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ABSTRACT
Eucalyptus camaldulensis is one of the major fast growing 

exotics in Bangladesh. The paper attempts to determine the 
optimum cutting time and the profitability of plantation of the 
species for fuelwood in Bangladesh.

Optimum rotation has been determined in terms of volume 
production, turnover, forest rent, financial maturity (marginal), 
land expectation value (LEV) and internal rate of return (IRR). 
Sensitivity analysis has also been carried out to observe the effect of 
changes in different cost elements, reduction in yield and revenue 
on rotation. All decision criteria indicate an optimum rotation 
length in between 6 and 8 years in case of firewood plantation on 
average sites at 1.83 m x 1. 83 m (6' x 6') spacing.

Profitability at optimum rotation age has been calculated in 
terms of land expectation value and internal rate of return on the 
basis of Faustmann formula and yield production equations. 
Profitability analysis indicates the economic feasibility of plantation 
with high land expectation value of Tk 14,000 and internal rate of 
return 23%/ha at the age of 6 to 8 years. Sensitivity analysis here 
indicates that the plantation remains profitable for a wide range of 
relevant parameters.
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Zohar 1984). The species has been proved 
to be effective for fuelwood plantation in 
Tangail (Das et al. 1985), Sylhet (Chaffey 
1984) and in the rural marginal land 
(Kamaluddin and Bhuiyan 1985). This 
species has been recommended from the 
silvicultural aspects and its suitability to 
edaphic and climatic conditions. No 
systematic study has yet been done on its 
economic aspects of plantation in 
Bangladesh. Thus the objectives of this 
study are to determine optimum rotation 
for Eucalyptus camaldulensis as a 
firewood and examine the profitability of 
growing this species under the present

• management system in the country.

INTRODUCTION
The per capita consumption of timber 

(0.01 nr) and fuelwood (0.08 m^) in 
Bangladesh is one of the lowest in the 
world (Byron 1984). Due to increasing 
population the gap between supply and 
demand of forest products is widening 
day by day and the demand on output per 
unit area of forest land is also increasing 
tremendously. To meet this demand 
Forest Department in Bangladesh has 
started large scale plantation of 
multipurpose fast growing tree species. 
Eucalyptus camaldulensis is one of these 
major fast growing exotics. Bangladesh 
Forest Research Institute (BFRI) has 
started planting Eucalyptus in the year 
1978 for experimental purposes at several 
different Silvicultural Research Stations 
(Das 1982). After experimentation for five 
years, Eucalyptus camaldulensis along 
with two other species has been found 
well adapted in climatic and edaphic 
conditions of Bangladesh. Plantation of 
Eucalyptus on a commercial scale has 
been started recently in Bangladesh. It is 
now planted in Sylhet, Chittagong, 
Chittagong Hill Tracts and Cox's Bazar 
Forest Divisions and also in the village 
groves of the north and north western 
parts of the country (Das 1984). Except the 
nitrogen fixing ability, this species has all 
the significant qualities usually judged 
suitable for fuelwood and other industrial 
uses (Anon. 1980). Eucalyptus is planted 
on denuded and degraded sites. As such 
it is expected that the environment will be 
significantly inproved (Davidson 1985). It 
is a good fuelwood species (Davidson 1985) 
and is planted in different parts of the 
world for meeting the fuel demand 
(Anon. 1979, Anon. 1980, Prasad 1984,
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MATERIALS AND METHODS

Three types of data are needed for the 
present study-mensurational data, data 
on investment costs and data on 
revenues. Mensurational data are related 
to height, diameter and age of the trees. 
Most of the mensurational data were 
taken from the records of BFRI, which 
were collected from the six sites, Keochia 
(Chittagong), Lawachhara (Sylhet), 
Charaljani (Tangail), Charkai 
(Dinajpur), Chainda (Cox's Bazar) and 
Hathazari (Chittagong) during the period 
from December 1982 to November 1984. In 
January 1986, some more data were 
collected from Keochia (Chittagong). The 
investment includes the nursery, 
planting, weeding, harvesting, 
marketing and overhead costs. Data on 
these costs were accumulated from the 
records of BFRI. As the data on revenue 
from Eucalyptus firewood were not
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Periodic measurements of dominant 
height and diameter were reproduced 
from Ara (1986). In this investigation 
rotation for only fuelwood plantations was 
computed. The effect of stocking density is 
of the utmost importance if fuelwood 
plantation is to be economically 
established. In Bangladesh, the stocking 
density of 2990 trees/ha, i. e., a spacing of 
1.83 m x 1.83 m (6’ x ’6) has been 
suggested by Das (1984 b) for fuel wood 
plantation. Basal area was, therefore, 
calculated from the diameter on the basis 
of stocking density of 2990 trees/ha. Then 
MAI and total volume were calculated at 
different ages from the yield prediction 
equation of Eucalyptus camaldulensis 
assuming a fully stocked plantation of 
2990 trees/ha.

Direct costs of plantation 
establishment are (Chowdhury 1986) :

Nursery Cost and Planting Cost : 
BFRI estimated cost of raising 
seedlings to be Tk 1.25 per seedling. 
Assuming a fully stocked 
plantation of 2,990 trees/ha (1.83 m x 
1.83 m spacing) the total nursery 
cost amounts to be Tk 3,737.50/ha 
and the planting cost to be

available then, 1986 market price of 
fuelwood was considered for revenue 
calculation.

In the present analysis rotation of 
maximum volume yield, turnover, 
forest rent, land expectation value (LEV), 
internal rate of return (IRR) and rotation 
length under financial maturity were 
considered on commercial 
considerations. The rotation on land 
expectation value (LEV) was derived from 
the Faustmann formula (SATGA 1981) 
assuming weeding cost for first three 
years as follows :

Yr - C(l+P)r • C] (l+PW - C2 (1+P)r 2 - C3 (l+P)1-'3 d 
<i+P)r-i ' p

where Yr = expected total revenue 
per ha received in the r-th year, 
r = rotation length in years, 
e=overhead costs, C=costs of initial 
establishment per ha, Ci=weeding 
costs per ha in the 1-th year (1=1,2,3) 
and p=rate of interest in per cent.

IRR is the P value in the Faustmann 
formula when LEV is zero and the age at 
which P is maximum is the rotation age 
of maximum IRR.

Profitability has been calculated at 
optimum rotation age to examine 
economic feasibility of plantations with 
the investment criteria LEV and IRR. 
Calculation of profit at the current bank 
rate (11%) ignores a part of the 
opportunity cost (14.4%) incurred by the 
government for alternative investment in 
the industrial sector. But the government 
forestry in Bangladesh may justify a 
lower rate, because the earning of 
revenue from forestry does not consider 
the intangible benefits from forestry 
which contribute to national welfare. 
Thus, 11% seems to be a reasonable 
interest rate for profit calculation.

Same LEV is possible under different 
lengths of rotation and also under 
different levels of investment. Thus LEV 
is not a good index of profitability. It, 
however, provides an estimate of relative 
profitability. Because of the above 
drawbacks IRR has also been calculated. 
It is considered to be a comprehensive test 
for an investment because the difference 
between the IRR and the rate of interest 
(opportunity cost of capital) can provide a 
measure of net returns on the capital 
investment (Gupta 1979).

Investment costs for plantation and 
expected revenue earnings have been 
calculated as follows :
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using 980 kg/m3 at the standard density 
(12% m. c,).

Before converting the actual yield 
volume into money returns, allowance 
must be made for various risk factors to 
which the plantation is liable. These risk 
factors are of several categories, such as 
mortality and damage by animals, 
insects, wind, drought, fire, etc. Thus, to 
calculate money return (Total revenue), 
all values have been reduced by 20% as 
done in Uganda for E. grandis (Kingston 
1972). But 20% reduction may not always 
be sufficient to get the value of actual 
output. Therefore reductions by 30% and 
even 50% in yield have been tried.

The values of dominant height, 
diameter, basal area, MAI and total 
volume at different ages are given in 
Table 1. Total revenue (column 7) has 
therefore been computed by multiplying 
Tk 882.30 with the values in column (6) 
reduced by 20%, while mean annual 
value growth (column 8) is obtained by 
dividing column (7) by culumn (1).

Table 1 shows that MAI and mean 
annual value growth are maximum at 
the age of 8 years. Therefore, 8 years is 
the rotation age of maximum volume 
production and also of maximum 
turnover. To calculate the rate of return 
(column 9), the expected change in total 
revenue during a selected period is 
divided by the total revenue (column 7) at 
the beginning of the period. The 
calculation shows that, if the rate of 
return of the best alternative lies between 
8 and 15 per cent, the optimum rotation 
reduces to 7 years. When the alternative 
rate of return is 7%, optimum rotation 
will be 8 years.

Using column 7 (Yr value in the 
Faustmann formula) of Table 1 optimum

1986 market price of fuelwood was 
Tk 1,176.40/m3. This price has been 
imputed to Eucalyptus firewood for 
estimating revenue as it is not yet 
marketed. Hence net revenue of 
harvesting and marketing cost is 
Tk 882.30/m3, obtained by deducting 
harvesting and marketing cost from the 
price of fuelwood. Firewood is usually sold 
by weight but not by volume. Necessary 
conversions have, therefore, been made by

Tk 1,606.18/ha. Thus the initial 
establishment cost (C) of plantation 
stands at Tk 5,343.68/ha.
Weeding Cost : Four weedings in 
the first year of plantation and three 
weedings in the second year have 
been considered. Thus weeding 
costs per hectare for the first 
year (Ci) and for the second year 
(C‘2) stand at Tk 1,482.68 and 
Tk 1,111.97 respectively at the rate 
of Tk 370.66/ha. But weeding in the 
third year may be necessary for 
Eucalyptus plantations. So weeding 
cost (C3) has also been considered.

Harvesting and Marketing Cost: 
Cost of harvesting and marketing of 
E. carnaldulensis as firewood has 
been assumed to be Tk 294.10/m3 on 
the basis of other indigenous 
fuelwood species.

Indirect Costs : The indirect costs 
(overheads) consist of 
administration and supervision 
costs. The present overhead cost (e) 
is estimated to lie within the limits 
of Tk 111.20/ha to Tk 148.26/ha per 
annum (Chowdhury 1986). 
Thinning cost has not been 
considered, because no thinning 
was done. Cost for land has not also 
been taken into consideration.
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The optimum rotation length of 8 
years for maximum mean annual 
increment found in this study, seems to 
be plausible as compared with that in 
some other countries. The rotation of 
maximum volume production of E. 
tereticornis has been found to be between 7 
and 8 years on better sites and between 9 
and 12 years on poor sites (Pandey 1983). 
The rotation of maximum volume 
production for E. grandis lies between 
three and seven years in Uganda 
(Kingston 1972). Optimum financial

that reduction in yield of above orders has 
no effect on the rotation length of highest 
Forest Rent. Table 4 also indicated that 
rotation length of maximum LEV and 
maximum IRR increases with the 
reduction in yields. It is evident from 
Table 5 that rotation length does not 
change when weeding cost in the third 
year of planting has been included in 
Faustmann formula. Table 6 has been 
computed to find the effect of increase in 
the costs of logging, transportation and 
marketing (output price and other costs 
remaining same) on the rotation length of 
maximum LEV and highest IRR. It is 
found that rotation of maximum LEV (at 
11% interest rate) has changed from 7 & 8 
years and rotation of maximum IRR has 
changed from 6 to 7 years when 
marketing and harvesting costs are 
doubled.

All the rotation criteria show that the 
optimum period between establishment 
and harvesting of E. camaldulensis in 
Bangladesh must be from 6 to 8 years 
(Table 7). The rotation of maximum 
volume production at 8 years of age is 
found compatible with related economics 
too, because the rate of return at this age 
is 7.57 per cent (Table 1) which signifies 
the earning by capital investment. Also, 
other financial rotations lie between 6 and 
8 years.

rotations for highest rent, maximum 
LEV and maximum IRR have been 
calculated (Table 2). Weeding cost in the 
third year (C3) is not considered. Forest 
rent (column 3) has been calculated by 
deducting costs at each age from the 
corresponding total revenue (column 2) 
and then dividing it by the age. Here 
interest charge has not been taken into 
account. Columns (4) to (6) measure the 
LEV's in the Faustmann formula at 11, 
15 and 20 per cent interest rates 
respectively. Column (7) measures the P 
values in the Faustmann formula for 
which LEV is zero. These P values are the 
IRR’s. Table 2 shows that the optimum 
rotation of maximum LEV is 7 years and 
6 years for the given rates of interest. 
Rotation length based on maximum forest 
rent and maximum IRR is of 8 and 6 
years respectively.

Since the analysis assumed constant 
price of inputs and outputs and constant 
reduction rate in yields, it was considered 
desirable to study the impact of variation 
in these factors on rotation length and 
also on net return. A sensitivity analysis 
has therefore been carried out to observe 
whether the length of rotation based on 
LEV, IRR and forest rent criteria 
changes with the change in cost 
elements, reduction rate in yield and 
revenue per cubic meter respectively.

For determining rotation of 
maximum LEV and maximum IRR at 
different cost combinations, IRR and LEV 
(at 11% rate of interest) have been 
calculated for three sets of overhead and 
initial establishment cost in Table 3. It 
has been found that the length of rotation 
remains the same at 6 and 7 years 
respectively as in Table 2. Table 4 has 
been computed for LEV, IRR and Forest 
Rent, considering yield reduction by 30% 
and 50% respectively with the same cost, 
figures as in Table 2. It has been found
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Table 2. Forest Rent, Land Expectation Value (LEV) and Internal Rate of Return (IRR) 
from#, camaldulensis Plantations.

Table 1. Mean Annual Increment (MAI), Mean Annual Value Growth and Rate of Return 
fromE. camaldulensis Plantations in Bangladesh

Age 
Year

Age
Year

Diameter
Cm

Forest 
Rent

Tk/ha

to lower interest in Uganda and lower 
IRR value in South Africa, the optimum 
rotation was found longer than that in 
Bangladesh.

Mean Annual Value Growth
Tk/ha

Dominant He cht
M

Total
Revenue
Tk/ha

Total Revenue
Tk'ha

Rate of Return 
%

Volume Yield 
rrAha

Basal Area 
m2ha

rotation for E. grandis in Uganda has 
been found at about 12 to 15 years. In 
South Africa all the criteria indicate an 
optimum rotation of at least 11 years. Due

MAI
na



C=Tk 5591.00C=Tk 5343.68Age
e=Tk 148.26e=Tk 111.20e=Tk 148.26e=Tk 111.20Year e=Tk 148.26e=Tk 111.20

21.622.022.422.9 22.55

22.5*22.8*22.8*23.1*23.5* 23.2*6

21.722.022.022.322.6 22.3

20.921.121.121.321.6 21.38

Land Expectation Value (LEV) in Taka at 11% r. i.

10510.6010848.5111152.52 10815.6111456.85 11118.945
12919.0113255.9213185.4713787.38 13450.47 13522.386
13205.75*13635.82*13538.13*14112.95* 13776.05* 13875.04*7
13205.7513542.6613424.808 13979.56 13642.65 19761.71

* Maximum value; r. i. = rate of interest

C = nursery and planting cost; e = overhead cost

IRRForest IRR LEV atAge

Year Rent Rent11% r. i. 11% r. i.% %

Tk Tk Tk Tk

5 2031.51 7566.33 19.3 965.69 -212.70 10.7

20.5*6 2512.28 9901.03 1384.70 2128.32 13.3

7 2756.87 1613.4110399.07 20.1 2956.30 14.0

8 2946.49* 10431.52* 1789.36*19.4 3335.45 14.1*

9 2879.18 1772.788909.90 2518.77 13.9
* maximum value; r. i. = rate of interest
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Table 3. Internal Rate of Return (IRR) and Land Expectation Value (LEV) from E. 
camaldulensis Plantations raised in Bangladesh under different cost conditions

30% yield reduction
LEV at

Cost Levels
C=Tk 5467.00

______50% yield reduction 
Forest

Table 4. Effect of yield reductions on Forest Rent, Land Expectation Value (LEV) and 
Internal Rate of Return (ERR) of E. camaldulensis Plantations raised in 
Bangladesh

Internal Rate of Return (IRR) in per cent
21.1



Age Forest Rent LEV at 11% IRR
Year Tk r. i. %
5 2490.29 10789.21 22.2
6 3014.30 13204.99 22.9*

3275.65 13590.09* 22.1
8 3478.73* 13500.78 21.2
9 3391.20
* maximum value; r. i. = rate of interest

Total Revenue (Tk/m^)

Tk’735.25 Tk 588.20
Age Harvesting and Marketing Cost increased by
Year 509; 100%

LEV at 11% IRR LEV at 11% IRR

interest rate interest rate %%
TkTk

5 1083.806269.82 18.0
6 8605.57 19.5* 3423.77 14.7
7 15.2*4195.939154.44 19.2

8518.13*8 9248.84* -15.118.7
9 3583.937844.72
* maximum value
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Table 6. Changes in the Land Expectation Values (LEV) and Internal Rate of Return 
(IRR) of E. camaldulensis plantations raised in Bangladesh, with variation in 
Total Revenue per cubic meter

Table 5. Effect of inclusion of weeding costs in third year after planting of Forest Rent, 
Land Expectation Value (LEV) And Internal Rate of Return (IRR) of E. 
camaldulensis Plantations raised in Bangladesh.
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Max forest rent 8

No changeNo changeNo change8*

8 Yr***8 YrNo change7
6

8 Yr***No change 8 Yrreturn (%) 7
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Max volume production
Max turnover

Age

Year

No change

No change
No change

No change

No change
No change

Financial maturity 
(Marginal) approach 

Max Land Expect. Value 

(at 11% r. i.)

(at 15% and 20% r. i.) 

Max internal rate of

Table 7. Optimum Rotation for E. Camaldulensis plantations in Bangladesh by different 
methods and their sensitivity to changes in certain conditions

Change in rotation due to change in 

Yield

Profitability analysis indicates the 
economic feasibility of plantation of the 
species in Bangladesh under the existing 
system of management with LEV (11% 
interest rate) of about Tk 14.000 and IRR 
around 23%/ha at the rotation age of 6 to 8 
years (Table 2). At 20% rate of interest the 
LEV (present value of the net profit) 
comes down to Tk 1.086.11 and 
Tk 2.017.40. So it is clear that plantation of 
this species is profitable even at 20% rate 
of interest. On the other hand, the 23% 
IRR value at the optimum rotation age 
means, that plantation of this species will 
be profitable until the existing bank rate

for 50% yield reduction
harvesting and marketing cost doubled 

r. i. = rate of interest; — not calculated

No change

No change
No change

The investigation shows indicative 
results inspite of some limitations. Given 
due allowance for the drawbacks, the 
results of this study can serve as a useful 
guide for deciding upon the cutting time 
of Eucalyptus plantation in Bangladesh.

increases to 23%. Changes in 
different cost elements, loss of yield and 
the revenue/m^ also indicate that the 
plantation remains profitable for a wide 
range of parameters as shown in Table 3 
through Table 6.



Ali,

54

1984a. Nursery technique for 
Eucalyptus species. Silviculture 
Research Division, Bulletin No. 1. 
BFRI, Chittagong.

1984b. Management technique for 
raising Eucalyptus plantation. 
Silviculture Research Division, 
Bulletin No. 2. BFRI, Chittagong. 
29 pp

Finally, it may be concluded that the 
plantation of Eucalyptus camaldulensis is 
economically profitable and has immense 
potentiality of solving the scarcity of wood 
in Bangladesh in the shortest possible 
time.
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