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Abstract

Background and purpose: Due to the fact that poplar

rotation is one of the shortest in forestry, and as produc- :
ied plot because of the better sites (alluvial semigley)

tion of poplar wood requires rational and well-planned
management, the potentials of sites and species must
be maximally utilised. The main characteristics of the
procedure of investment in poplar cultivation, is the fact
that the conditions for the beginning of production and

their exploitation are not created simultaneously. The :

main goal of the work reported in this paper was to ex-
amine the financial effects of different discount rates on
the cost-efficiency values of studied poplar plantation,
based on an analysis of the present value of costs and
revenues over a stated time period using different meth-
ods of investment appraisal.

Material _and methods: Investment Appraisal also
known as Capital Budgeting is used to asses whether
capital expenditure on particular poplar plantations
will be beneficial for the entity or not. The investigated
plantation was established from Populus x euramericana
cl.I-214 on alluvial semigley, with planting spacing 6
X 3 m, aged 26 years, for technical wood production.
The data used in this study were collected from the ar-
chives of the, according to the age at plantation estab-
lished and from the management and materials books
of the forest enterprise “Vojvodinasume”. During two-
year study, the material was collected from study plot in
order to assess the density, distribution and significance
of individual fungal organisms present in the plantation.
Identification was based on the morphological charac-
teristics of species.
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. Results and conclusions: Under the calculation discount

rate of 12%, the project for the production cycle of 26
years was not cost-effective from the economic aspect.
The discount rate of 6% can be accepted in this stud-

and youngness of the stand. For the studied sample plot

“IRR is 6.94. R for the r=12% in the study compartment

is 0.407. The analysis shows that PBP is practically un-
acceptable for the investor under the discount rate of
6%. In the studied plot altogether 11 species of fungi
causing significant damages in hybrid poplar plantations
were identified. Two were found on cortical tissue, 6 on

i leaves and 3 species are causing decay. Number of trees

attacked with decaying fungi, like Fomes fomentarius,
Trametes suaveolens, was bellow 2%/ two percentage.

Keywords: hybrid poplar plantations, investment ap-

praisal, commercial profitability, costs, revenues, dis-

i eases, decline.

INTRODUCTION

The economics of growing hybrid poplar is a diffi-
cult subject that has been studied by many for years,
but it depends upon so many ever-changing variables
[1-6]. It is complex because the revenues from a multi-
year poplar crop are not generated until harvest and
the costs to establish and maintain the crop occur
long before rotation age [5]. Moreover, the costs vary
markedly with soil type, productivity, location includ-
ing distance from markets, fossil fuel costs, govern-
ment programs and landowner objectives. There are
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also many risks in growing poplars including weather,

pests and diseases [4]. Poplar plantations are a cat- :

egory of fixed assets in forestry, i.e. the assets with a
biological character [7-9]. The commodity nature of
most forest plantation products - either fibre for pulp
production, or utility grade timber - or the increasing

strong price pressure in favour of the lowest cost
producers. Production costs are determined by the
inescapable trio of land, labour and capital costs, and

these pressures is the trend towards shorter crop ro-
tations, which have been facilitated by advances in
processing technologies, and the search for enhanced
productivity [10].

Due to the fact that production of poplar wood
requires rational and well-planned management, the

site and the species potential have to be maximally :
¢ these and similar plantations, current value of cash

utilised. Also it is very important to realize the favour-
able financial effects of such a production. Poplar
wood production in plantations of different charac-

teristics is one of the shortest rotations in our circum- !
i of the projected plantations (net present value - NPV),

stances [8]. They are related to their site, cultivated
for a relatively long time and have a relatively long
utilisation cycle, with the yield development deter-
mined by the plantation growth and age.

The investment process in poplar wood production A

includes financial investments in present to achieve
economic benefits in the future, and have seasonal

characteristics. Plantations transfer their value gradu-
ally to the obtained products during the period of :

their harvesting, and, by the realisation of the prod-
ucts, the means invested in the plantation establish-

ment are reproduced [9, 10]. Therefore, it is possible 5
some problems can arise, mainly in a framework of :

forecasts, calculation of investments in poplar pro-
duction, engagement of human labour, mechanical
work, etc. [11].

Yield classes in hybrid poplar plantations (P x eu-
ramericana cl. I-214) are high in Serbia. But, the eco-
nomic cost-effectiveness of the poplar plantations is

debatable, due to the high costs encountered at the
¢ density 6x3 m, forest type poplar on alluvial semigley,

stage of plantation establishment (chipping of tree
stumps, ploughing, planting, protection, etc.) [12].

Presence of pests and diseases can cause reduction
of increment and vitality in fast growing hybrid pop- !

lar plantations [13]. Depending on the environmental
conditions and inoculums potential of pathogenic
or saprophytic fungi damages can vary from year to

year [14]. Appropriate use of pesticides and less sus-

ceptible cultivars can minimize losses of production.
Cultivar I-274 is very productive, but requires optimal
conditions and very intense protection against pests

- and diseases, especially Cryptodiaporthe populea

(Sacc.) Butin [15] and leaf diseases [16].

The goals of the work reported in this paper were:
(i) to examine the financial effects of different dis-

- count rates on the cost-efficiency values of poplar
globalisation of markets for these products maintains :

plantations, based on an analysis of the present value
of costs and revenues over a stated time period, (ii)
to assess influence of pests to the financial outcomes

. of plantation and (iii) to test the sensitivity of these
by forest productivity. The inevitable consequence of

values to possible changes in the levels of costs and
revenues.

- MATERIAL AND METHODS

The period of investments in poplar growing can
be relatively long, and so is the period of harvesting.
Therefore, it is important to determine the time of
return the capital (pay back period - PBP) invested in

flow which is equal to the current value of the cast
outflow (internal rate of return - IRR), difference be-
tween current values of the future incomes and costs

and value the degree of profitability when we com-
pare the degree of incomes and outcomes (benefit-

: cost ratio — R).

The data used in this study were collected in two,
main phases. Data pertaining to costs during years
0-5 (soil preparation, planting, care and protection,
etc.) were obtained from the archives of the forest
enterprise which managed the studied plantations
Public Forest Enterprise “Vojvodinasume”, according
to the age at plantation established [8-12].

Cash outflow is present in the first 5 years, and
cash inflow from schematic thinning in 6th years and
at the end of rotation (in this case at age 26) (Table

: 1). In the second phase data were collected from
. the management and materials books of the forest
i enterprise. Costs and receipts of wood production

of the clone poplar I-274 were investigated in one
management unit in (FE. ,Sremska Mitrovica”, PE
“Vojvodinasume”). The stand 26 years old, planting

with a total area of 9.78 ha (Map 1). The purpose of
this stand is production of technical wood. Costs are
expressed per unit area 1 ha at the prices in force
in January 2010, converted into euro (€). Since, all
studied stands are state-owned and managed by the
Public Forest Enterprise “Vojvodinasume”, the value
(cost) of the land (land rent) did not enter into the
calculations [17].

The aim of the study was to check the justification
of the invested financial means in artificial poplar
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plantations, based on the analysis of costs and re-
ceipts in the rotation of 26 years, on alluvial semigley,
at different discount rates (4-12%), by using the
method of analysis of commercial profitability, espe-
cially some methods of dynamic investment calcula-
tion (NPV, IRR, R, PBP) [12].

value of the discount rate at which NPV investment
is zero, it has been used /RR. Payback period calcu-
lates the time taken by a project to recoup the initial
investment [12, 20]. All benefits and costs should be
expressed in discounted present values i.e. benefit-
cost ratio [12, 21].

changes in current values of costs and receipts in a
range 70-130%. Using this analysis clearly is defined

changes in financial profitability of the raising of :

* poplar plantations; however it can be obtained the
" results which point out the positive or negative ef-
. fects. It can be useful in forestry practice to channel
 management activities to find out the solution for

achievement of the best results in a framework of fi-
nancial results [22].

The dynamic methods are nowadays used in all
countries over the world in the investment economics

effectiveness appraisal and start with the assumption

. that money has its time value, i.e. the certain amount
i of money does not have the same value today and in

a certain future moment of time, which is very impor-
tant particularly in forestry where the rotations are
very long.

During two-year study, the material was collected
from study plot in order to assess the density, distri-

¢ bution and significance of individual fungal organ-
. isms present in the plantation. Identification was
¢ based on the morphological characteristics of species

as described by Keca [23]. The estimation of dam-
ages caused by different species was according to the
Karadzi¢ [24].

Treatment costs consisted of the product price and
labour cost. The cost of labour and mechanization

¢ was estimated directly in the field and added to the
The NPV method calculates the present values for :
all future cash flows [12, 18, 19].To determine the

cost of establishment and maintenance of plantation.

RESULTS

The access to the main data (Table 1) point out the
duration of rotation period is 26 years; stand costs
are present in first 6 years and in the 26 year of the
stand (final cut). In the age of seventh there is small

. income, and on the end of the rotation we have pre

Sensitivity analysis is useful for adjustment of final income of 16 236.58 € ha™.

Net present value, by the discount rate of 12% is

NPV=3P - 5T= -1 585.84 € ha'. Based on this fact it

Z?féftn{lent structure and income from the studied poplar plantation
Classes Assortment structure Price Value of assortments by official price list

m3 m3-ha’! €m €ha'
F veneer 1524.51 154.46 55.00 8495.24
L-peeling logs 759.70 76.97 45.00 3 463.68
Timber wood class | 545.66 55.28 35.00 1 934.96
Timber wood class Il 493.22 49.97 27.50 1374.22

Pulpwood 557.69 56.50 17.14 968.47
Total 3880.78 393.19 / 16 236.58
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can be concluded that the project is not profitable for :
the rotation of 26 years and discount rate of 12%, due
to the fact that it is in the loss of approximately 1 600 €
on the end of the rotation (Table 2). However, it could be
find the solution in calculation with the lower discount

rate or investigate the possibility to short the rotation.

Based on the application of the susceptibility anal-
ysis, it was concluded that there was an option to
realise the positive financial effect by decreasing the
costs, or by increasing the receipts. Sensitivity analysis
show how the project is responding to cost and re-
ceipts changes by varying of cost/receipts in the range
of =30% (in the step of 5%). The future of the project
can be clearly defined by using this method in the
framework of risk analysis (Table 3).

It has been determined that for the r=12%, proj-
ect is profitable if it can be realise the incomes more

than 2.1 times (330%) or to reduce costs for 56%. For :
r=8% it is necessary to diminish costs for 12% and in
that case investment can cover costs from incomes.
Alternative way is than in the current circumstances, :
income can be increase for about 18%. For r=6% by :

the current circumstances and receipts, it is necessary
to increase costs for about 15% and in that case in-
vestment can cover the costs from the incomes. It is
possible to reach the same financial effect by decreas-
ing of incomes for about 12%. For r=4% it is possible
that investment can cover the costs from the incomes
for the increasing of the costs for about 55%. By the
current costs and present situation it can increase of
the incomes for 36% (64% from realised) try to supply

the same financial effect. The results clearly direct to :

the fact there is the reverse proportion between the
discount rate and age of the stand (Table 3).

Internal rate of return is 6.94. It can be concluded
that the annual rate of profit is just 6.94% from the

whole capital expenditures. Due to this fact it can be
i concluded that this project cannot pay off the poten-

tial loan and the solution can be find in reduction of
discount rate on less than 6.94%. Sensitivity analysis
shows that the stand is very susceptible to changes
of incomes and outcomes. Decreasing of costs and in-
creasing of revenues for 30%, value if IRR ranged 9.26
(T) and 8.64 (P) (Table 4).

In this sample plot there has not been noticed the
values of IRR higher than 12% in researched interval of
changes in costs and revenues. They are realized in the
level below 70% from realized costs (<46.7%) or above
130% from realized revenues (=213.9%).

Benefit - cost ratio for the r=12% in the researched
plot range of Tr and Pr is lower than 1. In the study com-
partment this ratio is 0.407. Accordingly, it can be as-
serted that it is economically unjustified to invest in the
projected stand, but only in the case when the value of
social capital accounts for 12%. Based on the analysis of
sensitivity of the cost-benefit method, it was concluded
that cost benefit ratio for r=8-12% was below 1 within
the study range of costs and receipts changes, while
for r=4-6% this ratio was above 1 in some cases of de-
crease in costs, i.e. increase in receipts. It was noted
that the change in p depending on the change in costs,
developed by the exponential function, and the change
in r depending on the change in receipts developed by

Z?-/:féil:)tzs and costs of the wood production project in poplar plantation for r=12%
Costs Receipts Real C Real T Cost Receipts
Year T P T P ST P 2Pr—3Tr
€

0 2040.48 0 2040.48 0 2040.48 0 -2040.48
1 209.44 0 187.00 0 2227.48 0 -2227.48
2 177.97 0 141.88 0 2369.36 0 -2369.36
3 111.65 0 79.47 0 2448.83 0 -2448.83
4 96.9 0 61.58 0 2510.41 0 -2510.41
5 96.9 0 54.98 0 2565.39 0 -2565.39
6 442.22 1064.2 224.04 539.16 2789.43 539.16 -2250.28
26 3585.44 16236.34 188.31 852.75 2977.74 1391.90 -1585.84
2 / / 2977.74 1391.90 -1,59
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TABLE 3
Susceptibility of NPV depending on relative changes of T _and P_(r=4-12%)
r=12% r=8% r=6% r=4%
Rate of change
TI' PI’ TI‘ PI’ TI’ PI‘ TI' PI’
% 000 €
70 -0.69 -2.00 0.50 -1.37 1.70 -0.72 3.68 0.38
75 -0.84 -1.93 0.33 -1.23 1.51 -0.50 3.46 0.71
80 -0.99 -1.86 0.16 -1.08 1.33 -0.28 3.25 1.05
85 -1.14 -1.79 0.00 -0.94 1.14 -0.07 3.03 1.38
90 -1.29 -1.73 -0.17 -0.80 0.95 0.15 2.82 1.72
95 -1.44 -1.66 -0.34 -0.65 0.77 0.36 2.60 2.05
100 -1.59 -1.59 -0.51 -0.51 0.58 0.58 2.39 2.39
105 -1.73 -1.52 -0.68 -0.37 0.39 0.80 2.17 2.72
110 -1.88 -1.45 -0.85 -0.22 0.21 1.01 1.96 3.06
115 -2.03 -1.38 -1.02 -0.08 0.02 1.23 1.74 3.39
120 -2.18 -1.31 -1.19 0.06 -0.17 1.44 1.52 3.73
125 -2.33 -1.24 -1.35 0.21 -0.35 1.66 1.31 4.06
130 -2.48 -1.17 -1.52 0.35 -0.54 1.88 1.09 4.40
Condition for
SP - 3T=0 46.74 213.93 84.88 117.81 115.51 86.57 155.36 64.37
the linear function Therefore it can be claimed that eco- : 5.0
nomically is unacceptable to invest in such a stand, but : 4500 '
just when r= 12%. Sensitivity analysis of R was also car- ' 4.0
ried out for r = 8-12% in the range of changes of costs ' y=2,8564e00181
and receipts lower than 1. For r = 4-6% there are cases 3.500 R2=0,901
where this ratio is above 1. Thus, it seems better to fo- 3.0 !
cus efforts on reducing the discount rate, respectively. R 2.500 ;
: 2.0
Statistical significance is verified by t-test, correla- 1.500
tion coefficient, determination coefficient, and Fisher’s ' ty )
statistics for changing of costs and receipts. It can be 1.0 N "
concluded that the connection of relative and inde- 0.5 !
pendent variable very high R=0.94, the ratio between 0.0
explained and total variations in the regression is very : 0 20 40 60 . 80 100 120 140
high R?=0.9. Fisher test confirm i.e. test the precision | FIGURE 1 (%)
of calculated correlation coefficient. That value is also | Changes in the benefit-cost index (R) in relation to
very high, therefore it can be proven the fact that we : relative changes in costs (C) and revenues (R ) at the
can have confident in the calculated coefficient of cor-

discount rate r=12% for studied plot

;/:gsLlijty of IRR in a ratio changes of T_and P _in the range of 70-130% (r =12%)
P T IRR T | P | IRR
%
100 70 9.26 100 70 4.58
130 5.22 130 8.64
CfR”RdEi‘qgo‘;fr 46.74% 213.93%
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relation. Using t-test it is established the fact that the
precision of the calculated parameters and it is proven
that the parameters are very precise calculated in all ex-
amples (Table 5).

TABLE 5
Statistics analysis for the studied sample plot
Ch;[\_?es Values Ch::ges Values
R 0.949 R 0.9999
R? 0.901 R? 0.9999
F-statistics 209.3 F-statistics | 7928443
t-statistics 10.67 t-statistics -0.51
y = 2.856 - 00181 y = 0.0047x + 0.00007

Application of the pay back period (PBP) calculation
can affect greatly the reliability of predicting the degree
of economic effectiveness of investments, and also the
potential risks for the investor in his decisions on invest-
ments in poplar cultivation. In this procedure, the paper
does not apply the recognized calculation rate of 12%,
which is usually applied worldwide, but the rates of 6%,
4% and 2%. The most favourable situation is the dis-
count rate of 2%, where the PBP is 12 years. The analysis
shows that PBP is practically unacceptable for the inves-
tor under the discount rate of 6%. The susceptibility of
PBP in this case was analysed by varying the costs within
10-100%, and the receipts between 100-550%. Based

on the analysis of susceptibility for the method of pay
back period, it can be concluded that the change in re-
ceipts and costs in 5% steps can be represented by an
exponential function and that PBP is between 1.3-4.6
years. For r=2% this ratio is the most favourable both
in the case of the changes in receipts and the changes
in costs [12].

Altogether 11 species of fungi causing significant
damages in hybrid poplar plantations were identified.
Two were found on cortical tissue, 6 on leaves and 3
species are causing decay. In one to two years old plan-
tations trees were destroyed by Dothichiza populea and
on dryer sites by Valsa sordida. Approximately 9% of
costs for replanting of plantation were attributed to
these two pathogens.

From the second year fungi attacking leaves Melam-
psora spp. and Marssonina brunnea directly influence
diameter and height increment. Performed treatments
with chemical agent Bakarni kre¢ — copper oxychloride
(Zorka Sabac, Serbia) and captan fungicides reduced at-
tack to moderate, so there was no significant reduction
in biomass production.

Number of trees attacked with decaying fungi, like
Fomes fomentarius, Trametes suaveolens, was bellow
2% two percentage (Table 6). Trees with decay could
not be used for assortment production, which caused
decrease of revenues. On the other hand decayed trees
were used for biodiversity sustain, which is obligatory in
FSC certified forests.

g?sii:s causing decline in poplar plantations establishment and protection

No. Species Plant parts colonized Significance
1. Cry&tggﬁggah;(ﬁ%z%i: Sj;fl.}egrtin Branches and trunk +++
2. Marssonina brunnea (Ell. et Ev.)P. Magn. Leaves and sprouts +++
3. Melampsora allii-populina Kleb. Leaves +++
4. Melampsora larici-populina Kleb. Leaves +++
5. Phyllosticta populorum Sacc. et Roum. Leaves ++
6. Pollaccia elegans Serv. Leaves and sprouts +
7. Taphrina aurea (Pers.) Fr. Leaves +
8. Valsa sordida Nitschke Branches and trunk +++
9. Fomes fomentarius (L.) Fr. Trunk +++
10. PIZ?;?;? 8’? ?I'?a lf(IZZ?I(BPZLSkeZ) Assortments and stumps +++
11. Trametes suaveolens (L.) Fr. Trunk and branches +++

(-) Typical saphrotrophes; (+) present often, low economic impact; (++) very often present in plantations,
exceptionally cause practical problems; (+++) practical problem in maintenance of poplar plantations.

28



Commercial Profitability of Poplar Plantation with Reference to the Damages Caused by Fungi

DISSCUSION

Poplar plantations have a high productivity and, in
terms of forestry, short rotations (10-25 years). But,
their economic profitability is far less than that found

in industry and agriculture [18, 6]. Serbia produces :
around 350 000 m3? of poplar wood, which is much

less than the world greatest producers like China,
France, India, Italy and Turkey [25].

low values for NPV, even for the discount rate of
r=4%. Based on the above, it is clear that, in practice,

it is necessary to improve the position of production in !
getting the deficient financial means for investments :
. On the sites unsuitable for poplar planting, it is rec-

in poplar cultivation, in order to stimulate establish-
ment of artificial poplar plantations, especially in the
private sector [26]. Investments can be directed in cost

reduction for: soil preparation (stump chipping, deep :
ploughing, etc.), improvement of inter-row tilling, bet- :

ter plant protection against insect pests and patho-
genic fungi [27] Additional income and cost reduction

can be obtained by using remaining poplar wood for :
biomass [28], which is in line with the Common Agri- :

cultural Policy of the European Union and endeavours
of the Government of the Republic of Serbia to devel-
op the bioenergy sector [29]. However, it is clear that

the results have practical application, as they show in :

which interval poplar plantations are profitable.

It is also very important to mention that poplar plan-

tations can not be profitable at discount rates in the
range 10-15%, as used in assessing funding opportu- :

nities in the economies of developing and transition
countries [30]. The values of IRR in the work of vari-

ous authors range from 4.3% [31] through 6-10% [32] :
up to 12-15% [33, 34] for poplar plantations. In our :

studied plot it is 6.94. The costs of logging and assort-
ment production make a significant expense item; an
increase in costs of 20-40% (which can be expected

due to the uncertain changes in the price of fuel and
i tions, wildlife conservation, impact on water resources

lubricants) may cause the IRR to increase by 2% [1].
These observations provide space for cost reduction in
the felling and preparation of assortments and in the

first phase of transport by wider use of automation
(processors and “grinders”), or by transforming the :

entire timber mass into biomass [35, 36].

Average , benefit-cost” value is in the range from 0.4
- eficial interest rates on the means invested in the es-

to 2.8 [37] and our studied plot is it 0.407.

Different authors analyze different PBP for poplar
plantations depending on the soil type, age of stand,

plant density and climate. In India Dhillon et. al. [38] :
. lar plantation are almost unavoidable [42]. Some year

mention PBP of 7 years, Chandra about 10 years [39],
McKenney in the range 10-22 years [40] and Latif et.al.
[41] mention 15 years for poplar plantations in Malaysia.

Only application of all four methods gives solutions

i to investment issues in poplar plantations in general.

The observed characteristics, such as soil type and age,
are the directions for the establishment of intensive
poplar plantations in the future. It is also very impor-
tant to mention that depending on the purpose of
plantations and market conditions, it is necessary to
shortened rotation period on 15-20 years in respect
to the current prescribed period of 25 years of poplar

: plantations in Serbia.
On the other side, long production cycles, provide

The investments can be directed to: more efficient
soil preparation (stump chipping, deep ploughing,
etc.), improvement of inter-row tilling, better plant
protection against insect pests and pathogenic fungi.

ommended to apply fertilizers, branch pruning to the
height as much as 6 to 8 m. All the above technical and
technological measures, although classified as direct
costs, contribute to the improvement of project effi-
ciency, because they are directly reflected to the qual-
ity of assortments and their value at the end of the
production cycle.

Based on the above, it is clear that the results have
practical application, because shows in which interval
poplar plantations are profitable. There are commercial
banks in Serbia, where one can get a loan with interest
rate of 5%. Private owners can be advised to invest in
such a production of poplar wood. On the other side
there is the interest of state regarding poplar planta-
tions. Plantations are very efficient in CO, consuming,
as shelterbelts, flood control, etc. Therefore, state can
stimulate the forest owners to invest in poplar produc-
tion in river banks in the future. The plantations grown
on more quality soil types such as alluvial semigley are
more profitable.

Nowadays, with the higher awareness of human
impact on the environment, benefit/cost analysis is in-
creasingly applied in the evaluation of forest social func-

(water supply, acidification and erosion control), land-
scape management, and greenhouse effect reduction.
Forestry is often unable to valorize all of its products
on the market, therefore the social community should
support forestry, in a way, especially in the realization
of the projects dealing with plantation forestry. One of
the forms of support could be to enable the use of ben-

tablishment of new plantations, which are considerably
lower than those in other production fields.

Losses from the pests and pathogens in hybrid pop-

environmental conditions can speed up inoculum pro-
duction and cause epidemic [43]. Because of high costs
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of poplar plantation establishment all losses from pests
and diseases must be kept as low as possible. Special
attention must be devoted to the survival of seedlings in
the first vegetation after planting. It was observed that
under the moderate attack of leaf pathogens [44], as it
was the case in this study, there is no significant loss of
height and diameter increments [45, 13].

CONCLUSIONS

On the basis of the analysis performed using the NPV :

method, it can be concluded that the studied plot for

the loss was about 1 586 €-ha™'. Investments in the
plantations of these rotations are acceptable only if !
the discount rates (4-6)%. Based on application of the :

susceptibility analysis, it was concluded that positive
financial effects can be realized by decreasing costs,
or by increasing receipts. The research showed that
the IRR for sample plot is 6.94. Sensitivity analysis of
IRR shows that the stand is very susceptible to chang-
es of incomes and outcomes. The analysis shows that
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