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I. INTRODUCTION

Taiwan's climate is ideal for eel farming. However, the eel industry in Taiwan
did not really grow until the latter part of the 1960’s mainly due to a lack of
demand for eel. As a result of increased demand for eel from Japan during the
past few years, both the area of eel farming and the prices of seed eel and eel
have increased rapidly. The total area of eel farms in Taiwan grew from about
60 hectares in 1966 to about 830 hectares in January 1972.» It is now estimated to
be in excess of 1,000 hectares. This rapid area expansion in Taiwan and the in-
creasing demand for seed eel® from Japan have resulted in a phenomenal rise in
the price of seed eel, from NT$60 per kilogram in 1966 to about N'T$ 60,000 in
March 1973 — an increase of 1,000 times the original price in seven years. In the
same period, the price of eel increased only about threefold.

The economic aspects will play an important role in the development of this
industry in the future. Past research has been primarily concerned with the bio-
logical and technical aspects of eel farming. This study is a modest attempt to
analyze its economic aspects and examine items such as the cost-revenue situation
and the market potentials of eel farming. It is hoped that the results of this study
will facilitate evaluation of the probable future of the industry,

This study is divided into three parts. The cost-revenue analysis is presented
in Section II. Section III discusses the price and demand for eel. A summary of
the findings and conclusions is presented in Section IV.

1) Including 683.86 hectares of rearing ponds and 148.26 hectares of nursery ponds.

2) The term seed eel in this study means the young eel that are used to stock the eel
pords. It includes the glass eel, which is seed eel in its earlier stage and is almost
transparent, and the elver, which is larger and of dark color.

3) US$1=NT$40 before 1973 and NT$ 38 at present.
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II. COST-REVENUE ANALYSIS

Profit is the goal of private investment. The future development of the eel
industry in Taiwan is mainly dependent upon the profitability of the investment in
this industry. There are several basic techniques for measuring the investment
profitability.

1. A payback period is simply the ratio obtained by dividing the original
investment in an asset by the gross annual profit expected before any allowance
for depreciation., It measures the number of years required for the gross earnings
on the project to pay back the original outlay. The most obvious defect of this
technique is that it does not measure profitability and ignores what happens after
a project has returned its investment.

2. The book return on book investment approach measures the profitability
by taking the ratio of average annual profits expected from the project to book
investment in the project. This method fails to take into account the timing of
expected earnings or of expected outlays.

3. The present-value method measures the present value of the associated
stream of net receipts discounted at the appropriate rate of interest, and subtracts
the initial cost of the investment. This statement can be expressed mathematically

as:

nev=%--Y o —c, (1)

NPV = the net present value
Y = the expected annual net profit
r = the discount rate
» = the initial cost of the investment
i=1...%n, the number of years in operation

In most investment processes, a large amount of capital outlay is necessary at
the initial stage of investment with returns accruing to the investor over a period
of time. A dollar in hand today is mare valuable than a dollar to be gained some-
time in the future. Therefore, the profitability of investment in the eel industry is
measured by the present value method in this study.

The net profit (Y) can be expressed as (R— C), where R is the annual gross
revenue and C is the costs, exclusive of initial investment. The gross revenue R
may in turn be expressed as (P X @), where P represents the average price of eel
and @ represents the'average amount of annual production. If the initial investment
has a salvage value (S), the formula (1) can be rewritten as:

— 2 -



_u (Pie@Q—C) |n_ S '
NPV = & 137 [C° <1+r)"] (2)

By assuming annual revenue and operatng costs to be constant, equation (2) can be
again rewritten as:

NPQ=Q.P [1" E,l,;‘t,’;),: ',',] — [C (1 - ,(lifli,,f)”.," ) + Co] + ‘,(1,,5*,,7_ (3)

The criterion of this measurement is that:
1f
NPV >0 investment in this industry would be profitable
NPV <0 investment in this industry would be undesirable
NPV =0  break-even condition

Given the production costs, the level of production and the discount rate, it is
possible to calculate the break-even price by using the present value formula. The
break-even price is the minimum price resulting in a zero net present value. By

assuming NPV = (), equation (3) can be rewritten as:

1—(Q4+nr  JT1—(Q+r)"" __ S
Q-P—*r——_c[ r J+C° (147"
~ c A+ 1
P=1Ctymy, 77 “1=0+77"| @ (4)
Y r

The criterion of this measurement is that if the expected farm price of eel is
higher than the calculated minimum price, investment in this industry would be
profitable. On the other hand, if the calculated minimum price is higher than the
expected farm price, it would not be feasible, from an economic viewpoint, to invest
in this industry.

The return per dollar of investment for the entire operating period can be
calculated as:

NPV
“C. (5)

where

_ S
Co=Co— g5y

and the annual average rate of return on investment would be:

NPV )
C. N (6)

where /NN = years of operation

There are two major species of eel in Taiwan: local eel, Anguilla japonica,
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Table 2. (continued)

Tétal annual operating cost
Harvesting rate |Price of glass eell Cost of feed - NT#$1,000/ha.)
() (NT3/each) (NT$/each eel) Under 3 ha. 3-5 ha. Over 5 ha.

5 { 8.5 1,462 1,418 1,386

10.5 . 1,582 1,538 1,506

10 { 8.5 2,062 2,018 1,986

- 10.5 : 2,182 2,138 2,106
- { 8.)5 2,662 2,618 2,5-85

10,5 2,782 2,738 2,706

2 { 8.5 3,262 3,218 3,186

10.5 3,382 3,338 3,306

5 { 8.5 ; - 1,564 1,520 1;{188

“10.5 1,708 1,664 1,632

0 { 85 | 216 2,120 2,088

€0 10.5 2,308 2,264 - 2,232
: 15 { 8.5 2,764 2,720 2,688

: 10.5 2,908 2,864 2,832

% { 8.5 3,364 3,320 ‘3,288‘

105 3,508 3,464 3,432
8.5 1,666 1,622 1,500

> { 10.5 1834 | 1,790 1,758

10 { 8.5 2,266 2,222 2,120

10.5 2,434 2,390 2,358

7 8.5 2.866 2,822 2,790
= { 10.5 3,034 2,990 2,958

8.b ° 3,466 3,422 3,390

Al { 105 3,634 3,590 3,558

leave their work to catch seed eel during the fishing season. The seed eel caught
are:usu‘ally s,oyl‘d to collectors who in turn sell them either to eel farmers or middle-
men. ' , '
~ The cost of seed eel varies with its price and the stocking rate. Seed eel in
Taiwan are of the same species those cultured in Jéi)an which in recent years
experienced a shortage. With the rapid increase in the culture area of eel in Taiwan
and the increaéing demand from Japan, the price of seed eel has risen a{bout 1,000
- times durihg the past 7 years. - No rise in price'yy of "any other commodity is com-
parable to this. The cost of seed eel accounts for about 41 and 73 percent of the
total operating cost in price levels of NT$5 and 20 (per individual), respectively.
The stocking rate varies with the farm size. According to the results of a field
survey, the smaller the farm size, the higher. is the rate ‘stugked? Too high stocking.
rate frequently causes high mortality rate and low growth rate due to shortages
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of oxygen and competition for food, In this study, the average stocking density
of 120,000 seed eel per hectare is used in the calculations,

The cost of feed is the second most important operating expense. The estima-
tion of the cost of feed (C,) is based on the levels of production (YV'), the conversion

ratio of feed to eel (R), and the price of feed (P,) as follows:
C;=Y-R-P,

Two types of feed are usually used;: trash fish (small fish of poor quality and
scraps from fish processing plants) and artificial feed. The conversion ratio of
feed to eel is in the range of 10.0-15.0: 1 in the case of trash fish and in the range
of 20-25:1 in the case of artificial feed. The average conversion ratios are used
in this study. The prices of both types of feed increased significantly during the
past few months. Both high and low prices are used in the calculations. The con-
version ratio and the price of feed are listed in the following table.

“ Table 3. Average conversion ratio and cost of feed

Average Average Feed cost
Type of feed conversion ratio price of feed/kg per kg of eel
Trash fish i 125 : 1 NT$ 4-5 NT$ 50.0-62.5
Artificial feed X 23:1 22-27 50.6-62.1

The quality of feed given per day is about 5% to 152 of the total weight of
the eel in the pond in the case of trash fish and about 195 to 3.5% in the case of
artificial feed. The older the eel, the higher the percentage of feed to total weight
of eel.

Labor costs vary with farm size as shown in the following table:

Table 4. Labor requirement per ha. by farm size

Under 3 ha. 3-5 ha. Over 5 ha.
Regular workers 2.20 2.10 2.30
Temporary workers 0.64 0.33 0.02
Total \ 2.84 243 2.32

The efficiency of labor increases with the increase in farm size. In large scale
operations, most work is done by regular workers. The wage rate is about NT$ 3,000
per month for male workers and about NT$ 2,400 for female workers.

The land used for eel farming may be purchased. However, the price of land
is increasing over time. It is likely that the land will be worth more,-at present
value, ten or twenty years later than it is now, Therefore, the purchase price of
land is not treated as one of the initial costs. Instead, the cost of land is treated
in the form of rent in this study.
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The other cost items account for a small pefcentage of the total operating cost
and are estimated on the basis of the information obtained from the field survey.
Annual production and revenue. Annual revenue is estimated as follows:

TR=(Q+R)-W.P (8)
where
TR = annual revenue per ha,
@ = number of seed eel stocked per ha,
R = harvesting rate (%)
W = average weight per eel at the time of harvesting
P = average unit price of eel

Based on the field survey, the average harvesting rate is in the range of 50-70
percent. The major factors affecting the harvesting rate of eels are: (1) disease,
(2) stocking density, (3) water temperature, (4) water quality and (5) food supply.
In this study harvesting rates of 50, 60 and 70 percent are used.

The price of eel is increasing over time due to increasing costs of production,
mainly the cost of the seed eel. The current price of eel is in the range of
NT$180-220 per kg. In this study, price levels of NT$180, 200 and 220 per kg are
used in the calculations (Table 5).

Table 5. Estimated annual revenue (NT$/ha) of Local Eel farming

Harvesting rate Production of eel Price of eel Annual revenue
(%) (kg/ha) (NT$/kg) (NT$ 1,000/ha.)
| 180 1,800
50 10,000 200 2,000
220 2,200
i 180 2,160
60 12,000 200 2,400
. 220 2,640
180 2,520
70 14,000 200 2,800
: 220 3,080

The length of the rearing period is in the range of 8-15 months due to differ-
ences in the rates of growth. The average rearing period of 12 months is used in
this study.

Discount rate. The discount rate should reflect the rate of return that might
rt'easonably be expected in an alternative investment. Decision makers use different
discount rates for various classes of expenditures to reflect differences in the degree
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of risk involved. If explicit allowance for risk and uncertainty is made in the
estimates of costs and revenues, the rate of return in a riskless investment can be
incorporated in the base discount rate. The risk and uncertainty of investment in
eel production is assumed to be higher than other fish farming at the present. In
this study, 10, 15, and 20 percent discount rates are used.

Salvage value. The normal physical life of fish ponds, buildings, and wells is
estimated to be about 15 years. However, the loss of value of these facilities due
to changes in farming technology or market demand is far less predictable than
their physical life. In this study we consider only the end of the physical life.
However, for those investors who are interested in knowing the cost-revenue situa-
tion for a short-term operation, calculations are also done for a 5-year term. In
this case the salvage value is estimated by the fixed percentage method. It is
assumed that the eel ponds and all other facilities can be shifted to other fish
farming purposes after 5 years of eel production.

Results of calculations

The estimated costs and revenues are substituted in equations (3), (4), and (6).
Calculations were done for four levels of price of seed eel, three levels of harvest-
ing rate, two levels of cost of feed, three levels of price of eel, three levels of
discount rate, two levels of length of operation, and three levels of farm size. The
results are summarized in the following sections.

Net present value. The harvesting rate and the level of price of seed eel make
a significant difference in the calculations as summarized in Tables 6-8. The present
values are all positive in cases where the price per seed eel (or elver) is NT$ 5 at
all harvesting rates and are all negative when the price per seed eel is NT$ 20.
When price per seed eel is in the range of NT$ 10-15, the net present values are

Table 6. Summary table of present value calculations for Local Eel farms
under 3 ha., 15 years of operation

Discount rate

. i
Harvesting 5 ;;‘éee‘ﬁ Cost of feed 10% | 1526 207
rate (NT$/each Price of eel
(NT$/each) eel) ‘ (NT$/kg)
‘ 180 200 220 ‘ 180 200 220 | 180 200 220
5 { 8.5 E + + + + + + + + !
I
10.5 P+ + + + + + + + +
8.5 e e
10 { 105
502 ' T
% { 85 T T T (.
15
10.5 e e I
{ 85 - - == = == = =
20
! 10.5 - - = - = == = =










positive only at the high levels of price of eel and harvesting rate. The higher
the discount rate used, the lower is the net present value. The large scale opera-
tion is more profitable than small farms due to lower unit construction and operat-
ing costs.

Minimum (break-cven) price of eel. The results of break-even price calculation
are summarized in Figures 1-6. A higher rate of harvesting and a lower level of
seed eel price result in a lower level of the minimum price of eel. The break-even
price of eel is in the range of NT$ 121-171 per kg between the harvesting rates of
70 and 50 percent when the price per seed eel is NT§ 5, and is about doubled
(NTS$ 249-357) when the price per seed eel is NT$ 20. The discount rate, the size
of farm and the period of operation also make a difference in the calculation. A
higher discount rate, a smaller farm size and a shorter period of operation result

Cost of feed NT810.5/each eel

[

Break-cven
price of eel

(NTS$/kg) —-—— Cost of feed = NT$ 8.5/each eel
Harvesting
[ rate=507% Harvesting
350 —————Z (4)} rate=60%
- - Harvesting
00~ (3 ——oo==-(4) |- rate=70%
2501 - § —(3) ————-Z-A4) Price of seed eel = NT$ 20/each
L ———== (2)- Tt ———-—-X3) Price of seed eel = NT$ 15/each
200} —()
L ——— (1)F ———---X2) Price of seed eel = NT$ 10/each
150f =—-""7" L ———— :
t- | -7 (1) ~——-—--X1) Price of seed eel = NT$ 5/each
Discount rate (%)

i 1 A 1 1 1 i 1 1
1007015 20 10 15 20 10 15 20
Fig. 1. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate
and discount rate for farm size under 3 hectares, 15 years of operation
Source: Appendix Table 4

Cost of feed = NTS10.5/each eel

Break-even
price of eel
(NT$/k ~— -~ - Cost of feed = NT$ 8.5/each ecl

ﬁgrvesting
3 [ rﬁiﬂ)—%- (4 Harvesting
50+ ————--- I- rate=60% Harvesting

300 ————=(3) ——T--(4) - rate=70%

r =
250 pepsps 0 D B b

L o= (2)) ——————=(3) Price of seed eel = NT$ 15/each
200 - oo (2) - T

- ——T (L)} —-T--_-=(2) Price of seed eel = NT$ 10/each
150 - oo - (1) Price of seed eel = NT$ 5/each

Discount rate (%)

1 1 1 1 ’
100776715 20 10 15 20 10 15 20
Fig. 2. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate
and discount rate for farm size under 3 hectares, 5 years of operation
Source: Appendix Table 5
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Fig. 3. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate
and discount rate for farm size 3-5 hectares, 15 years of operation
Source: Appendix Table 4
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Fig. 4. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate
for farm size 3-5 hectares, 5 years of operation
Source: Appendix Table 5

in a higher level of break-even price of eel. The difference in the calculated break-
even price is about NT$ 6 between discount rates of 10 and 20 percent, about NT$ 5
between large and small farms, and about NT$ 3 between 5 and 15 years of opera-
tion. The current farm price level of eel is in the range of NT$ 180-220 per kg.
In order to make the operation just break-even, the highest price per seed eel
should be in the range of NT$ 6-8, NT$ 8-10 and NT$ 10-13 when the harvesting
rate is 50, 60, and 70 percent respectively. Since the current price per seed eel is
about NT$ 12, the harvesting rate should be about 70 percent in order to make the
operation just break-even, The results of the calculations suggest that in order to
increase the net present value or to reduce the break-even price of eel, the harvest-
ing rate should be increased by reduction of the mortality rate and the price of

seed eel would then be reduced.



Cost of feed = NT$10.5/each eel
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Fig. 5. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate

and discount rate for farm size over 5 hectares, 15 years of operation
Source: Appendix Table 4
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Fig. 6. Relationship among break-even price of Local Eel, price of seed eel, harvesting rate
and discount rate for farm size over 5 hectares, 5 years of operation
Source: Appendix Table 5

Annual average rate of return on investment. The calculations are done only
for those estimates with positive net present values and the results are summarized
in Appendix Tables 6-8. The higher the harvesting rate and the price of eel, the
higher is the annual average rate of return on investment. The low levels of price
of seed eel and discount rate also resulted in a high level in the rate of return on
investment, The annual average rate of return on investment is in the range of
17-48 percent between the harvesting rates of 50 and 70 percent when price per
seed eel is NT$ 5. When the price per seed eel is NT$ 10, other things remaining
equal, the rate of return on investment is positive only at the 70 percent harvesting

rate, which is about 14 percent.



EUROPEAN EEL FARMING

With the rapid increase in the numbers of eel ponds, there has been a shortage
of seed eel locally. Because the price of locally produced elver has gone up tre-
mendously as mentioned earlier, some producers shift to the less costly imported

European eel.

Enumeration of costs and revenues

Initial capital cost. Since European eel farming is still in the experimental
stage, the farm size is usually less than one hectare. Therefore, the cost items are
estimated by only one level of farm size — one hectare. The initial costs are all
the same as those of local eel farms except the construction cost of eel ponds as
shown in Table 9. "Ponds for European eel are usually about 1.6 feet deeper than
those ponds for local eel farming and thus cost more.

Table 9. Estimated initial capital costs (NT$/ha.) of European Eel farming
l

Items ( Cost Remarks

Fish ponds NT$ 481,481 Concrete, 5 feet in depth, the average size of a
pond is 1/10 to 2/10 hectare.

Electric equipments 144,194 Including generator, cooling equipment and
electric wire and lighting.

Buildings 91,304 Including office, workshop, storage and living
quarters, etc.

Wells 46,804 1.5 wells per hectare on the average.

Water pump 27,200 10-15 H. P. per hectare.

Paddle wheel and 32,398 Acts as aerators, 1-2 set in a pond.

electric motors

Fence 37,931 Concrete column, wire and bamboo.

Nets 8,333

Truck & motorcycle 34,522

Mis. 18,087 Including meat grinder, feed mixer, watch dog,

furniture and other items.

Total 922,254

Operatling cost. Seed eel, feed, labor, and maintenance are the most important
cost items. The cost of seed eel is much cheaper than that of locally produced
seed eel. Three price levels of seed eel are used in the calculations: NTS$ 1, 2,
and 3 (per individual). The cost of feed is estimated by the same equation (7)
and the same information is used as in the local eel farming. Since the growth
rate of European eel is lower and the rearing period is longer (14 months instead
of 12 months on the average) than local eel, the level of operating cost is higher
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(Table 10). The cost of chemicals is also much higher than that in local eel farming
because the European eel is more susceptible to disease and parasites. /

Table 10. Estimated annual operating costs (NT$/ha.) of European Eel farming

Item Cost Remarks
Seed eel (1) | NT$ 120,000 | NT$ 1/each seed eel, with stocking rate of 120,000 individuals
2) 240,000 2/each seed eel, with stocking rate of 120,000 individuals
(3) 360,000 3/each seed eel, with stocking rate of 120,000 individuals
Feed (1) 102,000 | NT$ 8.5/each eel (low level), with harvesting rate of 10%
2) 306,000 8.5/each eel (low level), with harvesting rate of 30%
(3) 510,000 8.5/each eel (low level), with harvesting rate (;f 50%
(4) 714,000 8.5/each eel (low level), with harvesting rate of 70%
(5) 126,000 10.5/each eel (high level), with harvesting rate of 10%
(6) 378,000 10.5/each eel (high level), with harvesting rate of 309
(7) 630,000 10.5/each eel (high level), with harvesting rate of 50%
) (8) 882,000 10.5/each eel (high }evel), with harvesting rate of 7025
Wages 135,367
Maintenance 120,897
and repair
Electricity 41,238
Chemicals 50,365
Rent 27,370
Mis. 58,335

Table 10. (continued)

Harvesting rate Price of seed eel Cost of feed Total annual operating cost
(25) (NT$/each) (NT3/each eel) (NT$1,000/ha)
85 656
! { 10.5 680
8.5 776
10 2 { 10.5 800
85 896
3 { -10.5 920
"85 860
1 { 10.5 932
8.5 989
30 2 { 10.5 1,052
8.5 1,100
' 3 { 105" 1,172
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1 { 8.5 1,064
10.5 1,184
‘ { 85 1,184
50 2
10.5 1,304
5 { 8.5 1,304
105 1,424
L { - 8.5 1,268
10.5 1,436
{ 85 1,388
70 2
105 1,556
2 { 85 1,508
| 10.5 1,676

Annual production and revenue. European eel cannot tolerate high temperatures
and are volnerable to many diseases and parasites. The mortality rate is relatively
high. Total annual revenue varies with the harvesting rate (Table 11). In this
study the harvesting rates of 10, 30, 50, and 70 percent are used.

Table 11. Estimated annual revenue (NT$/ha.) of European Eel farming

Harvesting rate Production of eel Price of eel Annual revenue-

(%) | (kg/ba) (NT§/kg) (NT3/kg)
180 360

10 2,000 200 400
220 440
180 1,080

30 6,000 200 1,200
220 1,320
180 1,800

50 10,000 200 2,000
220 2,200
180 .2.520

70 14,000 200 2,800
220 3,080

The market prices of European and local eel are the same. The price level of
NT$ 180, 200 and 220 per kg are used in the calculations.

Results of calculations

The estimated costs and revenues are also substituted into equations (3), (4),
and (6). The calculations were done for three price levels of seed eel, four levels
of harvesting rates, two levels of price of feed, and three levels of discount rates.



Net present value. The results of the calculations are summarized in Table 12.
Again, the ha_x_-'v_v‘;estiih'g' fété, the price level of seed eel, and the price of eel make a
significant diﬁereﬁce in the calculations. The net present values are all negative
when the harvesting rate is 10 percent and are all positive when the harvesting
rate is over 50 percent. At the harvesting race of 30 percent, the net present value
is positive only at the lower price level of seed eel and higher price level of eel.

Table 12. Summary table of present value calculations for European Eel farms,
15 years of operation

Discount rate
Harvesting f;égeegf Cazgrgi fe;d; 10% 5% 20%
eac T
rate | (NTS/each) |  ecl) | Py
180 200 220 | 180 200 220 | 180 200 220
{ 85 - - = U U U
1
105 e — - - = |- - =
8.5 — = = = = = = = =
1025 2 { . .
10.5 | - - -1 - - |- = =
{ 8.5 - - — — — — — — —
3
10.5 — — — — — - — — —
1 { 8.5 + + + + + + + 3 i
10.5 + + + - + + - + +
85 - + + - + + — + 4
30% 2 { )
10.5 - + -+ — — 4 — — 4
{ 85 - _ -+ _ —_ -+ — — +
3
' 10.5 - -+ - - - - - =
1 { 85 +  + + + o+ + + 4+ o+
10.5 +  + + + o+ + + + o+
85 + 4+ + + o+ o+ e
509 2 { ) .
’ 10.5 + o+ o+ + o+ - + o+ o+
3 { 85 + +  + + + + + o+ +
10.5 r + o+ + 4+ |+ o+
1 { 85 + + + + + + + + +
105 + o+ o+ + o+ F + o+ o+
85 - - o+ + oo+ + o+ o+
70% . 2 : ) . .
10.5 + T+ o+ + T+ o+ + o+ o+
3 { 8.5 + T T S I
10.5 + o+ o+ + r + + 4+

Source: Appendix Table 12

Minimum (break-even) price of eel. ‘The results of the calculations are sum-
marized in Figures 7 and 8. A lower harvesting rate and higher price of seed eel



increase the minimum price of eel. The break-even price of eel is in the range of
NT$ 99-438 per kg between the harvesting rates of 70 and 10 percent when the
price per seed eel is NT$ 1, and in the range of NT$ 120-558 when the price per
seed eel is NT$ 3. The difference in the calculated break-even prices is about
NT$ 20 higher per kg for a 5-year operation than that of 15 years. Since the
current price per European elver is about NT$ 1 and the current price of eel is
about NT$ 200 per kg, the lowest harvesting rate is about 25 percent, compared
with 70 percent in the case of local eel production in order to make the operation
just break-even.

The results of the calculations suggest that in order to increase the net present
value or to reduce the break-even price of eel, the harvesting rate should be in-
creased.

The calculations are done only
for those estimates with positive net present values and the results are summarized
in Appendix Table 14. The higher the harvesting rate and the lower the price of
elver, the higher is the rate of return on investment. The high levels of eel price
also resulted in a high rate of return. The annual average rate of return on in-

Annual average rate of return on investment.

Cost of

B k-even eed =
reax-ey NT$10.5/each eel

price of eel

(NT$/kg) — ——— Cost of feed =
600 Harvesting NT$ 8.5/each eel
P rate=10%

550 />(3) Price of seed eel = NT$ 3/each

300~ />(2) Price of seed eel = NT$2/each
450 =7~
r />( 1) Price of seed eel = NT$1/each
400 ~
TO—T‘S——;O—- Discount rate (%)
{NT$/kg) (NT$/Kg) (NT$/kg)
2401 Harvesting | Harvesting L Harvesting
rate=30% 180l rate=507% 160} rate=70%
220 _—"_X3) -
N e
2001 -~ 2) L L —
//’_, 140~ />(2) 120[ /”___’:::—_ g)
1801~ —"_X1) - XD == 1%
I 120 -~ 100k —~----~
160~ o
% R e e &7
10 15 20 (%) 10 15 20 ( 10 15 20 (%)

Fig. 7. Relationship among break-even price of European Eel, price of seed
eel, harvesting rate and discount rate for 15 years of operation

Source:

Appendix Table 13
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(NT$/kg) ———~Cost of feed =
Harvesting NT$ 8.5/each eel
600 rate=10%

T

~=(3) Price of seed eel = NT$3/each
550 1 /

$ 2/each
500 - />(2) Price of seed eel = NT3$ 2/eac
450 / ~=11) Price of seed eel = NT$ 1/each

Discount rate (%)

400°

10 15 20
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rate=30% 180 rate=50% 160 rate=70%
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Fig. 8. Relationship among break-even price of European Eel, price of seed

eel, harvesting rate and discount rate for 5 years of operation
Source: Appendix Table 13

160

vestment is in the range of 8-78 percent between the harvesting rates of 30 and 70
percent when the price per elver is NT$ 1 and the price of eel is NT$ 200 per kg.
When the price per elver is increased to NT$ 2 and other things remain equal, the
annual average raturn on investment would drop to the level of 1-62 percent. The
annual average rate of return on investment in European eel farming is higher than
that in local eel farming at the same level of harvesting rate.

Seed eel (elver) farming. When seed eel are first caught, about 5,000-6,000 in-
dividuals (glass eel) weigh one kg. After 4-6 months, the weight increases to about

Table 13. Seed eel immports in Japan, 1969-1972

(in tons)
1969 1970 1971 1972
Taiwan 39 101 265 67
France 20 10 24 64
Korea 1 11 9 —
Italy — 6 |
England — 4 ' —

Source: Japanese Fish Culture News
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100 individuals (elvers) per kg. A large proportion of the seed eel were exported
to Japan before 1971 (as shown in Table 13). To conserve sufficient seed eel for
stocking the expanding local eel ponds, the Taiwan Fisheries Bureau now limits
the export of seed eel to the period of April 1st to September 31st. Talwan’s ex-

port of seed eel has dropped significantly since 1972. It is estimated that more
than 100 tons of European eel have been imported by Japan this year.

Enumeration of costs and revenues

The farm size for seed eel production is relatively smll. The cost items are
estimated on a one-tenth hectare basis. Both initial and operating costs are estimated
on the basis of the information obtained from the field survey of seed eel farmers
as shown in Tables 14 and 15. Annual revenues are estimated by using equation
(8) as shown Table 16. Three harvesting rates 70, 80 and 90 percent are used in
the Calculations along with two price levels of seed eel (NT$1,100 and 1,300 per kg).

Table 14. Estimated initial capital costs (NT$/0.1ha) of seed eel farming

Item Cost Remarks
Fish ponds NTS 52,500 Coigc;ettg.. 2‘%5fgiz Sm depth, the average size of a pond
Electric Equipment 7,188 | Including diesel engine, electric wire and lighting
Buildings 5,469 Ingtlzlcx.ding office, workshop, storage and living quarters,
Wells 2,038 | 0.4~1 wells per 10 ares.
Water pump 2,400 | 1.5-3 H.P. per 10 ares.

Paddle Wheel and

electric motors 4,891 | Acts as aerators, (0.5 set per 10 ares.

Fence 841 | Concrete column and wire.

Net 859

Truck & motorcycle 11,094

Mis. 3,125 | Including feed mixer, furniture watch dog, etc.
Total l 90,405 ‘[

Results of calculations

The estimated costs and revenues are substituted into equations (3), (4), and (5).
The calculations were performed for four levels of price of glass eel three levels
of harvesting rates, two levels of cost of feed, two levels of price of seed eel and
three levels of discount rates.

The harvesting rate and the level of glass eel prices make a significant differ-
ence in the calculation again. The net present values are positive only when the
price per glass eel is NT$5 at all the harvesting rates (Table 17). The break-even
price is in the range of NT$855-1,101 per kg between the harvesting rates of 90
and 70 percent when the price of glass eel is about NT$5. If the price per glass
eel is increased to NT$20, other things remaining equal, the break-even price would
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percent at the 70 percent harvesting rate,

90 percent harvesting rate (Appendix Table 18).
yields less returns than investment in local and European eel farming.

Break-even
price of eel

~—~~~ Cost eof feed

and in the range of 22-45 percent at the
Investment in seed eel farming
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Fig. 9. Relationship among break-even price of seed eel (elver), price of glass eel, harvesting
rate and discount rate for 15 years of operation
Appendix Table 17

Source:
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III. PRICES AND DEMAND FOR EEL

~

The calculations in the previous section indicate that the profit from cel farm-
ing can only be increased by reduction in the cost of production and by increase
in the harvesting rate from a production point of view. However, the previous
calculations also indicate that the higher the price level of eel, the higher are the
net present value and the rate of return on investment; the higher the market
price of eel than the calculated break-even price, the higher is the profit rate.
Therefore, the prospective future of this industry depends also on the price and
market demand for eel.

Japan is the most important eel producing and consming country in the world.
It is estimated that over 90 percent of the eel production in Taiwan has been
exported to Japan during the past few years. Taiwan’s exports of eel accounted
for about 0.4 percent of the total eel supply in Japan in 1969 and ebout 16 percent
in 1972 as shown in Table 18. It also accounted for about 96 percent of the total
eel imports in Japan. Therefore, the prospective growth of the eel industry in
Taiwan is dependent mainly on the Japanese markets.

The prices of eel in Japan vary seasonally. Prices begin to rise in the spring
and increase until it reaches its peak in July which is traditionally a month for
eel consumption. The prices for eel decline after July because of the declining
demand. During the past few years, the price level of eel has been increasing
because the production from domestic sources has been decreasing and this decrease
is due to poor catches of seed eel and disease.

Table 18. Eel imports from Taiwan as a percentage of total eel supply in Japan

Years Total eel supply® Imports from Taiwan Percenstﬁgglgf total
(tons) (tons) (2)
1969 26,581 98 0.4
1970 20,082 605 3.0
1971 18,502% 1,491 8.1
1972 20,3682 3,298 16.2

1) Including production from eel farms and natural waters and imports.

2) Estimated.
Sources: Japanese Yearbook of Marine Products and Bureau of Foreign Exchange, Central

Bank of China.

In order to understand the market aspects of eel sales in Japan, we should
know the functional relationships between demand for eel and the possible deter-
minants of demand such as prices and income. The following aggregats demand

function for eel in Japan is postulated.
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P, I
Q= (wercer)
Where
Q@ = total aggregate consumption of eel (tons)
P, = wholesale price of eel (1,000 Yen/ton)

I = current aggregate income (1,000 million Yen)
WPI = wholesale price index
CPI = consumer price index (all commodities)

The function states that aggegate eel consumption is related to the ratio of eel
price to other prices in the economy and real aggregate income, We hypothesize
an inverse relationship between eel consumption and eel price and a positive rela-
tionship between aggregate eel consumption and aggragate income,

The demand equation at the producer’s level based on annual average data for
1961-1970 is computed by the Least Squares Method. The results are as follows:

I

CPI R? = 0.96 (9)

P,
Q = 3,839 — 19.97 WPT + 1.03

(2.31)* (0.07)*
* Figures in parentheses are standard errors.

The results reveal a significant negative effect of increase in price of eel on
eel consumption and positive effect of increase in standard of living on consumption.
Both regression coefficients are statistically significant at the one percent level. The
coefficient of determination is 0.96. This means that 96 percent of the variance of
the quantity demande (@) can be explanined by the indepedent variables such as
price and income.

Once the demand equation has been estimated, the price elasticity of demand
(E3) for eel at the mean price and quantity can be calculated as:

_0Q P
Er=%p "0

=—098 (10)

This result tells us that a one percent change in price, income remaining equal,
causes a — 0.98 percent change in demand for eel.

The income elasticity of demand (E;) for eel at the producers level can be
calculated as:

Q I
T =173 (11)

E,'=

This equation suggests that a one percent change in aggregate national income
causes a 1,73 percent change in demand for eel, if there is not significant rise in
the price of eel. Since the aggregate national income is increasing rapidly, we can
assume, based on the above results, that the aggregate demand for eel is increasing
and will continue to do so if there is no significant increase in the price of eel.



In order to share the Japanese market, the following necessary conditions must
be met by the eel industry in Taiwan,

Py +Cn < Pj
or

Py < P;j—C, (12)
Where

P, = calculated break-even (minimum) price of eel
P; = the selling price in Japan under competitive conditions
C, = marketing and transportation consts from Taiwan to Japan

Three marketing channels exist: (1) local eel producers—~middlemen—Japanese
importers; (2) local eel producers—eel producers’ cooperative—Japanese importers;
and (3) local eel producer—Japanese importers, In all three cases, the marketing

cost can be calculated as:
Cun=Cs+Cs+Cy (13)
Where
C,=packing cost, air fare and commissions.

In the first case it presently costs about NT$40 per kg of eel. In the second
case, the eel producers’ cooperative ships the product of its mebers to Japan by
chartered airplane which costs about NT$20.50 per kg of eel. It costs about the
same amount (NT$20.50) for the third case.

C, = Japanese import duty which is about 5 percent of the selling price

in Japan
C; = Importers’s commission which is also about 5 percent of the selling

price in Japan.

The break-even (minimum) price (P;) of eel under various conditions were
calculated in the previous section. The marketing costs are relatively stable and
can be predicted. With the information provided in this study, eel producers in
Taiwan should be able to figure out whether it is possible to ship their products
to Japan without losing money. Since the prices of eel in Japan fluctuate seasonally,
local producers control their production and market their stock at times when
supplies are seasonally low, or when the prices are seasonally high in Japan. The
aggregate demand equation in Japan suggests an approximately unitary price
elasticity. If the rate of increase in supply from domestic and foreign sources,
such as Taiwan, mainland China, Korea, etc., are faster than that of demand in the
future, the price level of eel in the Japanese market is likely to fall.

There is presently no information available on the price and demand for eel in
the local markets. Eel is regarded as a luxury food item and is consumed mainly
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in restaurants. Since eel is rich in protein and vitamins, especially vitamin A, as
shown in Table 19, it would become a popular food item if its price could be
reduced significantly.

Table 19. Comparison of nutrition value of selecied fish
species and poultry products (unit/100 g)

Items Calories (Cal.) \ Protein (g.) . Fat (g.) Vlt(:}mén) A
Eel 249 20 18 3,000
Common Carp 178 22 9 20
Crucian Carp 103 17 3 50
Milkfish 136 21 5 292
Mackerel 114 18 4 50
Sea Bream 111 19 3 90
Marlin 128 23 3 10
Tuna 113 26 0.3 20
Shrimp 84 16 L1 100
Oyster 96 10 4 100
Poultry 129 21 5 40
Egg 152 13 11 800




IV. SUMMARY AND CONCLUSIONS

Profit is the goal of private investment. The future development of the eel
industry in Taiwan depends mainly on the profitability of the investment in the
industry. The profitability of the investment is measured by using the present
value method in this study. The net present value of the investment, the minimum
(baeak-even) price of eel and the rate of return on investment are calculated under
various conditions, such as farm sizes, harvesting rates, prices of seed eel, prices
of eel, cost of feed and rates of discount, There are two major species of eel in
Taiwan: Local eel and imported European eel, and two types of eel farming:
rearing the glass eel to table size for final consumption and rearing the glass eel to
larger size seed eel. The calculations are done -for each species and for each type
of operation. The results of the calculations indicate that the harvesting rate and
the price of seed eel (glass eel and elver) are the most important factors affecting
the profitability of eel farming, Further efforts for increasing the harvesting rate
and reducing the costs of production seem necessary. The results of the calculations
also suggest that the annual average rate of return on investment in European eel
farming is higher than investment in local eel and seed eel farming at the same
rates of harvesting. Since there is a shortage of supply of locally produced seed,
eel, research on the rearing of eel from other countries of origin also seems necess-
ary.

The calculations also indicate that the higher the price level of eel, the higher
are the net present value and the rate of return on investment; the higher the
market price of eel than the calculated break.even price, the higher is the profit
rate, Therefore, the prospects of this industy depend also on price and market-
demand for eel.

It is estimated that over 90 percent of the eel production in Taiwan has been
exported to Japan in recent years, The prices of eel in Japan fluctuate seasonally:
they increase from spring and reach their highest level in the summer and decline
after July. Local producers could control their production and market their stock
at times when supplies are seasonally low or when the prices are seasonally high
in Japan in order to inercase their profits.

The aggregate demand equation for eel in Japan suggeste an approximately
unitary price elasticity {-~0.98) and high income elasticity of demand (1.73). Since
the income is increasing rapidly, we can assume that the aggregate demand for eel
is also increasing in Japan, if there is no significant increase in the price of eel.

There are two events which may be important to the development of the eel
industry in Taiwan. First, both Japan and Korea are experimenting in indoor eel
farming. The rearing period of eel can be reduced from 2 years to 8 months



with a high harvesting rate under indoor farming conditions. There is no cost
data available for comparison. Yet since the production from indoor farms is
expanding, it indicates that indoor eel farming is technologically and economically
feasible. Second, mainland China has been doing research on eel culture in recent
years with the help of Japanese eel specialists and may become Taiwan's major
competitor in the Japanese eel market in the future.

The data used in the cost-revenue analysis are based mainly on the information
obtained from the field survey of 30 eel producers. They are considered reliable.
The marketing analysis is primarily based on Japanese data which are the best
data available for this study.
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