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Abstract:

 In Poland, 82% of forests are State-owned, and only 17% of forests constitute private property. Each year, forests are converted to other land-use types, mainly for road construction. The afforestation rate on privately-owned low-productivity land is decreasing steadily. The owners and perpetual usufructuaries of this kind of land are eligible to government subsidies to cover establishment expenditures in whole or in part, provided that the afforestation scheme complies with the local zoning plan or an outline planning permission. The above creates a dilemma for farmers—is this a profitable option of managing low-productivity land? Owners of small farms particularly often face such dilemmas. Owners of small farms, which consist of low-yield agricultural land, can be regarded as investors operating on the real estate market, but those investors have features characteristic of agricultural producers. This study relied on the net present value (NPV) criterion, which is popularly used to assess the effectiveness of investments on the real estate market. A financial feasibility assessment performed with the use of such method in view of afforestation statistics and the 5% discount rate on the Polish forest market revealed the highest increase in net cumulative cash flows in the first five years, followed by a gradual decrease in successive years. The first negative cash flow was reported in year 20. NPV would remain negative because farmers would be charged with periodic maintenance expenditures until the stand reaches harvestable age at approximately 40 years. The longer the investment period, the lower the profits, even if discount rate is excluded. Investments of the type are difficult to terminate because forests younger than 20 years are difficult to sell at a price that covers growing outflows. Afforestation projects are also influenced by other economic and non-economic factors. The paper validates the research hypothesis that afforestation is a long-term investment that delivers benefits for future generations.
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1. Introduction

Forests are complex and renewable resources that fulfill many different roles. Above all, forests protect and co-create other natural resources. They shape the landscape, create recreational opportunities and deliver health benefits for humans. Forests have an important economic function by supplying timber, creating jobs and generating income [1], as well as providing various other life-supporting ecosystem services, such as water regulation and prevention of sedimentation [2]. Afforestation can significantly contribute to the revival of rural areas that are progressively degraded due to a decrease in the acreage of productive land, rapid urbanization and the adverse consequences of climate change. The above applies particularly to low-quality and low-yielding soils that could be used for non-agricultural purposes. In a free market economy where most land is privately owned, afforestation cannot be arbitrarily ordained. Every hectare of farmland, including land of the lowest quality class, entitles the owner to direct payments as a source of additional income, which is why the agricultural function is often maintained. Various incentives can be used to encourage woodland creation. The Polish Rural Development Program contains guidelines for improving the condition of the natural environment and rural areas. Pursuant to the provisions of Art. 43 of the Council Regulation (EC) No. 1698/2005, the support provided under Measures 221 and 223 includes establishment costs, maintenance premium for creating new forest (according to Polish law, forest is not equal to plantation- forest is protected by legal regulations and selling timber without permission from the forest inspectorate is strictly forbidden), and afforestation premium to compensate for the loss of income resulting from farmland conversion [3]. The above creates a dilemma for farmers—is this a profitable option of managing low-productivity land? Owners of small farms particularly often face such dilemmas. The average size of an agricultural holding (farm) in the EU-28 is 14.2 hectares. Almost one third (31.5% or 3.9 million) of all agricultural holdings in the EU-28 are situated in Romania, 75% of which are less than 2.0 hectares in size. A quarter of all agricultural holdings in the EU-28 are found in Italy (13.2%) and Poland (12.3%), where the average farm size is less than 10 hectares [4]. In Poland, there is a predominance of farms with an area of two to five hectares (31.9%), five—10 hectares (22.1%) and one to two hectares (19.4%) [5]. A typical European farmer is older than 40. Therefore, afforestation decisions are usually made by farmers who would not derive significant benefits from the sale of woodfuel or biomass [6]) or from large-scale production. Owners of small farms consisting of low-yield agricultural land (the minimum area of afforested land that is eligible for government subsidies is 0.5 ha, and there are plans to lower this requirement to 0.1 ha) can be regarded as investors operating on the real estate market, but those investors have features characteristic of agricultural producers.

The aim of this study was to identify factors that play the most important role in landowners’ decisions regarding afforestation. The determinants of the decision-making process were evaluated with regard to low-productivity land that had been used for agricultural production in the past and fulfills the requirements for conversion to non-agricultural use. Each rational decision requires an analysis of the relevant costs and benefits. The evaluated costs and benefits are financial, economic and non-economic in nature. Financial incentive programs are introduced in Poland to increase the profitability of afforestation schemes and encourage woodland creation. Therefore, Authors intended to highlight the calculations and analysis of relevant cash flows.

The value of net discounted cash flows resulting from particular forest investment was calculated with the use of the methods applied on the real estate market, taking into account the specificity of afforestation projects, discount rate and risk premium applicable to the Polish forestry market. The results were analyzed in view of other factors that influence afforestation decisions.

The structure of the paper was dictated by the complex and interdisciplinary character of the analyzed problem. Background information was presented to discuss the rate of afforestation, conditions for afforestation and financial incentives for woodland creation on the example of Poland. A decision-making algorithm was developed and applied with the use of statistical data and premium rates. The results were used to formulate conclusions and discussions.



2. Background


2.1. Afforestation Rate and Conditions for Afforestation in Poland

Farmland occupies around 61% of Poland’s territory, where soils of low (class V) and lowest (class VI) quality class account for approximately 34%. The income generated from poor quality farmland is very low, and it is exempt from income tax. There is a predominance of small farms, and more than 73% of agricultural holdings in Poland are smaller than 10 hectares. Those areas could be converted to non-agricultural purposes. Forests occupy 9,164,000 ha and account for 29.3% of Poland’s territory. In Europe, the average forest cover is estimated at 32%, and in the European Union—at 37.1% [7]. The highest forest cover is noted in countries with a high proportion of land that is unsuitable for purposes other than afforestation, such as mountains or swamps, including in Finland, Sweden, Austria, Belarus and Slovakia. Ukraine, Hungary, Romania, France and Great Britain have lower forest cover than Poland [8].

The majority of Polish forests constitute public property: 82% of forests are owned by the State, 1% is owned by local governments, while 17% constitute private property. The per capita forest area is 0.24 ha, and it is one of the highest in the region (per capita forest area exceeds 1.0 ha only in Finland, Sweden and Norway). Polish forests have a predominance of coniferous tree stands (mainly pine) that account for 70% of total forest area. The most widespread deciduous tree species are birches and oaks with a combined 15% share of Polish forests [8].

Changes in spatial development should be accompanied by an increase in forest cover, but each year, forests are converted to other land-use types, mainly for road construction. Changes in Poland’s afforestation rate since 1995 [9] are presented in Figure 1.

Figure 1. Rate of afforestation in Poland.
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Source: Leśnictwo 2013.






In Poland, subsidy payments are available for afforestation of farmland. In 2004, the sharp drop in the afforestation rate of privately-owned land (Figure 1) resulted from a temporary suspension of subsidies. In successive years, the rate at which private land was afforested increased upon the implementation of an afforestation scheme under the Rural Development Program [10]. Poland’s afforestation rate has been decreasing steadily ever since it joined the European Union on 1 May 2004. One of the reasons for the above could be the growing opportunity cost of planting forests on agricultural land due to the loss of direct payments to farmers. Active farmers are also entitled to complementary national direct payments for specific crops or species of farm animals.

Polish afforestation schemes have to comply with the National Program for Increasing Forest Cover, which was developed by the Forest Research Institute and adopted by the Council of Ministers in 1995. The main aim of the Program is to increase Poland’s forest cover to 30% by 2020 and 33% by 2050 and to guarantee the optimal spatial and temporal distribution of afforestation programs in the country. However, program costs are not fully reimbursed by central budget funds that are earmarked for this purpose.

The key legislative act regulating afforestation is the Forest Act of 28 September 1991 where the increase in forest resources is regarded as one of the principles of forest economics. According to art. 14 of the Act, wasteland, farmland not suitable for agricultural production, farmland not used for agriculture and other types of land that are suitable for afforestation, including shifting sands, sand dunes, excavation spoil heaps, defunct sand, gravel, peat and clay excavation pits may be converted to forests. The owners and perpetual usufructuaries of land are eligible to government subsidies to cover establishment costs in whole or in part, provided that the afforestation scheme complies with the local zoning plan or an outline planning permission. In practice, private landowners who decide to plant trees pursuant to the provisions of the Forest Act are entitled to free seedlings (that account for 30%–40% of afforestation costs) and information about the recommended structure of the planted forest. The above provisions of the Forest Act continue to be applied in practice.



2.2. Legal Regulations for the Afforestation of Farmland with EU Financial Assistance

In 2007, the Minister of Agriculture and Rural Development issued a regulation on the detailed requirements and mode of granting financial support as part of the “Afforestation of agricultural and non-agricultural land” measure under the Rural Development Program for 2007–2013 [11]. The regulation significantly modified the previous requirements for granting financial aid to afforestation schemes. At present, landowners planning to embark on an afforestation scheme have to observe the following principles:


	Forests established by agricultural producers have to be maintained over a period of 15 years, counting from the date of the first afforestation subsidy payment;


	Land covered by the Natura 2000 network is not entitled to afforestation subsidy payments;


	The minimum area of afforested land is 0.5 ha (there are plans to lower this requirement to 0.1 ha);


	Permanent grasslands (meadows and pastures) are not entitled to afforestation subsidy payments (only arable land and orchards are eligible for financial aid);


	The maximum area of afforested land has been limited to 20 ha per farmer throughout the RDP implementation period;


	Afforestation premiums are paid over a period of 15 years, counting from the date of forest planting (there are plans to shorten this period to 12 years);


	The applicants have to derive minimum 25% of total income from farming;


	Subsidies are also available for woodland creation on non-agricultural land, including in areas undergoing ecological succession, where trees are not older than 20 years [12].




The subsidy rates for the afforestation of farmland are presented in Table 1.


Table 1. Rates of financial support for the afforestation of low-productivity agricultural land, converted to EUR (Average exchange rate: 1 PLN = 0.24 EUR, according to the National Bank of Poland, retrieved on 9 September 2014).



	
No.

	
Forms of support

	
Trees




	
Coniferous

	
Deciduous






	
1

	
Grant for: (EUR per hectare)




	
A

	
Afforesting land with favorable configuration *

	
1109

	
1258




	
B

	
Afforesting slopes steeper than 12°

	
1332

	
1495




	
C

	
Afforesting land with favorable configuration using seedlings with Mycorrhiza helper fungi stimulating the root system

	
1373

	
998




	
D

	
Afforesting slopes steeper than 12° using seedlings with Mycorrhiza helper fungi stimulating the root system

	
1502

	
1169




	
E

	
Protection against wild animals—two-meter-high wire net:

	
(EUR)




	

	
- Per one hectare of fenced land

	
622




	

	
- Per one running meter of fenced land

	
1.6




	
2

	
Maintenance premium: (EUR per hectare per year)




	
A

	
Maintenance premium:

	




	

	
- Land with favorable configuration

	
233




	

	
- Slopes steeper than 12°

	
326




	
B

	
Protection against animals:

	




	

	
- With repellents

	
46




	

	
- With three pickets

	
168




	

	
- With sheep wool

	
67




	
3

	
Forestry premium: (EUR per hectare per year)




	

	

	
379






* Plane areas with slope not steeper than 12°; Source: Rozporządzenie Ministra Rolnictwa i Rozwoju Wsi z dnia 19 marca 2009 r. w sprawie szczegółowych warunków...




Subsidy payments cover:


	Establishment expenditures—this is a single payment that covers the expenditures associated with establishing and, optionally, fencing the forest, per hectare of afforested land. The payment is made in the first year after establishment;


	Maintenance premium—this is a lump-sum payment that covers maintenance services per hectare of afforested land. The payment is made over a period of five years, counting from the date of forest planting (beginning from the second year);


	Afforestation premium—this is a lump-sum payment that compensates for the loss of income resulting from farmland conversion. The payment is made annually over a period of 15 years, counting from the date of forest planting.






Local offices of the Agency for the Restructuring and Modernization of Agricultural effect the above payments in line with the subsidy rates indicated in the above table and the afforestation plan developed by the forest inspector. At the time this manuscript was written, the Rural Development Program for the 2014–2020 was submitted for consultation to the European Commission.



2.3. Decision Making Process on Afforestation

A decision on afforestation requires prior financial analysis and an evaluation of other economic and non-economic considerations. Cash flows that are directly linked with afforestation are examined in a financial analysis, whereas the remaining expenditures and benefits associated with woodland creation, including opportunity costs, are examined in an economic analysis [13,14]. Potential investors should also account for expenditures and benefits that are not quantifiable and may reflect subjective attitudes towards afforestation.

Each economic decision is made by various stakeholders (interested groups or persons) [15]. The decision-maker can be a natural person—a farmer who decides whether his land will be used for agricultural production or afforestation, which are two mutually exclusive purposes. The decision involves the conversion of an existing agricultural function into a new function, namely forest production. In areas where woodland creation is economically justified, financial incentives do not have to be offered because market mechanisms (profit maximization) provide sufficient motivation. In other areas, the factors that affect the decision-making process can be modified by offering various incentives that increase the return from afforestation investments. In the 1950s, Western European countries developed various political tools, such as grants, premiums and subsidies, to increase the appeal of afforestation schemes [16]. In the US, forestry incentive programs come generally in two broad categories: financial assistance (from preferential tax treatment to cost sharing) and technical assistance (consultants) [17]. In Ireland, the introduction of government and EU incentives for woodland creation in the 1980s contributed to an increase in afforestation rates [18]. Most new forests were planted on land that had been used for agricultural purposes. Therefore, landowners are sensitive not only to financial incentives, but also to factors that determine the profitability of alternative uses. Every decision is burdened with an opportunity cost, in this case—termination of agricultural production. In the United States, forest policy involves tools, such as technical support, education, financial incentives and legal regulations. Tax incentives play the most important role [19]. A study of the Spanish forest market covering 1993–2003 revealed that farmers who participated in afforestation schemes co-funded by subsidies earned 3% more than agricultural producers who chose not to convert their land to forests [16].

Farmers have different and complex value systems, and their motives for afforestation could vary significantly. In some cases, they decide to plant forests when land cannot be used for a better alternative purpose. In other cases, farmers’ decisions are motivated only by economic factors, such as the desire to maximize profit, generate satisfactory profit or obtain benefits other than economic gain [20]. Some farmers regard afforestation schemes as an investment that will benefit future generations (heirs), whereas others plant forests for environmental reasons. Forests can enhance the local landscape and increase the appeal of adjacent property. They are planted to preserve biodiversity, offer shelter to livestock and create new grounds for sports and recreation [21]. Forests serve as a source of fuel and generate savings for their owners.

An algorithm simulating decision-making with regard to afforestation of farmland is presented in Figure 2 (this process can be characterized by “step-by-step” evaluation, or alternatively can be characterized by simultaneous evaluation).

Figure 2. Algorithm for decision on afforestation.
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3. Methods for Evaluating the Return from Afforestation


3.1. Financial Analysis

Financial analyses are performed with the use of the available computational methods. Dynamic methods appear to be most suitable for analyzing afforestation projects where benefits can be expected after a long time (trees have to reach the right size for timber production) and where the associated expenditures vary over time.

Simple capitalization rules are not highly useful in afforestation projects because forests do not generate fixed annual cash flows. Felled trees can be replaced with new stock, and the relevant expenses can be accounted for as annual operating outflows. This approach is generally used in valuations of plantations, such as vineyards and orchards, but it is not suitable for forests because trees take a long time to reach harvestable age.

Net Present Value (NPV) is one of the most popular indicators for determining the net present worth of cash flows associated with woodland creation. NPV is calculated as discounted total net inflows in each year of the project with the use of the below formula:



[image: there is no content]



(1)




Where: cash flows in t0—pre-establishment expenditures, such as special soil treatments required before afforestation; n—period of investment; NCFt—annual difference between cash outflows and cash inflows related to afforestation (see Table 2); r—discount rate.
In general, cash flows on the real estate market are calculated based on historical data, in view of fixed prices on the day of analysis (the market of goods and services associated with afforestation and the prices on that market are generally stable). Cash flows related to afforestation are simulated with the use of market data published by a territorially competent forest inspectorate. The discount rate is generally estimated based on data from similar markets. In Poland, when market data are insufficient, they have to be computed independently based on the applicable regulations [22]. The discount rate can be expressed as an additive function, where it is equal to the real discount rate rb (adjusted for inflation) plus the market risk premium K and the real estate risk premium kf [23]:
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(2)




The real discount rate, i.e., the nominal discount rate rb adjusted for expected inflation ie, can be calculated with the use of the following formula:



[image: there is no content]



(3)




The next step involves the estimation of the risk premium. One of the methods proposed in the literature is the probabilistic statistical method. This method assumes that the risk of investing in a given real estate can be estimated based on a scatter plot showing the distribution of possible profits around the expected value of property. Risk can be measured by standard deviation σ of a dependent variable, which expresses data scatter in absolute values, or the coefficient of variation VNPV, which is a relative indicator of data scatter around the mean. Auxilliary NPVs are calculated for three different scenarios: basic (B), optimistic (O) and pessimistic (P). They are calculated based on the same discount rate that does not account for the risk premium, the searched factor. The probability (p) of each scenario is estimated. The expected value E(NPV) can be calculated with the use of the below formula [23]:



[image: there is no content]



(4)




Variance σ2 (NPV) and standard deviation σ(NPV) are determined.
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(5)




And standard deviation:


[image: there is no content]



(6)




The results are used to calculate the coefficient of variation VNPV, which determines the quotient (kf/rb) used in formula (2):
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(7)




The market investment risk is associated mainly with an absence of or a decrease in the demand for timber or an absence of prospective buyers interested in afforested land. The main risks associated with afforestation include fire, pests and higher than planned labor costs.




Table 2. Inflows and outflows associated with afforestation according to the three scenarios (Basic, Optimistic and Pessimistic), in EUR.



	
No.

	
Specification

	
Year




	
Scenario—Basic

	
0

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12

	
13

	
14

	
15

	
20






	
1.

	
Inflows

	

	
8116

	
3252

	
3252

	
3252

	
3252

	
3252

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	




	
1.1.

	
Afforestation grant—deciduous trees

	

	
1509

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.

	
Afforestation grant—coniferous trees

	

	
4213

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
1.3.

	
Fence premium

	

	
498

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
1.4.

	
Maintenance premium without repellents

	

	

	
187

	
187

	
187

	
187

	
187

	

	

	

	

	

	

	

	

	

	




	
.

	
Maintenance premium with repellents

	

	

	
1169

	
1169

	
1169

	
1169

	
1169

	

	

	

	

	

	

	

	

	

	




	
1.6.

	
Forestry premium

	

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	
1896

	




	
1.7.

	
Incomes from timber sale

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.

	
Outflows

	

	
5496

	
1666

	
1666

	
910

	
636

	

	
1188

	
912

	

	
1171

	
912

	
912

	

	

	
259

	
259




	
2.1.

	
Soil preparation

	

	
900

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.2.

	
Cost of seedlings

	

	
564

	
84

	
84

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.3.

	
Planting

	

	
2045

	
307

	
307

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.4.

	
Maintenance—weed control

	

	
828

	
828

	
828

	
636

	
636

	

	

	

	

	

	

	

	

	

	

	




	
2.5

	
Maintenance—early brushing

	

	

	

	

	

	

	

	
276

	

	

	

	

	

	

	

	

	




	
2.6.

	
Maintenance—late brushing

	

	

	

	

	

	

	

	

	

	

	
259

	

	

	

	

	
259

	
259




	
2.7.

	
Protection against tree chewing

	

	
449

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.8

	
Protection against bark stripping

	

	

	

	

	

	

	

	
912

	
912

	

	
912

	
912

	
912

	

	

	

	




	
2.9.

	
Fencing 0.80 hectare with 2 meter wire net

	

	
316

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.10.

	
Transport

	

	
360

	
168

	
168

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.11.

	
Protection against tree grub worms

	

	
34

	
5

	
5

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.12.

	
Cost of labor

	

	

	
274

	
274

	
274

	

	

	

	

	

	

	

	

	

	

	

	




	
3.0 (B).

	
Net Cash Flow

	

	
2620

	
1586

	
1586

	
2342

	
2616

	
3252

	
732

	
984

	
1896

	
725

	
744

	
744

	
1896

	
1896

	
1637

	
−259




	

	
Scenario—Optimistic Outflows

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.9.

	
Fencing 5.00 h

	

	
1980

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.2.

	
Cost of seedlings

	

	
564

	
28

	
28

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.3

	
Planting

	

	
2045

	
102

	
102

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.7

	
Protection against tree chewing

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.8.

	
Protection against bark stripping

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
4.0(O)

	
Net Cash Flow

	

	
508

	
1642

	
1642

	
2342

	
2616

	
3252

	
1644

	
1896

	
1896

	
1637

	
1656

	
1656

	
1896

	
1896

	
1637

	
−259




	

	
Scenario—Pessimistic Outflows

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.1.

	
Soil preparation

	
480

	
900

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.10

	
Transport

	

	
414

	
192

	
192

	

	

	

	

	

	

	

	

	

	

	

	

	




	
2.12

	
Cost of labor

	

	

	
312

	
312

	

	

	

	

	

	

	

	

	

	

	

	

	




	
5.0.(P)

	
Net Cash Flow

	
−480

	
2566

	
1579

	
1579

	
2342

	
2616

	
3252

	
732

	
984

	
1896

	
725

	
744

	
744

	
1896

	
1896

	
1637

	
−259






Source: own elaboration.




3.2. Other Factors Determining the Profitability of Afforestation Schemes

A number of important factors should be considered before financial analysis. Proceeds from the sale of timber (tree thinning during the project and tree felling at the end of the project) and government subsidies constitute cash inflows in an afforestation project. Market prices adjusted for inflation are generally used in financial analyses. According to Clinch [24], long-range forecasts for timber prices remain constant in real terms, and price expectations can be determined by current year’s and previous year’s prices. The expenses include establishment outflows, interplanting, fencing, roads and drains, maintenance outflows, expenditures associated with marking and measuring trees for thinning, labor, felling and transport.

The following facts should be taken into consideration in an analysis of afforestation profitability:


	The inflows generated by forests are also influenced by soil quality class which determines the time required for trees to reach the right size for timber production (the average soil quality class for a given area, e.g. a municipality, is used in calculations);


	Timber production benefits from economies of scale due to the presence of fixed expenditures and the fact that the amount of subsidies is determined by the size of the afforested area;


	Expenses differ depending on whether the farmer owns or leases the afforested land, and whether the land has to be reclaimed after tree felling [25];


	Discount rates vary for different types of investments and investors, e.g., the discount rate for a small farm that diversifies its production profile by planting several hectares of forests will be higher than the discount rate for a well-established enterprise with vast experience on the timber market and the capital market [14].







4. Case study—Detailed Assumptions and Results

The cash flows associated with afforestation were calculated for an afforested plot of land with an area of 5.00 ha (average area, without benefits from economies of scale) and favorable spatial configuration (slope of up to 12°), situated in northeastern Poland in the Region of Warmia and Mazury. The plot comprises arable land of soil quality class V and VI, i.e., lowest-yield farmland. The following species composition and forest structure (typical for forests in the analyzed region) are recommended by the afforestation plan: pine—3.50 ha, birch—0.70 ha, oak—0.50 ha and larch—0.30 ha. An area of 0.80 ha has to be fenced in with wire mesh to the height of 2 m to protect young trees from wild animals. In the remaining parts of the land, trees should be protected with repellent. The investor is an average Polish farmer who is older than 35 (in Poland, 85.3% farmers are older than 35 (the EU average is 93.6%), and most farmers in this group are older than 40. More than half (54%) of EU farmers are older than 45 [26]) and generates at least 25% of his income from agriculture. Detailed information about establishment, maintenance and protection expenditures and possible inflows (in 2013 prices) were calculated based on market prices quoted by the Stare Jabłonki Forest Inspectorate (territorially competent forest inspectorate.) (Table 2). Moreover, according to Polish law, trees cannot be cut down for approximately 90 years, therefore incomes from timber sale were not included.



Market data for determining the discount rate were not available, and the discount rate was calculated as the sum of the real discount rate and the risk premium (formula 2). Woodland creation is a long-term investment, therefore, the nominal discount rate should be applied to the longest possible investments with minimum risk. Thus, we used 10-year Treasury bonds with annual return of 4% [27] (Floating interest rate), adjusted for the expected inflation rate of 1.1% for Poland [28]. Based on formula 3, the discount rate was determined at 2.9%.

The risk premium for afforestation was calculated using the methods and formulas presented in section 3. Three scenarios were analyzed: basic (B), optimistic (O) and pessimistic (P). The basic scenario reflects a typical situation described by Polish and EU regulations, and it involves average outflows associated with forest establishment and maintenance that are compliant with the afforestation plan developed by the forest inspector (Compliant with the provisions of RDP 2007–2013). In the optimistic scenario, the entire land plot was fenced in to protect young trees from wild animals, which increased outflows, but decreased the number of seedlings for interplanting and the relevant outflows by 5%, and eliminated the outflows associated with protecting seedlings from animals. The pessimistic scenario involves additional outflows related to the elimination of soil pests (one year before forest establishment, i.e. in year t = 0) and a 15% increase outflows related to transport and labor. Those scenarios produced different net cash flows (NCFs), in particular in the first five years of the project (Table 2).

The analysis covers a period of 20 years. This time frame was regarded as sufficient because EU funds will be available in the first 15 years of the project, additional outflows will not be incurred in years 16–19, and maintenance expenditures will appear in year 20. Beginning in year 13, when maintenance expenditures will be incurred (late brushing), NCFs will be identical for each scenario. In the basic scenario, standard outflows associated mainly with the protection of young trees against animals, will be borne until year 11. Those outflows are not incurred in the optimistic scenario, which explains higher cash flows in line 5.0 in Table 2. The data presented in Table 2 were used to determine the risk of investing in an afforestation project. The results (Table 3.) were used to calculate the discount rate for the financial analysis and the NPV for the project.


Table 3. Predicted net cash flows in subsequent years, for three scenarios (in EUR).



	
Year

	
NCF for Three Scenarios

	
Discount Rate i at 5%

	
Discounted NCF




	
Basic

	
Optimistic

	
Pessimistic

	
Basic

	
Optimistic

	
Pessimistic






	
0

	

	

	
−480

	
1

	
0

	
0

	
−480




	
1

	
2620

	
508

	
2566

	
0.9524

	
2495

	
484

	
2444




	
2

	
1586

	
1642

	
1579

	
0.9070

	
1439

	
1489

	
1432




	
3

	
1586

	
1642

	
1579

	
0.8638

	
1370

	
1418

	
1364




	
4

	
2342

	
2342

	
2342

	
0.8227

	
1927

	
1927

	
1927




	
5

	
2616

	
2616

	
2616

	
0.7835

	
2050

	
2050

	
2050




	
6

	
3252

	
3252

	
3252

	
0.7462

	
2427

	
2427

	
2427




	
7

	
732

	
1644

	
732

	
0.7107

	
520

	
1168

	
520




	
8

	
984

	
1896

	
984

	
0.6768

	
666

	
1283

	
666




	
9

	
1896

	
1896

	
1896

	
0.6446

	
1222

	
1222

	
1222




	
10

	
725

	
1637

	
725

	
0.6139

	
445

	
1005

	
445




	
11

	
744

	
1656

	
744

	
0.5847

	
435

	
968

	
435




	
12

	
744

	
1656

	
744

	
0.5568

	
414

	
922

	
414




	
13

	
1896

	
1896

	
1896

	
0.5303

	
1005

	
1005

	
1005




	
14

	
1896

	
1896

	
1896

	
0.5051

	
958

	
958

	
958




	
15

	
1637

	
1637

	
1637

	
0.4810

	
787

	
787

	
787




	
16

	
0

	
0

	
0

	
0.4581

	
0

	
0

	
0




	
17

	
0

	
0

	
0

	
0.4363

	
0

	
0

	
0




	
18

	
0

	
0

	
0

	
0.4155

	
0

	
0

	
0




	
19

	
0

	
0

	
0

	
0.3957

	
0

	
0

	
0




	
20

	
−259

	
−259

	
−259

	
0.3769

	
−98

	
−98

	
−98




	
NPV

	
18,062

	
19,016

	
17,519









E(NPV) was calculated on the assumption that the basic scenario is characterized by the highest probability of success (p = 0.5), followed by the pessimistic scenario (p = 0.3) and the optimistic scenario (p = 0.2). Those values were determined based on the authors’ experience (Probabilities were evaluated on the basis of own researches (interviews) conducted among representatives of many forest inspectorates, who prepare afforestation plans for the farmers). Most landowners follow the basic scenario because it does not require additional soil treatments before tree planting or comprehensive fencing which significantly increases expenditures.



The following values were obtained for the analyzed property in formulas 4–7 (Table 4):

Table 4. Calculation of the risk premium for afforestation (kf).


	E(NPV)
	σ2(NPV)
	σ(NPV)
	VNPV
	kf





	18,089
	12,815
	55
	0.003
	0.009










The risk premium is kf = 0.009% and rd = 5.009% due to a very low risk premium for afforestation in the analyzed property. A 5% discount rate was applied in the case study. The previously calculated NPVs at r = 5% were used in subsequent analyses (Authors also performed a financial sensitivity analysis with different real discount rates. According to Jones Lang LaSalle report [29], the highest rates of return on the Polish real estate market reached at minimum 4% and maximum 8%. However, sensitivity analysis did not show significant differences in the NCF and NPV structure. Only noticeable difference was observed in the case of 8%—the impact of the risk was even smaller, what only confirmed previous assumptions).

Net cumulative discounted cash flows for the discussed scenarios were analyzed in five-year periods. Changes in NPVs between successive five-year periods were calculated (Table 5).


Table 5. Changes in NPVs between successive five-year periods (in EUR—during conversion from PLN to EUR numbers were rounded).



	

	
Scenario

	
Basic

	
Change

	
Optimistic

	
Change

	
Pessimistic

	
Change




	
NPV for n years

	






	
0

	
0.00

	
9,279

	
0.00

	
7,367

	
−480

	
9,216




	
5

	
9,279

	
7,367

	
8,736




	
5,280

	
7,105

	
5,280




	
10

	
14,559

	
14,471

	
14,016




	
3,600

	
4,641

	
3,600




	
15

	
18,159

	
19,112

	
17,615




	
−97

	
−96

	
−96




	
20

	
18,062

	
19,016

	
17,519











The effectiveness analysis performed with the use of the NPV criterion produced the following results:


	The expenses associated with afforestation will be covered from surplus EU funds until year 19 of the forecast (Table 2).


	Discounted total net inflows for the forecast period of 20 years are highest for the optimistic scenario due to nearly twice higher net cash flow values in years seven and eight. Less satisfactory results were generated by the pessimistic scenario because afforestation took place on low-productivity farmland, and the expenses associated with soil preparation are not reimbursed. Those considerations should be taken into account by farmers in the decision-making process.


	Low risk premium kf results from the low value of coefficient of variation VNPV (Table 4). This suggests that in financial assessments of afforestation projects in small farms, the discount rate should be based on observations of investment risk on a given real estate market.






5. Discussion and Conclusions

The afforestation of low-productivity farmland is of great economic and environmental significance, and the relevant knowledge is expanded in many countries around the world. Initiatives supporting the afforestation of privately-owned farmland play a particularly important role in the European Union due to growing environmental concerns. The 1992 reform of the Common Agricultural Policy introduced programs co-financed by the EU, which encourage woodland creation on low-yield farmland. Afforestation of farmland characterized by low productivity is a global issue that is investigated by research centers around the world and discussed in scientific journals. Most studies analyze the effectiveness of government programs supporting the afforestation of farmland. They are often based on the results of surveys addressing farmers, who are asked to describe the key drivers and the main obstacles in the afforestation process [16,20,21,30], or institutions supporting afforestation schemes [19]. Regression models are developed, and marginal effects of forestry subsidies are calculated [18]. Scientists investigate the correlations between afforestation and biomass utilization in the economy [31,32]. There are very few studies, however, which account for the fact that farmers who make planting decisions on low-productivity agricultural land are guided not only by a complex and individual set of values, but also by the results of profitability analyses concerning investments on the real estate market. Statistical data indicate that most planting decisions are made by owners of relatively small farms (under 10 hectares) who are older than 40. This information is rarely found in the literature, but it should be included in studies analyzing the profitability of farmland afforestation with a forecast period of 20 years, where the income generated from biomass is not included in cash flows (In forestry, biomass value is taken into account in stands that are 20-year-old and older. In 20 to 30-year-old stand, the value of harvested timber is equal to the cost of harvest operations).

The highest increase in net cumulative cash flows was observed in the first five years, followed by a gradual decrease in successive years of the project (Table 5). The first negative cash flow was reported in year 20. NPV would remain negative because farmers would be charged with periodic maintenance costs until the stand reaches harvestable age at approximately 40 years. Despite the above, cumulative cash flows would still be positive at a 5% discount rate. The longer the project, the lower the return on investment, therefore, the farmer should consider selling the afforestated land. Market research revealed that properties covered with forests younger than 20 years (forest plantations and thickets) are difficult to sell at a price that covers growing costs. The Polish forest market is generally limited.

A positive NPV is an indicator of financial profitability. However, it is up to the farmer to decide whether a positive NPV is sufficiently motivating to launch an afforestation project. The investor should confront the results of a financial analysis with other economic and non-economic factors in line with the mind map presented in Figure 2:


	Afforestation of farmland can be integrated with agricultural production to deliver positive external effects.


	In weakly developed regions and in areas affected by a crisis where agriculture is the only available source of income, afforestation could create new jobs during stand establishment, tree maintenance, timber preparation for sale (In Poland, farmers can achieve and sell timber after receiving permission from relevant forest inspectorate; usually only for the trees that are 90-120 years old), etc. [20].


	Farmland conversion has an associated opportunity cost (loss of income resulting from farmland conversion). Several scenarios should be analyzed by simulating the benefits and costs of various decisions: (a) change in land-use type; (b) maintenance of farmland for agricultural use; (c) diversification of land-use types. This issue was not discussed in the study, and it could be the topic of a separate paper. However, average opportunity cost resulting from the loss of income from agriculture was calculated by Polish governmental institutions and is compensated by annual forestry premium.


	Afforestation of considerable land areas could create additional sources of income from the sale of forest produce (mushrooms, berries) and recreational activities organized in the forest [25].


	Afforestation projects could secure future pension stability or offer financial security for the investor’s heirs.




Regardless of economic considerations, the final decision on forest establishment is made by an individual who has specific preferences, therefore, it is also influenced by non-economic factors. A farmer may decide against afforestation if it stirs negative emotions associated with the abandonment of food production, low flexibility and a long time required to grow a forest, fear of loss of control over farmland, lifestyle changes and the need to fulfill complex administrative formalities to obtain subsidies and premiums. Moreover, an afforestation project involves risks associated with the long period of investment during which changes could take place in forest policy (In RDP 2007–2013, the afforestation premium was paid for 15 years, but in RDP 2014–2020, this period has been shortened to 12 years) and the macroeconomic environment. Other sources of uncertainty include natural factors (weather, fire, pests and disease), technological progress that changes demand for timber, changes in interest rates and labor costs. In some cases, forests are planted for esthetic and environmental reasons. Afforestation may also be regarded as a gift for heirs who can profit from the sale of timber when the stand reaches harvestable age.

The results of a financial analysis and the evaluated economic and non-economic factors confirm the research hypothesis that afforestation is a long-term investment that will generate benefits for future generations.
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