
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Powered by TCPDF (www.tcpdf.org)

This material is protected by copyright and other intellectual property rights, and duplication or sale of all or 
part of any of the repository collections is not permitted, except that material may be duplicated by you for 
your research use or educational purposes in electronic or print form. You must obtain permission for any 
other use. Electronic or print copies may not be offered, whether for sale or otherwise to anyone who is not 
an authorised user.

Valtiala, Juho; Niskanen, Olli; Torvinen, Mikael; Riekkinen, Kirsikka; Suokannas, Antti
The relationship between agricultural land parcel size and cultivation costs

Published in:
Land Use Policy

DOI:
10.1016/j.landusepol.2023.106728

Published: 01/08/2023

Document Version
Publisher's PDF, also known as Version of record

Published under the following license:
CC BY

Please cite the original version:
Valtiala, J., Niskanen, O., Torvinen, M., Riekkinen, K., & Suokannas, A. (2023). The relationship between
agricultural land parcel size and cultivation costs. Land Use Policy, 131, Article 106728.
https://doi.org/10.1016/j.landusepol.2023.106728

https://doi.org/10.1016/j.landusepol.2023.106728
https://doi.org/10.1016/j.landusepol.2023.106728


Land Use Policy 131 (2023) 106728

Available online 10 May 2023
0264-8377/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The relationship between agricultural land parcel size and cultivation costs 
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A B S T R A C T   

Land fragmentation in agriculture is acknowledged as a problem that causes additional costs in cultivation and 
lowers productivity. Land consolidation programmes seek to alleviate the problem by influencing land owner-
ship, with the aim to reduce travel distances and increase parcel sizes by connecting adjacent small land parcels. 
Decision making requires cost–benefit analysis of the costs of ownership changes compared to the potential 
benefits. Such analysis is based on before and after assessment, where the benefits of a larger parcel size and the 
costs caused by the distances travelled between land parcels and between parcels are the key determinants. This 
paper presents a method to analyse realized work efficiency at different parcels. The benefit from a larger parcel 
size appears to be greater than that reported in previous studies.   

1. Introduction 

Traditionally, agriculture in Western countries has operated in the 
form of family farms. Most of these countries are undergoing continuous 
structural development in which, for example, farms with low produc-
tivity or lacking a successor are exiting production, while continuing 
farms are seeking to expand their production subject to the available 
market opportunities and land resources. The availability of land is a 
particularly important factor, and the complex interactions between 
competing farms in local land markets affect farm size (Huettel, Mar-
garian, 2009; Plogmann et al., 2022). As a result, the average size of 
farms has grown, but the growth has not always occurred in the optimal 
way in terms of distances between parcels and the integrity of the parcel 
structure. 

Agricultural land in Finland is divided into very many parcels for 
geographical and historical reasons, and the average size of parcels is 
consequently relatively small and the structure of farm landholdings is 
often fragmented. Although farm exits increase the availability of land, 
an expanding farm may not acquire a uniform area attached to its cur-
rent fields, but may have to include single parcels lying at a distance 
from the current fields. In the worst case, land parcels may be located 

across farms. This form of development not only hinders the working 
efficiency of farmers, but also has negative impacts on the climate 
(Hiironen and Niukkanen, 2014). 

The resulting land fragmentation causes additional costs in cultiva-
tion and lowers productivity (e.g. Niskanen and Heikkilä, 2015; Orea 
et al., 2015; Looga et al., 2018). Since fragmentation is often associated 
with issues such as the hampering of agricultural mechanization and 
inefficiency in production (Latruffe and Piet, 2014; del Corral et al., 
2011; Bradfield et al., 2021), farm profitability remains at a lower level 
than it would be with better structured landholdings. On the other hand, 
some studies have concluded that land fragmentation may also have 
beneficial side-effects and actually increase profits. Fragmentation can 
increase crop diversity which in turn can help to spread economic risk 
and increase biodiversity (Di Falco et al., 2010; Latruffe and Piet, 2014). 
However, these effects are likely to remain highly limited in the Finnish 
context. The northern climate limits the variety of economically viable 
crops and generally favours the cultivation of grass and animal 
husbandry. 

Machinery traffic compacts the soil and, thus, negatively affects the 
soil structure. In particular, the parts of cultivated fields adjacent to the 
boundary, known as headland areas, are subject to contrasting stresses, 

* Corresponding author at: Aalto University, Otakaari 4, Espoo 02150, Finland. 
E-mail address: kirsikka.riekkinen@aalto.fi (K. Riekkinen).   

1 ORCID: 0000–0001-5103–6685  
2 ORCID: 0000–0001-9468–5917  
3 ORCID: 0000–0002-7990–8083 

Contents lists available at ScienceDirect 

Land Use Policy 

journal homepage: www.elsevier.com/locate/landusepol 

https://doi.org/10.1016/j.landusepol.2023.106728 
Received 13 October 2022; Received in revised form 4 April 2023; Accepted 27 April 2023   

mailto:kirsikka.riekkinen@aalto.fi
www.sciencedirect.com/science/journal/02648377
https://www.elsevier.com/locate/landusepol
https://doi.org/10.1016/j.landusepol.2023.106728
https://doi.org/10.1016/j.landusepol.2023.106728
https://doi.org/10.1016/j.landusepol.2023.106728
http://crossmark.crossref.org/dialog/?doi=10.1016/j.landusepol.2023.106728&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Land Use Policy 131 (2023) 106728

2

primarily due machinery manoeuvres such as turns, which are executed 
on these areas (Ward et al., 2021). A small parcel size and irregular 
shape leads to headlands forming a greater share of the cultivated area, 
but these characteristics also induce relatively more overdrive when 
covering the potential triangles and edges, which may have negative 
effects on the average yield. Another relevant issue to consider for 
Finnish landscapes is shading from forested areas or shrubs, with effects 
on transpiration, temperature and soil moisture, which in turn affect the 
crop yield of the adjacent arable land. With an increasing distance from 
forest, solar irradiance and consequently the yield increase (Schmidt 
et al., 2019). 

Land consolidation programmes seek to alleviate the problem of land 
fragmentation by influencing land ownership, with the aim to reduce 
distances ravelled between parcels and increase parcel sizes by con-
necting small adjacent parcels (Hiironen and Riekkinen, 2016). The 
objective of land consolidation is to increase the profitability of agri-
culture without changing the ownership structure of a land consolida-
tion area, but rather reorganize the parcels. (Vitikainen, 2004). 
However, even though land consolidation activities are constantly car-
ried out, average parcel sizes have not markedly increased. There may 
be several reasons for this, one being that participation in land consol-
idation is voluntary. As Çay and Ertunç (2018) note, the end result of 
reallocation of plots is dependable on the allocation process. In volun-
tary and negotiation-based allocation, the end result may not be as 
remarkable as allocating the plots without negotiating with the land 
owners. Participation in land consolidation is voluntary, and in practice, 
enough voluntarily participating farmers are needed in a certain area to 
make consolidation actions feasible. Motivating farmers to participate is 
sometimes a challenge, since farms differ from each other in their pro-
duction and economic situation and have different development 
strategies. 

Table 1 presents the average parcel sizes of completed land consol-
idation projects between 2018 and 2021 in Finland. Even though none 
of the project the average parcel size increased over 10 ha, there is still 
an average increase of 82.65% in the parcel size. This is quite well 
aligned compared to other countries, e.g. Lithuania 71.80% (Atkocevi-
ciene et al., 2019), or Turkey 67.82% and 165.52% (Akdeniz et al., 
2022). However, examples with extreme increase in parcel size exist. 
North Macedonia introduced land consolidation as a new tool and 
managed to increase the parcel size in different areas by 242.11 or even 
by 383.33% (Hartvigsen and Mitic-Arsova, 2022). 

As in all European countries, land consolidation in Finland is based 
on legislation (Vitikainen, 2004). The main land consolidation act in 
Finland is the Real Property Formation Act (RPFA 554/1995). According 
to the RPFA, the implementation of land consolidation must always be 
profitable. Section 67 in the RPFA states that land consolidation may 
only be executed if the benefits exceed the costs. Analysis is based on 
before and after assessment, where the benefits of a larger parcel size 
and the costs caused by the distances travelled between land parcels and 
between parcels are the key determinants. As both voluntary decision 
making by farmers and mandatory legislative needs require cost–benefit 
analysis ownership changes, it is important that the analysis is based on 

up-to-date information regarding the benefits and costs. The average 
parcel size in Finland is similar (2.67 ha) to the areas, where land 
consolidation projects have been completed (Table 1). The projects are 
allocated to the areas where there is largest potential to increase the 
agricultural profitability. This may not always mean that the projects 
would be allocated to areas, where the average parcel size is the smallest 
before the land consolidation takes place. Actually, the majority of land 
consolidation projects are executed in the western part of Finland, even 
though the parcel size is above the average. (Hiironen and Riekkinen, 
2016) The potential for improving the situation is still larger, compared 
to other areas. 

Cost-benefit analysis is widely used in evaluating the feasibility of 
land consolidations. However, the attributes taken into consideration 
vary. Proposed models to measure the benefits of a land consolidation 
project include the increase of productivity due to investments such as 
drainage or irrigation during the project (Wojewodzic et al., 2021) or, 
for example, due to the resulting increase in the agricultural land area 
(Du et al., 2018), the reduced travel time due to decreased distance 
between the parcel and the farm compound (Hiironen and Riekkinen, 
2016; Janus et al., 2016), the shape of the agricultural parcels (Deme-
triou et al., 2012), or the net present value index of the project invest-
ment (Wojewodzic et al., 2021). Harasimowicz et al. (2017) proposed an 
optimization model for parcel configuration that also includes estimates 
of the working time spent on the parcel as part of the model. 

The objective of this study was to examine the increase in the 
working efficiency of farming due to changes in parcel structure. This 
paper presents a method to analyse realized work efficiency for different 
parcels and discusses the results in comparison with the previous effi-
ciency models. Since a decrease in the time used for cultivating each 
parcel is one critical factor in determining agricultural efficiency and 
thus needs to be included in the cost–benefit analysis, this paper con-
tributes to land consolidation research by presenting a method to 
analyse the realised cultivation time for different parcel sizes and dis-
cusses the results in comparison to previous efficiency models. 

The rest of the paper is organised as follows. The next chapter de-
scribes the materials collected and the methods used in analysis, fol-
lowed by showcasing of the modelling description and results, and 
discussion of the findings. Finally, chapter 4 concludes the paper. 

2. Materials and methods 

Working efficiency for different parcel sizes is currently calculated 
based on a function that considers, for example, the arrangement time 
required to start working, the number of machinery turns in relation to 
the width of the equipment, the length of the parcel and the working 
speed (Hiironen, 2012). The work time data used in earlier Finnish 
studies were based on data collected from farms utilizing a standardized 
time measurement system for agricultural field work, with some extra 
time for pauses (coffee breaks, machinery maintenance, disturbances) 
added to measured work time. In Finland, studies on agricultural work 
are mainly conducted by the Work Efficiency Institute (TTS). 

In land consolidation calculations, the computed execution times are 
standardized to a two-hectare parcel. The smaller the parcel is, the more 
inefficiency arises from starting the work, the number of machinery 
turns on the parcel, and so on. The direction of travel is standardized for 
long side travel and the driving technique for lane driving. In this study, 
we utilized the opportunities enabled by new technology implemented 
in tractors and working machinery, which included online measurement 
of several parameters such as transport time on the road and actual work 
time on the field. The collected data were saved in the Farm Manage-
ment Information System (FMIS). 

2.1. Data collection 

AgriSmart software (Suonentieto Ltd., Finland) was utilized in the 
collection of empirical data. The software utilised the Valtra Connect 

Table 1 
The average parcel size before and after land consolidation projects (LCP) in 
Finland 2018–2021 (data from The National Land Survey of Finland).  

LCP Av. before (ha) Av. after (ha) 

Akaa-Urjala 4.44 5.73 
Isoniitty 4.05 6.18 
Porre-Pesola 2.64 4.35 
Luopa (kurikka) 3.67 8.23 
Oravais-Österby 2.49 4.88 
Komsi-Teerenpaikka 2.43 4.45 
Lappi, Lumijoki 3.2 7.1 
Sutela 3.69 6.77 
Piipsjärvi 2.62 5.7  
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service (AGCO Ltd.). This service is a small module that logs data from a 
tractor’s computer and GPS device and saves the data in a cloud-based 
service. There is an application programming interface between the 
Valtra Connect service and AgriSmart software concerning the tractor 
location, field work time and fuel consumption. The software starts data 
logging, when the tractor enters a parcel. Data were read from a visu-
alized route map and an Excel table generated by the AgriSmart soft-
ware. An example of logged data from the ploughing of a field parcel 
visualized on an aerial map is presented in Fig. 1. 

The data included measures for fuel consumption and the duration of 
field work, and these variables were used to approximate the cost per 
hectare. Fuel consumption and duration were multiplied by their 
respective price approximates. The tax-free price of fuel (€0.746/L) was 
obtained by calculating the 5-year average (2017–2021) price of light 
fuel oil divided by 1.24, i.e., the exclusion of 24% value-added tax. The 
data were obtained from Statistics Finland (2022). The cost of labour 
reflects the hourly wage of an agricultural worker (€15.94/h), and the 5- 
year average (2017–2021) was analogously used. The data for wages 
were obtained from the EconomyDoctor service (Luke, 2022). Three 
types of custom contracting existed: ploughing, mowing, and spraying. 
The data contained more crop protection sprayings than mowings and 
ploughings. Furthermore, smaller parcels were overrepresented, and the 
number of observations significantly decreased as the parcel size grew. 
However, no significant growth in the variance was observed; on the 
contrary, as the variance decreased as a function of increasing parcel 
size. 

Automatic data collection also brought some corrupted observations. 
The system recorded some visits to parcels that the contractor did not 
actually visit but drove close to. This caused an unrealistically short 
distance driven on the field relative to the size of the parcel. An obser-
vation was removed if the distance driven divided by the parcel size was 
lower than 0.1. No fuel consumption was recorded in some cases, and 
these were respectively removed. Two parcels were recorded twice with 
different data, and these observations were also removed. 

The data additionally included a few exceptionally small parcels. 
Very small parcels might actually form part of larger parcels but exist 
due to administrative reasons. However, these parcels were potential 
outliers, as the costs per hectare easily become extremely small or large 
depending on the number of turns required on the parcel. Because very 

small parcels were generally meaningless in the current analysis, they 
were removed from the data, and the minimum area of a parcel was set 
to 0.2 ha. The total number of observations was 459 on 385 different 
parcels. Some parcels were recorded twice, as the contractor re-visited 
the same parcel during the summer for a different working task. The 
representativeness of the data sample is described in Table 2. Data on the 
total number of parcels in Finland were obtained from the Integrated 
Administration and Control System (IACS) (Finnish Food Authority, 
2022). 

The collected data included three different work tasks operated on 
the fields: ploughing, mowing and spraying. The equipment included in 
ploughing comprised 4 and 5 mouldboard ploughs, while mowing was 
carried out using mowers with a working width of 6–9 m. Sprayers were 
towable and equipped with 3000- to 4000-litre tanks for spraying liquid 
and 24- and 28-m-wide booms. Table 3 presents summary statistics for 
the working tasks. 

2.2. Model development 

The precondition for model fitting is continuity, as the practical use 
of the results relates to the potential benefits of parcel consolidation. 
Based on previous studies, costs per hectare were assumed to decrease as 
a function of increasing parcel size. To generate a continuous general 
function to describe the relationship between parcel size and the culti-
vation costs, polynomials of different degrees with and without loga-
rithmic transformation were considered. However, the functional form 

Fig. 1. Example of recorded ploughing work carried out on a field parcel.  

Table 2 
Observed field parcel data according to size class in comparison to the total in 
Finland.  

Size class (ha) Observed in the sample Total in Finland 2021 (>0.2 ha)  

N Share N Share 
0.2–0.5 23 0.06 118,796 0.14 
0.5–1 57 0.15 166,607 0.19 
1–2 78 0.20 216,586 0.25 
2–5 158 0.41 247,452 0.29 
5–10 53 0.14 90,322 0.10 
> 10 16 0.04 29,596 0.03  
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had two strict preconditions. The function was not allowed to predict 
negative costs, at least not for any reasonable parcel size. Any linear 
model would have otherwise predicted negative costs at some point, so 
these were essentially ruled out. The second precondition was that the 
functional form has to allow costs to start increasing at some point, if 
supported by the data. This, however, was unlikely in the case of con-
ventional sized parcels (<30 ha). Given the preconditions, a second 
order logarithmic polynomial function was considered the most pref-
erable functional form. 

To further verify this assumption, a nonparametric function was also 
estimated to examine whether it resembled the fitted logarithmic form. 
The imbalance between smaller and larger parcels in the data was 
another reason for estimating a nonparametric function. The shape of 
the cost function was assumed similar between different types of work, 
but the intercept was allowed to vary. 

Parametric and semi-parametric methods were used to estimate the 
functions. For the fully parametric log-polynomial, SIZE was converted 
to a logarithmic form and was estimated using ordinary least squares. 
The estimated equation consisted of an intercept, dummy variables for 
ploughing and mowing, and the parcel size as an explanatory variable. 

(1) COST = α + δ1PLOUGHING + δ2MOWING + β1log(SIZE) + β2log(SIZE)
2 

The other model was semiparametric, as the dummy variables were 
entered into the model as fully parametric, but the functional form of 
SIZE was not predefined. The model was therefore a generalised additive 
model (Equation 2). 

(2) COST = α + δ1PLOUGHING + δ2MOWING + f (SIZE)

Equation 2 is otherwise similar to 1, but SIZE is not converted to a 
logarithmic form and the equation has no predefined functional form. 
The term f indicates a flexible function of any form. The function was 
estimated using thin plate regression splines, and the resulting function 
is essentially a polynomial that best fits the data. The estimated function 
was a balance between the fit and the smoothness of the function, and 
generalised cross-validation was applied to find the optimal balance. 
The polynomial usually has a high degree, especially if the number of 
observations is low in some intervals of the exogenous variable. This was 
the case here, as small parcels were numerous, but increasingly fewer 
observations existed for larger-sized parcels. The model was estimated 
using maximum likelihood. Technical details regarding the regression 
splines and their estimation are fully described in Wood (2007). 

To assess methodological differences and whether productivity has 
improved over the years due to larger and more advanced machinery, 
both estimated functions were compared to the estimates presented in 
Hiironen (2012). In that study, a so-called adjustment coefficient was 
calculated, which demonstrates costs as a function of parcel size. The 
coefficient is currently applied, although updated, in official land con-
solidations conducted by cadastral engineers. When exchanging parcels 
between farmers, differences between parcel sizes are compensated 
using the coefficient. Because the coefficient is an index, comparison 
between the current estimates and the coefficient was relatively 

straightforward. Some improvement was expected, implying a slightly 
steeper function compared to the estimates of Hiironen (2012). How-
ever, dramatic differences were not expected, because field work and 
machinery have not fundamentally changed, although development has 
presumably taken place. The comparison therefore enabled a reliability 
assessment of the obtained results. 

2.3. Data analysis of parcel splits 

A complementary analysis was implemented to assess when farmers 
have considered certain parcels so large that they have been sub-divided 
for different crops or other agricultural purposes. In Finland, a "base 
parcel" of land must have a declared usage, whether in cultivation or 
fallow, so if subdivided it has to include at least one agricultural parcel. 
Most parcels are small and for this reason have only one usage, but as the 
size grows, the area can be more efficiently used by dividing the parcel 
and allocating it to different crops. The field parcel data were obtained 
from IACS (Finnish Food Authority). 

The list formed the raw data, which was further modified for sta-
tistical analysis. Only parcels above 0.2 ha were included. The reason for 
this was twofold. Firstly, very small parcels are numerous but often 
infeasible for the majority of arable crops. Secondly, many small parcels 
virtually belong to and in practise are cultivated together with another 
(larger) parcel, but are recorded as independent base parcels due to 
administrative or other reasons (such as a property line running towards 
a field) that are not related to directly to cultivation. To further prevent 
these parcels from entering the analysis, a divided base parcel had to 
include at least two parcels with a size representing at least 25% of the 
total parcels. Other limits were also tested to examine their impact on 
the results. 

Parcels including more than three parcels were also excluded. Except 
for very large parcels, highly fragmented parcels are like to reflect some 
other aspect than an intention to improve productivity, and for this 
reason it was considered better to remove these observations. In many 
cases, only one crop was cultivated in a divided parcel. These parcels 
were not considered genuinely divided, and a divided parcel had to 
include at least two administratively different crops. Some agricultural 
parcels lacked data on the cultivated crops, and, if the base parcel was 
divided, it was not possible to determine whether the crops cultivated in 
a divided base parcel were different. These observations were also 
removed. 

The statistical model was a logistic regression with a dummy indi-
cating splitting as the dependent variable and parcel size as indepen-
dent. The resulting model provided the likelihood of a parcel being 
divided given the size. R (2022) was used to estimate the models and 
produce the figures. The package mgcv (Wood, 2003, 2004, 2011, 2017; 
Wood, Pya, and Säfken, 2016) was used to estimate Equation 2. Func-
tionalities from Tidyverse (Wickham et al., 2019) and sf (Pebesma, 
2018) packages were applied in reading and handling the data. 

Table 3 
Means and standard deviations of duration, distance, fuel consumption and costs in different work tasks conducted on field (standard deviations in parentheses; the 
final, cleansed data presented in the table).  

Work task N Duration (min) Distance (km) Fuel consumption (L) Costsa (€/ha) 

Ploughing 31 282.35 
(286.39) 

24.56 
(25.16) 

67.4 
(71.1) 

34.32 
(6.35) 

Mowing 168 37.15 
(30.38) 

4.45 
(3.87) 

12.8 
(11.3) 

7.38 
(2.24) 

Spraying 260 21.98 
(18.54) 

2.33 
(2.14) 

2.86 
(2.71) 

2.90 
(2.22) 

All combined 459 45.10 
(100.00) 

4.61 
(8.91) 

10.9 
(25.2) 

6.66 
(8.20)  

a Costs determined as labour and fuel costs combined 
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3. Results 

Table 4 presents the results from the logarithmic polynomial model. 
The estimated function fitted the data well, as the multiple R-squared 
value was as high as 0.91. It should be noted that the deviation was very 
large in the case of smaller parcels (Fig. 2). However, given the varying 
parcel shapes, driving styles, and other case-specific circumstances, the 
duration of work on a parcel was expected to vary. The variation was 
further magnified by rescaling the total costs to costs per hectare. Fig. 2 
presents the estimated function and observations after multiplying 
mowing and ploughing by the respective coefficient values. Although 
the deviation was large in the case of smaller parcels, costs were found to 
vary relatively little in the case of larger parcels. This increases the 
reliability of the results for larger parcels, for which the number of ob-
servations was much lower. 

Hectare costs, determined from working hours and fuel consump-
tion, differ between work tasks. Spraying is carried out most efficiently, 
with a wide working width and relatively high driving speed, whereas 
ploughing requires a considerable amount of energy from the pulling 
tractor and the driving speed is low. However, the basic assumption of 
increased working efficiency due to fewer turns and a lower proportion 
of overdrive in larger field parcels was found in all tasks (Fig. 2). 

Both fitted functions were compared with a previous adjustment 
coefficient estimated by Hiironen (2012). The numerical results are 
presented in Table 5, and these results are further visualised in Fig. 3. 
The current estimates were aligned with previous estimates, indicating 
the correct magnitude and reliability of the current results. As expected, 
the estimated log-polynomial function was slightly steeper than the 
previous estimates from Hiironen (2012). The current estimates suggest 
that, compared to earlier technology, a larger parcel size produces 
productivity gains up to approximately 15 ha. Neither the current nor 
previous estimates reveal an optimal size for a parcel. However, the 
estimated function indicated that the marginal gain from a larger size 
becomes negligible after 20 ha. 

The estimated non-parametric function generally followed the log- 
polynomial function, which further justified the use of a log- 
polynomial (Fig. 3). It should be noted that the non-parametric esti-
mation was sensitive to single observations, and, for this reason, the 
curve increasingly fluctuates as the number of observations decreases in 
the case of larger parcels. Especially for larger parcels, the log- 
polynomial was considered more reliable. 

A sensitivity analysis was also implemented to assess changes in 
relative prices. Because fuel prices tend to fluctuate and the price of 
labour develops steadily, the costs per hectare were recalculated with a 
50% increase in fuel prices and the model was re-estimated with the new 
cost estimates. Fig. 4 presents the difference between the baseline data 
and the data with 50% higher fuel prices. The two sets of estimates are 
presented as indices to better reveal the differences between them. The 
differences are quite small, but a relative increase in fuel costs appears to 
slightly decrease the advantage of a larger parcel size. 

To examine what size is considered optimal in practice, the divisions 
of Finnish base parcels were analysed. The average size of base parcels in 
Finland is relatively small. Over half of the parcels above 0.2 ha were 
smaller than 2 ha (Table 6), the average size of these was 2.67 ha. Some 
modest differences between different regions existed, with the smallest 

parcels occurring in eastern parts and the largest in southern parts of the 
country. The difference between these two extremes, however, was only 
0.73 ha. 

Given the small average size of base parcels, only a minority of them 
were divided between different crops (Table 6). In absolute terms, most 
divided parcels were less than 5 ha, indicating there were various rea-
sons for dividing the parcels. However, the relative frequency of divided 
parcels increased as a function of increasing parcel size, and larger 
parcels were more likely to be divided purely for productivity reasons. 
We also examined which crops were cultivated in divided parcels.  
Table 7 presents the most common combinations of crops. The crops and 
even the combinations were roughly the same when considering dairy 
and cereal farms only. Due to reasons related to the agricultural payment 
administration, several types of fallows and grass cultivation exist. The 
top five combinations, however, clearly demonstrate that cultivation 
mixes in divided parcels most commonly include grasses for feed, the 
two most common cereals (barley and oats) or some fallow. 

The results from the logistic regression demonstrated the tendency of 
farmers to divide parcels as the size grows. However, the shape of the 
sigmoid was not steep, implying that divided parcels occurred in all size 
classes, but not all larger parcels were divided (Fig. 5). According to the 
results, a 27.8 ha parcel had a 50% probability of being divided. How-
ever, the smaller the minimum proportion of the total parcel area that a 
sub-division’s size must exceed, the lower the 50% cut-off point. As 
demonstrated in Fig. 5, the point moves to 18.4 ha if a minimum of 1% 
of the total parcel size was allowed. This indicates that parcels are 
divided for various reasons, and the 25% limit more likely reflects di-
visions for productivity reasons than the 1% limit. 

Regional differences also existed, as the parcel size related to the 
50% probability limit was considerably larger in northern parts of the 
country, being 40 ha. In other parts of Finland, the cut-off point varied 
from 25.2 to 27.1 ha. This could reflect differences in farm character-
istics, as the variety of feasible crops is very narrow in the north of 
Finland. This would reduce the incentive to divide parcels. The cut-off 
size was 24.3 ha for dairy farms and 25.2 ha for crop farms, implying 
practically no differences between the two main production types. 

The results imply that the benefits of crop rotation, for example, start 
to have as large a weight as the marginal benefits from a larger parcel 
size when the parcel size approaches 30 ha. Then, parcels are more 
likely than not to be divided into smaller parcels below 20 ha. Although 
the cost function analysis provided no clearly defined optimal size, it 
appears that in terms of both production costs and practical use, the 
marginal gains from a larger parcel size become negligible after 20 ha. 

4. Discussion 

Agricultural land in Finland is divided into very many parcels for 
historical and geographical reasons. Where possible, land consolidation 
may alleviate the inefficiency that arises from the fragmentation. The 
conducted study revised a previous calculation factor that is used in land 
consolidation projects to evaluate the benefits arising, for example, from 
merging adjacent land parcels through land ownership arrangements. 

According to the cost function analysis, the largest marginal re-
ductions occurred before 10 ha and the greatest potential from land 
consolidations exists for these parcels. It should be emphasised that no 
exact measure for a small but nevertheless significant reduction exists. 
No evidence was found for a turning point, after which costs per hectare 
would start to rise. Such a finding would have defined an ending point 
for cost reductions and furthermore a limit for an excessively large 
parcel. However, the difference between 10 and 20 ha was 0.7 index 
points, while that between 20 and 30 ha was only 0.2 points. This sug-
gests that after 20 ha, at the largest, marginal gains become insignifi-
cant. To sum up, practically no further reductions in the marginal 
cultivation costs appear to exist for parcels over 20 ha. 

The empirical analysis demonstrated that, in practice, parcels 
slightly below 28 ha had a 50% probability of being divided. At this 

Table 4 
Results from the logarithmic polynomial model.  

Term Estimate Std. Error P-value 

Intercept 3.83 0.2 < 0.001 
MOWING 4.29 0.25 < 0.001 
PLOUGHING 31.39 0.48 < 0.001 
log ( SIZE) -1.29 0.2 < 0.001 
log ( SIZE)2 0.13 0.1 0.2 
Adjusted R2: 0.91    
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point, it should be emphasised that the 50% limit implies that approx-
imately half out of a large group of parcels are divided. Only a small 
fraction of all parcels actually exceeds 25 ha, and many of these parcels 
are not divided. Therefore, no pressure to divide parcels appears to exist, 
but the results clearly demonstrated the existence of benefits from 
splitting parcels. These benefits become increasingly apparent as the 
parcel size approaches 30 ha. 

Generally, the results from the two analyses appear aligned. Mar-
ginal cost reductions were found to be very small between 20 and 30 ha, 
and the turning point concerning the practical tendency to divide par-
cels lies in this interval. Splitting a 25–30 ha parcel approximately in 
half creates two reasonably sized parcels in terms of significant cost 
reductions, as marginal cost reductions were noted to effectively end 
once the size exceeds 20 ha. 

The estimated 50% cut-off point of this study significantly differs 
from the result of Myyrä and Pitkänen (2008), who conducted a similar 

analysis with a considerably smaller sample. According to their study, 
the 50% limit was at 8 ha for grain parcels and 6 ha for forage parcels. 
The difference probably reflects methodological differences between the 
studies, but may also reflect the change that has occurred in agricultural 
production over the years. Production technology has developed, mak-
ing a larger parcel size an advantage. 

The analysis demonstrated a need for further improvement in the 
farmland structure in Finland. Over half of the parcels were below 2 ha 
in size and over 80% of the parcels were below 5 ha. According to the 
results, significant reductions in production costs can be achieved above 
5 ha, thus emphasising the need to increase the size of parcels. Structural 
change has enabled farms to exploit economies of size, and it continues 
to do so. However, small parcel sizes and land fragmentation more 
generally prevent farms from obtaining the full benefits from increasing 
in size. The improvement in the landholding structure should move in 
tandem with the growth in parcel size to reap the full advantage from a 
larger capacity. Thus, a lagging improvement in the landholding struc-
ture may even discourage farms from growing further, exploiting better 
machinery and so on. This would, in turn, have a negative impact on the 
competitiveness of Finnish farms. 

A larger parcel size can also benefit soil quality. Enlarging the parcel 
size reduces the negative impacts that are faced by edge shadowing and 
soil compaction in headland areas resulting from machinery turns. This 
should, however, be considered together with other practical measures 
to prevent soil compaction, such as decreasing the axle load and/or 
increasing the contact area of wheels with the soil, as well as working 
soil at the optimal soil moisture content, and appropriate agronomical 
means, such as crop rotations that include plants with deep, strong 
taproots and soil health maintenance (Hamza and Anderson, 2005). 

Two studies in the Finnish context have previously found a positive 

Fig. 2. Cultivation costs in relation to parcel size and the fitted log-polynomial function for spraying, mowing and ploughing.  

Table 5 
Numerical comparison between the previous correction factor (Hiironen, 2012), 
non-parametric estimation and a log-polynomial fitted function.  

Parcel size (ha) Hiironen (2012) Non-parametric Log-polynomial 

0.5 1.33 1.31 1.27 
1.0 1.12 1.17 1.12 
1.5 1.04 1.06 1.05 
2.0 1.00 1.00 1.00 
2.5 0.96 0.98 0.96 
5.0 0.90 0.90 0.87 
10.0 0.86 0.77 0.79 
20.0 0.83 0.63 0.72 
30.0 0.82 0.62 0.70  

Fig. 3. A fitted log-polynomial function in comparison with a non-parametric function and the previous research estimate from Hiironen (2012).  
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relationship between parcel sales prices and size (Valtiala et al., 2019; 
Peltola et al., 2006). Enlarging the parcel size thus increases the value of 
the parcel. The present analysis supports those results, as a higher price 
for a larger parcel could reflect lower production costs per hectare. 
However, while this result may generally hold, other factors, including 
local demand and natural productivity, affect the sales prices of parcels 
more than size. Ritter et al. (2020) concluded that the complex rela-
tionship between land price and parcel size is affected by several eco-
nomic factors, such as economies of size, transaction costs, and financial 
constraints. 

The empirical analysis revealed no indication of an excessive parcel 
size. However, the results clearly demonstrated that when the parcel size 
starts to approach and exceed 30 ha, it can be considered unnecessarily 
large. Greatly enlarging the parcel size also has environmental consid-
erations, and, for this reason, the marginal benefits from a larger parcel 
size may become questionable at some point. Land consolidation ar-
rangements have effects on the quality of the environment and the 
habitats of edge and yard species. Clough et al. (2020) stated that the 
diversity of plant and animal farmland species is usually lower where 
cropland has been aggregated into larger fields. Most field bird species 
use both edge zones (lowlands, protection strips, open drainage and 
ditches) and the field itself (Marja et al., 2013). There is also evidence 
that carabids, which have an important role in integrated pest man-
agement, benefit from increasing landscape heterogeneity (Jowett et al., 
2022; Ekroos et al., 2009). 

These findings suggest that when parcel enlargement no longer 
brings significant cost reductions, it might be wiser to abstain from the 
further enlargement for biodiversity and environmental reasons. It 
should be noted that the effect of a parcel enlargement is not only a 

Fig. 4. Sensitivity analysis revealing the effect of a changes in the fuel/working hour cost ratio (results normalized to a 2-ha parcel).  

Table 6 
The number of parcels in different size categories and number of parcels divided, 
when the split is defined be at least 25% of the whole parcel size.  

Size class 
(ha) 

Number of 
parcels 

Share Cumulative 
share 

Parcels divided   

(From all 
parcels 
>0.2 ha)  

(At least two sub- 
divisions >25% of 
the whole parcel 
size) 

< 0.2 57,339    
0.2–0.5 118,796 0.14 0.14 942 
0.5–1 166,607 0.19 0.33 1741 
1–2 216,586 0.25 0.58 4344 
2–5 247,452 0.28 0.86 10,629 
5–10 90,322 0.10 0.97 7218 
10–25 27,692 0.03 0.99 3580 
25–50 1747 0.00 0.99 286 
> 50 157 0.00 1 8  

Table 7 
The most common combinations of crops in divided parcels in decreasing order 
(combinations with the same crop are excluded).  

1. Oat – Perennial grasses for feed 
2. Barley for feed – Perennial grasses for feed 
3. Oat – Barley for feed 
4. Perennial grasses for soil conservation – Perennial grasses for feed 
5. Pasture – Perennial grasses for feed  

Fig. 5. Probability of a parcel being divided as function of total parcel size (different curves indicate the minimum proportion of the total parcel area that a sub- 
division’s size must exceed). 
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matter is of a single parcel, but more about the agricultural landscape of 
the region. Finnish agricultural landscapes, however, differ from the 
European context, as agricultural land comprises less than 9% of the 
land area, and even in the most arable region in South–western Finland, 
the share is only 30%. Still, the fragmentation of agricultural land fol-
lows a similar pattern at least in parts of Central and Eastern Europe 
(Hartvigsen, 2014) and is considered as on-going phenomenon rather 
than something that can be abolished by a single land consolidation 
(King and Burton, 1982). This indicates that there is need to develop 
land consolidation instruments also in the future. A similar study could 
be implemented in other countries as long as the same data collection 
method is available. The results from this study may apply to other 
countries if the field work is carried out similarly as in this study. If, 
however, factors such as working width and driving speed considerably 
differ, the results from this study should be interpreted with caution in 
the context of another country. 

5. Conclusions 

Agricultural land in Finland is divided into very many parcels for 
geographical and historical reasons, and the resulting land fragmenta-
tion causes productivity losses to farmers. The conducted study revised 
previous results regarding the relationship between parcel size and 
working efficiency. The results indicate that there has been some 
development in working efficiency in the course of time, and technical 
benefits arising from a large parcel size have slightly grown. However, 
marginal benefits become increasingly negligible once the parcel size 
exceeds 20 ha. This result was supported by the tendency of farmers of 
dividing parcels in practice. The statistical analysis demonstrated that 
the probability of dividing a parcel between different crops is very low 
for smaller parcels, and that a parcel of size 27.8 ha has 50% probability 
of being divided. 

There is a considerable potential for inefficiency related to small 
parcel sizes, and enlarging the parcel size could increase working effi-
ciency. This study did not empirically measure the relationship between 
yield and parcel size, but it is generally known that machinery turns in 
headlands increase the risk of soil compaction and edge shadowing by 
forest and shrubs induces yield reduction. Thus, the results can be 
considered as a conservative estimate of the potential economic benefits 
arising from an increase in parcel size. Further parcel enlargement 
should be actively pursued. Currently, a considerable gap exists between 
the average parcel size and the more optimal size determined in this 
study. An apparent need to implement increasingly effective land 
consolidation projects clearly exists. 
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