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A B S T R A C T   

The JuWaPfl software described here helps to estimate the expected time required and the costs of eight pro-
cesses related to the maintenance of young forests. It can therefore support forest managers in planning forest 
interventions related to pruning, selective thinning, mowing around young trees, protection against browsing 
damage, measures to prevent snow gliding, creation of access trails, planning of skid trails, and planting. These 
processes belong to the so-called first stage of timber production and are important in ensuring that forests grow 
well until they are ready to be harvested and that the wood has the desired quality. The software is open-source 
and available free of charge in four languages, namely English, German, French, and Italian. It is written in Java 
and is platform-independent.   
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1. Motivation and significance 

Many steps of forest establishment and maintenance, such as 
planting and selective thinning, are needed until a forest stand with high 

timber quality is ready to be harvested [1]. This effort is intensified by 
climate change because forests are vulnerable to the expected increased 
intensity and frequency of drought and further disturbances. The need to 
adapt forest management strategies to these challenges [2,3] has been 
discussed in many studies. The proposed strategies follow different 
concepts, such as Sustainable Forest Management and Climate-Smart 
Forestry [4–6]. They agree that all over Europe, many forests need to 
be adapted and millions of hectares replanted, an extent never seen 
before. Thus, besides addressing the questions of which concept to apply 
and where, forest managers in particular need to consider the question 
of how to apply them. From an operational perspective, different pro-
cesses are required, e.g. planting, pruning, selective thinning, mowing 
around young trees, and protection against browsing damage. To plan 
these processes as precisely as possible, it is important to pre-estimate 
the time required per process, as well as the resulting costs. Some 
managers can rely on many years of experience and accurately 
pre-estimate the related time consumption and costs, but this is not the 
state-of-the-art approach. In most cases, managers would greatly benefit 
from a tool that supports them in the planning process. Moreover, such a 
tool could be used by contractors when making an offer, as well as by 
federal institutions to estimate the effort forest practitioners need to 
invest. 

To identify which processes of the first production stage are of 
highest importance, a large survey was sent to all forest enterprises in 
Switzerland (approx. 700), and some in Germany, in 2017. The respond 
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rate was 65 %, which can be considered high. 
In response to this demand, the software JuWaPfl was developed, 

which can be used to estimate the time required and the costs of eight 
different processes related to the maintenance of young forests, the so- 
called first production stage of timber production, based on relevant 
input variables. The processes that can currently be estimated are 
described in Table 1. A more detailed description of each process as well 
as more information about for example system boundaries, related data 
collection and assumptions, calculation methods and references is pro-
vided as report in the software. 

The statistical data and models behind the represented processes 
originate from surveys conducted in Switzerland and Germany and from 
literature from these countries. This is reflected in the name of the 
software, JuWaPfl, which is the abbreviation of Jungwaldpflege and 
stands for the German term for young-forest maintenance. The software 
is currently available in four languages, namely German, French, Italian, 
and English, reflecting the languages spoken most in Switzerland. 

A comparable software, HeProMo [7], already exists for estimating 
the time required and the costs of different timber harvesting processes 
and is well-established in forest practice, teaching, and science. When 
combined, HeProMo and JuWaPfl form the fundamentals for the 
decision-support in sustainable forest management in Central Europe. 

2. Software description 

3.1. Software architecture 

The JuWaPfl software is written in Java with JDK compiler 
compliance level 8. On the code level, it consists of two main packages, 
juwapfl.model (referred to as the model package) and juwapfl.gui 
(referred to as the GUI package). The model package contains all classes 
necessary for the processing of the input variables, the calculation of the 
results, and the storage of the output variables. The GUI package is 
responsible for the visual representation of the user interface. It uses 
Swing as the GUI toolkit. The model package is completely independent 
of the GUI package (following the concept of patterns such as model- 
view-controller or model-view-presenter), therefore enabling a later 
replacement of the GUI package, if necessary, for example by a webapp- 
frontend. 

The software uses the following dependencies (in alphabetical 
order):  

- Apache FOP: used to create pdf-datasheets based on a per-model 
layout defined in XSLT.  

- JFreeChart: used to graphically represent the calculation results in 
the “protection against browsing damage” model, to facilitate 
interpretation of the results.  

- Lombok: used to reduce repetitive code in data transfer object (DTO) 
classes.  

- TestNG: used as the testing framework. A data-driven testing (DDT) 
approach is used for automated testing of all implemented models. A 
csv file for each model contains the test cases related to that model. 

Table 1 
Processes currently available in the software.  

Model name Model description 

Pruning for value 
enhancement 

Pruning of branches of selected younger trees with a 
handsaw to improve the quality of their wood and 
thereby their prospective value. 

Selective thinning Thinning around selected trees with a chainsaw, to 
lower their exposure to competition, and crown 
pruning selected trees. 

Mowing around young 
trees 

Mowing / trimming of competing vegetation around 
selected young trees using a brushcutter, chainsaw, or 
sickle. 

Protection against 
browsing damage 

Installation of protection measures (such as tree guards, 
wraps, fences, or chemical protection) on selected 
younger trees to prevent them from being damaged by 
game animals. 

Measures to prevent snow 
gliding 

Installation of physical measures in steep terrain to 
prevent snow from gliding downhill, thereby putting 
pressure on trees and causing skewed growth or 
uprooting. 

Creation of access trails Creation of new or maintenance of existing trails used 
for accessing the forest. 

Planting Planting of young trees manually or with the support of 
machinery. 

Planning of skid trails Planning to optimize existing skid trails or create new 
ones based on topographical maps, satellite imagery, 
orthophotos, and site inspections, including the 
marking of new trails on site.  

Fig. 1. The time system used in the JuWaPfl software with the most relevant time units in bold: workplace system hours (WPSH), workplace personnel hours 
(WPPH), and productive machine hours (PMH15). The same time system is used in the HeProMo software [7]. 

Fig. 2. Main window of the JuWaPfl application.  
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Internationalization (i18n) is implemented by using a resource 
bundle class and a separate messages.properties file for each available 
language. 

3.2. Software functionalities 

The software estimates the time required and the costs of the given 
processes. The time system used in this software is based on the system 
presented by Björheden and Thompson [8] and modified by Heinimann 
[9]. The two most important time units used in this software are 
workplace personnel hours (WPPH) and productive machine hours 
including interruptions shorter than 15 min (PMH15). The relationship 
between the units in the time system used in the software can be seen in 
Fig. 1. The time system is the same as the one used in HeProMo [7], 
which enables coherent estimations of times and costs across different 
processes in the field of forestry. 

Detailed documentation of each process can be opened from within 
the software. For the representation of monetary units, Euros (EUR) or 
Swiss Francs (CHF) can be selected. Finally, a data sheet in pdf-format 
can be created for the conducted calculations. Such a data sheet in-
cludes all input and output variables for the given process and facilitates 
documentation and archiving of the planned forest operation. 

3. Illustrative examples 

Fig. 2 shows the main window of the JuWaPfl application. The lan-
guage of the application can be switched in the menu bar at the top of 
the window. Further items in the menu provide contact information and 
a citation recommendation. The main part of this window lists all 
available process models, which can be opened by clicking on the model 
names. The number of models that can be opened simultaneously is not 
restricted, which enables direct comparison of the results of different 

Fig. 3. Application window showing the input variables (top) and calculation results (bottom) for the model of the planting process.  
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calculations. 
Fig. 3 shows the window of one of the process models. The windows 

of all models have the same structure and are vertically divided into two 
parts. The upper part of the window consists of all the input variables for 
the given model. Every input field contains a carefully selected default 
value. This enables realistic estimations even if not all input variables 
are precisely known for a calculation. The input fields are divided into 
sections containing related variables. For some input fields, a blue in-
formation button is placed on the right side. By hovering over this 
button with the mouse, the user can read additional information about 
the respective input field in a tooltip. 

The lower part of the window, with a light-yellow background, 
contains the results of the calculation. The results are first grouped by 
times (on the left side) and costs (on the right side). In most models, 
these two groups are further divided: either the provided results are split 
into the different stages of the whole process, or the results are displayed 
in units of different scales (e.g. per tree, per hectare, per stand). 

The menu at the top of each process model window allows the user to 
select either Euros (EUR) or Swiss Francs (CHF) as the currency. 
Changing the currency only changes the corresponding labels in the 
input and results sections, while numbers are not affected (i.e. no ex-
change rates are supplied). Finally, the documentation of the current 
process can be opened via the menu, or a pdf document of the current 
calculation can be created, which includes all input variables and the 
corresponding results. 

4. Impact 

Up to now, no software has been available to support forest managers 
in pre-estimating the required time and resulting costs of the so-called 
first production stage, involving the processes of planting, pruning, se-
lective thinning, mowing around young trees, protection against 
browsing damage, measures to prevent snow gliding, creation of access 
trails, and planning of skid trails. However, these processes are of 
increasing interest, particularly due to the consequences of climate 
change, for example when large areas of forests need to be re- 
established. 

Both this tool JuWaPfl for the first timber production stage and 
HeProMo [7] for the second timber production stage are used in 
teaching at various universities and forest schools throughout at least 
Switzerland and Germany. Generally, forest practitioners supported 
data collection and seem to be interested in the software. They have 
been informed about it through article contributions (e.g. [10–13]) in 
magazines dedicated to practitioners, as well as through websites (e.g. 
www.waldwissen.net, which is maintained in German, French, Italian, 
and English) and personal communication. In the first 12 months after 
the software was released for the first time (August 2021), it was 
downloaded approx. 500 times. This is quite high when considering that 
there are approx. 700 forest enterprises in the whole of Switzerland. 

Moreover, given the existing similar tool for the second timber 
production stage (HeProMo), it is now possible to estimate the overall 
time and cost investment from forest establishment until wood assort-
ments are delivered to the forest roadside. 

Like HeProMo [7,14], JuWaPfl could be integrated into the Swiss 
National Forest Inventory (NFI), as well as other Central European NFIs. 
This would enable spatially explicit calculations of the time and cost 
effort of the first production stage, similar to [14–16]. Considering the 
current magnitude of the need for improved maintenance of young 
forests all over Europe, the tool can add value to current planning pro-
cesses, support practitioners in making good decisions, and thereby 
contribute to the sustainable development of future forests. 

5. Conclusions 

The authors presented a new software that helps users to estimate 
time consumption and related costs for eight different processes related 

to the maintenance of young forests. The burden associated with using 
the software is quite low because it is free of charge and an installation is 
not needed. Forest practitioners are already using it, and their feedback 
helps us to further develop the tool by adding new models or aspects and 
increasing the data base of the models. The software supports forest 
planning processes and thereby helps decision makers in forming solid 
plans and making informed decisions. 
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Lesinski J, Panzacchi P, Tognetti R. Pan-European sustainable forest management 
indicators for assessing climate-smart forestry in Europe. Can J For Resour 2021; 
51:1–10. https://doi.org/10.1139/cjfr-2020-0166. 

[7] Holm S, Frutig F, Lemm R, Thees O, Schweier J. HeProMo: a decision support tool 
to estimate wood harvesting productivities. PLoS One 2020;15(12):e0244289. 
https://doi.org/10.1371/journal.pone.0244289. 

[8] Bjorheden R, Thompson MA. An international nomenclature for forest work study. 
In: Proceedings of IUFRO 1995 S3:04 subject area: 20th world congress; Tampere, 
Finland. Orono, Maine. University of Maine; 1995. p. 190–215. 

[9] Heinimann, H.R., 1997. An international nomenclature for forest work study, 
Swedish University of Agricultural Sciences, Department of Operational Efficiency, 
Sweden: Skript Forstl. Verfahrenstechnik, ETH Zürich. 

S. Holm et al.                                                                                                                                                                                                                                    

http://www.waldwissen.net
https://github.com/holmstefan/juwapfl
https://github.com/holmstefan/juwapfl
https://doi.org/10.1093/forestry/75.1.25
https://doi.org/10.1111/brv.12193
https://doi.org/10.1111/brv.12193
https://doi.org/10.1111/gcb.16531
https://doi.org/10.1016/j.jenvman.2012.09.028
https://doi.org/10.1016/j.jenvman.2012.09.028
https://doi.org/10.3390/f9100592
https://doi.org/10.1139/cjfr-2020-0166
https://doi.org/10.1371/journal.pone.0244289
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0008
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0008
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0008


SoftwareX 24 (2023) 101581

5

[10] Schweier J, Frutig F, Holm S. JuWaPfl—Schätzung von produktivität und kosten 
der ersten produktionsstufe. Wald Holz 2021;102(9):8–9. 

[11] Schweier J. Estimer en ligne les coûts des soins pour les jeunes peuplements. La 
Forêt 2022;75(3):21–3. 

[12] Schweier J, Frutig F, Holm S. JuWaPfl—Schätzung von produktivität und kosten 
der ersten produktionsstufe. Zürcher Wald 2022;4:16–8. 

[13] Werder M, Thees O, Bont LG, Schweier J. Ein neues planungsinstrument zur 
systematischen anlage einer dauerhaften feinerschliessung. Zürcher Wald 2022;54 
(6):25–6. 

[14] Fischer C, Stadelmann G. Calculation of potential timber harvesting costs 
(HeProMo). In: Fischer C, Traub B, editors. Managing forest ecosystems. Swiss 

national forest inventory—methods and models of the fourth assessment, 35; 2019. 
p. 257–63. https://doi.org/10.1007/978-3-030-19293-8_16. 

[15] Mathys AS, Bottero A, Stadelmann G, Thürig E, Ferretti M, Temperli C. Presenting a 
climate-smart forestry evaluation framework based on national forest inventories. 
Ecol Indic 2021;133:108459. https://doi.org/10.1016/j.ecolind.2021.108459. 11 
pp. 

[16] Bont LG, Fraefel M, Frutig F, Holm S, Ginzler C, Fischer C. Improving forest 
management by implementing best suitable timber harvesting methods. J Environ 
Manag 2022;302:114099. https://doi.org/10.1016/j.jenvman.2021.114099. 18 
pp. 

S. Holm et al.                                                                                                                                                                                                                                    

http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0010
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0010
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0011
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0011
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0012
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0012
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0013
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0013
http://refhub.elsevier.com/S2352-7110(23)00277-7/sbref0013
https://doi.org/10.1007/978-3-030-19293-8_16
https://doi.org/10.1016/j.ecolind.2021.108459
https://doi.org/10.1016/j.jenvman.2021.114099

	JuWaPfl: A decision support tool to estimate times and costs of processes related to young-forest maintenance
	Metadata
	1 Motivation and significance
	2 Software description
	3.1 Software architecture
	3.2 Software functionalities

	3 Illustrative examples
	4 Impact
	5 Conclusions
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


