Table 6: regression analysis results by size group, divided into two ses
Phase 1 (1993 - 2008) Phase 2 (2009 - 2020)
Coefficients Conf. Int. 95% Coefficients Conf. Int. 95%
Variable Coefficient V:I[Je hs lower upper Coefficient vrfl[Je hs lower upper
Viticultural area -343 | <0.05 - - -56 | 0.467 - -
Small -635 | <0.001 | b -934 -336 -323 | <0.05| bc -557 -90
Medium -600 | <0.05 b -1103 -98 291 [ <0.05 a 10 572
Large 199 [ 0.260 a -164 562 -201 | 0.313 ab -624 221
Cost per ha (€/ha)
nominal 0.11 | 0.999 671 | <0.001
Small 76.01 | 0.551 -191 343 739 | <0.001 b 618 859
Medium 24.24 | 0.865 -275 324 470 [ <0.001 | b 284 656
Large -98.33 | -0.668 -414 217 1152 | <0.001 a 874 1430
Main Costs per ha (€/ha)
Material costs 57 | 0.173 155 | <0.01
Small 95 | <0.05 10 180 180 | <0.001 | ab 102 258
Medium 108 | <0.05 8 208 101 | <0.05 b 13 188
Large -36 | 0.505 -148 76 309 | <0.001 a 220 398
Labour costs -12 | 0.465 296 | <0.001
Small 11 | 0.581 -30 52 256 | <0.001 b 225 287
Medium -22 | 0.163 -55 10 256 | <0.001 b 188 325
Large -23 | 0.475 -91 44 459 [ <0.001 | a 375 543
Labour Productivity (€/worker)
nominal 1457 | <0.001 1713 | <0.001
Small 1304 | <0.001 940 1668 1239 | <0.001 b 998 1480
Medium 1705 | <0.001 1368 2042 1634 | <0.001 | b 1286 1982
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780

Phase 1 (1993 - 2008)

Coefficients

Conf. Int. 95%

Phase 2 (2009 - 2020)

Coefficients

Conf. Int. 95%

Variable Coefficient ve?llie hs lower upper Coefficient VEE)h_Je hs lower upper
Large 1359 | <0.001 831 1886 2783 | <0.001 a 2271 3295
Area Productivity (€/ha)
nominal 37| 0.726 697 | <0.001
Small 139 | 0.215 -91 369 806 | <0.001 [ ab 593 1019
Medium 58 | 0.636 -200 317 503 | <0.001 b 308 699
Large -83 | 0.550 -373 208 1179 [ <0.001 a 902 1455
Profit per litre (€/L)
nominal 0.02 | <0.001 0.01| 0.103
Small 0.04 | <0.001 0.02 0.05 0.00 | 0.928 b -0.014 0.015
Medium 0.02 | <0.001 0.01 0.03 0.01| 0.263 | ab -0.007 0.022
Large 0.02 | <0.01 0.01 0.03 0.03 | <0.01 a 0.017 0.052
Operational result per ha (€/ha)
nominal 186 | <0.001 53| 0.237
Small 306 | <0.001 179 432 25| 0.571 b -69 118
Medium 148 | <0.001 75 221 63| 0.197 | ab -39 164
Large 110 <0.01 34 185 248 | <0.001 a 152 344
Return on Equity 0.44 | <0.001 0.10 | 0.242
Small 0.66 | <0.001 0.45 0.87 0.11| 0.249 b -0.09 0.31
Medium 0.40 | <0.001 0.25 0.54 0.04 | 0.705 b -0.20 0.28
Large 0.33 | <0.01 0.16 0.51 0.43 | <0.001 a 0.32 0.55

W
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