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1. Background and motivation 

Tree breeding aims to improve the seed and seedling material used in forest regeneration 

increasing growth, wood production, wood quality, and climate/damage resilience. Genetic gains of 

tree breeding are applied in forest regeneration to improve the wood quality and enhancing wood 

production. Tree breeding modifies the genetic composition of the tree population in the production 

forests to better fulfil the human needs (Pâques 2013). In Europe, tree breeding is mainly practiced 

with native tree species and genetically improved material is mainly produced in seed orchards 

(Ruotsalainen 2014). In Finland, substantial genetic gains from tree breeding in tree growth have 

been demonstrated in all three main commercial tree species: Scots pine, Norway spruce, and 

Silver birch (Haapanen 2016, 2020, and 2024, respectively). Recent studies distinctively show that 

using improved seed material (possessing genetic gains) in practical forestry provides economic 

incentives for private forest owners (e.g., Ahtikoski et al. 2013, 2018, 2025, Lee et al. 2025) as well 

as for companies such as sawmills (Ahtikoski et al. 2018). Furthermore, new innovative genetic 

breeding strategies (incl. molecular tools like CRISPR technology and high-throughput 

phenotyping) have been developed to enhance the resilience and adaptability of forest trees to 

environmental changes such as climate change (Graudal et al. 2022, Feng et al. 2024). 

Sustainable forest management aims at resilient, healthy, productive and multifunctional forests 

providing economic, social, environmental and cultural benefits (e.g., Boubacar and Sissoko 2025). 

Adaptive forest management through e.g., promoting drought-tolerant tree species or introducing 

functional diversity has been seen as a means to develop forest management practices towards 

more resilient forests (Guignabert et al.2024). At the same time a broad set of forest management 

practices with potential to sequester carbon has been developed (Chiti et al. 2026). In addition, 

ecosystem services as a whole are better taken into account by forest stakeholders (Sedmák et al. 

2025), and for instance recreation and wood production can be balanced at landscape level through 

optimization (e.g. Eggers et al. 2018). Conventional forestry practices are gradually transforming to 

adapt to the changes which are evident due to global change including e.g. biodiversity loss and 

climate change (Wang et al. 2025).  

To date, there are no published scientific papers tackling the comparison of using improved and 

unimproved seed material in a large, forested area (e.g., presenting a large landscape, say  over  

half a million hectares) in alternative management regimes when the timber supply is fixed. 

Improved seed material entails seedlot mixtures collected from seed orchards currently 

representing 1.5- generation plus tree population in Finland (Haapanen et al. 2016) while 

unimproved seed material corresponds to natural forests. Further, improved seed material 

possesses genetic gain which translates to e.g., enhanced tree growth compared to the unimproved 

seed material (without the genetic gain). This enhanced tree growth has a monetary value which 

can be assessed (e.g. Ahtikoski et al. 2013, 2025). This report focuses on answering whether the 

use of improved seed material generate economic benefits, which outperform the costs of tree 

breeding and exceed the benefits of using unimproved seed material  when timber supply is 

predetermined? To answer this question a complex simulation and optimization framework was 

constructed. The rationale was to reveal whether the use of improved seed material results in a 

better profitability for private forest owners than unimproved, given the fixed timber supply. 

Furthermore, would the use of improved seed material also generate more environmental benefits 

compared to the use of unimproved material? In this report environmental benefits include the   

broadleaved-tree volume and the amount of deadwood. Furthermore, the impact of time on the 
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results was tested applying two separate time horizons, 30 and 50 years (according to Grant 

Agreement). In the analyses we used a 3% interest rate which falls into the range commonly applied 

in long-term forestry assessments (e.g., Price 2018). The results of this Deliverable will be applied 

further in designing a resilient and sustainable approach to forest management that contributes to 

healthier forests. 

 

 

 

 

2. Material and methods  

2.1. Material  

One administrative region, Pirkanmaa, located in southern Finland, was chosen for the analyses. 

Forest resources of Pirkanmaa, according to the 13th National Forest Inventory (NFI) are concisely 

presented in Table 1. The mean growing stock volume of forest land is approximately 159 m3 ha-1 

and mean annual increment of growing stock is ca. 7.4 m3 ha-1 a-1 (Finnish Statistical Yearbook of 

Forestry 2022). The consumption of roundwood by forest industries in Pirkanmaa region has been 

approximately 4% of the total roundwood consumption in Finland during 2020-2024 (Luke Statistics 

2025a). According to NFI13 Pirkanmaa covers approximately 0.96 million hectares of forestry land 

(Luke Statistics 2025b).  

 

Table 1. Forest resources in a nutshell, Pirkanmaa (NFI13, 2020-2024). The values in the table 

include conservation areas. 

Site types, 1000 ha 

 Mineral soils Peatlands 

Nutrient-rich1 262 49 

Mesic2 323 75 

Dryish3 143 61 

Nutrient-poor4 19 28 

Stand development classes5, 1,000 ha 

Young seedling stand 59 

Advanced seedling stand 86 

Young thinning stand 229 

Advanced thinning stand 406 

Mature stand 126 

Shelter and seed-tree stands 4 

Uneven-aged stand 5 
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Growing stock volume by timber assortments, million m3 

 Saw logs Pulpwood Waste 

Pine 28.9 27.5 1.8 

Spruce 33.8 29.5 3.5 

Broadleaved 6.2 22.7 4.0 

  1 For mineral soils: lehdot & lehtomaiset kankaat, for peatlands: lehtomaiset suot ja letot & ruohoiset, 2 for mineral soils: tuoreet kankaat, 

for peatlands: suursaraiset ja mustikkaiset, 3 for mineral soils: kuivahkot kankaat, for peatlands: piensaraiset ja puolukkaiset and 4 for 

mineral soils: kuivat ja karukkokankaat, for peatlands: tupasvillaiset ja isovarpuiset, 5 numbers do not add up (∑ 1000 ha) to each other 

since site types include forestry land while stand development classes constitute only of forest land (the difference being 45,000 

hectares) 

  

2.2. Methods  

2.2.1. NFI sample plots  

NFI sample plots were used to describe the forest resources in the region. There was a total of 

2 763 sample plots representing the forest resources of Pirkanmaa (Table 1: total of 960 000 

hectares), each corresponding to a particular surface area (for technical details, see e.g., Hynynen 

et al. 2015). However, due to various degrees of forest conservation the final amount of sample 

plots was 2 458 corresponding to a land area of 862 794 hectares. The development of each NFI 

sample plot stand was separately simulated according to several alternative management regimes 

(see below).  

 

2.2.2. Designing and simulating management regimes 

Prior to simulations, alternative forest management regimes needed to be designed. Prevailing 
silvicultural guidelines (Äijälä et al. 2024) were used as a starting point. Then, by variating the timing 
and intensity of cuttings and silvicultural treatments described in the guidelines (Äijälä et al. 2024) 
a vast set of management regimes was designed for the simulations. The rotation period was both 
shortened and lengthened, and continuous cover forestry was made as an option for nutrient-rich 
spruce-dominated stands on peatlands and mineral soils. Details of the treatments and 
the examples of the management regimes can be found e.g., in Huuskonen et al. (2020; Table2) 
and Haikarainen et al. (2021; Table 2). A similar approach with predetermined management 
regimes for simulations has been applied e.g. in Ahtikoski et al. (2023). Finally, alternative forest 
management regimes represented all relevant site fertility classes (from the most fertile to barren 
sites both on mineral soils and drained peatlands) and different main tree species (spruce, pine and 
birch). On average, ca. 30-80 alternative forest management regimes were simulated for a single 
stand on a particular site type (number of site types is 13 incl. mineral soils and peatlands) with a 
particular dominant tree species (number of tree species is three: pine, spruce and birch) totalling 
of over 2 000 separate forest management regimes.The rationale was to cover a wide range of 
management options for the large-scale optimization (see Chapter 2.2.3).  

The next step was to simulate the development of the sample-plot stands according to alternative 
management regimes. This was done by a Motti stand simulator. Motti is a stand-level decision-
support tool for assessing the effects of forest management on stand dynamics (e.g., Salminen et 
al., 2005; Juutinen et al., 2018) and consists of stand-level and individual tree-level distance-
independent models. Both the stand-level and individual tree-level models are based on an 
empirical-statistical modelling approach, utilizing a substantial body of long-term inventory data 
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covering Finland (Matala et al., 2003; Hynynen et al., 2014). Stand-level models are applied for 
natural regeneration and early growth of the stands, while individual tree-level models are used to 
predict growth for mature trees (dominant height, Hdom, greater than approximately 8 m). In 
principle, tree growth is predicted using diameter and height growth models, while a crown ratio 
model is applied to assess thinning response. Furthermore, the competition effect is modelled using 
stand density to describe both symmetric and asymmetric competition (Hynynen et al., 2002). 
Mortality and thinning adaptation are also modelled to predict the natural mortality of managed 
stands and trees’ adaptability to new conditions after thinning, respectively. Both diameter and 
height growth models follow the Richards-type growth function (Richards, 1959), which has an 
asymptotic maximum specific to tree species and soil type (Hynynen et al., 2014). The development 
of a stand established with improved seed material was modelled by incorporating genetic gains 
into height and diameter growth through modification of the asymptote parameter in the Chapman-
Richards growth function (see Ahtikoski et al., 2012; Haapanen et al., 2016). Thus far, the Motti 
stand simulator has been widely applied both at stand-level (to name a few, Hynynen et al., 2005; 
Haapanen et al., 2016; Ahtikoski and Hökkä, 2019, Ahtikoski et al. 2025, Lee et al. 2025) and in 
landscape-level analyses (e.g., Mönkkönen et al. 2014; Hynynen et al., 2015; Ahtikoski et al., 2023). 
A thorough description of all growth models incorporated into the Motti stand simulator is presented 
in the supplementary data in Lee et al. (2025).  
 
In addition to variables related to the development of the stand structure (e.g., growth and volume), 
information on cutting removals, revenues and costs was also produced in the simulations. The 
stumpage prices and silvicultural costs underlying the Net Present Value (NPV) were both based 
on the most recent 10-year time series available, calendar years 2014-2023 (Luke Statistics 
2025c). The nominal prices and costs were deflated according to the cost-of-living index to convert 
them into real terms. The stumpage prices and silvicultural costs in real terms are presented in 
Table 2. It is essential to address that there are no additional costs involved in improved seed 
material when applying planting (due to nursery procedures applied in Finland), but in direct seeding 
the additional costs are approximately 70 € ha-1 higher compared to using unimproved seed 
material.  
 

For each management regime the Net Present Value was assessed according to:  
  

𝑁𝑃𝑉𝑠 = ∑ 𝑏𝑡𝑖𝑇
𝑖=0 [∑ 𝑝𝑘ℎ𝑘𝑖

𝐾
𝑘=1 − ∑ 𝑤𝑙𝑡𝑖

𝐿
𝑙=1 ]                                                                         (1) 

 

,where NPVs= net present value for stand s (NFI sample plot), 𝑖 = 0, … , 𝑇 (with 𝑡0 and 𝑡𝑇 denoting 

the beginning and the end of the time horizon, respectively); 𝑘 denotes timber assortments (𝑘 =
1, … , 𝐾); and 𝑝𝑘 represents the stumpage price (€ m−3) of each timber assortment k (Note that there 

are different tree species). Let 𝑏 be the discount factor, defined as 𝑏 =  1/(1 + 𝑟), where 𝑟 is the 
interest rate in real terms (here 3%). The cost of a silvicultural measure 𝑙 is 𝑤𝑙, € ha−1 (note that 𝐿 
refers to the last silvicultural measure within a time horizon). The removal of each timber assortment 

𝑘 in 𝑖𝑡ℎ thinning or final cut is denoted by ℎ𝑘𝑖, expressed in m3. The NPVs were assessed for both 
cases: with and without improved seed material. In other words, each management regime was 
simulated twice: the presence and absence of genetic gain. The genetic gain for pine was assumed 
to be 13.3% (13.5% for spruce) in diameter growth and 11.7% (12.8%) in height growth over 
unimproved seed material. There was no improved seed material assumed for birch, indicating that 
no genetic gain was applied for birch. The above-mentioned genetic gain multipliers (presented in 
% for diameter and height growth) were based on the latest field trials results in Finland (Haapanen 
et al. 2016, Haapanen 2020).    
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Table 2. The stumpage prices and silvicultural costs, in real terms, for different silvicultural 
operations. Stumpage prices for sawlogs and pulpwood are presented for pine, spruce and birch 
and silvicultural costs are given according to operation type.  

Stumpage prices  Sawlogs, € m-3  Pulpwood, € m-3  

First commercial thinning  pine: 47.13  
spruce: 49.12  
birch: 39.11  

pine: 15.20  
spruce: 15.14  
birch: 15.00  

Intermediate thinning  pine:59.32  
spruce: 60.73  
birch: 45.81  

pine: 19.48  
spruce: 20.04  
birch:18.96  

Final cutting  pine: 69.78  
spruce:71.97  
birch: 53.79  

pine:22.80  
spruce:24.41  
birch: 22.21  

Silvicultural costs  

Planting, material  0.19-0.24 € /seedling a)  

Planting, work  0.16-0.20 € / seedling a)  

Seeding  283.6 € ha-1b)  

Mounding  479.2 € ha-1  

Disc trenching  263.1 € ha-1  

Patch scarification  414.5 € ha-1  

Early cleaning  37 € hour-1 c)  

Precommercial thinning  37 € hour-1  

Clearing of a thinning area  37 € hour-1  

Ditch network maintenance  294.40 € ha-1  

Fertilization  437.5 € ha-1  
a)unit costs per seedling depend on tree species (planting density),b) with improved seed material the costs is app. 70 € 

ha-1 more expensive c)unit cost per hour, total costs calculated with time consumption models resulting in € ha-1  

 

 

2.2.3. Optimization problem 

 

Within the vast space of alternative management regimes simulated for NFI sample plots (each plot 
corresponding to a particular surface area of forested land in Pirkanmaa) an optimization algorithm 
was applied to seek for the solution. The mathematical formulation of the optimization problem can 
here be described in its simplest form:  

 

𝑀𝑎𝑥𝑖𝑚𝑖𝑧𝑒𝐴(𝑓𝑖(𝑥))                                  (2) 

  subject to: 

𝑥 ∈ 𝑋 
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, where A represents Pirkanmaa region, fi(x) is the objective function, and X is the set of simulation 
results based on alternative management regimes and generated by Motti stand simulator. Here 
the objective function is the Net Present Value, NPV (€). The value of the objective function depends 
on x, i.e., on the management regime applied.  

 

Then, let s=1, 2,.., m denote the index of forest stands and r=1,2,…, n the index of forest 
management regimes. The decision variables xsr are binary variables belonging to {0,1}. It should 
be addressed that the above-mentioned equation (1) is presented as an unbounded notation, i.e., 
without any constraints. In this study, only one objective function (MaxNPV) was solved at the time 
with a constraint corresponding to a fixed aggregate, which is an annual timber supply quantity. In 
Pirkanmaa, this aggregate of annual timber supply was fixed to 4.41 million m3 a-1. It breaks down 
to two factors. First, the total demand for roundwood in Finland according to the current level of 
forest industries’ production was assessed. Then, from that total demand for roundwood (M m3), a 
proportionate share representing Pirkanmaa was selected. The proportionate share was based on 
annual cutting removals, since there are no statistics available on region-wise consumption of 
roundwood by timber assortments. Finally, the aggregate of annual timber supply (4.41 million m3 a-

1) was further divided into annual timber assortments, resulting in: pine saw logs 484 (1,000 m3 a-

1), spruce saw logs 1,359, broadleaved saw logs 74, pine pulpwood 800, spruce pulpwood 990, 
and broadleaved pulpwood 484, based on current product mix in forest industries (capacity, raw 
wood consumption). Technically, these values were set as constraints in the optimization.    

  

The set of feasible solutions to maximize the objective function was defined by: 

  
𝑋 = {𝑥 = (𝑥𝑠,𝑟)𝑚∗𝑛 ∈ {0,1}𝑚∗𝑛; ∑ 𝑥𝑠𝑟 = 1, 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑠 = 1, … , 𝑚𝑛

𝑟=1 }                               (3) 

 

Each feasible solution represents a management plan in which a particular management regime is 
chosen for each forest stand (see, e.g., Eyvindson et al. 2024 for technical implementation). 
Optimizations were conducted with Python 3.13. Mixed-integer linear programming with PuLP 
(Mitchell et al. 2011) and Coin-Or Branch and Cut, CBC (Forrest et al. 2024) was used. The code 
is available upon request.  

 

 

  

3. Results  

3.1. Financial performance 

With the presence of the genetic gain on tree growth, the NPV was approximately 50 € ha-1 higher 

than the corresponding NPV without genetic gain, with a 30-year time horizon (Figure 1). When the 

time horizon was 50 years, the option with genetic gain outperformed the option without genetic 

gain by over 500 € ha-1 (Figure 1). This monetary gain (50 or 500 € ha-1) of improved material 

represents less than a 1% improvement in NPV within the 30-yr time horizon while it is over 5% 

within the 50-yr time horizon. The distinctive difference between 30-yr and 50-yr time horizons is 

due to the fact that the main tree species in boreal conditions take time to develop and thus the 
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impact of genetic gain (enhanced tree growth) also requires time to be realized (e.g., Ruotsalainen 

2014, Jansson et al. 2016). Another reason for the difference is that a relatively low interest rate of 

3% was applied in NPV calculations. Thus, the 50-yr time horizon together with a 3 % interest rate 

indicate that present values, PVs (both for revenues as well as for costs) are moderate, and more 

importantly, not drastically different compared to 30-yr time horizon and 3% interest rate. This, in 

turn, favours a longer time period (50-yr vs. 30-yr) where genetic gain has more time to evolve.  

 

 

Figure 1. Net present value with the presence (gain) and absence (no gain) of genetic gain and 

within 30-yr and 50-yr time horizons according to optimizations, € ha-1.  

      

The optimal solutions consisted of numerous alternative forest management regimes, which were 

post hoc grouped into six classes. These classes were: 1) passive management (i.e., no actions), 

2) rotation forestry without early care (early pre-commercial thinning and pre-commercial thinning), 

3) rotation forestry (business-as-usual, BAU), 4) BAU with prolonged rotations, 5) continuous cover 

forestry with transition cuttings, and 6) continuous cover forestry (mostly selection cuttings). Further, 

for simplicity (and illustrative purposes) classes were merged so that finally there were four classes: 

1) passive management 2) BAU (including without early care and original BAU), 3) BAU with 

prolonged rotations and 4) continuous cover forestry, CCF. Classification revealed that the relative 

proportions of the four management classes varied surprisingly little (Figure 2). For instance, the 

share of BAU fluctuated between ca. 72% and 87%, depending on the optimal solution (Figure 2). 

The only notable difference between optimal solutions was the share of CCF in no-gain option with 

30-yr time horizon: it was ca. 19%, while in other optimal solutions the share varied between ca. 

5% and 6% (Figure 2).  
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Figure 2. Relative proportions of management classes (passive management, BAU, BAU with 

prolonged rotations, and CCF), %, with and without genetic gain (gain, and no-gain options) and 

within 30-yr and 50-yr time horizons. Note that 100% corresponds to 862,794 hectares in 

Pirkanmaa. 

 

 

 

 

3.2. Cutting removals  

In the optimizations, only the annual minimum cutting removals for timber assortments were set as 

a constraint (to meet the annual demand). This led to fluctuating annual cutting removals within the 

time horizons (Table 3). The annual cutting removals according to no-gain and gain options are 

presented separately for mineral soils and peatlands since harvesting conditions (incl. time frames 

for harvesting and machinery requirements) between mineral soils and peatlands are distinctively 

different. On average, with genetic gain annual cutting removals were slightly larger than without 

genetic gain (Table 3).    
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 Table 3. Annual cutting removals according to different optimization results (Options), m3 ha-1 a-1. 

Minimum and maximum values are shown in parantheses. Total forest area in the optimizations 

was 862,794 hectares.  

Option Main group Annual cutting removal 

30-yr_no gain mineral soils 7.91 (5.42, 10.51) 

peatlands 1.83 (1.26, 2.59) 

30-yr_gain mineral soils 8.03 (5.31,10.79) 

peatlands 1.83 (1.25, 2.62) 

50-yr_no gain mineral soils 7.53 (3.59,14.90) 

peatlands 1.67 (0.87, 3.01) 

50-yr_gain mineral soils 8.12 (3.33, 17.09) 

peatlands 1.81 (0.68, 3.70) 

 

Although the annual cutting removals did not distinctly vary between no-gain and gain options, there 

are some considerable temporal differences between the options. One is the saw logs cutting 

removal, which is considerably higher in gain than in no-gain option. Namely, the saw logs cutting 

removals were considerably higher in the gain option compared to the no-gain option during the 

first two 10-yr periods (not depictable in Table 3). These differences in annual saw logs removals 

for the most part explain the differences in NPVs between no-gain and gain options as well. 

However, one should bear in mind that the no-gain option involves significantly higher silvicultural 

costs as well (see next Chapter 3.3).      

 

3.3. Annual hectares of silvicultural measures  

Since annual cutting removals were not levelled out (only the minimum criterion applied) this 

resulted in the annual hectares of natural and artificial regeneration fluctuated widely (Figure 3a, 

b). For instance, within the 30-yr time horizon the combined annual area of natural regeneration, 

sowing and planting varied between ca. 4,000 and 34,000 hectares depending on the 10-yr period 

(Figure 3a). Within the 50-yr time horizon, the annual areas varied between approximately 5,400 

and 55,000 hectares (Figure 3b). However, the differences between no-gain and gain options were 

minuscule, except for the 50-yr time horizon and the first and fifth 10-yr period (Figure 3b). In those 

10-yr periods, the gain option resulted in ca. 3,100 (first 10-yr period) or 4,800 (fifth 10-yr period) 

more annual planting hectares compared to the no gain option (Figure 3b). 
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Figure 3a. Annual hectares of planting, sowing and natural regeneration by 10-yr periods, with and 

without genetic gain (gain, and no-gain options) and within the 30-yr time horizon, ha. 

 

 

 

 

 

Figure 3b. Annual hectares of planting, sowing and natural regeneration by 10-yr periods, with and 

without genetic gain (gain, and no-gain options) and within the 50-yr time horizon, ha 
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With respect to early care of the juvenile stands (combined early pre-commercial thinning and pre-

commercial thinning) and fertilization (mainly fertilization for growth on mineral soils) hectares 

associated with no-gain and gain options within 30-yr and 50-yr time horizon the results are 

presented in Table 4. Annual hectares of early care associated with gain option were considerably 

higher than the corresponding of no-gain option (Table 4).   

 

 

Table 4. Annual hectares of early care and fertilization in the options with and without genetic gain 

(gain, and no-gain options) and within 30-yr and 50-yr time horizon.   

                                      Annual hectares 

Option Early care Fertilization 

30-yr_no gain 5 082 (42%)a) 4 595 

30-yr_gain 7 511 (30%) 4 583 

50-yr_no gain 9 211 (51%) 4 489 

50-yr_gain 12 049 (50%) 5 064 

a)in parenthesis the proportion of pre-commercial thinning, % 

 

 

 

3.4. Growing stock, broadleaved trees and deadwood 

The growing stock fluctuated between 10-yr periods, regardless of the time horizon (30 or 50 years) 
or the option, no gain or gain (Figure 4). Furthermore, towards the end of the time horizon (either 
30 or 50 years) the growing stock decreased drastically (Figure 4). This is due to the fact that annual 
cuttings were not levelled out, and optimizing NPV resulted in that cuttings were allocated at the 
end of both time horizons (cf. e.g., Heinonen et al. 2017, where annual cuttings were levelled out). 
However, the main focus was to compare no-gain and gain options, and they were similar with 
respect to growing stock, regardless of the time horizon (Figure 4).  
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Figure 4. Relative growing stock associated with alternative options by 10-yr periods, % in the 

options with and without genetic gain (gain, and no-gain options) and within 30-yr and 50-yr time 

horizon. 

 

For the gain option within the 50-yr time horizon the volume of broadleaved tree species was below 

the initial level (100%) in each 10-yr period while in the no-gain option the volume of broadleaved 

tree species increased from the second 10-yr period onwards (Figure 5).  The difference between 

gain and no gain option is mainly due to the genetic gains associated with conifers resulting in 

lesser growth conditions for broadleaves. Within 30-yr time horizon the volume of broadleaved tree 

species was lower during the first 10 years but then increased above the initial level in both options, 

no gain and gain (Figure 5).  
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Figure 5. Relative volume of broadleaved tree species associated with alternative options by 10-yr 

periods, % in the options with and without genetic gain (gain, and no-gain options) and within 30-

yr and 50-yr time horizon. Initial volume of broadleaved tree species=100%. 

The volume of deadwood categorically increased in both time horizons (30 and 50 years) and in 

both options, no gain and gain (Figure 6). Differences between no-gain and gain options were 

minuscule (less than ca. 0.5 m3 ha-1, regardless of the time horizon) 

 

Figure 6. Relative deadwood volume associated with alternative options by 10-yr periods, % in the 

options with and without genetic gain (gain, and no-gain options) and within 30-yr and 50-yr time 

horizon. 

 

 

4. Conclusions  

The aim of this Deliverable was to compare the outcomes of forest regeneration and forest 
management with and without improved seed material, For that end a Finnish region, Pirkanmaa 
was selected for the analyses. Pirkanmaa consists of  862,794 hectares commercial forests, and 
the analyses focused on financial performance, timber production, the share of broadleaved tree 
species and the amount of deadwood within two optional time horizons, 30 or 50 years and 
according to 3% interest rate. The rationale was to discover whether the use of improved seed 
material (i.e., the presence of genetic gain) in forest regeneration would create benefits, which are 
feasible in economic terms and contribute to environmental aspects. 

 

With respect to financial performance, using genetically improved seed material in forest 
regeneration improved profitability of landowners, the longer the time horizon the higher the 
improvement in profitability. Within 50-yr time horizon the profitability was ca. 500 € ha-1 better 
compared to using unimproved seed material, whereas within 30-yr time period the corresponding 
value was only 50 € ha-1. This is due to the fact that 30 years seems to be a too short time period 
in boreal forest conditions and for long-rotation tree species for improved material to be fully 
harnessed into realized tree growth. It takes longer time – such as 50 years. Abreast with better 
profitability, improved seed material also generates more hectares for silvicultural measures. This 
increases job opportunities in forestry and thus improves regional economy as well.             
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Using improved seed material does not differ considerably compared to using unimproved seed 
material with respect to the share of broadleaved tree species or the amount of deadwood, 
regardless of the time horizon applied (30 or 50 years). However, the volume of broadleaved tree 
species tends to decrease towards the 50-yr time period when improved seed material is used. 
This indicates that the resilience might slightly be lower when using improved material compared 
to using unimproved material in forest regeneration.    

 

Finally, the main results indicated that annual cutting removals would be at the level of 7.53–8.12 
m3 ha-1 a-1 (mineral soils) and 1.67–1.83 m3 ha-1 a-1 (peatlands), depending on the option (no gain 
or gain) and time horizon (30 or 50 years). These values are somewhat higher than regional 
statistics would indicate (e.g., Finnish Statistical Yearbook of Forestry 2022), but in this Deliverable, 
there was no upper limit for timber production, only the lower limit presenting the demand side 
(timber supply was adjusted to correspond the demand for wood products processed through 
domestic forest industry). Since the NPV was maximized in the optimization without any upper limit 
to timber production this consequently resulted in that as much as possible cutting removal was 
utilized to the point where an extra cubic meter removed would not improve NPV anymore. Thus, 
the results should be interpreted as computational potential of timber production in Pirkanmaa 
region rather than a benchmark. Further, the intriguing point is the fact that improved seed material 
used in forest regeneration (gain option) produced considerably higher amount of saw logs during 
the first two 10-yr periods although the annual averages over the whole time horizon (either 30 or 
50 years) were more or less of the same size (see Table 3). This annual higher saw-log potential 
associated with the improved seed material provides an excellent opportunity to develop wood-
product industry in the region within the next few decades.   



 

 

 

 

 

 

 

 

 

 

 

 

References 

Ahtikoski, A., Ojansuu, R., Haapanen. M., Hynynen, J. and Kärkkäinen, K. 2012. Financial performance of using genetically 
improved regeneration material of Scots pine (Pinus sylvestris L.) in Finland. New For. 43, 335–348.  
https://doi.org/10.1007/s11056-011-9284-6 

Ahtikoski, A., Salminen, H., Ojansuu, R., Hynynen, J., Kärkkäinen, K. and Haapanen, M. 2013.Optimizing stand management 

involving the effect of genetic gain: preliminary results for Scots pine in Finland. Canadian journal of forest research 43: 1–7. doi: 

10.1139/cjfr-2012-0393 

Ahtikoski, A., Haapanen, M., Hynynen, J., Karhu, J. and Kärkkäinen, K. 2018. Genetically improved reforestation stock provides 

simultaneous benefits for growers and a sawmill, a case study in Finland. Scandinavian Journal of Forest Research 2018, 1-9. 

https://doi.org/10.1080/02827581.2018.1433229 

Ahtikoski, A. and Hökkä, H.2019.Intensive forest management – does it financially pay off on drained peatlands ? Canadian 

Journal of Forest Research, vol. 49:1101-111.  dx.doi.org/10.1139/cjfr-2019-0007 

Ahtikoski, Anssi; Nikula, Ari; Nivala, Vesa; Haikarainen, Soili; Juutinen, Artti. 2023. Cost-efficient forest management for 
safeguarding Siberian flying squirrel (Pteromys volans) habitats in Central Finland. Scandinavian journal of forest research, 
38(4):197-207 38(4):197-207. https://doi.org/10.1080/02827581.2023.2208875  
 
Ahtikoski, A., Siipilehto, J., Repola, J., Hökkä, H., Lehtonen, M., Kärkkäinen, K., and Hynynen, J. 2025. Financial comparison 

between rotation forestry (RF) and continuous cover forestry (CCF) on spruce-dominated peatlands. Scandinavian Journal of 

Forest Research, 40(2), 116–127. https://doi.org/10.1080/02827581.2025.2481831 

Äijälä, O., Koistinen, A., Sved, J., Vanhatalo, K., and Väisänen, P. (Eds.), 2024. Metsänhoidon suositukset 

[Silvicultural guidelines]. Tapion julkaisuja. [WWW Document]. URL https://tapio.fi/wp-

content/uploads/2020/09/Metsanhoidon_suositukset_Tapio_2019.pdf  

Boubacar, I. and Sissoko, Y.2025. Sustainable forest management through certification and wood products trade: Analyzing the 

role of the FSC across diverse economic and climatic contexts. Journal of Cleaner Production 518 (2025), 145786. 

htpps://doi.org/10.1016/j.jclepro.2025.145786. 

Chiti, T., Rey, A., Abildtrup, J., Böttcher, H., Diaci, J., Frings, O., Lehtonen, A., Pülzl, H., Schindlbacher, A. and Zavala, M.A.2026. 

A review of forest practices pontetially suitable for carbon farming in European forests. Journal of Environmental Management 

398 (2026), 128391. https://doi.org/10.1016/j.jenvman.2025.128391 

Eggers, J., Lindhagen, A., Lind, T. Lämås, T. and Öhman, K. 2018. Balancing landscape-level forest management between 

recreation and wood production. Urban Forestry and Urban Greening, 33 (2018):1-11. https://doi.org/10.1016/j.ufug.2018.016. 

Eyvindson, K., Burgas, D., Anton-Fernandez, C., Hakanen, J., Emmerich, M., Klein, J., Mönkkönen, M., Snäll, T., Toraño Caicoya, 

A., Vergarechea, M. and Blattert, C. 2024. MultiOptForest: An interactive multi-objective optimization tool for forest planning and 

scenario analysis. Open Research Europe 2024, Software Tool Article. https://doi.org/10.12688/openreseeurope.15812.2  

https://doi.org/10.1080/02827581.2018.1433229
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=139305683&verkko=1&cro=2737193417353932301938382224363728242721232118233622232528292838273822292738393739283727351836321717
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=139305683&verkko=1&cro=2737193417353932301938382224363728242721232118233622232528292838273822292738393739283727351836321717
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=139305683&verkko=1&cro=2737193417353932301938382224363728242721232118233622232528292838273822292738393739283727351836321717
https://doi.org/10.1080/02827581.2023.2208875
https://doi.org/10.1080/02827581.2025.2481831
https://doi.org/10.1016/j.ufug.2018.016
https://doi.org/10.12688/openreseeurope.15812.2


Deliverable 2.1  
Report on alternative management regimes simulate with &  
without genetic gain  
 
  

 

Feng, J., Dan, X., Cui, Y., Gong, Y., Peng, M., Sang, Y., Ingvarsson, P.K., Wang, J., 2024a. Integrating evolutionary genomics of 

forest trees to inform future tree breeding amid rapid climate change. Plant Commun. 5. https://doi.org/10.1016/j. 

xplc.2024.101044 

Finnish Statistical Yearbook of Forestry 2022. Niinistö, T., Peltola, A., Räty, M., Sauvula-Seppälä, T., Torvelainen, J., Uotila, E. 

and Vaahtera, E. (Eds.). Publisher: Natural Resources Institute Finland (Luke), Helsinki 2023. Online version ISBN 978-952-380-

584-2. 

Forrest J, Ralphs T, Vigerske S, et al. 2024. coin-or/Cbc 

Graudal, L., Dawson, I.K., Hale, I., Powell, W., Hendre, P., Jamnadass, R., 2022. Systems approach’ plant breeding illustrated by 

trees. Trends Plant Sci. 27, 158–165. https:// doi.org/10.1016/j.tplants.2021.09.009. 

Guignabert, A., Jonard, M., Messier, C., André, F., de Coligny, F., Doyon, F. and Ponette, Q. 2024. Adaptive forest management 

improves stand-level resilience of temperate forests under multiple stressors. Science of the Total Environment, 948 (2024), 

174168. https://doi.org/10.1016/j.scitotenv.2024.174168 

Haapanen, M., Hynynen, J., Ruotsalainen, S., Siipilehto, J. and Kilpeläinen, M-L. 2016. Realised and projected gains in growth, 

quality and simulated yield of genetically improved Scots pine in southern Finland. Eur J For Res 135: 997-1009. 

https://doi.org/10.1007/s10342-016-0989-0 

Haapanen, M. 2020 Performance of genetically improved Norway spruce in one-third rotation-aged progeny trials in southern 

Finland. Scand. J For. Res. 35, 221–226. https://doi.org/10.1080/02827581.2020.1776763 

Haapanen, M. 2024. Realised genetic gains from past Finnish silver birch seed orchards. Silva Fennica vol. 58 no. 1 article id 

23072.14 p. https://doi.org/10.14214/sf.23072  

Haikarainen, S., Huuskonen, S., Ahtikoski, A., Lehtonen, M., Salminen, H., Siipilehto, J., Korhonen, K.T.; Hynynen, J. and Routa, 

J. 2021. Does Juvenile Stand Management Matter? Regional Scenarios of the Long-Term Effects on Wood Production. Forests 

12 1: 17 p. https://doi.org/10.3390/f12010084 

Heinonen T., Pukkala T., Mehtätalo L., Asikainen A., Kangas J., and Peltola H. 2017. Scenario analyses for the effects of harvesting 
intensity on development of forest resources, timber supply, carbon balance and biodiversity of Finnish forestry. For. Policy Econ. 
80: 80–98. https://doi.org/10.1016/j.forpol.2017.03.011 

Huuskonen, S., Haikarainen, S., Sauvala-Seppälä, T., Salminen, H., Lehtonen, M., Siipilehto, J., Ahtikoski, A., Korhonen, K.T. and 

Hynynen, J. 2020. Benefits of juvenile stand management in Finland – impacts on wood production based on scenario analysis. 

Forestry: An international journal of forest research. https://doi.org/10.1093/forestry/cpz075 

Hynynen, J., Ojansuu, R., Hökkä, H., Siipilehto, J., Salminen, H. and Haapala, P. 2002. Models for predicting stand development 
in MELA System. The Finnish Forest Research Institute Research Papers No. 835, Helsinki, 116 pp. https://urn.fi/URN:ISBN:951-
40-1815-X 

Hynynen, J., Ahtikoski, A., Siitonen, J., Sievänen, R., Liski, J. 2005. Applying the MOTTI simulator to analyse the effect of 
alternative management schedules on timber and non-timber production. For. Ecol. Manag. 207, 5–18. 
https://doi.org/10.1016/j.foreco.2004.10.015 

Hynynen, J., Salminen, H., Huuskonen, S., Ahtikoski, A., Ojansuu, R., Siipilehto, J., Lehtonen, M., Rummukainen, A., Kojola, S. 
and Eerikäinen, K. 2014. Scenario analysis for the biomass supply potential and the future development of Finnish forest 
resources. The Finnish Forest Research Institute Research Papers No. 302, Helsinki, 106 pp. https://urn.fi/URN:ISBN:978-951-
40-2487-0 

Hynynen, J., Salminen, H., Ahtikoski, A., Huuskonen, S., Ojansuu, R., Siipilehto, J., Lehtonen, M. and Eerikäinen, K. 2015. Long-

term impacts of forest management on biomass supply and forest resource development: a scenario analysis for Finland. 

European Journal of Forest Research 134(3): 415-431. DOI 10.1007/s10342-014-0860-0 

Jansson, G., Hansen, J.K., Haapanen, M., Kvaalen, Hand Steffenrem, A. 2016. The genetic and economic gains from forest tree 

breeding programmes in Scandinavia and Finland. Scand. J. For. Res. 2016, 32, 273–286. 

https://doi.org/10.1080/02827581.2016.1242770 

Juutinen, A., Ahtikoski, A., Lehtonen, M., Mäkipää, R. and Ollikainen, M. 2018. The impact of a short-term carbon payment scheme 

on forest management. For. Policy Econ. 90, 115–127. https://doi.org/10.1016/j.forpol.2018.02.005 

Lee, D., Ahtikoski, A., Siipilehto, J., Repola, J., Kärkkäinen, K., Lehtonen, M. and Hynynen, J. 2025. Economic analysis comparing 

continuous cover forestry and rotation forestry with genetic gains in Norway spruce stands. Forestry: An international journal of 

forest research, 2025, 1-14. https://doi.org/10.1093/forestry/cpaf068    

 

https://doi.org/10.1016/j.%20xplc.2024.101044
https://doi.org/10.1016/j.%20xplc.2024.101044
https://doi.org/10.14214/sf.23072
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=89305046&verkko=1&cro=2623302533172922263927372721192233242721232118233622232528292838273822292738393739283727351836321717
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=89305046&verkko=1&cro=2623302533172922263927372721192233242721232118233622232528292838273822292738393739283727351836321717
https://research.luke.fi/crisyp/disp/2_/fi/cr_suorite/edi/edi/fet?id=89305046&verkko=1&cro=2623302533172922263927372721192233242721232118233622232528292838273822292738393739283727351836321717
https://doi.org/10.1093/forestry/cpz075


Deliverable 2.1  
Report on alternative management regimes simulate with &  
without genetic gain  
 
  

 

Luke Statistics 2025a. Available at: https://statdb.luke.fi/PxWeb/pxweb/en/LUKE/ (Choose “FOREST STATISTICS”, and further 
“Volumes and prices in roundwood trade”). Accessed 29 Dec 2025.  

Luke Statistics 2025b. Available at: https://stadb.luke.fi/PxWeb/pxweb/en/LUKE/ (Choose “DISCONTINUED SATISTICS”, and 
further “Forestry resources” and “Mineral soils and peatlands on forestry land”) Accessed 29 Dec 2025. 

 

Luke Statistics 2025c. Available at: https://stadb.luke.fi/PxWeb/pxweb/en/LUKE/ (Choose “FOREST STATISTICS”, and further 
“Volumes and prices in roundwood trade”) Accessed 30 Dec 2025. 

 

Matala, J., Hynynen, J., Miina, J., Ojansuu, R., Peltola, H., Sievänen, R., Väisänen, H. and Kellomäki, S. 2003. Comparison of a 
physiological model and a statistical model for prediction of growth and yield in boreal forests. Ecol. Model. 161, 95–116. 
https://doi.org/10.1016/S0304-3800(02)00297-1 

Mitchell, S., O’Sullivan, M. and Dunning, I. 2011. PuLP: A Linear Programming Toolkit for Python. Optimization Online  

Mönkkönen, M., Juutinen, A., Mazziotta, A., Miettinen, K., Podkopaev, D., Reunanen, P., Salminen, H. and Tikkanen, O.P. 2014. 
Spatially dynamic forest management to sustain biodiversity and economic returns. J. Environ. Manage. 134, 80–89. 
https://doi.org/10.1016/j.jenvman.2013.12.021 

Pâques L.E. 2013. Forest tree breeding in Europe: current state-of-the-art and perspectives. Springer Dordrecht, 527 pp.  

 

Price, C.2018. Declining discount rate and the social cost of carbon: forestry consequences. J for Econ 3:39–45. 

https://doi.org/10.1016/j.jfe.2017.05.003 

Richards, F.J. 1959. A flexible growth function for empirical use. J. Ext. Bot. 10, 290-301.  

 

Ruotsalainen, S. 2014. Increased forest production through forest tree breeding. Scan. J. For Res. 29(4): 333-344. 

dx.doi.org/10.1080/02827581.2014.962100 

 

Salminen, H., Lehtonen, M. and Hynynen, J. 2005. Reusing legacy FORTRAN in the MOTTI growth and yield simulator. Comput. 
Electron. Agr. 49, 103–113. https://doi.org/10.1016/j.compag.2005.02.005 

Sedmák, R., Scheer, L., Kúdela, P., Vencúrik, J., Modranský, J., Danis, D. and Fabrika, M. 2025. Multicriteria optimization of 
ecosystem services as a base for participative forest management promoting recreation nera tourist centers and cities. Tree, 
Forest and People 21 /2025), 100905. https://doi.org/10.1016/j.tfp.2025.100905. 

Wang, L., Wei, F., Tagesson, T., Fang, Z. and Svenning, J-C.2025. Transforming forest management through rewilding: Enhancing 

biodiversity, resilience, and biosphere sustainability under global change. One Earth 8, March 21, 2025. 

https://doi.org/10.1016/j.oneear.2025.101195 

.  

 
 

 

 

 

 

 

 

 

 

 

 

 

https://statdb.luke.fi/PxWeb/pxweb/en/LUKE/
https://stadb.luke.fi/PxWeb/pxweb/en/LUKE/
https://stadb.luke.fi/PxWeb/pxweb/en/LUKE/


Deliverable 2.1  
Report on alternative management regimes simulate with &  
without genetic gain  
 
  

 

Coordination & Management 

Robert Prinz | robert.prinz@luke.fi | 

Johanna Routa | johanna.routa@luke.fi | 

 

Press and Communications 

Olga Ormond | olga@erinn.eu 

 

More Information 

Website | optiforvalue.eu 

LinkedIn | @OptiForValue 

BlueSky | @OptiForValue 

mailto:robert.prinz@luke.fi
mailto:olga@erinn.eu
http://www.optiforvalue.eu/
https://www.linkedin.com/company/surimi-project/?trk=public_post_feed-actor-name

