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PREFACE

As .is generally known, there has, been some s1gmﬁcant progress in
agricultural development in Taxwan in the last dozen years But as economic
development goes on, we have encountered-vcertam difficulties, among which
the most important are (1) lack of a sound basis for the allocation of capital, .
(2) lack of a suitable institutipnal structure to link up savings with invest-
ment, and (3) lack of long-term financing. ’

Any one of these obstacles to economic development is bad enough,
but lack of a sound basis for the allocation of capital can have serious
effects on the disposition of industries and the balanced development of the
entire economy. This, together with capital shortage and uncertain sources
of capital fund, has sometimes resulted in the misallocation of scarce
capital for economic development.

In view of the importance of developing criteria for the effiicient allo-
cation of capital in Taiwan, the Sino-American Joint Commission on Rural
Reconstruction (JCRR) has taken a keen interest in this problem and made,
over the years, some economic evaluation of its projects to find a proper
solution for it. But as the problem has wide-ranging ramifications and any
study of it must take into account the generation and financing of capital
fund as well as its allocation, it has bg¢en necessary for JCRR to call upon
the services of experienced experts in making this study.

~ For this purpose, _fhe Rural Economics Division of JCRR, of which I
was then chief, initiated in 1959 a series of study projects on irrigation
investment. Funds were granted to the irrigation economists group of the
Provincial Water Conservancy Bureau to carry out field surveys and studies.
The first study was-made on problems relating to water-fee collection and
the financial status of 'various irrigation associations in Taiwan.. -As irriga-
tion investment is one of the most important activities of JCRR’s agricul-
tural development program, how. to develop proper investment criteria for
an efficient allocation of capital among irrigation projects was therefore
selected for initial study. Since then, studies on’ irrigation investment have
been broadened to cover economic evaluations of both large-scale and small-
scale irrigation investments and private. pumping of ground water, etc.



In 1961, Dr. Edward L. Rada, -Associate Professor of the University of
California at IL_os Angeles, was invited to spend a part of his time with
JCRR during his stay in Taiwan from October 1961 to July 1962 as visiting
professor in economics at the Soochow University in order to make an
intensive study of the subject. Mr. T.H. Lee, senior economist of the Rural
Economics Division, has served as his co-worker. In a period of about ten
months, they devoted their entire time to the .collection of statistics, data
analysis, field investigation, and the drafting of a report.

As pointed out by the authors of this Report, two of our problems in
Taiwan are capital shortage and its relation to agriculture. Capital shor-
tage has to do with the sources and allocation of investment capital, while
the relation of capital ‘shortage to agriculture is a question of the capital-
intensive methods employed in agriculture, principally investments in irriga-
tion, to increase food supplies. Having discussed these two problems in the
first part of their Report, they go on to explore the question of criteria in
connection with irrigation investments. They approach this matter from
three points of view: (1) a given project’s economic feasibility, (2) the
economic priority of different projects, and (3) the repayability of project
costs. Finally, Dr. Rada and Mr. Lee apply the criteria thus developed to
a specific irrigation investment, the Ta-Pu Reservoir Irrigation Project. which
is in the nature of a case study.

This expert study represents a successful follow-up of previous JCRR’s
work for the intensive observation and analysis of irrigation investment
problems in the context of agricultural development in Taiwan. Its authors
have made several suggestions and recommendations which should prove
to be valuable to the government agencies in working out economic and
agricultural plans in the future. Incidentally, this Report should also be
of interest to other developing areas whi’ch,‘ like the Republic of China,
are confronted with the problem of developing agricultural programs for
the more effective use of scarce capital resources.

L el

S. C. Hsieh
Secretary-General
January 1963
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'IRRIGATION INVESTMENT IN TAIWAN

—An Economic Analysis of Feasibility, Priority
and Repayability Criteria—

SUMMARY AND CONCLUSIONS

1. Irrigation is vital to Taiwan’s intensive agricultural production.
Abou't 60 percent of all cultivated areas in 1960 was irrigated; 53 percent pro-
duced double-paddy rice. The potential paddy land is about 85 percent of total
arable land. Each one percent increase in irrigated area has been associated
with a 1.164 -percent .increase in the multiple-crop index and about a
NT$ 100 million increase in the real value of agricultural production.

2. Irrigation partly accounts for the long-run decrease in the average
size of farm by increasing the net value of output per hectare and thus
encouraging more farming families. The average size of farm remained
fairly stable, at about 2 hectares, until the 1925-40 period when the irri-
gated acreage was rapidly expanded. From 1940 to 1960, net irrigated
acreage remained almost constant but the average size of farm continued to
decrease (assisted along by commercial fertilizer) to a 1960 level of about
1.15 ha. per farm. Approximately .75 hectares of paddy land were needed
in 1960 for a farm family to break-even financially; 45 percent of all farms
were below this minimum level. Small farms created little or no surplus
capital and they reported a high capital-output ratio. Most of their capital
was tied-up in non-liquid land and buildings. To avoid more and more
subsistence farming, higher surplus value crops than rice ought to be en-
couraged for the small acreages and/or larger-scale farming facilitated.

3. In spite of decreasing farm sizes and the resultant squeeze on the
economic surplus of small farmers, farmers’ savings ratios were rising—
the aggregate savings from disposable income in 1960 was about 16
percent ‘and slightly above the savings ratios in the 1930’s. Rapidly rising
farm prices in the late 1950’s and a comparatively stable consumption
level accounted for the increasing saving’s ratios. Farmers were in es-
pecially good shape financially after the 40-percent rise in rice prices in
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1960. Their current assets exceeded total liabilities and their only long-
term debts were the final payments due for land acquired under the land-
- reform, program. The farmers’ long-term indebtedness in Irrigation As-.
sociations was only about 3 percent of .their aggregate net worth of NT$113
billion. '

" 4. Comniparatively; Taiwan’s farmers. were not' paying enough for frri-
gation water. They were paying nearly four. times as much for commercial
fertilizer per hectare per year ‘as for water.. The average water fee (ordinary
and special) per hectare assessed (a flat rate and not related to the quan-
tity of water used) by ‘the 26 Irrigation Associations in 1960 was' NT$ 472,
Farmers buying water f_rom private well owners in Southérn Taiwan were
paying as high as NT$6,600 per 'hec_tare in 1962 and more than. NT$ 4,000
for' the first crop. )

5. During the 1950’s, of the estimated NT$2 billion spent en irri-
gation, 'some NT$276 million were govefnment"subsidies and another
NT$ 253 million were JCRR loans. Only 30 percent of the total outlay
was for investment, the rest was mainly ‘foz_' maintenance and repair
expenses, which’ had accumulated because of neglect in the 1930’s, war
damage in the 1940’s, and recovery adjustments in the 1950’s.

6. The water revenues collected by Irrigation Associations were dis-
tributed to three uses: operating costs, repayment of loans, and investment
outlays. The ordinary fee was meant to cover all operating costs. From the
evidence available, the ordinary fee assessed had not been adequate to cover
the total adminis'trative,' maintenance, repair, and replacement costs. (The
accounting records of - Irrigation Associations for the 1950-57 period did
not contain such detailed .receipt-disbursement information.) The special
fee was collected to repay loans. Benefited farmers were expected to
repay irrigation loans in a very short time. (10 to 15 years) relative to
the economic life of the investment; consequently, there was'much forced.
ex-post saving. Of the 26 associations, 17 were collecting special fees for
the repayment of irrigation loans in 1960. The fees ranged from NT$1.69
per hectare to NT$ 250.34. No monies were collected for investment pur-
poses until the Joint Construction Fund was started in 1959. The monies
" for the Fund are collected as part of the special fees. Some Associations
have receipts from other sources, such as fish revenues, land rentals and
sales.
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7. If water were priced on the basis of full cost, the price would include
the operating costs and a charge for depreciation and interest on the in-
vestment for the full economic life of the project. The price would likely
be lower (but for a longer period) than the present forcéd-savings price
charged indebted farmers but higher for those free of an irrigation-invest-
. ment ‘debt. If water were priced relative to the strength of demand (value
of water to farmers)-there would be a substantial rate of profit for virtual-
ly all Associations. Whether based on full cost or maximum revenue,
_ average water prices would be substantialy above existing rates and a
large revolving investment fund could be accumulated from depreciation,
interest charges, and profits for. reinvestment in new projects.

8. Water pricing will become more complicated as more and more water
is sold to non-farmers, cities and industries. In the Ta-Pu area, for ex-
ample, the pulp paper companies were paying the same rate per hectare
for water as were farmérs. The govérnment may need to revise its in-
stitutional and geographical organizations dealing with water. Perhaps
one regional or water-basin authority would be advisable to allocate” and
‘price water among i1ts many uses. Irrigation .will remain as the major
consumptive.use for some time to come but more and more water projects
are likely to be multi-purpose projects.

9. The irrigétion projects underway and scheduled for completion in
the 1960’s will require an estimated N'T$ 6.6 billion investment; more than
all of the irrigation investments of record since 1900. The multi-purpose
reservoir projects will. require more than NT$ 20,000 per hectare investment
while the groundwater-pumping projects can be constructed for as low as
NT$ 3,000 per hectare. 'The major obstacle to the expansion of irrigated
acreage appears to be the lack of long-term investment funds at a satis-
factory interest rate.

10. As of early 1962, Taiwan had no private long-term money market.
Long-term loans (over 5 years) were being made by and through govern-
ment agencies. A 50-percent subsidy and 6-percent rate were traditional
for irrigati'on investments since Japanese-occupation days; farmers came
to expect such terms. However, with short-term rates at 18 percént or
more per annum, and inflation at 8-10 percent each year, the continued
.subsidization of irrigation with foreign-aid funds was considered unecono-
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mical and inflationary. In 1960, American "AID authorities stipulated 12
percent per annum and no grants for future irrigation projects. This action
left irrigation development in limbo until all proposed irrigation projects
could be reevaluated in terms of the new standards of economic feasibility.
The recently completed Ta-Pu Irrigation Project was selected for the restudy
of feasibility standards. '

11. Based on agriculture’s healthy balance-sheet position and the low
fees paid for water, there is strong reason to believe that Irrigation Associa-
tions could generate internally much of their own .irrigation investment
capital. If all Taiwan’s farmers belonging to Irrigation Associations paid
the same water fee, varied only by the type of land farmed, the amount
collected in excess of éach Association’s ordinary and special fees could
go into a revolving investment fund. For example, a flat assessment of
NT$1,000 per* hectare per year for irrigation water would leave an average
of about NT$ 500 per year for an investment fund. This assessment would
generate about NT$ 250 million annually. However, farmers contributing
to the fund ought to be paid a reasonable rate of interest on their con-
tribution. As of’ 1962, farmers received no interest on the money they
contributed to the Joint Construction Fund; the borrowing associations paid
6 percent and the contributing associations received 5.5 percent. Eventually,

"all or part of these monies could be refunded to the contributors. In other
words, the institutional structure required to make collections was in
operation, although it needed strengthening in many ways, but the in-
centives for farmers’ cooperation and participation were missing. Because
of the large irrigation-investment needs, a system of priorities would have
to be established if annual disbursements were to remain within the
capacity of the revolving fund.

12. In view of the substantial rice-price tax paid by farmers before
1959, due to the price spread between the free-market farm price and the
Provincial Food Bureau’s official price, and the hidden tax collected from
the farmers under the fertilizer-rice barter system, it would appear that

* In this connection, it should be noted that the ordinary water fee was nearly doubled to
NT$500 per hectare per year after the August Flood of 1959. As the new assessment has
already proved difficult for the Irrigation Association to collect, a flat assessment of NT$ 1,000
may be too high for the farmers to pay under the present fertilizer-rice barter system with
associated hidden taxes, Consequently, our recommendation on increasing the water fee to NT$
1,000 per hectare per year is made on the basis of suggesting that farmers contribute one half
of this amount to an investment fund which could be entitled to a reasonable interest payment,
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either farmers were entitled to a.generous subsidy from the Food Bureau
on their irrigation repayments or a generous contribution to the investment
revolving fund. The latter would beé more equitable to the farmers with
an adequate supply of water. '

13. Irrigation was but one of the mény investments competing for
public funds. A national system of priorities was urgently needed to ration
limited funds to the numerous claimants according to their contributions
to the counfry’s economic development. Puplic investments ought to be
categorized, for ihstanée, by (1) national resource developments, such as
water resources, flood control and forest roads; (2) ndtional welfare, such
as schools, hospitals, and so forth; and (3) the nation’s infrastructure,
such as roads, communications, power,. and certain amounts budgeted an-
nually for each group.

14. All public investments within categdries ought to be compared by
the same standards. If a 12-percent discount rate were agreed upon for
the compﬁtation of present costs and benefits, it should apply as the cut-off
rate for all public investments. The cut-off rate could be lowered when
the long-term market rate approximated or fell below the 12 percent level.
The actual selection of projects ought to-be on the basis of the anticipated
rate of return on each investment. On the basis of this priority schedule,
the projects - returning their investmerits the quickest would be initiated
first. Cost and benefit methods, howeyer, must be uniform among projects
and the computations carefully checked.

15. The preliminary analysis of the Ta-Pu irrigation project underes-
timated total costs (pﬁblip and private) by more ‘than 50 percent and
overestimated anticipated benefits. A careful post-project economic restudy
reduced benefit-cost ratios.to 1: 1.11, if only direct benefits were included,
and to 1:1.35, if intangible benefits were added. ‘A 13-percent rate of
return was calculated for the total Ta-Pu irrigation, investment, which
would justify a 12-percent interest rate on -borrowed funds. The incre-
mental rate-of return on farm capital averaged only 9.53 percent, however,
in view of the large increase in farm-land values after irrigation and of
most benefits planning to the many small, overcapitalized farmers. Repay-
ment capacities, based on an averaée 40-percent living-allowance allotment
from irrigation benefits, ranged from NT$ 1,405 per hectare, to a high of

—5—-



NT$6,200; a median of NT$ 3,412 and an average of NT$3,667. The
average amount required to repay total costs in 50 years at 12 percent
per annum would have been NT$5,483 per hectare. To have repaid this
amount, some farmers would have had to reduce their farm investment or
consumption below their pre-irrigation levels, unless granted special repay-
ment terms.

16. In view of the wide range in farmers’ repayment capacities, their
compulsory participation in the project, the unequal private benefits, and
an estimated 19 percent of total benefits aceruing to the public, subsidiza-
tion of the Ta-Pu project was justified. Whether the subsidy as granted,
a 53.5 percent grant of construction funds and the loan balance to be
repaid in 12 years at 6 percent was justified, is open to question. A longer
repayment period would have been in order in view of the expected 50-year
economic life of the 'Ta-Pu project. Any lengthening of the repayment
period up to 50 years would have reduced the amount of subsidy required.
Many other financial alternatives and subsidy-combinations were possible.



CHAPTER |

INTRODUCTION

One of the problems common to all technologically-developing countries
is .the allocation of scarce resources to employments that will perpetuate
rapid economic growth. Employments favoring high economic returns and
internal and external (foreign exchange) savings are ‘to be preferred. )

Free China (Taiwan) is a lesser-developed country, and faces growth
problems similar to other such countries. As of 1959, Taiwan ranked 30th
among 95 lesser-developed nations of the world in terms of gross national
in,come,~ and 50th in terms of per capita income (1). Her population
growth rate and density were among the highest in the world. Compara-
tively speaking, Taiwan is an economically young country. Throughout
most_of her known history, Taiwan’s status has been that of a colony
first of the Dutch then the Chinese and lastly the Japanese, who controlled
the Island from 1895 to 1945. After Retrocession to China in: 1945, it
became a Province of China and the seat of the Chinese Nationalist
Government in 1949.

A young nation, economically speaking, faces many problems in getting
itself into economic orbit. It is not the purpose of this paper to detail
these pfoblems. ‘The literature abounds with discussions, analyses, and
conclusions about the economic and social requirements for “take-off”.

Two of Free China’s problems pertaining to the capital shortage problem
and its relation to agriculture are selected for special attention, however.
The first concerns sources and allocation of investment capital. The second
pertains to the capital-intensive methods employed in -agriculture, principal-
ly investments in irrigation, to increase food supplies. The first section
of this report is devoted to these two problems. " The second section ex-
plores the criteria problems concerned with irrigation investments. The
criteria problems may be divided into three parts: (1) a project’s economic
feasibility, (2) the economic priority of projects, and (3) the repayability
of project costs. The third section of the report applies the criteria
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developed in the second section to a specific irrigation investment: The
Ta-Pu Reservoir Irrigation Project.

The objectives of this study and report are:’

(1) To analyze the capital needs of agriculture, particalarly the capital
needs for increased food  production; '
| (2) To evaluate the role of irrigation investments in increasing agri-
cultural production; )

(3) To utilize a case study for the purpose of demonstrating economic
feasibility, priority, and répayability criteria; and,

(4) To establish performance standards that can be employed for
making choices among irrigation investments and other public investments
as well.

Of all of the objectives, the last is perhaps  the most important.

The problem of selecting investments that yield the highest return to
capital is not restricted to lesser-developed economies only. The French
government attempts to allocate limited capital to its nationalized industries
and to establish prioritieé for new projects on the basis of the hfghesf
rates of return on investment (la). Even the United States, which the
rest of the World considers a capital-surplus nation, must make investment
choices and rdtion its investment expenditures.. Added capital demands
for military weapons, space exploration and foreign aid have intens‘iﬁed_
the search for reliable investment criteria applicable to all public invest-
ments. The criteria employed ‘herein are an. extension of " the work of
several young American economists who, since 1957, have focused their
attention on the choice and allocation problems among public investments
(2, 8, 4 and' 5). Public irrigation ifivestments, because of their long
history, availability of records, and repayment requirements, bear the brunt
of such economic inspection and analysis.



CHAPTER 1I
CAPITAL AND AGRICULTURE

In a young, expanding national economy such as Taiwan’s, there are
many obstacles to economic expansion of which the shortage of internally-
generated investment capital appears to be one. The problem is particularly
acute in Taiwan, a densely-populated area, because so much of her resources
must be devoted to the production.of the people’s essential necessities of
food, clothing and shelter. Agriculture, the basic economic sector, which
economists consider to be the original source of industrial capital (6), has
had, since Taiwan’s Retrocession to China in 1945, little economic surplus
left to invest elsewheré. What surplus was available economic planners
considered inadequate to accelerate the economy’s expansion (7). The
inadequacy of capital supply from agri¢ulture was not the only cause of
Taiwan’s capital shortage.

Capital Shortage

Free China’s capital situation in the decade of the 1950’s was one in
which 52 percent of the total net investment came from external sources
and the remainder, 48 percent;, flowed from internal savings (8). The per-
.centage of new investment financed from domestic savings steadily declined
from 75 percent in 1951 to 35 percent in 1959, which reflected strong
propensities to spend and to borrow and a weak propensity to save.

The capita] shortage problem ‘was magnified by (1) the huge post-war
reconstruction needs, (2) the .disorganization of the money market, and
(3) the economic irrationality prevalent in the acquisition and allocation of
scarce funds. Capital funds were particularly short for long-term financing.

POST-WAR RECONSTRUCTION

The uncertainties of property ownerships and values, the closure of
factories, the ever-present threat of war, the shortages of goods,-the influx
of two million mainland-China refugees and soldiers, the reconstruction
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needs of war damage, the loss of export trade, and inoperative banking
and finance institutions, created such economic pressures in Taiwan in the
late 1940’s and early 1950’s that economic order had to be restored slowly
and piecemeal. Restoration capital. was needed in all segments. Fortunately,
agricultural production; requiring less immediate investment™ capital than
industry and comimerce, recovered quickly. An abundance of food fécilitated
the more orderly restoration of the other sectors ofl thé economy.

DISORGANIZATION OF THE MONEY MARKET

Throughout this period, Free China’s money market was in a chaotic
condition (9). As of early 1962, it was still not functioning effectively and
freely in accumulating, storing, and distributing capital funds. Inflation,
as measured by a 242 percent rise in- the consumer price index between
1952 and March 1962 (10), and an official devaluation of the New Taiwan
dollar from NT$10.30 to the U.S. dollar in 1952 to NT$40.00 in 1960 (11)
was a vexing problem. The instability of the monetary unit encouraged
speculative borrowings, uneconomical investments, barter 'trading, and
commodity hoarding. Throughout this period, rice, the Island’s staple food,
was a more important standard of value than money. The government
bartered fertilizer, cotton goods, bicycles and power tillers to the farmers
for rice (12). Taxes on rice paddy land, and payments, for lands obtained
under the land reform program were collected in rice, and irrigation asso-
ciation membership fees were computed in terms of rice equivalents (13).
The government collected nearly one-third of the rice produced for (a)
rationing to the armed forces and their dependents, government employees,
and the.poor to protect them -against food price rises and thus to restrain
wage increases; (b) exporting to earn foreign exchange; and (c) selling
the balance on the civilian market in an effort to suppress increases in -
rice and other food prices.

ECONOMIC IRRATIONALITY OF THE MONEY MARKET

Interest rates of more than 20 percent per month were 'common in
1949-50, and a six-month’s maturity was considered a long-term loan. (14).
As economic order was festored, interest rates gradually fell, maturities
were extended, and financial institutions exerted greater influenceé in the
money markets. Even, in 1962, however, much irrationality existed in the
money-market sector controlled by financial institutions, which in Taiwan
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were principally government-owned or-directed. External financial assistance,
largely from the United States, contributed to the market’s irrationality
with loan offerings and terms that were inconsistent with respect (a) to
the cost of the funds (foregone alternatives to the original tax-payers and
contributors) and (b) to the returns earned by borrowers (15). Political
criteria often outweighed economic criteria in the allocation of -funds; if
for no other reason, because economic criteria lacked formulation and

precision.

The economic irrationality of the money market is further evidenced
by such contrasts as the National Government paying 18 percent per annum
on one-and two-year bonds while the Provincial Government was lending
U.S.-aid funds for housing at 6 percent per annum for 20 years. For
most of the 1950 decade, agricultural users paid 6 percent per annum for
long-term investment funds, of which a half or more was given as a grarit
and the loan portion was to-be repaid generally on an amortization basis,
in 20 years or less. At the same time, farmers were borrowing short-term
money from private and institutional sources at rates that ranged from 3
to 7 percent per month in 1953 to 1 to 2.9 percent per month in 1961 (16).
Business firms in 1960 were paying 3.3 percent per month on secured
loans on the Taipei open-market and 1.50 percent from the Bank of Tai-
wan, which in 1949 asked 8.4 percent (17). These were short-term loans;
five-year loans were rare in 1962 and in the long-térm category.

By 1962, a variety of local government and private seurces had evolved
-to meet the needs of short-term berrowers, even though the rates seemed
exorbitant by Western standards. The organized short-term market was
performing the vital functions of allocating scarce funds to users able and
willing to pay the high rates and attracting loanable funds away from
immediate consumption.” The natipn’s propensity to consume remained
high, and government attempts to encourage investment borrowings by
depressing interest rates, tended'_ to stimulate consumption tco. The money
market’s time-preference for funds favored investments and users that
vielded high early returns, which eliminated most long-term investments
from consideration. Long-term investments were being undertaken largely
by the government and by government-owned business enterprises. The
economic value of many such government investments was openly questioned
(7).
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LONG-TERM FINANCING

Long-term financing continued to be a critical problem for Free China
in 1962 both from the standpoint of generating funds for such investment
and of allocating such funds to their optimum uses (18). -

, No market-determined, long-term rate of interest prevailed in Taiwan;
there was an abundance of potential borrowers but a real scarcity of long-
term lenders.

The long-term loan conditions in the 1950’s were in sharp contrast
to the situation in the 1930’s, when 50-Yéar loans for realty purchases and
irrigation were available at 6 to 7 perceﬁt per annum (19) (20). The long-
term investments taking place during the 1950’s were largely financed by
United States’ funds. From 1951 to 1961, some 55 percent of Taiwan’s
gross investment came directly or indirectly from external funds. Such
funds flowed from AID (The Agency for International Development, ' for-
merly the International Cooperation Administration), from fhe Development
Loan Fund (DLF), recently from the World Bank’s International Develop-
ment Association (IDA) and from the sale of surplus foods, provided for
by U.S. Public Law 480, in the form of foreign exchange (Cooley fund),
local counterpart funds, and more recently as agricultural commodities to
be used for wage payments on certain public projects.

Until 1960, the standard rate of interest required on public long-term
loans was 6 percent, and the demand for funds at that rate was high.
Funds were allocated to projects on the basis of favorable benefit-cost
ratios and the preferences of public officials. In 1961, the International
Development Association suggested that interest rates charged by the
Chinese Government to borrowers of IDA funds ought to be 12 percent
per annum with a maximum amortization period of 40 years. The Council
on United States Aid (CUSA), the liaison agency for the distribution of
U.S. funds, adopted these terms for its new long-term loan policy. AID
officials in Taiwan announced that commencing with fiscal yeér 1962, no
more grants would be made except from food surpluses, and the effective
interest rate on loans would be 12 percent. Moreover, loans depending on
AID funds were to be approved on a project-to-project basis.

The 12 percent long-term rate remained substantially below the market
rates prevailing for short-term loans. It reflected, however, the lower cost
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of capital funds originating in economically more advanced countries, and
the desire to encourage long-term investments yielding high returns, espe-
cially those generating high social miarginal returns (21). On the othér
" hand, the 12 percent rate was a recognition of the need for a somewhat
more realistic long-term rate in view of the higher short-term rates, and
. for a compensatory rate against inflation. Many earlier 6-percent loans
were paid- off solely from commodity price increases; the windfall gairs
stimulated the demand for such low-cost funds and helped to inflate land
values. Moreover, a 12-percent rate raised the investment-performance
standard for local borrowers. Theoretically, all new long-term investments
yieldiﬁg marginal returns of less than 12 percent per year were automati-
cally excluded from lpan financing.

Agriculture's Capital Sufficiency

-The 'capital suﬂiciency of Taiwan’s agriculture is worthy of a separate
and more complete study than we can attempt here; iusticg demands it.
Statisticé on this vital topic are fraémentary and measurements of capital
formation are not standardized. The amount and rate of capital formation
in agriculture have a bearing on agriculture’s ability to finance its own
capital needs and on many related public policy issues.’ For example, they
affect agricultural tax policy, production credit policy, commodity barter
policy, and a long-term loan policy for the purchase of land apd cattle, the
planting of orchards, the building’of housing facilities, and the develop-
ment of irrigation. The basic question here is: ‘how much capital can’
agnculture generate for 1nvestment especially for long-term purposes such

“as irrigation? First, we will examine agriculture’s capital formation and
then its capital needs, of which irrigation will receive special treatment,

CAPITAL FORMATION

It is estimated that at the end of 1960, the total value of assets held
by Taliyvan’s 806,960 farm households, excluding those associated with
fishery, forestry; and government farms. was NT$121,602,966,449. (Table
.1). The average size of farm was 1.15 hectares, and the average size of
farm household comprised 8.8 persons*.

* These data are from a sample of 95 farm households. The average size. of household is
somewhat higher than that in Table 4, but the. difference is attributed largely to -the failure of
interviewers to eliminate family members who were away in school or in the city on full-time
Jobs and the like. The important value data from this sample survey have been checked and
rechecked against other sources and have been found quite accurate,



Table 1. Balance Sheet of Farm Households, Dec. 317 1960

(NTS$)
.Assets Liabilities
Current: 16,513,286,971 | Current: 5,536,259,675
Cash 947,070,175 Short-term credit 3,593,006,472
Liquid 1,934,956,498 Accounts payable 1,937,239,850
Growing crop 2,820,141,765 Accrued 6,013,353
-Product in storage 3,909,388,697 | Fixed: 2,755,975,864
Livestock & poultry' 5,427,415,456 Land payments 2,755,975,864
Byl;z?ggﬁgf;s’ processing 255,347,959 Long-term credit L —
Farm working equipment 1,218,966,421 | Total Liabilities’ 8,292,235,539
Fixed: 105,089,679,478 | Net Worth:
Land 76,677,099,228 Capital 109,665,032,429
Building & 15,338,100,082 Surplus for year:
Furnitur h hold o : s
equipment 4,341,939,694 Gains 5,083,572,248
Orchards & trees 6,019,663,271 Losses 1,437,873,767
Farm machinery 2,712,877,203 Total 113,310,730,910
Total assets 121,602,966,449 | Total liabilities & net 121,602,966,449

Footnote: (" Based on a selected sample of 95 farm households representative of six size groups,
and excludes fishery and forestry families and government-operated farms.

Current assets accounted for about 14 percent of total assets, and
livestock and crops for about 50 percent of total current assets. Fixed
assets represented 86 percent of total assets. Land accounted for.63 percent
of total assets and 73 percent of fixed assets. Agriculture added a surplus
or profit of some NT$ 3.65 billion to its total assets in 1960, which re-
presented a net return of about 3 percent on total assets or 3.3 percent
on invested capital.

- Capital increases in 1960 on a per farm household basis may be studied
.in Table 1a. Large increases occurred in the value of building and farm
machinery, farm products and in bank deposits and loans outstanding.
Farmers enjoyed a healthy increase in their liquidity position.

The data need to be qualified or modified in several respects. The
rice price increased-nearly 40 percent in 1960, an abnormal increase that
added about NT$ 3.05 billion to farmers’ net incomes. Moreover, not all
of the farmers’ income and resultant surplus were generated from farming.
About 13.5 percent of farmers’ gross income in 1960 was non-farm income
(22). Also, the data exclude the capital holdings of ‘government-and



Table 1a. Net Average Increases in Capital, Per Farm
Household, in 1960

NT$ Percent
Fixed Assets
Land 139 2.45
Building : 1,408 24.80
Orchard and trees 977 17.21
Farm machinery 1,372 24,17
Working equipment 101 1.78
‘Sub-total 3,997 7041
Liquid Assets
Farm products 729 12.84
Livestock and poultry ) — 255 —4.49
Others . — 60 — 1.06
Sub-total 414 7.29
Financial:
Cash 309 5.44
Bank deposits and lending . 982 17.30
Loan payments — 25 — 0.44'
Sub-total 1,266 . 2230
Total 5,677 ' 100

Source: Preliminary Report on the Farm Account in Taiwan, 1960, Provincial Department of
Agriculture and Forestry, December 1961.

non-profit institutions engaged in agriculture and the vast fixed-asset hold-
ings of farmer-owned irrigation-and farmers’ associations.

Agriculture’s overa_l} financial position was extremely strong in 1960;
its liabilities were negligible relative to assets. Current assets were twice
as large as total liabilities.

Rate of Saving -in Agriculture—The total assets represent an accumula-
tion of more than 300 years of agricultural development in Taiwan, and a
long-run rising price level. The real rate of capital growth, of course,
was not constant. Lacking both adequate historical statistics and a proper
value-deflating index, no satisfactory time-period comparisons are hazarded.
There is reason to believe, however, that the capital accumulation rate in
agriculture was more rapid from 1900 to 1930 than from 1930 to 1960*.

* Taiwan’s.agriculture experienced a boom in the 1920’s. The agricultural production index
(193?—37‘=100)-mcreased from about 49 in 1920 to about 93 in 1932. Although the rate of pro-
Aduct:o.n increase was greater after World War II—rising from about 48 in 1945 to 155 in 1960,
there is yeason Fo believe that much of this gain can be attributed to the greater use of existing
production facilities and the flood of capital from outside agriculture into agriculture, than to

the high rate of capital accumulation within agriculture. Also, the farmers’ first concern after
the war was to restore their pre-war levels of living, especially in food consumption.




In the-1900-1930 period, the Japanese purposely. developed Taiwan as
an important source of foodstuffs for Japan proper. A variety of induce-
ments were employed to stimulate’ agricultural production and capital in-
vestment. By the 1930’s, agriculture was supplying capital for Taiwan’s
industrialization (28). "This could only take place .if agriculture were
accumulating a surplus and-a surplus that earned farmers more if invested
elsewhere than'in their farms

Estimated farm-savings raties for 1982 and since the 1950s are pre-
-sented in Table 2. The savings rate in 1932 which ended a ten-year period
of rapid growth, amounted to 124 percent of disposable farm income,
Dufing the early 1950’s agriculture was still suffering from its wartime
setbacks, price controls were prevalent and levels of livinQ_\;vere low. The
savings ratio was low, too, as reflected by the 7.5 percent savings rate in
1950. Beginning with 1959, the annual saving ratio exceeded the 1932 level,
and attained a rate of 16 percent in 1960. This favorable savings response
‘can, be attributed to: (1) rising ‘incomes due to a combination of rising
prices, particularly for rice, and increased outputs and (2) a stabilized con-
sumption.level. If agriculture, especially rice farmers, had been g’iveni the
" full benefit of the market price for rice, as indicated in Table 10 and to be
discussed more fully shortly, agricultural recovery would have been more
rapid and the savings ratios substantially greater.

Table 2. Comparative Saving Ratio in Agriculture for Selected
Periods from 1932 to 1961 (in 1952 prices)

Disposable farm i . s Saving ratio
Vear | family income per | SOSIRIOR AT | ol | ()=,

“(1) (NT$) (2) (NT$) (3) (NT$) (percent)
1932 10463 - 9,163 1,300 1242
1950 - 8581 7,937 644 751 .
1954 9,479 8970 509 5.37.
1957 8,791 8108 683, -7
1958 | 10,403 . 9,404 999 ' 9.60 -
1959 10,005 : 8574 1,431 © 1430
1960 10,798 9,072 1,726 15.98°
1961 11,489 9,853 1,636 14.24

"Source: Rural Economics Division, JCRR

An increasing saving rate could lead to some important consequences
for agriculture and the economy. The added savings might be (a) used
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for increased investment in agriculture, tb) invested outside agriculture,
or (c) foregone for more consumption. The relative rates of return from
the investment alternatives will determine in which direction the savings
‘will flow. From all indications, farmers were reinvesting in --agriculture
(Table 3), but not as rapidly as their increase in savings: There. is reason
to believe, too, that they were lending more outside of agriculture, too
(see Table la and 9). Returns from both internal and external investment
alternatives were still high enough to discourage greater present consump-
tion. As interest rates fé.ll, which can be anticipated with -increased
capital accumulation, farmers’ consumption and living levels are likely to
rise.

Capital-output Ratio in Agriculture.—As might be safely predicted
from the higher rates of savings, internal investments on farms were
increasing, too. Internal investments were increasing more rapidly than
the value of output, as is indicated by the rising capital-output ratios in
Table 3. . However, they were not increasing as rapidly as the rate of
savings, which suggests a diminishing rate of return from internal invest-
ments.. There are many reasons for the lack of more profitable reinvestment
opportunities in individual farms but one of the major ones is the decrease
in' the average size of farm.

Table 3. Estimated Capital-Output Ratios in Agriculture, for
Selected Periods from 1931-32 to 1960

Period ‘C(?\l])’ilicgll\}filll‘il:;()” (Nqul\t/Ipi'illg on) Capi‘tél;Output ratio
1931-32 1,703 1,020 1.67
1950 12,912 10,769 1.20
1958 26,139. 20,006 1.30
1959 30,880 21,115 1.46
1960 59,324 34,681 171

) Excluding land value.
Source: Compiled from farm surveys by the Rural Economics Division, JCRR.

What accounts for the decreasing farm size, and what effect does it
have on capital formation?

Decreasing Farm Size.—The two determinants of farm size are:
number of farmed acres and number of farm households (Table 4). For
the 1900-60 period, the net gain in arable land used by agriculture was
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320,000 hectares, a 60 percent gain. (The gross increase was larger, but
much arable land was lost yearly to non-agricultural uses.) The more than
100 percentfncrease in farm households from 1900 to 1960 is attributable
to many factors. The- increase in population is one but éingularly not
the most important. The relative superiority, and security, of agricultural
incomes is perhaps the most important single factor. The comparative
income advantage in agriculture, in spite of smaller farms, was due largely
to increased outputs that can be traced to biological and technological im-
provements, among which irrigation is extremely important.

Table 4. Farm Size Characteristics, by Decades, 1900 to 1960

Period Fa.rm. (l:ﬂ.l?ehold zﬁhr:z; Ave. s(i ;«; o)f farm Fve%‘gi‘f:egglfgrm
: ° persons )
1900-0%1 368,787 554,481 1.50 - 532
1910-190 373164 704,248 1.89 . 595
1920-29® 305,715 774,110 1.96 5.40
1930-39 417,685 833,369 2.00 6.56
1940-49 507,472 843,044 166 : 6.69
1950-59 718,628 875,070 122 . 6.29
1960 ' 785,592 869,223 ‘ 111 . 684

M Estimated. ) 1922-29 average. )
Source: Annual issues of Taiwan Agricultural Yearbook, Provincial Department of Agriculture
and Forestry, Taipei, Taiwan. ’

Irrigation, in other words, helps induce small-size family farms. The
irrigated double cropping paddy-land plots are significantly smaller than
the single-cropping paddy land or upland plots (Table 4a).

Table 4a. Percentage of Cultivated Land, by Type of Land
Use and Size of Plot

’

| Ry | | i | g, [

P p(per)::&nt) l:)(per);:ent) F _ (percent)

Under .5 100 40.32 18.40 3672 456

5 t0 1.0 100 46.81 19.87 28.50 4.82

10 to 1.5 100 43.50 2160 - 29.09 T 581

15 to 2.0 100 39.93 2311 30.16 6.80

Over -2.0 : 100 2940 | 2415 34.30 12.15

Al 100 Cosat | 2u | ses | Te2

@) One chia is the equivalent of 0.96992 hectares or 2.3968 acres.
Source: Committee of Sample Census of Agriculture, Taiwan, China, Report on the 1956 Sample
Census of Agriculture, Aug. 1959, pp. 64-65.



Until about 1940, farm sizes were increasing; the amount of land farmed
increased much more rapidly than did the number of farm households.
Since 1940, the reverse has been the case. The big increase in the irrigated
acreages in the 1920’s (Table 11) and the greater use of commercial
fertil_iie_rs in the 1930’s (Chart 2) led'to increased net farm incomes, which
in turn attracted people into farming. The attraction increased especially
after the large increase in population following Retrocession. The impact
of the declining farm size on agriculture’s capital formation and needs is
revealed in recent farm economic studies.

Impact of Farm Size on Capital Formation.—Tsui, for example, reported
that, in 1957, fasms of less than 0.5 hectares, which accounted for 34
percent of all farms, experienced an operating loss of more than NT$ 600
per year (24). On the other hand, farms of two hectares or more in size,
which accounted for only 11.5 percent of all farms, reported an average
surplus exceeding NT$ 5,000 per household. These findings were supported
“by the 1960 agricultural census which indicated that on the basis of 1959
~output and prices, a farmer needed 0.75 hectares to break-even financially.
About 45 percent of all farms were below this size.

On the other hand, the capital-output ratio by size of farm (Table 5)
reveals a large investment in small farms (largely in fixed assets) relative
to income. Agriculture in Taiwan vh:“as not yet reached the turning point
at which average farm size begiiis to increase, as it has in Japan (25).

In spite of government attempts to stem the decline in farm size,
principally through the land consolidation program, many factors—irrigation,
fertilizer, credit, pof)ulation growth, low industrial wages, inflation—favor
a continued decrease in the average farm size, and an internal over-
capitalization in agriculture.

Prior to Retrocession and the land reform that followed, much of the
farm land was owned by large landlords many of whom were non-farmers.
Land reform, accomplished in several stages from 1949-1954, transferred
tenanted lands to the cultivators which increased the number of owner-
cultivators from 61.4 percent before to 84.8 percent after reform. Rents
on lands remaining in tenancy were reduced from 50 percent or more of
the principal crop to a maximum of 37.5 percent. Rents formerly paid to
iandlords were retained by the new owner-occupants or used to acquire
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Table 6. Capital Inputs of Selected Crops, and Hogs, per Hectare
or Head, Expressed as Percentages, 1959."

Self-s%pplied Cash | Fixed Capital Total pgft‘fﬁil

o ‘ ‘ Taiwan ha.
Sweet potatoes 57.10 28.31 14.59 I 100.00 | 226,486
Peanut 60.24 23.93 1583 100.00 99,135
Pineapple 31.06 55.78 13.16 100.00 8,881
Wheat 37.10 41.28 21.62 100.00 22,841
Chinese cabbage® 60.40 28.28 11.32 | 100.00 7,205
Tea leaf 36.39 37.69 25.92 100.00 48,442
Soybean 43.27 37.16 19.57 100.00 63,785
Banana 44.16 49.00 6.84 100.00 12,962
Rice 35.85 31.73 32.42 100.00 776,050

Hogs 59.96 36.78 3.26 100.00 3,263,633

() Per year for pineapple and tea, per crop (abdut ‘three months) for other crops, per head
(about 9 months) for hogs. :

@ Pata are for 1958.

) Numbers stocked in Taiwan.

Source: Appendix A, Table A-1.

requisitioned land from the government- (see Table 1 for the amount
remaining to be paid as of 1960), which had purchased the land from
landlords with rice-and sweet-potato bonds and public-enterprise stocks.

According to Tang and Hsieh (26), the savings ratio in agriculture
dropped after land reform from 14.2 percent of total farm income in 1950
to 10.2 percent in 1955*. How much of this decline can be attributed to
the effects of land reform and how ‘much to the continuing decrease in
farm size is unascertainable. Land reform had two important impacts on
capital formation. First, it resulted in a redistribution of capital-asset
ownerships and ‘the large landlords, who were important savers and inves-
tors in agricultural and industrial development in earlier years, were
eliminated from this role. Second, it discouraged the purchase and holding
of land by non-farmers as an income-earning investment.

After 20-vears of war and post-war readjustments, the internal rate of
capital formation in agriculture is increasing again and total unencumbered
capital holdings are large. On the other hand, it appears that the growing

*Say ings ratios of agriculture shown in this paragraph are slightly higher than those shown
in the preceding Table 2. The reasons for this difference are: (1) a different approach is used;
social accounting for these data and individual farm records for the former; (2) the scope of
the latter includes both private farms and large corporate farms, but the former includes only
the private farms.



number of small farmers are finding it more difficult to supply their own
cavital needs, especially for intermediate—and long-term investments.

CAPITAL NEEDS

Agriculture in Taiwan, as elsewhere, required three types of capital:
the recurring short-term production capital for seeds, fertilizers, pesticides,
and hired labor; intermediate-term capital for investments in power equip-
ment, draft animals, farming tools, plant propagating material, food" and
feed inven'torie,s; and, long-term capital for irrigation facilities, orchard.
plantings, housing for people, animals, equipment, and land. These items,
differing in degree of magnitude and economic 'life, constitute the bulk of
a farmer’s gperating’ capital reguire.fxlents.

Estimated annual capital needs of Taiwan farmers, producing a selected
group of 1mportant crops and hogs, are shown in Appendlx ‘A, Table- A-1.
As indicated, each crop or enterprise requires a different quantity and type
of capital. These 1959 statistics are regrouped in Table 6 to show what
percentage of the. capital is required as cash - (the short-term production
credit), as long-term, fixed-capital credit, and- is self-supplied. Total capital
needs. in 1959 can be estimated by multiplying the per hectare requirements
by the number of hectares planted to each crop, and the per hog require-
ménts by the number of hogs stocked.

The statistics are less than adequate in several respects. They do not
represent an average or optimum-size of farming unit. Moreover, they
assume a static situation, no allowance is made for added capital invest-
ments, grbwth in capital needs, or in capital accumulation. Cemmon over-
head costs are likely to be understated and misallocated particularly -since
most crops are produced jointly or in rotation with other crops. Also, the
fixed-capital flows do not include the costs of fixed-capital collectively
owned by farmers in irrigation and marketing facilities and which account
for external economics -and higher farm incomes.

The capital statistics in Appendix A, Table A-1, tend to conceal the
real intensity of capital needs or use in Taiwan. On a per hectare basis,
we can observe that of the crops represented, pineapple requires the most
capital followed by Chinese cabbage, banana, rice and. wheat. Peanut and
sweet potato production require the least. Weighted by number of hectares
planted, it is apparent that any expansion of rice, banana .and vegetable



plantings will require increased amounts-of capital, Iargely for irrigation
which is ineluded in the category of “taxes and others” (27). However,
recent studies of dairy férming in Taiwan show that a combination,dairy-'rice
farm requires 65 percent more capital than does a rice farm alone (28).
The expansion of animal agriculture will call for more production and
investment capital than required for ¢érop production alone.

On an annual basis, capital needs are determined by the length of the
production cycle. Some crops, such as rice, peanuts, vegetables have a
production cycle of about three months and in some localities four crops a
year are produced on the same hectare of land. This is rare, but possible.
Where possible, the common practice is to plant other crops such as sweet
potatoes, peanuts, wheat, soybean or vegetables, between the first and second
crops of rice Other crops, such as pineapple and sugar, produce harvests
every 12 to 18 months. The multiple-erop index in Taiwan has increased
steadily” from 111 in 1945 to 184 in 1960, with the total farmland area in
each year as the base of 100* The intensity of land use in 1960 is indicated
in Table 7. ‘Obviously,»_the total amount of yearly production capital required
on multiple-crop farms per hectare will be a multiple of the crops produced.
Capital turnover, depending on the amount of fixed-capital invested, also
will be .greater, and the capital-output ratio smaller. Intensive cropping,
then, tends to offset somewhat the adverse capital-output effects of small-

*The statistics in Table 7 indicate a positive correlation between the percent of cultivated
land irrigated and the multiple-cropping index. ‘A statistical correlation for these data, exclusive
of the data for Yilan prefecture because of its wide deviation from the normal pattern due to
poor weather conditions in the winter months yielded a regression coefficient of 0.8379. The
linear regression line (Y =a+bx) produced values of Y=129.71+1.164x which indicates that the
multiple-crop index without irrigation would be roughly 130 (as substantiated by the experience
in the non-irrigated Penghu prefecture). With every 1 percent increase in irrigated land, the

"multiple-crop index has increased by 1.164 percent. If all cultivated land were irrigated, this
formula would produce a mulrjple-croppi'ng index of 246 or 34 percent more than the 1960 average
of 184.. Tt is estimated that the maximum potential multiple-cropping index is 300. These data
indicate that even if all cultivated land were irrigated, the multiple-cropping index would fall
short of the potential. In other words, other factors than irrigation. have a bearing on the
multiple-cropping index.

Pursuing the significance of the multiple-cropping index a bit further, we find that for the
periods of 1900-1939 and 1950-1960, the re‘la_tiohship between the multiple-crop index and the real
value of crop production (gross value deflated by the general price index, 1950-5Z=190) averaged
about NT$ 100 million increase in crop value for each 1 point increase in the multiple-crop index.
(The regression- coéfficients were about 0.95 for both periods). Tracing this cause and effect
relationship back to irrigation, we might conclude that a one percent- increase in irrigated
acreage would result in an increase of NT$116 million in the real value of crop production. If
all remaining unirrigated cultivated land were to be irrigated, the increase in the total value of
crop production, disregarding future changes in cropping patterns and crop prices, would result
in an increase of crop values of roughly NT$ 7.0 billion annually.
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size farms.

For a variety of reasons, but chiefly because of the favorable net
returns attributable to irrigation and fertilizers, crop patterns have con-
tinued to move toward the labor—and working-capital intensive crops and
away from fixed-capital-intensive land uses. Hsieh and Lee report, for
example, that the working-capital index rose fréfn 100 in 1950 to 195 in
1960. Not so for the fixed-capital index. It reached only 113 in 1960
compared to 100 in 1950 (29). Agricultural investment in fixed capital,
notably machines, land improvement, and irrigation, has lagged since
Retrocession.

At this point, it is interesting to note Appendix A, Table A-1, the
significant difference in the relative amounts spent by farmers for fertilizers

Table 7. Intensity of Land Use, by Prefectures, in 1960

Prefecture Cult(iir)ated Irri(gza)ted . CL_:ltivated land Mu}tipl_e_ crop-
land area land area irrigated (2)/(1) ping index
(Ha.) (Ha.)® (25) (%)
Taipei 50,950 21,497 42.19 165
Yilan 27,949, 23,122 82.73 190
Taoyuan 54,842 32,998 60.17 193
Hsinchu 42,440 10,616 25.01 164
Miaoli 41,415 16,076 38.82 ] 187
Taichung 46,331 38,781 83.70 232
Changhwa 76,070 59,908 78.75 233
Nantou 46,228 19,190 41.51 143
Yunlin 86,441 20,730 23.98 195
‘Chiayi®™
Taininm o 149,333 34.31 159
Kaohsiung 53,803 24,001 44.61 187
Pingtung 77,820 41,154 52.88 196
Taitung 30,612 - 8,572 28.00 147
Hwalien 31,818 10,673 33.54 167
Penghu 7,283 — — 132
Average i 41.96 i 184

M An estimated 137,216 hectares in Chiayi and Tainan perfectures were irrigated on a three-year
rotation; farmers could obtain water for only one crop every third year. Most of the irriga-
ted area was in the Chianan «l'r'}igation Association. The data for the two perfectures are
combined for computing averages and percentages.

@ Irrigated land area was the 1959 figure quoted from the 1960 agricultural yearbook. Because
figure of irrigated land area in the 1961 agricultural yearbook seemed too high to believable
compared with 1959, 1961 and 1962 figures.

Source: Provincial Department of Agriculture and Forestry, Taiwan Agricultural Yearbook, 1960

and 1961 editions.
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and for -rrigation. Fertilizer purchases ranged from slightly more than 6
percent to nearly 30 percent of total production expenses. On a per hectare
basis, farmers applied NT$ 768 worth of fertilizer per rice crop in 1959.

For two crops of rice per year farmers expended about NT$1 500 for
commercial fertilizer. On the other hand irrigation, which is fundamentally
more important to farmers* than fertilizer, accounted for 3.88 percent of
all production expenses in 1959-1960. On a per (irrigated) hectare basis,
water- costs in 1959-60 (ordinary and special fees of all irrigation associa-
~tions) amounted to only NT$ 482 per vear. (See Table 23 for a record of
1960 water fee assessments and collections by irrigation associations).
These statistics suggest that either fertilizer was overpriced relative to
irrigation or that ‘irrigation associations underpriced irrigation water.
Irrigation water, a product of a collective, fixed, long-term investment is
easily underpriced. If both were appkopriately priced, the exchange ratios
might favor fertilizer but not by the 1959 ratio of 3.5:1.

Long-term capital needs for agriculture, including irrigation, have been
proje-cted‘ by government planners for each of Three Four-Year Plans; the
last covers the 196164 period (see Appendix A, TableA-2). The amount of
total capital needs allocated for fixed-capital Jong-term agricultural invest-
ment are scheduled to increase from NT$ 1.5 billion in 1961 to NT$2.6
billion in 1964. The amount allocated for water resource development is
to increase from 24 percent of the &otal in 1961 to 44 percent in 1964
(Table 8). Irrigation development grojects are to receive 15 percent of
all agricultural capital investments in 1961 and 35 percent in 1964. By
1964, about 80 percent of all water-resource-investment spending is to be
for irrigation development. The statistics in Appendix A, Table A—2 show
that more than half of the investment funds are to come from government,
of which more than 60 percent are from U.S.-aid sources.’ The private
share of all agricultural capital investment is scheduled to increase but
slightly from 43 percent in 1961 to 46 percent in 1964.

FINANCING AGRICULTURE’S CAPITAL NEEDS

The investment capital required by farmers comes from two basic

* The comparative productivity of water and fertilizer is not easily measured. In real life,
they are complementary but on the margin they may be substitutes, If a farmer had a limited
fund to invest and was faced with an either or choice, irrigation water would more than likely
be his best buy. The relative importance of each separately and in combination could be tested
empirically in field trials. A theoretical model could then be constructed from estimated irrigation-
and fertilizer-production functions.



sources: internal and external. Internally, farmers may create capital by
using their own labor -with tools or they may obtain working capital from
current or saved income (including the sale of fixed assets). External
funds may take the form of gifts, loans, periodic grants or continuing
subsidies. The external funds may come from individuals, farmers’ asso-
ciations, cooperatlves Wxthln agriculture, or from governments and lending
institutions not directly related to’ agriculture. The flow of funds is more
likely to be larger out of agriculture to other investments offering higher
rates of return than into agriculture from outside sources.

Table 8. Capital Investments in Agriculture and Irrigation in

Taiwan’s Third Four-Year Plan, 1961 to 1964
Unit: NT$ Million

Type of investment 1961 1962 | 1963 1964 Total

Total agricultural investments | 1470 | 1810 | 2071 | 2575 | 8026
Total investment in water- .

resource development 847 597 858 L1 2943

New irrigation development®™ 68 155 285 549 1,057

Irrigation improvement projects® 158 274 332 344 1,108

() Gravity irrigation, diversions and reservoirs, and pumping irrigation..

®  Ground water development, rotational irrigation, canal lining, irrigation canal extensions.

Source: The Agricultural Program ynder Taiwan's Third Four-Year Plan Agricultural Planning
and Coordination Committee, Ministry of Economic Affairs, Republic 6f China, December‘
1961, pp. 27-28.

The sources of farm investment funds have changed in character and
significance since 1894, the beginning of the Japanese-occupation period.

Before Retrocession.—According to data compiled for the Japanese-
occupation period, Taiwan’s farmers supplied most of their own production
credit needs, and in later years helped finance the Island’s industrialization
(23). The rural credit cooperatives, for example, had deposits of OTS$
130,459,159 in 1939 and some OT$116,082,915 loans outstanding. Converted
to 1961 amounts of NT$, with the aid of a continuous price .index, the
figures would be the equivalent of NT$ 3,669,816,413 and NT$ 3,265,412,399,
respectively (80). Business firms were large borrowers from the rural
cooperatives.

The Japahese government prox;ided- considerable long-term credit as-
sistance. New large-scale irrigation investments were subsidized with
outright grants. Until 1922, and after 1940, the amount contributed by
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government exceeded the investments made by irrigation associations.
Farmers’ irrigation associations were organized to operate, ‘maintain, and
replace the ii‘rigation facilities from funds collected from the water users.
(See. Appendix B, 'Tablé B-1 for a historical account of such financing
from 1901 to 1945.) In addition, Japanese-controlied banks extended long-
term loans, up to 50 years, at interest rates below 10 percent. Japan’s
outlay for.Taiwan’s long-term loans, subsidies, and government expenditures
was more than repaid from handsome profits earned from Taiwan’s sugar,
rice, and bananas exported to the homeland (31).

From 1939 to 1945, Taiwan’s agricultural production fell from .an index
of 107 to 48 and capital deficits were more common than surpluses. All
of the credit institutions serving agriculture became inoperative or inef-
fective during the war-and-transition period. Those institutions that survived
were transferred to Chinese operation and control. The Bank of Taiwan
organized in 1899, continued performing central bank and commercial bank
functions as well. The newly-named Lank Bank, was formerly a branch
of the Hypothe¢ Bank of Japan that specialized in supplying long-term
credit (32). The Cooperative Bank of Taiwan, originally the Central Bank
for rural credit cooperatives and established in 1944, was reoriented -to serve
the short-term credit needs of a variety of cooperatives including farmers’
associations whose 305 credit departments assumed the functions of the
disbanded rural credit cooperatives. Some 84 credit cooperatives in large
townships and cities, formerly a part of the rural cooperative system,
acquired stock memberships in the new Cooperative Bank. Their funds,
largely from agriculture, serve the credit needs of urban dwellers and
businessmen.

After Retrocession.—Shortage of agricultural capital in the early 1950’s
prompted the Chinese-American Joint Commission on Rural Reconstruction
to make money grants to beleaguered farmers’ associations for production
credit and to irrigation associations for repair of war-neglected-and-damaged
irrigation facilities. These grants totalled NT$ 468,396,000 from 1950 to
1955. 1In 1955, JCRR initiated a self-help program of granting loan funds
to farmers’ associations on a matching basis. With JCRR aid, the FAs’
agricultural production loans increased from NT$ 3 million in April 1955
to NT$ 106 million in September 1961 (33).
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In 1960, farmers obtained 24 percent of their cash loans from FA’s
compared to 18 percent in 1952 (33a). Private sources provided 43 percent
of the farmers’ credit needs in 1960 compared to 64 percent in 1952. The
balance came from other sources such as the Land Bank, the Taiwan
Provincial Food Bureau and the Taiwan Sugar Corporation, all government-
owned enterprises. In both 1952 and 1960, large farmers obtained substan-
tially more credit from private sources, slightly more from FA’s, and much
less from other sources than did small farmers.

The ‘amount of produt:tic;n loans obtained from other than private
sources, from 1951 to 1960, is estimated in Table 9. Production credit
extended from government and cooperative sources increased much more-
rapidly than did agricultural production. By 1960, nearly 20 percent of
the annual production value (assuming an annual capital-turnover ratio of
1) was furnished by these sources. The credit from government sources
since 1955 increased by about 10 times while that from cooperative sources
increased by less than four. Production, on the other hand, increased by
only twice its 1955 value.

These credit trends raise some interesting question. First, are they
not contradictory to the Third Four-Year Plan which calls for a diminishing
role for government credit and an increasing role for private credit, Ap-
pendix A, Table 'A-2. Second, are government lending terms more favorable
to farmers than those from private sources, or is the supply of private
funds for lending to farmers diminishing?

The volume of private lending increased about four times from 1952 to
1960 (footnote, Table 9). Larger farmers, as we have noted above, con-
tinued to prefer private credit which suggests that they have been able to
borrow at better terms than those offered by government. Smaller farmers,
then, were the chief beneficiaries of government-siipplied credit. Third,
does an expanding use of external credit, offered at lower interest rates,
indicate a real meed for or a substitution of less expensive public capital
for a farmer’s own capital that can earn more elsewhere? No doubt, there
is an element of both. An expanding volume of credit is not per se an
evidence of need, and high rates not a proof of usury or exorbitant profits.
Fourth, has the increased u$e of credit resulted in greater agricultural
production and prpdui:tivity? Without question, credit increased the produc-
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tivity and production on some farms, especially on those altering land-use
patterns, adapting. to new market opportunities, or changing cultivation
methods or techniques. In the aggregate, however, production had mnot
increased as rapidly as the volume of borrowing. Fifth, was there not
another way ot providing farmers with investable funds rather than through
subsidized credit? For example, if the official rice-price controls had not
been in effect, rice farmers could have increased their annual earnings by
nearly the total amount of loans supplied by government (33a).

Table 9. Production Credit from Government and Cooperative
Sources,® 1951 to 1960

Loans from

Period E:%Z%%Efg Total produc Gg?s:g‘;?é?e .vzh%?'rt:t‘io

erio 3 - - -
| d | SR Rl R T
(NT$ 000) '

(1) . - (2) (3) “4) (5) (6) (5)/(6)
1951 . 92,662 . 9,699 70,499 172,860 | 3,812,441 4.5
1952 155,462 16,737 184,156 356,355 5,837,552 6.1
1953 152,686 19,694 269,533 441,913 8,681,412 5.1
1954 | 110,876 . 21,459 353,453 485,788 7,430,644 6.5
1955 159,973 44,625 572,824 777,422 , 9,494,860 82

- 1956 180,110 46,447 729,8})7 956,454 10,574,045 9.0
1957 125,879 60,563 ‘ 833,503 1,019,945 12,390,940 8.2
1958 1,150,074 54,571 1,329,104 2,533,749 13,709,273 185
1959 1,135,508 97,065 1.755,522 3,018,095 15,611,830 19.3
1960 1,490,272 151,999 1,980,984 3,623,255 20,659,550 175

(o))

2

@)

)

(O]

Does not include credit from private sources. In 1952, private credit was estimated to supply
64 percent of all credit which if added to that shown in this table would make the total
external production credit exceed 1 billion. In 1960, private credit was down to 43 percent which
suggests that the total production credit used by farmers exceeded more than NT$6 billion,
The adjusted loan-to-value ratio for the two years would be roughly 17 and 30 percent,
respectively. Credit from private sources increased in amount from about NT$600 million
in 1952 to NT$ 2.5 billion in 1960.

Mostly the loans of the Provincial Food Bureau, Taiwan Sugar Corporation and the Taiwan
Tobacco and Wine Monopoly Bureau-to farmers.

Amounts released through FA’s by JCRR. In addition, JCRR has made more than NT$800
million in grants-in-aid, of which more than NT$ 300 million went into irrigation. ’
Mainly credit cooperatives, cooperative banks and farmers’ associations. The statistics exclude
JCRR assistance. The data represent balances outstanding at the end of the year. Most
loans are for a year or less although since 1958 loans with maturities of more than one year
have increased substantially.

Includes the value of agricultural production on government-operated farms, which was
estimated to be about 2 percent of all production in 1960.

Sources: Credit data estimated by Rural Credit Division, JCRR; value of agricultural production

from annual editions of Taiwan Agricultural Yearbook, Provincial Department of Agri..
culture and Forestry. )
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Rice farmers, accounting for more than 80 percent of all Taiwan
farmers, had been denied the full market price for .abdut 30 percent of
their rice production collected by -the government since Retrocession. The
price spread for ponlai rice between government purchase and free market
amounted to NT$2,087 and NT$1,724 per m/t in 1960 and 1961. With
the quantity of 599,778 m/t and 738,325m/t collected by government -in
1960 and 1961, the total difference. of farmers™ return amounted to more
than NT$ 1.2 billion' each year (Table 10). If received b}'7 farmers, all of
this money, less added consumption expenditures and taxes, would have
been made available for reinvestment in agriculture or in local industries,
whichever offered better returns.

Table 10. The Preempted Value to Farmers of Rice Collected®
and Compulsorily Purchased by Government 1951-1961

Price spread® Rice collected from Total value
NT$/m/t. farmers m/t. NT
1951 224 404,227 i . 90,546,848
1952 679 425,467 288,892,093
1953 1,224 423,308 518,128,992
1954 . 565 525,938 297,154,970
1955 : 639 496,354 317,170,206
1956 813 515,664 419,234,832
1957 : 935 535,347 500,549,445,
1958 . 898 650,641 584,‘2;75,618'
1959 933 626,301 565,678,833
1960 . 2,087 599,778 . 1,251,736,686
1961 1,724 738,325 1,272,872,300

() Ponlai rice, brown-rice equivalents.
®  Amount official-rice price below free market-farm-rice price. .
Source: Computed from Taiwan Provincial Food Bureau’s, Financial Operating Statements. -

The rice-money profits collected by the.Provincial Food Bureau were
used to subsidize the food consumption of special groups, notably the
military and government personnel, and an infant fertilizer industry, whose
production costs in 1962 were still above world market prices.* The net
c'bn’tribution, i.e., benefits minus costs, of this complex subsidy system to
the nation’s welfare is questionable, particularly if measured against net
benefits from alternative uses of the funds.

* It is estimated that the Provineial Food Bureau earned a net profit of more than NT$ 423
million in 1962 from the sgle of imported. and locally-produced fertilizer to Taiwan farmers.
About 90’ percent of the profit came from imported fertilizer (33b).
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Part of these rice profits to the government could be attributed to
increased rice production due to irrigation. These direct tangible public
benefits might justify public subsidies for irrigation investments.

Financing Long-term Agricultural Projects.—Except for farm housing,
most long-term investment financing in agriculture, since the Retrocession,
has come from government sources. For éxample, some 267,595 tenants,
with the aid of government, purchased NT$3.5 billion of lands (1952
prices) under the land reform program.*

The ' average loan was NT$ 13,235 per farmer and amortization: pay-
ments represented about 3 percent of his annual income. Nearly all loans
were to be paid off by 1962-63. Government officials are anxious that after
land-payments are completed equivalent amounts be saved .for reinvestment
in agriculture or mdustry (34).

The long-term amounts invested in irrigation before and after Retroces-
sion are'treated in detail in the next section.

Summary

We have presented numerous exhibits pertaining to capital formation
" and accumulation in agriculture all of which suggest that Taiwan’s agri-
culture, in general, has a considerable ability to generate investment capital
and considerable capacity to absorb credit. Its financial position is fairly
strong. In recent years, farmers’ propensities to save has been increasing
relative to their propensities to consume. Farmers will soon pay off most
of their individual long-term debts which were incurred for the acquisition
of land under the land. reform program.

* Taiwan’s land reform program included the purchase of private and public land. Land
price was calculated to be paid in kind with paddy rice and sweet potato. The total value of
the land price, as estimated in 1952 prices, was as follows:

. Own er;hip of land Land area purchased Land price
purchased Paddy Dry Paddy (rice) Dry (Sweet
(chia) (chia) | {m/t) potato) {(m/t)
Private land 121,535 22,033 i,525,211 519,358
Public land 29,078 30,539 231,473 535,497
Total , 150,613 52,572 1,756,684 1,054,855

Prices of paddy rice and sweet potato used for estimation were NT$1,868 and NT$246.60

per m/t respectively in 1952, The total land price payments amounted to NT§3,541,612,955 on
the basm of the above prices.
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On the other hand, it appears that agriculture has not been investing
enough in irrigation either in absolute or relative terms. It has come to
depend on government for much of its irrigation investment needs: and is
becoming more and more dependent on government for its production
credit needs. It has become- accustomed to generous government subsidies
and low-interest loans, and objects to the. post-war readjustment terms
asked by other lenders.

One of the greatest needs is to create the necessary institutional
arrangements and conditions conducive to the collection of more investment
funds from within agriculture for its own needs.* Steps already Havé
been taken through farmers’ associations to harness more of agriculture’s
internal funds for its own production credit needs. There is reason to
believe, however, that until farmers’ savings in such organization are in-
sured and guaranteed against confiscation, farmers will not wholeheartedly
support such institutions. They may invest a token of their savings in
such credit organizations but their greatest security, as in the past, will
lie in the diversification of their investments with the emphasis on land.

The accumulation of funds for longer-term investments such as irriga-
tion poses a different set of problems. The organizations for administering
irrigation facilities and collecting monies to cover costs are already in
existence in the form of irrigation associations. An Island-wide association
of Trrigation Associations known as the Joint Council of Irrigation Associa-
tions is in existence, too.

It seems appropriate at this point to examine the nature and magnitude
of irrigation investments, past, present and future, and then to examine
the methods employed for the financing of irrigation investments.

* The problém here resembles that reported by Hirschman based on his experience in Latin
America. He states, in part, “In underdevelaped countries...we may perhaps say that a readi-
ness to save and invest exists, but is being frustrated...” (34a).
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CHAPTER 1lI

IRRIGATION INVESTMENTS

Inasmuch as the central topic of this study is irrigation investment,
it is deserving of special treatment. Our concern in this section is with
three aspects of irrigation investments: (1)} past and projected irrigation
investments, their magnitude, frequency, and sources of .funds; (2) effects
of irrigation on agricultural production; and (3) methods of financing the

large-scale collective irrigation enterprises.

History of Irrigation Investments

The history of controlled irrigation in Taiwan goes back to the four-
teenth century (35). Statistically, however, it can be traced back only to
the. early 1900’s.

ACREAGE IRRIGATED
On the ‘basis of the summary data presented in Table 11, it is evident

Table 11. Irrigated Status of Cultivated Land, by Decenniuins,
from 1900 to 1960

Year Arable land Double paddy Single paddy Dry ‘land.
(hectare) (hectare) (hectare) (hectare)
1900 347,409 194,657 152,752
1910 674,100 332,372 341,728
1920 749,419 246,484 - 120,693 382,242
1930 808,329 202,120 104,159 412,050
1940 860,456 324,200 205,412 330,835
1950 870,633 320,345 ’ 209,891 340,397
1960 5 869,223 ) 329,053 196,527 343,643

Source: Taiwan Provincial Food Bureau, Taiwan Food Statistics Book, 1961, p. 1.

that irrigated land (double and single paddy) increased somewhat more
rapidly from 1900 to 1960 than did total arable land. Until 1930, agricul-
tural expansion was extensive—new lands were being developed more



rapidly than were irrigated lands (Table 12). The big increase in ifrigated
acreage took place in the 1930’s with the completion of the huge Chianan
irrigation development in the central-western part of the Island (See
Chart 1). Most of this increase, however, was in single-paddy irrigation
(due to the lack of water, each farmer in the Chianan system was re-
stricted to single paddy once in three years). During the 1940’s there was
no net gain in irrigated acreage, and in the 1950’s there was a net loss of -
4,000 irrigated hectares, as well as a net loss of 1,000 hectares in total
arable land. ‘

Table 12. Changes in the Irrigated. Status of Arzble Land, from
Decade to Decade, 190010 to 1950-60<"

(Hectares-Thousands)

Paddy land . )
Decade Arable land Dry land
Single Double Total

From 1900 to 1910 + 320 + 130 + 190
From 1910 to 1920 + 70 + 30 + 40
From 1920 to 1930 + 60 — 16 | + 46 + 30 + 30
From 1930 to 1940 + 52 + 100 + 32 + 132 — 80
From 1940 to 1950 + 10 + 4 - 4 0 + 10
From 1950 to 1960 - 1 -1 | + 9 - 4 + 3

) Figures are rounded off to facilitate making comparisons.
Source: Table 11,

As of 1960, then, about 38 percent of all arable land was irrigated for
double paddy, another 22 percent for single paddy, and 40 percent was in
dry land. However, only 44 percent of the arable land and 73 percent of
all paddy land was actually planted to rice. (Table 13 and Chart 1), the
basic staple food and irrigated crop in Taiwan. Sixty-three percent of all
paddy land was classified as double paddy, but the acreage of rice plantings
exceeded the acreage of double paddy by 16 percent.

In other words, in 1960, not all paddy land was used for rice produc-
tion. However, a larger percentage of paddy land was used for rice in
1960 than in 1920 and 1940, a smaller percentage than in 1930, and about
the same as in 1950. It appears that the slight transformation of single
paddy and upland to double paddy between 1950-60 did not increase the
aniount of land planted to rice (Chart 1). Apparently, more and more of
the double-and single-paddy land is being utilized for other crops. than
rice.
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Table 13. Acreage of Arable Land Irrigated and Planted
“to Rice, by Decenniums, 1920-1960

1920 1930 | 1940 1950 1960
per- per- per- .per- per-
ba. | cent | D& |cent| P |cent| B |cent| P geent
Total arable land 749,419) 100 | 808,329 100 | 860,456 100 | 870,633 100 | 869,223 100
Total paddy field 367,177) 49 | 396,279 49 529,621 62 | 530,236 61 | 525,580 60
Total double paddy 246484 33 | 292,120 36 | 324,209 38-| 320,345/ 37 | 329,053 38
Acreage rice 250,085 33 | 307,195 38 | 319,311| 37 | 385131| 44 | 383,205 44
plantings : \
‘Percent double paddy \
of total paddy l 67 74 61| 60 63
Percent rice plantirnigs i ' .
of total paddy i 68 78 60 73 73
Percent rice plantings 1
of double paddy 102 105 98 120 116

Source: Taiwan Provincial Food Bureau, Taiwan Food Statistics Book, 1961, pp. I"and 2.

If adequate water were -available, all of the single-paddy land could be
converted to double paddy which would mean a 60 percent increase in
double paddy land. And, an estimated 70 percent of dry land could be
converted to double paddy. In other words, approximately 88 percent of
the arable land (assuming no change in the 1960 level of arable land) is
eligible for double-paddy irrigation, which is an increase of 50 percent
above the 1960 level* (36). (The maximum potential increase is 60 percent,
as indicated in Table 7).

EXPENDITURES FOR IRRIGATION

Detailed statistics on the yearly expenditures for irrigation from 1901 -
to 1961 are presented in Appendix B, Tables B-1and B-2. The first table
covers the Japanese-occupation period and the second the post-Retrocession
period from 1945 to 1961. The expenditure data separate investments
by operational outlays (repair, maintenance, administration) and invest-
ments, and .the source of investment funds by government and irrigation -
associations. The data are summarized by decades in Table 14. In order

* The water supply in Taiwan has been estimated at 83 billion cubic meters per year from
rainfall, annual surface water of 36,663 mil. ‘cubic ‘meters, and a  ground-water pptential of
2,464,000 cubic meters. (‘These totals are not additive.) (37). Registered water rights for consump-
tive uses (excluding power) have claimed about 11 billion cubic meters of annual surface water
" and 600 million of annual ground water’(38). However, only a small percentage of the water
claimed is used. Engineers estimate that less than 5 percent of all water available is subject
to controlled use, although all of the unregulated matural surface flow is being _fully utilized (35).
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Table. 14. Investment and Operational Outlays for Irrigation,
by Government and Irrigation Associations, and by
Decades, 1901-10 to 1951-1960

(Current prices)

N Bl [
- Investments - . Total invest-
Decade Tifiwation ‘ Ogs:ﬁtgﬂe)ﬂ ment and opera-
Government ‘ assolcgiations Total y tional outlays
1901-10 2,873,986 | - 240,900 3,114,886 4,708,541 7,823,427
1911-20° 7,699,866 798,200 8,498,066 16,143,890 24,641,956
1921-30 30,562,910 56,530,798 87,093,708 138,952,179 226,045,887
1931-40 - 8,193,228 18,006,443 26,199,671 98,855,852 125,055,523
1941-45® 35,219,558 15,042,892 50,262,450 | 119,318,344 169,580,794
1946-48(® . - 1,840,593,538 1,840,593,538 | 12,361,867,489 | 14,202,461,027
1949-50¢® 449,694 14,219,906 14,669,600 75,783,971 90,453,571
1951-60 275,268,153 . 331,448,911 606,717,064 1,356,482,930 1,963,199,994

@) Operational outlays are repair, maintenance and administration costs.

® 1945 is date of Retrocession; in 1948 changéq from OT$ to NT$; in 1949-1950 had extreme
price inflation. -

Source: Appendix B, Tables B-1 and B-2.

to eliminate money value changes, the data are presented in real money
terms in Table 15.

Table 15. Investment and Operational Outlays for Irrigation,
by Government and Irrigation Associations, and

by Decades, 1901-10 to 1951-1960
{Constant 1935-37 prices)

e | an TS T Operiona T o
tion associations) “(OT$) outlays
. (OT$) (OT$)
1901-10 - . 6,220,772 9,417,082 ] 15,646,854
1911-20 i 9,456,563 19,049,365 . ' 28,505,928
~1921-30 81,765,447 131,437,646 213,203,093
1931-40 24,709,815 93,569,177 118,278,992
1941-50 19,860,851 50,091,051 69,951,902
1951-60 21,167,913 47,902,039 69,069;952

Sources: Price index data from mornthly commodity-price statistics, Bureau of Accounting and
Statistics, Provincial Government of Taiwan, Republic of China, and Table 14.

From the standpoint of reliability, the- data have many limitations.
‘First, private expenditures by farmers on irrigation facilities are missing.
A rough approximation of what farmers have spent for irrigation may be
gleaned from Table 16, which indicates that, as of 1955, farmers- had
provided self-installed irrigation facilities on about 12 percent of .all irri-
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Table 16. Cultivated Land Irrigated, by Source of Facilities, 1955

Source of facilities l Irrigated acreage (hectarés)
Self-installed 59,304
Publicly-installed 416,126
Total | 475,430

{

Source: Committee of Sample Census of Agriculture, Taiwan, China, Report on the 1956 Sample
Census of Agriculture, August, 1959, p. 76.

gated hectares. These facilities include canals and private wells and pumps.
As will be noted later, irrigation associations accounted for only about 90
percent of all irrigated acreage. Second, collective expenditures in the
form of free labor-service spent on irrigation facilities and land donated
for joint-irrigation enterprises are not accounted for*. Third, changing
price levels, especially in the runaway inflation period of the 1940’s, invali-
date time-series comparisons. Fourth, of the investment amounts, no
satisfactory allocation is available between new project investments and
the amounts used to replace depreciated, destroygd, or obsolete facilities.
Fifth, not all government expenditures on .irrigation are accounted. for.
With these limitations in mind, we may note that the reported expenditures
for irrigation, in constant dollars, reached a peak in 1928 and have re-
mained far below since. Maintenance and repair expenditures were sharply
curtailed in the 1930’s. This neglect combined with bombing destruction
in the 1940’s created a great financial need in the 1950’s to restore irrigation
facilities to some level of adequacy. Throughout the 20-year period,
1940-1960, there was little expansion of irrigation facilities or irrigated
acreage. The sharp rise in irrigation investments in the kate 1950’s is
accounted fog by the construction of the Ta-Pu Reservoir, Touliu Irrigation
Canal, and the Shihmen Reservoir. Their full impact on irrigated acreage
and agricultural output will not appear until the 1960’s.

.From the standpoint of economic feasibility, only the irrigation ex-
penditures per hectare- or per unit of increased output are of critical
importance. Of these expenditures, the marginal cost of supplying water
from new irrigation projects are the only signiﬁcanjﬁ costs. Such precise
data are not available, however. In the first place, irrigated hectares are
not homogenedus; some receive more irrigation water than do others, and

* The water law of the Republic of China permits the commandeering of land and labor
for the execution of hydraulic construction works (39).



outputs attributable to irrigation are not easily ascertained. Secondly, the
inability to accurately allocate investment outlays among past, preserit, and
future outputs disqualifies the expenditure. data for use in economic cost
comparisors.

Two per hectare cost calculations are offered for comparative study.
The first relates the operational cost per year per irrigated hectare (double
and single paddy). (See Table 17.) The second indicates the investment
in irrigation facilities relative to the increase in irrigated acreage per
decade. '(Som\e of the lags between investments and acreages irrigated are
averaged out by comparing the data on a decade basis.) (See Table 18.)

Table 17. Operational Outlays per Hectare of Paddy Field,

by Decades, 190110 to 1951-60
(Constant. 1985~37 prices)

Operational outlays per hectare
Decade ' of paddy field
. (OT$)
1901-10 7319
1911-20 5.58
1921-30 34.70
1931-40 19.40
1941-50 9.66
1951-60 1 10.00

Source: -Appendix B, Tables B-1.and B-2.

Table 18. Average Irrigation Investment per Hectare of New
Baddy Land, by Decades, 1901-10 to 1951-60

i Average investment per ha.
Investments Increase in increased paddy land
Decade (At current .| (At constant paddy land (At current (At constant
prices) 1935-37 prices) (ha.) prices) 1935-37 prices)
(OT$ & NT$) (0T$) | (OT$ & NT$) (OT$)
1901-10 3,114,886 6,229,772 130,000 23.96 T 4792
1911-20 8,498,066 9,456,563 30,000 283.27 315.22
1921-30 87,093,708 81,765,447 30,000 2,903.12 2,725.51
1931-40 26,199,671 24,709,815 132,000 198.48 187.20
1941-50 1,905,525,588 19,860,851 0 — —
1951-60 606,717,064 21,167,913 — 4,000 — —

Source: Appendix B, Tables B-1 and B-2.

The first set of data show decreased expenditures for operational
purposes since the 1920’s as _irrigated hectares increased. A downward
trend is to be expected because of the economics of larger-scale operations
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but, as was noted above, part of the decrease since 1930 is due to in-
adequate charges and collections of water fees for maintenance, repair and
administrative purposes.

The relationship between net hectares of irrigated land and investment
is highly distorted and fails to conform to expectations. The exﬁectations
were that from decade to decade, real investment'ex‘penditures per hectare
of newly irrigateci land. would increase, \because"t'he land easjest and Iéést
costly to irrigate would be irrigated first and the more costly last.
Advancing from simple diversion dams to huge reservoirs should be more
costly per irrigated hectare. The 1900 to 1940 data do meet expectations
if the 1920 to 1940 data are combined, the average investment per hectare .
for that 20-year period was OT$657. Since 1940, the data fail to conform
chiefly because investments in new projects are mixed with investments
for replacemer;t of old facilities, and hectares irrigated lag substantially
behind new investments, particularly as investment outlays increase. (See
time lag between beginning of. construction and irriga/.ti'on‘of the Ta-Pu
project)

Projected lIrrigation Investments

The irrigation projects underway and those proposed as of May 1962,
are listed in Appendix C, Table C-1, with accompanying descriptive detail.

On the aésu_mptién that those projects for which estimates were avai-
lable as of May 1962- will be completed by 1970, the total investment in
expanded or improved irrigation facilities would amount to NT$6.6 billion.
The total antlc1pated increase in rice production from the NT$66 billion
mves,tment is 580 742_metr1c tons. If realized, the increase would raise
total production by 30 percent above the 1960 level of 1.9 million metric
tons of brown rice.

The investment cost per metric ton of added r1ce, by individual irri-
gation projects, is shown in Tédble 19. The costs range from a low of
about NT$ 3,200 per metric ton for ground-water pumping to a high of
NT$ 23,076 for the Shihmen Dam project; the 'av,erage of all projects is
about NT$11,400. If priority of construction were based on costs per
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Table 19. Estimated Cost of Irrigation per Metric Ton of Rice and.
per Hectare, by Major Water Resource Development Projects
under Construction or Planning, May 1962

Cost per m/t of estimated Cost per double-paddy— )

Project name increased ride production hectare
(N%E . (NTS$)

1. Shihmen Irrigation 23,076 32,458
2. Tachia Irrigation 21,380 - 35,134
3. Paiho Reservoir 19,595 34,371
4. Tsengwen Reservoir -19,375 22,075
5. Houlung Reservoir 18,584 74,074
6. Canal Lining 10,714 2,431
7. Rotational Irrigation 6,275 6,343
8. Ground Water Pumping 3,139 ‘ 5,396

Source: Appendix,_C, Table C-1.

metric ton of rice produced, -the low-cos_i, _high-yield projects ought to
come first.

Prorating investment costs on a pet hectare basis is difficult from the
available data. The eight projects for which cost estimates are available
are to provide new irrigation for approximately 80,000 hectarés and to
improve the irrigation .on another 380,000 hectares. More than half of
Taiwan’s arable land would be affected by these irrigation projects, but
not much more than 20 percent of the dry land would be' converted to
irrigated land. Most of the irrigation improvements are scheduled for the
prefectures of Yunlin, Chiayi, Taitan and Kaohsiung which produce
‘relatively‘ small. first-crops of rice due to the inadequacy of water (Table
2_0.’) If all of the expected inCrease in rice production were grown on
double:-paddy land, the -investment per hectare would range from NT$ 2,431
for canal lining to NT$74,074 in the Houlung Reservoir project. These
investment costs are substantially above those incurred in earlier periods.*

When the investment in-the several irrigation projects is tested in
terms of their capital-output ratios, we may observe that they range from

* There is much criticism of the estimates of rice-production increases anticipated from
irrigation investments; planned increases do not seéem to materialize, It should be noted (1)
that the post-Retrocession period has required abnormal amounts of deferred irrigation invest-
ments; (2) that the gestation period between irrigation investment and increased output is
lengthening; and (3) land-use transformations are removing paddy land from rice to higher-value
uses. Deliberate overestimation of - benefits may occur in order to achieve a favorable benefit-cost
ratio but this could be achieved by understating costs as well: The Ta-Pu Reservoir case study
presented later highlights some of the problems of estimating costs and benefits.
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Table 20. Rice Production Area and Yields, by
Crops and Prefectures, 1960

. Production areéa s '
Prefecture or city & crop (hectare) Yields (Kg. per ha.)
Taipei Prefecture 1st 24,251 2,292
' 2nd 20,870 1,950
Yilan Prefecture Ist 20,963 2,340
2nd 19,982 2,151
Taoyuan Prefecture Ist 40,995 2,119
2nd |- 38,451 2,117
Hsinchu Prefecture 1st 18,474 2,408
2nd 17,120 2,449
Miaoli Prefecture 1st 17,994 2,478
2nd 17,691 2,469
Taichung Prefecture 1st 28,010 2,848
: 2nd 28,955 2,520
Changhwa Prefecture Ist . 51,353 3,088
. 2nd 52,454 ) 2,547
Nantou Prefecture  1st 12,184 2,617
2nd 14,827 2,192
Yunlin Prefecture -  1Ist 17,103 3,089
2nd 40,024 2,909
Chiayi Prefecture - 1st 7,301 2.665
’ 2nd 30,598 2,472
Tainan Prefecture  Ist 8,398 2,495
ond 48,073 2,334
Kaohsiung Prefecture 1st | 17,452 3,200
2nd 27,528 1,873
Pingtung Prefecture st 33,531 3,448
2rd ‘42,528 1,872
Taitung Prefecture 1st 9,039 2,391
. 2nd 8,801 2,459
Hwalien Prefecture Ist 10,221 2.003
2nd 10,269 2,133
Taipei City  *  1lst 1,149 ' 2,495
2nd 1,127 2,526
Keelung City Ist 668 1,774
2nd 413 949
Taichung City 1st 6,279 2,883
2nd 6,222 2,998
Tainan City st 210 2,758
2nd 3,350 2,034
Kaohsiung City 1st 3,574 3,810
2nd 3,547 2,218
Yangmingshan ist 2,323. 3,176
Administration 2nd 2,106 2,529
Taiwan:total 1st’ 331,472 2,719
2nd 434,936 . 2,324

Source: Department of Agriculture and Forestry, Provincial Government of Taiwan, Tauwan
Agricultural Yearbook, September 1961, pp. 35-36.
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88 (NT$ 3,199+ NTS$ 3,640) for ground-water pumping to 6.3 (NT$ 23,076+
NT$ 3,640) for the Shihmen Dam project. The NT$ 3,640 is the farm net
income per metric ton of rice., It is determined by applying a 65 percent
net-income ratio to NT$ 5,600, the prevailing retail price of a metric ton
of rice. in Taipei, in early 1962;

In comparison, the average internal capital-output ratio in agriculture,
excluding land, was estimated to be 2.42 in 1958 (Table 5). In iﬁdustry,
the average capital-output ratio (measured by dividing capital employed
by the census value added) was 3.2 in 1959. In mining it was 1.0, in
manufacturing 2.6, and in 'public-utilities 10.5 (40).

Based on these comparisons, it appears that although many invest-
ments may yield higher returns per dollar invested than will irrigation, in
comparison to other public utilities, irrigation investments are more profi-
table. Irrigation, like electric power, provides a utility that is necessary
for the fuller utilization of other resources.

IMPACT OF IRRIGTATION-,ON PRODUCTION

We noted earlier that irrigation has helped to accelerate the trend
toward smaller-sized farms, which produces the. dual effect of (a) in-
creasing consumption of agricultural products on the farm, and ‘'(b) making
capital formation in agriculture somewhat more difficult. On the other
hand, irrigation has without question increased ' agriculture’s gross output
whether measured in total quantities produced by the rhultiple-crop index, -
or in real-value terms.

From the study of production statistics, it is apparent that rice pro-
duction 'is dependent on irrigation and that the farmers’ propensity to
produce rice is extremely strong. Farmers seein to automatically turn -to
. rice when adequate water becomes available.

Measuring the Impact.—Measuring the impact of irrigation on rice
production is methodologically difficult because of the many other variables,
such as weather, fertilizer, seed, labor efficiency, and price, that interact
to influence total rice production. The .difficulties of tracing cause and
effect and in isolating determination factors are illustrated by a study of
‘Charts 2, 3, 4. Depicted in the charts are the interrelationships between
total rice production and its two major determinants: hectares planted . to
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rice and yield per hectare. The number of hectares planted to rice in
tuin is determined largely by (a) the amount of irrigated land; (b) the
amount of water available and (c) the net returns from rice relative to
that from other crops. The per hectare rice yield is affected by irrigation,
fertilizer, pesticide, labor efficiency and management, and rice prices. Rice
prices, in the short run, have a greater impact on the quality and quantify
of fertilizer, pesticides and labor used than on the quality and quantity of
irrigation employed. The rapid increase in ricé prices after 1945 had a
strong impact on both quantity of rice plantings, which responded to ferti-
lizer applications and yields while irrigated acreage remained virtually
stationary (Chart 4). However, there was an obvious shift of irrigated
land from other crops, particularly sugar, to rice, especially between 1945
and 1950.

The results of multiple correlation aﬁaly'ses for the periods from 1922
to 1938 and 1950-60 between (1) planted rice acreage(A) as the dependent
‘variable and irrigated hectares(I) and rice prices(P) as the independent
variables, and (2) rice yields(Y) and fertilizer application(F), irrigated
hectares and rice prices are shown below. A similar analysis of the 1938-
1950 data is not attempted because of the abnormalities of that period.

(1) Period of 1922-38:

a. A=40.68+0.70171-0.0338 P ‘R®=0.9819
S, =0.0863 S;=0.0668 S =4.371
b. Y=9.6196+0.2595F +0.62321+0.0375 P R*=0.9063
Sp=0.1240 S5=0.27735 Sp=0.1109 S =5.3643
(2) Period of 1950-60: _

a. A=107.7092+0.39541—0.0017 P R=0.2234
Sp=0.3651 Sp=0.0011 S =1.699

b. Y=—186.5523+0.4971F +2.47861—0.0047 P R®=0.97
$5=0.7273 Sp=0.6880 S;=0.0036 S =2.4918

Except for equation (2a), the results of the multiple correlation. analy
ses of the relationship between factors seems highly reliable as the deter-
minant R? comes out larger than 0.9. In the period of 1922-38, the irri-
gated area has the same impact on the rice acreage as on yield. Price
has no signiﬁcant' effect on the rice acreage or on rice yield. More than
60 percent of the increases in the rice acreage and yield in this period
was related to the increase of irrigated area.
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Chart 4. Rice Production Trends and Determinants, 1949-1960
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In the period of 1950-60, 'the irrigated area had a different effect on
the rice acreage and yield than in the period of 1922-38. The irrigated
area had a larger impact on the rice yield. than on the rice acreage. These
results reflect the greater multiple use of water in 1950-60 as compared
to the pre-war period.

Impact on Land Values.—Land vp.lués provide more concrete-evidencé
of the impact of irrigation than do correlation analyses. A special survey
of land prices revealed that double-paddy land, on the average, had a value
of about NT§$ 52,000 more per hectare in 1960 than did single-paddy land
and about NT$ 72,000 more than dry land (Table 21). Land values, theofé-
tically, reflect discounted. future net incomes. The value of double-paddy
land largely reflects the increased net income that can be realized from
land uses responding to irrigation.*

Tablé\él. Value of Land, by Irrigated Status, 1960

. Hectares ' . Value Value per Hectare
Type of land (000) . (NT$000) (NT$)
Double paddy 3201 50,037,022 152.042
Single paddy 196.5 19,805,628 . 100,792, .
Dry land , 3436 ) 27,631,281 80,417

Source: Statistics of Land Price, unpublished report by, Provincial Land Bureau, 1961.

"The NT$ 52,000 spread between the present value of smg[e-and double-
paddy land can be realized if- the net income per annum, compounded in
perpetuity at 6 percent, is NT$ 3,120, or NT$ 6,240 if compounded in per-
. petuity at 12 percent. Applying the same. technique to the NT$ 70,000
spread betwéen paddy and dry land prices, the net income difference per
annum must be NT$ 4,200 at 6 percent or NT$ 8,400 at 12 percent.. \

The land-price differential, then, is determined by two' factors: (1)
the net benefit from irrigation and (2) the discount rate of interest. The
net benefit from irrigation varies from place to place and over time, as
will be noted more clearly in the last two chapters. Lee estimated.the

* -Investment in land is motivated by other factors than future net incomes from agricul-
tural uses. In a situation of economic insecurity and population pressures, land offers a funda-
mental security not available in other assets. Moreover, competition for land by higher value
non-ag;iculfural uses encourages the holding of land. We observe in the last chapter, however,
that once water was assured in the Ta-Pu’irrigation project, land values doubled and tripled
virtually overnight. :
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- following net benefits from irrigation, in terms of 1957 prices, for the ground-
water development project to be as follows:*

Double paddy NT$ 1,500 per hectare
Single paddy NT$1,200 per hectare
Dry land NT$ 1,700 per hectare

On the basis of these statistics, which are obviously LOW in terms of
1960 prices, the discount would have to be quite low to account for the
1960 land-price spreads of NT$ 52,000- and NT$ 70,000. The farmers’
discount rate is variable and uncertain. According .to Tsui’s 1957 study
of farm income, the average -réturn on ‘capital appeared to be about 8
perceﬁt, (24). The capital-output ratio, including land, was about 7:1,
which suggests a net return of land value—discount rate about 15 percent
relative to capital used. We shall tackle the problem specifically in the
Ta-Pu case study analysis.

Financing Irrigation Investments

If further and incr;easingly larger investments in irrigation can be
* justified, the next problem is how to finance such outlays. In order to
answer this question, we should look first of all at the ways in’ which
-such investments have been financed in the past. Then, we can turn to
alternative methods. -

METHODS OF FINANCING

Returning again to Appendix B, ‘Tables',B-l and B-2, we may observe
the relative contributions of government and irrigation associations from
1901-1961. It is assumed that the government’s aid from 1901 to 1950
was in the nature of grants and that government loans, if ‘any, appear in
irrigation association totals because they are subject to repayment. The
amount of the funds invested by irrigation association coming from internal
and external sources is unknown. The best information we can-offer on this.
question is that presented in Table 22 for a period of three years, 1957, 1958
~and 1960. From these data it appears that irrigation associations generated
approximately 10 percent of their investment funds in these years. Only
a few associations made new long-term investments in any one year.

* This study was made for the ground-water development project including the areas of
Chapghwa, Yunlin and Chiayi prefectures by the suggestion of International Development
Association.



The amount of funds from different sources varies from association
to association. The Liukong Irrigation Association, for example, (operating
in the suburbs of Taipei City) derived more funds from the rental and
sale of its real estate holdings than from water sales. Long-term loans
exceeded by four times the amounts of special water fee collections in '1960.

‘The government’s contribution to irrigation investments has varied
widely in amounts and percentages over the years. Before Retrocession,
irrigation investments seemed-to rise and fall with the general world-wide
business cycles (as reflected in Taiwan’s rice prices shown in Chart 2).
In general, when total irrigation investments were high the government’s
contribution was relatively low; irrigation associations resorted to their
own resources or to loans. After Retrocession, and until 1958, the govern-
ment’s share in irrigation investment exceeded that of the associations.
The investment statistics are deceptive, however. We are not certain as
to how much of the investments are for replacement of old facilities and
how much for investment in new facilities. Much of the government’s
help in the early 1950’s went for maintenance and replacement purposes.
The need for special repair funds, as noted earlier, indicates that the
associations had not been collecting sufficient funds from their members
for repair and maintenance purposes. Not until 1960 did such collections
and disbursements appear reasonable (Table 22) and even then maintenance
and repair expenditures amounted to only 1 percent of the value of fixed
assets. (Table 24). If maintenance and repair expenditures were inadequate
then it is reasonable to assume that the associations were not accumulating
adequate depreciation reserves or new investment funds. Since each of the
26 Irrigation Associgtions are managed independently of each other, but
according to prescribed government standards, we might profit from exa-
mining their operating statements. The latest available are for fiscal 1960.*

OPERATING STATEMENTS OF IRRIGATION ASSOCIATIONS

The water fees collected by the 26 irrigation associations in fiscal 1960
are shown in Table 23, as are hectares irrigated and the number of house-
hold memberships. The ordinary water fees, collected for administrative
expenses, repair and maintenance, and reserves, far surpassed the special

* Admittedly, the statistics are of questionable reliability. The lack of a uniform accoun-
ting system, of qualified accountants, and of audited annual reports seem to be adequate reason
for casting doubt on the statistics.




lllllllll

5y \ | V3NV INIWHOLYOD Nd-vl | '

J AR USRS LT e (e

[/

\,,,\ \Mﬂu \ 1O1SIA NOILYODINYI Nd-¥L :

NOILVLS dWnd )/ i

= * 7 K Lod ol

IVINI YUV —— C 1 [ _

N == 2 N % - . LOWLSIG NOLLVORRI NVN-NHD |

TINNYD TIVIAS >N / ) 3 (o
TINNYD NIVW = @ 7/ -
aNod ¢ // \ \

NMOL gzzmes ‘/ ! t (/f

AYOY = i \ o %
AVMIIVY e I o P
doTs <\l nQ
UIAN B \.-
3N ¥3QH0T dIHSNMOL -—-—- o \ 8

3NN Y3Q¥O0T N3ISH — +— \ %

VIR
ECER f@%/

IHSNMOL NNd -

\\\\\\\\

HIOAN3S3Y Nd-VI
/]

» .f /
N < e
| d\.\ \.\. 70\
v 4 :zﬁ/w\)\abu
) sl R\ﬁ wo

S W

[ \ QIHSNMOL 13W-HY3

o ‘ 000'0S i1 37VIS

10141SIa NV V3V NOILVIOOSSY NOILVOIHNI NVN-NHD 9 3r=yD




Table 22.

Receipts and Disbursements of All Irrigation
Associations 1957, 1958 and 1960®

Receipts 1957 1958 1960
sources NTS$ % NTS$ % NT$ %

Water fees 140,255,841.35 | 60.10 | 164,207,581.11 | 49.98 | 227,666,664.98 | 43.42

Property rents & sales 12,808,819.64 6.31 12,945,511.72 394 12,312,858.83 2.35

Subsidies 20,734,446.44 | 10.21 56,754,989.02 | 17.27 | 116,910,089.10 | 22.30

Long-term loan 7,977,899.53 3.93 69,142,188.65 | 21.04 | 134,612,94816 | 25.67

Other receipts® 21,211,456.81 | 1045 25,519,296.07 797 32,825,004.63 6.26

Total receipts 202,988463.77 [100.00 | 328,569,566.57 |100.00 | 524,327,565.70 |100.00

Disbursements:

Operational 130,041,349.46 | 64.06 | 144,451,703.44 | 43.96 241.831.839.23 46.12
Administrative 57,755,662.17 | 28.45 67,395,608.60 | 20.51 81,738,982.27 | 1559
Maintenance & repair| 72,285,687.29 | 35.61 77,056,094.84 | 23.45 | 160,092,856.96 | 30.53

Investment 56,894,275.86 | 28.03 | 141,331,551.38 | 43.02 181.679,748.30 34.65

Reserve funds —_ - - — | 50438248.88 | 9.62

Loan repayment 17,72602682 | 8.73 23,461,141.17 | 7.14 |° 21,075,859.30 | 4.02

Total qlisburse!:t_lent 204,664/652.14 |100.82 | 309,244,395.99 | 94.12 | 495,025,695.71 | 94.41

Balance: - ~ 1,676188.37 |- 0.82 | 1932517058 | 5.88 29,301,869.99 | 559

) Fiscal years ending June 30.
® The 1960 figures follow the 1958 figures. The fiscal year date was advanced one year to
match the government’s fiscal year.
@  Includes interest income, surplus above book value of fixed assets, sale of bonds and
. stocks, sale of materials and collections from employees for retirement fund.
Source: “Financial Study of Irrigation Assqciation, 1957-59”", unpublished, Joint study by
Provincial Water Conservancy Bureau and Joint Commission on Rural Reconstruction.

water fees collected for the repayment of loans. Operational expenditures
(Table 22) exceeded the total ordinary water fee collections. Ordinary
fee collections, on the average, were only 83 percent of assessments; and
ranged from 29 percent in the Nunkao association to 97 percent in the
Chianan association. The unfavorable collections are attributed 'largely to
the added NT$ 100 per hectare assessment in 1959 for a joint construction
fqnd reserve (Tables 23 and 26). For unexplainable reasons, the irrigation
associations had a poorer collection experience with special water fees.

In spite of their good payment record in fiscal 1960, farmers, in the
aggregate, owed about a Srear’s water fees on June 30, 1960, as reflected
by thé accounts receivable position of all irrigation associations, (Table
24).. The balance-sheet statement indicates the aséget-liability position of
all associations. In general, the current and funded assets were low relative
to total liabilities, and the funded reserves were low relative to the value

— 5] —
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of fixed assets. Inasmuch as no recent inventory of irrigation association
assets is available, the value of fixed assets and net-worth position indicated
in Table.24 must be viewed with skepticism. Without some estimate of
the value and life of major facilities, it is highly unlikely that adequate
funding provisions were being made for the replacement and repair of
existing facilities, or for the financing of new investments.

“The lability. amounts of irrigatiori Associations, added to agriculture’s
total liabilities shown-in Table 1, would increase the latter by less than 5
percent. Farmers debt for irrigation, as of 1960 was rather mﬁtesxmal
in relation.to its value.

PROBLEMS OF FINANCING NEW INVESTMENTS

According to the Republic of China’s water laws, no specific provisions
or ‘alternatives are provided for the financing of 1rr1gat1on investments.
A basic requirement is that spec1al costs incurred are to be paid by the
beneficiaries and ordinary fees are to be the same per hectare for all
members of an association. That these two fees vary in amounts on a
per hectare -or per member basis by associations is made quite obvious in
Table 23. The reasons for the variations are numerous but our chief
concern here is with the financing of new investments.

An association has two methods available, exclusive of government
subsidy, of acquiring investment funds.” The first method i$ to accumulate
funds in advance. These funds may be depreciation funds and/or special
assessments that aré accumulated at interest. " As we have noted above,
‘associations’ deépreciation reserves were low in 1960. As we will note
later, special assessments have been imposed since 1955. The second
method, which may be employed in combination with the first, is to borrow
money and to repay it from future assessments. _ (Theoretically, from
increased earnings attributable to the inve'stment), This method, plus
subsidies, has been the traditional method.

We may observe in Table 23 that special water fees collected amounted
to only NT$ 33 million in fiscal 1960, (assessments were about NT$ 40- mil-
lion). The collections were to partly repay some NT$300 million of short-
' and-long-term ‘borrowings outstandmg as of June 30, 1960 (Table 24), which
suggests a pay-off of the: amount due in -about 10 years. The 1ndebtedness
on a per hectare basis by associations, as of June 30, 1960, is reported in
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Table 25, and in total amounts in Appendix E, Table E-1. The current
lisbilities ranged from NT$ 18.12 per hectare in the Houli Association to
NT$ 2,447 in the Liukong Irrigation Association. The. fixed indebtedness
ranged from zero in three associations to a high of NT$ 5,440, which was
far above all others, in the Chunan Association, the parent association of
the Ta-Pu-reservoir case-study area. The fixed indebtedness falls on only
the farmers benefiting from investments outstanding and not on all as-
sociation members. For example, the indebtedness in the Chunan area
falls on only about 30 percent of the total irrigated area.

How much of the Associations’ borrowings came. from government and
how much from private sources is not known. Because of the 6 percent
rates. prevailing on government loans until 1960 it is assumed ‘that the
nearly all long-term borrowings were from gov‘ernment sources. It was
suggested earlier, and the thought will be developed more fully later, that
more long-term ﬁnancmg can be provided within the Assocmtlons themselves
for lending to inve. sting associations.

IRRIGATION INVESTMENT FUNDS

Government authorities have long recognized the need for Irrigation
Associations to generatée more investment funds and in advance of their
need. Since 1955, two special funds have been established and a third nearly
reached fruition. The established funds are: (1) the joint revolving funds,
and (2) the joint construction fund. An irrigation development fund was
approved by the Legislative Yuan but not adopted.

Joint Revolving Fund.—This fund, administered by the Joint Council
for Irrigation Associations, was accumulated for urgent repairs and re-
habilitation, as verified by the Provincial Water Conservancy Bureau.
Collections started in’ 1955 and were continued for the statutory limit of
five years. All Irrigation Association members paid an added NT$ 20 per
hectare per year ordinary water fee into the fund. The monies collected
were deposited in the Land Bank at 1.20 percent monthly and loaned to
Irrigation Associations in need, .as short-term loans, at 1.4 percent per
month (13). On June 30, 1960, nearly NT$ 24 million was in the fund,
(Table 24) and by May 1962, NT$ 65 million was available for lending on
a revolving basis. '
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Joint Construction Fund.—The joint construction fund was begun in
1959 for the purpose of accumulating monies for large-scale repair, re-
habilitation and improvement projects. The monies collected are held by
the Provincial Conservancy Bureau. Collections by May 1962 amounted to
NT$ 125.3 million. The assessments, included in the ordinary water fee,
averaged about NT$ 125 per hectare per year.

The net effect of the increased water fees was that on the average
farme;s paid about 50 percent more ordinary water fees in 1959~60 than
they did in 1958 (Table 22).

Irrigation Association members are to contribute different amounts into
the fund depending on the type of land farmed (Table 26). Paddy farmers
contribute more than do dry-land farmers which tends to equalize water
payments between the farmers benefiting from earlier low-cost projects
(mostly . in the north) and those yet to obtain watér from higher-cost
projects (mostly in the south).

.Table 26. Percentage of Ordinary Water Fees Before and
After Adjustment, by Type of Income and
Benefits and by Type of Land®

' Ordinary water fee (percents)
Type of income : . T

.| Double- Single- 3.year- 2-year-
and benefits paddy paddy rotation | rotation | Average

Jland land land Jand
dBefore Gross farm: income 1.72 2.39 3.26 1.38 2.35
o etment . | Nét farm income 1389 | 1250 | 1190 | 1961 12.57
Irrigation benefits 2227 | 8347 28.87 3552 |° 2610
After Gross farm income 2.87 3.25 4.24 1.46 3.39
-adjusltgrrégnt Net farm income 2313 17.16 15.44 20,74 18.07

in )

Irrigatjon benefits 37.06 45.95 37.47 - 37.56 37.55

(- Based ona sample of six Irrigation Associations, _
Source: “A Study on Financial Position and Water Fee Collection of Irrigation Association.”
JCRR and PWCB, July 1960, p. 3 (In Chinese).

After the fee increase, farmers on double-paddy land were required to
pay 66 percent more than before as contrasted to only 37 percent for
farmers on single-paddy land, 30 percent for farmers on 3-year rotation
land, and 6 percent for occupants of 2-year-rotation land. All but single-
paddy farmers were expscted to pay 37 percent of the total benefits;
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attributable to irrigation, as ordinary water fees. Single-paddy farmers
were to pay 46 percent of their irrigation benefits. Even so, the per
hectare ordinary water fees after adjustment averaged only NT$ 412,
ranging from a low of NT$114 in the Keelung Irrigation Asseciation te
a high of NT$610 in the Chihsing Association (Table 23). Ordinary water
fees remained far from equal in Taiwan.

If the irrigable benefits stated in Table 26 are correct, the full benefits
from irrigation were estimated to approximate NT$ 1,333 per hectare in
1959. There is reason to believe that these irrigable benefits are too low.
In the next section we show that some farmers in Southern Taiwan paid
as much as NT$ 6,600 per hectare per year for water,

‘The Irrigation Associations receive 55 percent per annum on the
monies paid into the fund. The interest earned is credited to each As-
sociation’s account with PWCB. No interest is earned by the contributing
farmers. Fund balances are maintained in the Land Bank which has the
unused monies available for its own short-term lending.

By May 1962, some NT$56.7 million in loans had been made from
the fund. Loans may be. for as long as 15 years. The lending rate to
borrowing associations is 6 percent per annum.

It is reported that farmers object to this fund on two counts. First,
they receive no interest return on their contributions. Second, the 6 per-
cent lending rate is too low especially when the private money market
asks 18 percent or more for similar loans.*

At the time the joint construction fund was established, a larger ir-
rigation development fund was visualized to meet the investment needs of
large-scale irrigation projects.

Irrigation Development Fund.—As originally proposed, the irrigation
development fund was to be a revolving fund accumulated at the rate of
NT$ 280 million for five years, and financed from five sources: (1) all

* This type of subsidization of benefited farmers by non-benefited farmers seems not to
be covered or anticipated by the water law which requires farmers to pay the full direct costs
of all jrrigation investments from which they benefit. The principles of equity and economy
suggest that f.armers ought to earn at least a nominal rate of interest on their contributions to
the fund. An interest return appears essential if more irrigation investment funds are to be
obtained from farmers.
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repayments of government loans by Irrigation Associations {about NT$ 60
million yearly) were to be diverted to the fund; (2) the Taiwan Provincial
Government was to add jts normadl allocation of about NT$ 80 million
yearly; (3) the U.S. government was to contribute NT$60 millionAannually;
(4) the Taiwan Food Bureau was to add NT$40 million; and (5) farmers
and Irrigation Associations were to be responsible for the balance of NT$
40 million in the form of labor and local materials.

Borrowers were given two options for repayment. One was in rice at
the price prevailing when.the contract was signed and at a zero rate of
interest. The other was in cash at an interest rate of 12 percent per
annum. The maximum term of loan was to have been 20 years.

‘The plan foundered. chiefly because of the lack of agreement among
the contributors and the failure to implement the fund with monetary
contributions.

In spite of its defects, the plan had its merits. It would have establi-
shed a specific budget amount for investments, and new projects. would
have had to compete for funds on the basis of profitability or rate of
return. In retrospect, it appears that the fund hardly would have been
adequate to meet the NT$ 6.6 billion budgeted for irrigation in the 1960
decade. To finance NT$6.6 billion would require at least a NT$500 million
annual accumulation for five years and a NT$2.5 billion revolving amount,
if 20-yéar loan maturities were the rule.

Provision could have been made for greater contributions to the re-
volving fund from the Irrigation Associations and the Food Bureau. A
NT$ 500 annual per hectare assessment on Irrigation Association members
for five years would have provided nearly NT$ 250 million annually or
about half of the needed revolving fund. There is reason to believe, that
if farmers were paid a reasonable interest rate for monies contributed to
an irrigation investment fund they could provide an adequate revolving
fund without government contributions. In view of the large annual pro-
‘fits to the Food Bureau from the rice-price spread and fertilizer sales, it
should have been called on for more than a NT$§40 million annual con-
tribution to the irrigation development fund.

The rapid increase in the joint construction fund, without government
contributions and I)nly nominal delinquencies, indicates that the irrigation
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associations are capable of generating substantial quantities of their own
investment capital requirements.

IDA COOPERATIVE LOANS

After the collapse of the investment fund proposal, special financial
arrangements were made with the International Development Association
for the long-term financing of the high-yielding ground-water development
projects (41). In August 1961, IDA loaned ‘US$ 3.7 million to the Republic
of China of an eventual total investment that would amount to NT$ 457
million (US$ 11.4 million equivalent) for the construction of 765 irrigation
wells. The Provincial Government is to subsidize the total cost of the
ground-water project by 60 percent. The balance will be on a loan basis
from the Republic of China (IDA loan) and the Joint Commission on
Rural Reconstfuction. The IDA loan to the Republic of China bears no
interest but the principal is to be repaid in U.S. dollars within 40 years.
The loans to the farmers are to be repaid in 20 years and bear an interest
rate of 12 percent per. annum.

ALTERNATIVE METHODS OF FINANCING

Rather than imposing additional assessments on irrigation association
members or borrowing from government or other lendé_rs, and alternative
method of financing would be to allow the Associations, or the Joint
Council for Irrigation‘Associ.ations, to issue revenue bonds to the general
public. Revenue bonds would provide not only for external financing but
also a market test of the quality of bonds and of the proposed project.
The interest rate could either be predetermined, aIloWing the price of the
bonds to fluctuate so as to determine the real interest rate, or the initial
price of the bonds could be fixed and the bidders would bid the interest
rate to be paid by the Associttions. A reliable and extensive bond market-
ing system would be needed to assure competition among bidders and sales
to investors. In order to sell the bonds and at the lowest rates possible,
investors would need assurance -that the bonds would be redeemed on
schedule. To provide such assurance, the issuing body would need to have
stronger fee-collection powers, such as shutting off water or obtaining a
mortgage in the land, which irrigation associations do not now possess.

On the other hand, the revenue bonds might be sold to individual
Irrigation Associations, credit cooperatives, and farmers’ associations thereby
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eliminating the necessity - for public sale and for a well-developed private
marketing system. Such sales could no doubt be made at less cost and
lower interest rate to farmers’ financial institutions than if the bonds were
marketed to the public. . As was pointed out earlier, Taiwan’s agriculture
has adequate resources and credit capacity for financing most of its own
capital development. It appears incongruous to be asking agriculture to
Ahelp finance industrial development while at the same time to be diverting
funds fxom industrial development to the use of agriculture. The major
obstacle tw agriculture’s internal financing is the lack of organized in-
stitutional arrangements that are conducive for the accumulation of invest-
ment capital and for the collection and repayment of amortization funds:

Summary

New irrigation investments were at a virtual standstill between 1930
and 1960;{ irrigated acreage increased at a decreasing rate and absolutely
after 1950.

An upsurge of investments took place in the late 1950’s but their im-
‘pact will not be felt until the 1960’s. Government has subsidized irrigation
investmenté liberally. Irrigation Associations assumed greater. responsibility
for their own investments in the late 1920’s and again after 1959.

Irrigation has a decided impact on the produc_tion of certain types of
crops, notably rice. Although farmers spent nearly four times as much
for fertilizer than for water in 1960, irrigation is fundamental to the ex-
panded use of fertilizer and other 'resources. Its impact can be most
precisely measured in terms of land-price increases.

Little self-financing of .invéstment needs has been undertaken by Irriga-
tion Associations. Most investments are taken care of by government
subsidies or loans, the latter mostly at an interest rate of 6 percent per
annum and amortized in 10 years or less.

The Associations have much greater capacity for self-financing than
they have utilized. The debts of farmers and Irrigation Associations are
low. If farmers were paid a reasonable rate of return, they would likely
contribute more monies to self-financing arrangements. Numerous alterna-
tive methods to borrowing and subsidies are available for irrigation-invest-
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ment financing, namely, a self-financed revolving fund and revenue bonds.
The large capital needs of proposed irrigation projects suggest that new
methods be employed to divert agricultﬁre’s surplus'capital funds into such
investments.



CHAPTER IV

ECONOMIC FEASIBILITY, PRIORITY AND REPAYABILITY
OF TRRIGATION PROJECTS

We observed in the preceding section that Taiwan’s irrigation develop-
ment, as measured by irrigated acreage, is well advanced. Financial
commitments for new water projects will carry total area irrigated to about
60 percent of the potential. An economic analysis of Taiwan’s irrigation
feasibility, priority, and repayability is somewhat belated and historical
experience may suggest that it is unneeded. Irrigation is vital to Taiwan’s
intensive agriculture and food production and her population pressure gives
little pause for economic direction-finding and guidance.

Although feasibility and priority, to be treated in this section, are no
longer of concern for committed projects they are of concern for the few
remaining proposed projects. Repayability, however, is of serious importance
for the committed, proposed, and some of the completed projects not yet
repaid. Moreover, the criteria discussed and proposed herein have applica-
bility for other water-development investments, such as cloud-seeding or
sprinkler irrigation, and for other types of industrial, agricultural, and
governmental investments.

Economic Feasibility

The economic feasibility of a project implies that its total returns
will equal or exceed its total costs during the economic life of the investment.
The principle is simpler than its application. Before attempting to compute.
feasibility, it appears wise to clarify some concepts that are central to the
issue of determining a rate of return on investment.

CLARIFICATION OF CONCEPTS

The concepts needing clarification are the principal components of the
feasibility formulas. Significant differences "exist between the following
concepts: economic and financial, multiple- and single-purpose projects,
benefits and revenues, and costs and expenditures. More detailed treatment
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of these concepts may be found in several 'standard works used by U.S.
government agencies, (42, 43, and 44), and in previously cited references.

Economic vs. Financial. —The economic concept is much broader than
the financial. The economic is concerned with the alternative uses and
returns from resources over time and their effect on the larger economy.
A project may stimulate employmeént and increase factor returns, enhance,
through external economies, the productivity of complementary industries,
raise educational and living levels, and so forth. These external effects
may occur whether the investment is made from public or private funds.
The financial concept pertains to the borrowing and repaying of a certain
sum of -money, at a specified interest rate, which may or may not be an
economic—or market-determined rate of interest. Generally, financial feasi-
bility involves direct costs and returns only; economic feasibility concerns
indirect costs and returns as well.

Multiple vs. Single Purpose.—Most water-development projects, under-
way and proposed in Taiwan, unlike the past, call for the construction of
multi-purpose water facilities. Irrigation may be a seeondary rather than
a primary purpose. In case of the Ta-Pu Reservoir project; irrigation was
the primary purpose and flood control and recreation were secondary. When
more than ene purpose is involved, the feasibility and repayability -calcula-
tions are complicated by joint-cost allocations among purposes. It is
generally agreed that each purpose should yield benefits at least equal to
its incremental (separable) cost and that the overall project benefits should
equal or exceed total costs. All joint-overhead costs are assigned to each
purpose in the same proportion as separable costs (44).

There are some who argue that allocating costs by purpose is imma-
terial, the important consideration is that total revenues of a multi-purpose
project exceed total cost (5). This principle is fully accepted within
business enterprises but is somewhat difficult to apply in projects financed
with public funds, in which the separate purposes (power, irrigation water,
publi}:'Water, flood control) are administered By different entities (public,
quasi-public and private) and each is responsible for repaying its allocated
costs. If one organization were responsible for financing, managing, and
repaying a multi-purpose project, it could charge for services on the basis
of the value of benefits received (demand) rather than on the basis of
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separate costs. The crucial point would be that total revenues exceed
total costs.

Benefits vs. Returns.—Although a later section is devoted to benefits,
the conceptual difference between benefits and returns- needs to be treated
here. The concept of benefits as used herein, and in most public investment-
feasibility studies, visualizes a wide sweep of economic and social gains
that can_ be directly or indirectly attributed to an investment project.
Unlike dlrect returns or revenues, the chlef sources for the repayability of
borrowed funds, benefits may_ be mtangrble as well as tangible, social as
well -as.private,-and external as well as internal. As such, however, total
benefits generally are not fully identifiable or quantlﬁable. ‘This deficiency
saves the analyst from possible embarrassment that may arise because of
double-counting and lalloened statistics. The nature of an economy is one
of interdependence of sectors and industries and the growth of one may be
induced by the benefits flowing from others. How much of the growth,
measured by net earnings or profit is-attributed to each beneficial influence
is difficult to asc'qrtain and even more difficult to assign*. Moreover, the
advancement of one industry or sector may create diseconomies and losses
for another.

In this report, only the tangible primary benefits will be employed for
feasibility analysis pufboses, for several reasons. First, the tangible primary
benefits ‘are the easiest, though difficult, of all .benefits to identify and
quantify, as will be illustrated later. Second, the tangible primary benefits
correspond more closely to the revenue or return concept familiar to
business enterprises, which recognize but do not attempt to internally
capitalize the value of their investments to others. Third, the tangible
primary benefits are the source for the repayment of borrowed investment
funds.

The broader concept- of beneﬁ'ts, however, has two valuable uses. One
'is to determine the priority of projects yielding the same rates of tangible
return on the investment, The other is to determine which projects, or

* The U.S. Bureau of Reclamation attempts to assign a percentage of the'increased profits
of processing industries that may be attribute to the increase in agricultural production due to
irrigation (42). However, the effect of increased output on transportation and storage costs and
the ripple-effects in other secondary and tertiary industries are disregarded. On the other hand,
the U.S. Department of Agriculture and U.S. Army Engineers, in evaluating the feasibility of
water-development projects do not pursue benefits to these extremes,
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portions of a project, to subsidize. Some investments, such as schools,
roads, or recreational facilities, may yield high unassignable and infangible
benefits warrantiné a public investment that is not to be wholly repaid by
the users or beneficiaries. Irrigation, too, may yield subsidizable benefits.

Costs vs.. Expenditutes.—A conceptual problem exists on the cost side
of the feasibility ‘equation, too. Economic costs may be different and
smaller or larger than expenditures. The true cost of a project is the cost
of providing the same services or goods by. an aIternatwe method. In the
case of irrigation in Taiwan, the economic cost of providing a given amount
of water to a selected area would be the least-cost method from among the
alternatives of (a) veservoirs, (b) river diversions, (c) conveyor canals from
water-surplus areas, (d) ground-water pumping, (e) salt-water conversion,
and (f) cloud seeding and pond catchments. The alternative-cost principle
is applicable in choosing between single-purpose irrigation or multi-purpose
water projects, among water sources in irrigation districts, and among
irrigation methods on individual farms. Seldom, however, are such alternative
costs computed each time a decision is to be made; most alternatives are )
eliminated beforehand for a .variety of reasons. Consequently, planned
expenditures of a pre-selected irrigation facility rather than the economic
costs of an alternative method are used for determining the priority and
feasibility of projects. Actual expenditures, which, for a number of reasons,
are usually higher than planned, are the amounts scheduled for repayment
and/or subsidy. For example, the Shjhmen Reservoir project in Northern
Taiwan is expected to cost about four times more than the original estimate
and the Ta-Pu Reservoir project, the case studied in this report, cost twice
as much as originally planned.

Interest, the cost of borromng money, ‘is usually considered as separate
‘from and ap addition to project costs. However, interest may be viewed
as a return, i.e, a surplus over costs, as well. We will note later that
the interest rate enters into both sides of the benefit-cost equation, and
the revenue-cost surplus, if any, .is stated in terms.of the rate of return
on the investment. ' |

Having considered alternative concepts and disposed of those that are
not relevant to our problem, further treatment is warranted for the two
concepts that are important: tangible .primary benefits and investment
expenditures.
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TANGIBLE PRIMARY BENEFITS

The benefits used in this study for the capitalization of irrigation
investment expendltures are the tangible primary benefits, which can be
quantified and assigned te the chief beneficiaries. Restricting the analysis
to these benefits considerably simplifies the feasibility problem, other awk-
ward problems remain, however. The ‘major remaining problems to be
considered here are: (1) quantifying and assigning of public and private
benefits; (2) maximizing of benefits; and (3) averaging of private benefits.

Quantifying and Assigning of Public and Private Benefits.—The initial
problem is to separate public and private tangible primary benefits. The
major benefits from increased food production attributable to irrigation are
distributed in a free market system through the price mechanism. Some
of the benefits may accrue to producers as increased total returns; some
to consumers in the form of- lower prices and higher incomes; and the
rest to government as taxes. In “Taiwan, most of the farmers are private
entrepreneurs but some are government-owned corporations. ‘The benefits
to both are considered as identical and available for repayment purposes.
However, private farmers generally retain some of the extra production
for their own consumption: an imputed value is assigned this quantity in
calculating total benefits. Also-as was noted in the opening section, the
government intervenes in some commodity markets, notably the rice market,
and the market is not free to establish an equilibrium price or to distribute
rice according to buyers’ preferences. Producers are deprived of the full
value of the rice marketed: the amount of benefits lost was calculated in
an earlier chaptér. Certain consumers are subsidized by the government
largely at the expense of producers. What otherwise would be private
benefits are transformed into immeasurable, and perhaps smaller. public
benefits. This accounting problem is disposed of in the next section.

Even though increased production may lead to increased tax revenues,
such revenues should not be .considered as tangible public benefits for two
reasons. First, taxes are accounted for in computing net private benefits,
and as such are treated as other factor payments which ‘directly or in-
directly are expended for the benefit of agriculture. Second, it is assumed
that the costs of providing social overhead facilities increase in proportion
to the increase in the total value of production of an 1mproved or newly
irrigated area, If a net gain in social overhead were assumed, one would
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have to consider the possibility, too, that a net loss in social benefits might
be the consequence of increased tax payments. :

Maximizing of Benefits.—The goal of maximizing primary irrigation
benefits brings to the fore a number of difficult problems pertaining to
prices, cropping patterns, and technological changes arising in a dynamic
situation. The price problem is perhaps the most important, of which two
aspects need attention. The first is the lack of free market prices for
some commodities, as mentioned previously, and the second is the long-run
commodity price prospects anticipated for the life of a project. These two
price problems are mutually independent but interreldted. Future govern-
ment price policy is an unknown, but it is.,assugned in this report that
domestic market prices more nearly reflect the long-run price situation than
do government controlled prices. The 1962 free-market-rice price in Taiwan
was approaching the import-price level, which may be used as an alternative
price in computing benefits for feasibility purposes. However, internal
prices are used for computing benefits since they, and not external prices,
more nearly reflect a nation’s true comparative values. If external (import
or world market) prices were used for one commodity, they ought to be
used for. all. Another question is whether present or future. prices should
be used in calculating the value of benefits continuing the life of the
project. Obviously,. futt_lre commodity prices affect all economic value-and
repayment calculations. The long-run agricultural price prospects for
Taiwan are clouded by (a) the lack of satisfactory historical and commodity
prices on which to base forecasts, and : (b) the persistent pressure of price
inflation. ‘

The United States Department of Agriculture has prepared long-run
commodity price indices for the U.S. agencies concerned with water-
development "feasibility studies. Some of these long-term price projections,
particularly for comparable commodities, as shown in Table 27, may be of
interest for Taiwan.

It is apparent from the table that the U.S. long-run price of many
commodities important in Taiwan’s agriculture such as rice, sweet potatoes
and peanuts, are expected to decline. On the other hand, the prices of
animal products are likely to rise. There is reason to believe that similar
long-run price trends can be anticipated in Taiwan.
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Table 27. United States Department of Agriculture Long-Run
Price Projections for U.S. Domestic Crops

Change in expected long-run
Crops prices relative to 1955 prices
' (percent)

Rice | —~28
Wheat ' —21
Cotton —22
Soybeans + 5
Peanuts -34
Sugarcane +14
Sugar beets + 8
Oranges' —-15
Potatoes -2
Sweet potatoes . —33
Hogs +13
Cattle +17
Chickens + 7
Eggs + 8
Tobacco, flu-cured -17

Source: United States Department of Agriculture; Agricultural Price and Cost Projections for
use in making Benefit 'and Cost Analyses of Land and Water Resource Projects;
Agricultural Research Service and Agricultural Marketing Service, Washington, D.C,,
June 1956,

- Complicating the commodity price-forecasting problem in Taiwan is the
future rate of price inflation. Anticipated price inflation, especially of
benefits, can be corrected for in feasibility studies by means of an inflated
discount rate of interest. Price inflation is more difficult to neutralize,
however, when considering repayment potentials, particularly if the interest
rate charged borrowers is subjectively determined by the lender rather
than objectively in the market place.

In any discussion of maximizing benefits in the long-run, one needs to
consider the prospect of changing crop-and land-use patterns. Basically,
crop and land-use patterns are determined by two forces: (1) the adaptation
of known economic crops and livestock to the environment, and (2) the
human instinct of seeking out nutritionally balanced, energy-producing
foods, and a more varied diet with rising incomes. The environment can
be modified in many ways, of which irrigation is but one. "

Rice is considered the most important single staple food in Taiwan,
and -double-paddy rice, which is fully dependent on irrigatien, as the
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ultiiate in intensive land use, especially when other crops are grown between
rice- harvests. Rice accounted for 45 percent of total value of all agricul-
tural production in 1960, and 48 percent of all crop acreage. Irrigation
project planners  aim' for double- paddy, rice, and most farmers shift to
double-paddy as soon as an adequate water supply is assured. On the
margin, however, irrigated paddy land is being shifted to more valuable
agricultural uses (cf. page 36).

Whether measured in terms of nutrients or money value, other crop-live-
stock combinations may yield'higher benefits per hectare, as is illustrated
in Table 28. I Japan’s feod consumption eicpei'ience is accepted as a
future reality for Taiwan, a lsubstantial’ shift in Taiwan’s land-use patterns
will occur. Rice and sweet potatoes will give way to more livestock, milk,
vegetable, and fruit production. Per capita consumption of selected foods
in Japan and Taiwan in 1958 is showhi in Table 29.

Table 28. Farm Income With and Without Dairy
Enterprises per Hectare, 1960

Gross farm income Farm expenses I\Iietc:?nr?
Crop ‘ Livestock Sub-total NT$ I"N TS$
NT$ NT$ NT$ .
With dairy 6,887 ' 9,621 16,508 14,279 2,229
Without dairy 6,769 2.91!7 9,686 9,657 29

Source: S.C. Hsieh, Y. T. Wang.and Y:L. T ong, “A Comparative Study on Farms With and
Without Dairy Enterprise in Taiwan”, \Journal of the Agricultural Association of Chine,
June 1961 (in Chinese).

Land-use tranformation will be from the less to the more profitable
crops and generally from cereals to meats, fruits and vegetables. The U.S.
Bureau. of Reclamation feports a decided shift over the years in the types
of crops produced in- its irrigation projects. Vegetables, for example,
increased from 11.7 percent of total crop value in 1920 to 22.2 percent in
1960. Fruit and nut crops increased from 11.4 percent in 1920 to 14.7
percent in 1960 (45). The long-run trehd in prices, shown in Table 27,
reflects in large measure which agricuitural products will be favored by
stronger consumer demand.

The shift to higher-value crops on irrigation projects is recognized by
Eckstein (2) as a factor that needs to be reckoned with in computing
benefits. He recommends that positive compensating factor be applied to
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benefits to allow for rising leng-run changes and benefits. An attempt is
made in the Ta-Pu case study to allow for an expected: long-run change
in land-use patterns. The 'ldhger the economic ‘life and repayment period
of a project, the larger the-influence on benefits of anticipated value changes
due to shifts in cropping patterns. ‘ .

Table 29. Annual Per Capita Food Consumption in Japan-
" and Taiwan, 1958 A

Unit: kg.. -

’ Taiwan . Japan
Rice . ) 1917 . 1128 -
‘Wheat ) ©20.2 - 241
‘Barley i - 133
Sweet potato E 69.4 . 23.9
Soybean 15.0 51
Vegetable 60.6 725
Fruits’ . 209 21.1
Meat. 186 31
Egg 1.7 ' 3.9
Fish ' 07 . 21.8
Milk : 1.0 17.8
Sugar ' 94 138
oil . 4.3 . 34

Sources: Taiwé\n: Taiwan Food Balance Sheet, 1960, Joint Commission on Rural Reconstruction.
Japan: T.H. Lge, -“Curren; Agricultural Problems and the Agricultural Basic Law in

Japan”, unpublished report, Joint Commission on Rural Reconstruction, December 1961
Technological changes in the application and use of water may bring
about increased benefits, too. For example, where rotational irrigatibn ‘has
been tried (in contrast to constant flooding) rice yields have been increased
by as much as 15 percent. Experiments with sprinkler irrigation of sugar
in Taiwan resulted in 0.742 tons more than was obtained from regularly
irrigated plots, (46) in addition to saving a vast quantity of water. As
water becomes more valuable, improved technological methods of water
distribation will become necessary to obtain higher yields from water inputs.
If farmers paid for water on the basis of the amount used, which would
necessitate a simple but effective measuring device, they would be more
economical in its use and more calculating in selecting profitable crops. If
farmers bid for water, the bid p_ricé would more nearly reflect the marginal
value of water to each user, and land-use changes would be more frequent
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Averaging - of Benefits.—Most benefit-cost studies base the value of
benefits on current market prices and .on actual or anticipated average
yields. This method suffers from the biases of arithmetical averaging of
yields; few farmers produce average yields. If skewed yields exist, the
arithmetic average will be skewed, :too. It may be argued that this is
a minor difficulty compared to the other more serious problems affecting
benefits. Nevertheless, when benefits are computed for a long-term, a
serious bias may arise in computing present values if .the average cont1;
nuously over—or understates a true or georhetric mean.

The water-pricing policy, as mentioned above, assumes that all farmers
experience the same average yields, costs and net returns. This policy
poses no major problem for computing economic feasibility of a project;
its chief impact, as' will be noted later, falls on the repaying farmers
receiving less than the average benefits or experiencing higher than
average costs.

INVESTMENT EXPENDITURES

Most irrigation investments are composed of three types of expendi-
tures: (1) planning, (2) project, and (3) preservation. The major ques-
tions of interest here, are: (1) which of the investment outlays should
be capitalized in determining benefit-cost , ratjos? (2) which should be
repaid? and (3) by whom?

If an irrigation- prdject, whether' single-or multi-purpose, were con-
structed and operated by a private or a public enterprise, without subsidy,
these questions would have little significance. Consumers would be expected
to repay all outlays. The questions are pertinent for Taiwan because most
irrigation construction outlays are supplied from public funds and operating
expenditures: are met from private (farmers) sources. Farmers, as users
of water, may he required to repay a part or all of the public outlays.

Water resources planning in Taiwan is considered a Provincial function,
and all project investigating and planning costs are borne by the govern-
ment. These public expenditures are not capitalized in computing benefit-
cost ratios, and they are not repaid directly from project revenues.

Project investment expenditures, largely construction costs, are provided
by government on a loan and/or grant basis. Upon completion, the irriga-



tion ‘system is  turned over to an Irrigation Association, which is responsible
for operating, improving and extending the system and repaying the loan
portion, all under government supervision. Preservation costs (maintenance,
repair and depreciation) are collected from farmer members, on a per
hectare basis, as ordinary water fee. " The fee averaged NT$ 412 per hectare
in fiscal 1960. Special water fees are collected to repay project investments
and special improvement loans.

+ Capitalization of a project’s investment cost encounters two problems.
Should, for example, the preservation, improvement and extension costs,
met from -privéte (farmers) funds, be capitalized with the project costs
financed by government? In the first instance, the costs are continuous
and fairl'y regular whereas project costs terminate when the project is
completed. In this report, the two outlays are handled sepafately.. The
reghlar, ordinary outlays are considered as associated costs, like férming
costs, and are subtracted from annual gross Beneﬁts in arriving at net
benefits and present values.

The second problem concerns the salvage or residual value of an
irrigation facility at some future date. The salvage value -of a permanent
facility 'such as a reservoir is-a credit on the cost side of the benefit-cost
formula. A future salvage date falls short of the date when the installation
has no economic life remaining. It is an arbitrary date selected fqr dis-
counting purposes. Most water-project feasibility studies in the United
States are based on a 50-year discounting period even though the economic
life of a project may well be 100 years or more. Beyond 50 years the
present valug of an annu'it,sﬁ at a given discount rate, changes very little
from year to yea'r. ,(An', annuity whose present value is 1, discounted at
12 percent per.annum, has a value of 0.120417 for 50 years and 0.120143
for 100 years.) The .measurement and assignability of salvage value are
more accurate for single-purpose than for multi-purpose projects, and for
thoée "projects in which the economic life of the various components is
more nearly the same than for those projects with wide ranges in the life
span of components. The discounting period is usually related to the most
durable and expensive structure. Components with a shorter life than the
discounting period are considered to be .replaced from current benefits,
which reduces the benefits available for ‘discounting to present values. The
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salvage value covers all facilities enduring beyond the discounting period,
even those replaced since their original installation.

BENEFIT-COST ANALYSIS

After clearing up numerous concepts and propositions that have a
bearing on the economic feasibility of a project, we arrive at the crucial
juncture of prescribing formulas for the determination of economic feasi-
bility.” However, before presenting formulas, we must dispose of an
ingredient as vital to feasibility studies as the value components of the
formulas, i.e., the discount rate of interest.

. Discount Rate of Interest.—The rate of interest is the product chiefly
of the time preference for and the productivity of capital. ‘A high time
preference for immediate consumption of goods is associated with a high
rate of interest. High consumption may be due to uncertainty of the
future, consumers striving to narrow the gap between the present level
and their standard of living, or for other reasons that favor the present
over the future. A high rate of productivity, or a high marginal efficiency
of capital, produces a high interest rate. As capital accumulates, the
interest rate falls unless the marginal efficiency of capital increases faster
or, the time preference for immediate consumption rises.

A discount rate of interest is a recognition of the basic economic fact
that some future value (x) has a lower present value (x-n). The amount
of the differehce can be converted into an annual discount rate of interest.
In classical economic theory, the demand for and a supply of capital. esta-
blished the level of discount rates; each sub-market had a separate rate.
Modern economic theory recognizes competitive imperfectio:;s in the capital
market, particularly on the supply side, which is often used by government
as justification for intervention. As supplier, regulator, and borrower of
funds, government actions often add to the imperfections. If a government’s
position in the money market is powerful, it may manipulate interest
rates within a substantial range for policy-fulfilling purposes. Subjective
criteria may prevail over economic criteria in rate setting. This characteri-
zation represented the interest-rate situation in Taiwan in early 1962.

Inasmuch as most large-scale irrigation investments are made with
public funds, the question of the appropriate discount rate has been subject
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to considerable debate among economists. The common practice in the
United States is to use the Federal Government’s long-term bond rate as
the discount rate. .It is a market-determined rate and bond monies supply
most of the public-investment funds. In recent years, this rate has oscil-
lated around 4 percent. Eckstein argues that on the basis of the opportunity-
.cost principle, the real cost is more nearly 6 percent, which is the probable
earning power of the monies (taxed away) if they were left in the hands
of the public (2). Hirschleifer, DeHaven, and Milliman use the same
principle to argue that the real cost is what a private investor (public
utility firm) would require as a rate of return, not only for a reasonable
profit but also to pay taxes, which a government enterprise escapes but
ought to pay. The latter authors arrived at a 10-12 percent rate as being
the real opportunity cost of such investments (5). As an alternative, they
suggested that if government continues to finance such projects financing
should .be with revenue rather than general obligation bonds, which would
subject the economic feasibility of each project to the scrutiny of the money
markets. The present writers favor revenue-bond financing, in principle.

These theoretical and methodological arguments about the real discount
_rate of interest have much practical significance. A low rate tends to favor
a large investment or a long-term pay-off of a given investment. A high
rate reflecting a higher time preference, a higher marginal efficiency of
investment, and an inadequate supply of capital to meet all demands, tends
to restrict the investment to a smaller amount and encourages a rapid
fepayment- of a given amount of investment. A high rate tends to favor,
which it should, high-depreciation cost projects, such as groundwater
pumping, over low-depreciation projects such as reservoirs.

The discount rate need not be the same interest rate as that charged
borrowers for repayment purposes. However, in a free market situation,
the two rates would not diverge widely. The discount rate would reflect
the average or median rate of return on all investments of a given quality.

' Some investors would earn more and some less. A repayment rate of interest
which is less than the internal rate of return would provide investor-bor-
rowers with unearned gains and encourage more borrowings until a new
equilibrium level béetween the repayment rate and internal rate of interest
were achieved. A higher repayment rate would force faster repayments
(forced savings) and discourage further borrowings on these terms.
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The lack of an appropriate discount. rate-of interest is a more vexing
problem for ‘Taiwan than for the United States, for the many reasons
previously enumerated. The absence of a long-term, market-determined
rate of interest is perhaps the major reason, which can be traced to: (1)
the strong demand for short-term funds, (2) excessive consumption; and
(3) the lack of appropriate institutional arrangements to accumulate funds
for long-term lending. If the market were free to determine all prices,
including interest rates, most long-term investments, especially those in the
social overhead category, would be postponed until the long-term rates
were sufficiently above short-term rates so as to attract the needed long-
term capital. This sequence of events is not permitted to evolve naturally
in Free China, for a variety of reasons. Attempts are being made to meet
both short- and long-term capital needs simultaneously and long-term funds
are often supplied at rates below short-term rates. The forced draft of
funds for long:term purposes starves the short-term market of funds and-
helps keep short-term rates high. The depressed long-term rates encourage'
projects that in a market-determined situation would be postponed and that
are inefficient in the use of funds.

Raising~ the long-term rate to an arbitrary 12 percent pei' annum, as
explained in an earlier section, has had the effect of delaying ldng;term
projects and making more funds available for short-term lending. - Moreover,
it-has helped to reduce short-term rates.

The 12 percent rate, though arbitrary, provides a parameter for the
determination and measurement of other economic values. In this report
and in the study of the Ta-Pu project, the 12 percent rate is the rate
used for discounting of benefits and costs. Although this rate is below the
present opportunity cost for such funds, any economic losses can be partly
offset if the projects yielding ‘the highest internal rate of return receive
top priority for construction. Also, the relatively low discount rate produ;:es
higher present benefits than would a higher rate. Hence, a lower-than-
market rate helps compensate for the increasing future benefits from
irrigation that are normally disregarded in benefit-cost analyses.

Benefit-cost Formulas.—The traditional benefit-cost formula operates
on the basis of the ratio expression of —g— B represents average annual

net benefits and C average annual costs, with interest and depreciation



included in costs and excluded from net benefits. It is proposed, however,

that the. concelits and. formulas. recommended by Hirschleifer, DeHaven

and Milliman, based on the principle .of B-C, are the more relevant. T_v:Vo

fundamental formulas are employed herein for determining economic feasi-
bility of a project. The first assumes discounting for the full period of

economic effectiveness of the investment. The second assumes discounting

for a shorter period, with a salvage value remaining after the 'discounting

period.

(1) Discounting for full life of investment:

s S S, Ss ... Sm
Vo c°+1+ tar T aen T e

(2) Discounting for less than full life of investment:

0 St S Sy ..., St=(bt+sv—ct)
Vo=—Cott 1+i A+t A+t -+t

Vo represents present value or. present net worth, whlch may be
expressed in ‘money units or as a percentage of Co. A positive V, suggests
that the project is economically worthwhile. C, is the initial investment,
usually, a large lump sum. S;, Si, S; represent the differences between
benefits and related costs for the time periods (annual, in our 1llustrat10ns)
1, 2 and 3, etc. All expenses incurred- in the creation of benefits during
each time period, even the community expenses of maintaining and repairing

"an jrrigation system, are treated as negative benefits. Interest and depre-.
ciation are implicitly allowed for in the formula. The denominators 1+1,
(1+2)% etc. are the discounting terms with 7 as the discount rate of interest’
(assumed to be 12 percent in our study).

In formula (1) Sz represents the last yvear in which the investment

has any effect. In formula (2), St—(bt(';+)ft) represents the value of

S in .some selected time period, #, which may. be any period short of the.
full life of the investment. b¢ represents gross beneﬁts sv the remaining
salvage (economic)’ value of the lnvestment in. perlod ¢t, and ¢t the costs or
negative benefits in time period . Formula (2) is merely an adaptation of
formula (1) but is useful in. at léast three situations. First, it provides a
semblance of realism Iin determining present values of extremely durable,
long-term projects, which may last for 100 years or more. Second, it
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enables individual purposes of multi-purpose projects to be discounted

separately and allows recognition of the remaining value of the facilities

serving several purposes. Third, it gives proper weighting to’ the present

values of projects with different life spans,” which are being compared for
priority purposes.

Priority of Projects

One of the major purposes of all benefit-cost analyses, and generally
disregarded by economic planners, is to use the results in selecting or
determining the priority of projects. The idea is to select the projects,
assuming a given investment budget, that will maximize returns (return
the investment quicker for re-investment elsewhere). This is an important
principle for economically-developing countries to follow but one that is
easily negated by inexperience or political reasoning ‘(1a). The econemi-
cally less-favorable projects need not be abandoned but merely postpened
until (a) the more favorable.projects are completed, (b) the market in-
terest rate falls, or (c) the benefit-cost ratios of postponed projects improve
(higher benefits and/or lower cqsts). To rank projects ordinally by rates
of return suggeéts that the decision-making authority has an inventory of
planned projects from which to choose, with reliable benefit-cost data for
each.

MAXIMIZING RATE OF RETURN

The rate of return, expressed as a percentage of capital investment,
remains the best single measure for choice-making. Projects with the same
positive present values may exhibit different: rates of return; the higher
should be preferred. However, as will be noted later, projects with high
tangible secondary benefits and intangible benefits may be chosen for their
social rather than direct- economic benefits (34a).

Two formulas may be employed in determining rates of return and
priority of projects. Formula (3) functions on the principle of a fixed-
current investment budget and suggests that the projécts with the suc-
cessively highest rates of return be adopted until the buaéét is exhausted.

(3) Fixed-budget rationing:

Vi

C, where



S Sn
=S, + 2 serbenses Al -
Vi=SitmTt MG

V, is the value of all S’s (net benefits) discounted from time # back
to time 1. Co is the fund invested in the initial period, V,/Co yields a
rate of return, which diminishes as the highest yielding project is budgeted.

The second formula, formula (4), determines the rate of return by
approximating the discount rate of interest that will reduce the S’s (net
benefits) minus the initial investment fund C, to 0.

(4) Internal rate of return:

Ve=0 where
S S, Sn
= — + b LRI +
0=—Ct 137 (1+7)¢ 1+7)"

r is the discount rate (internal rate of return) that reduces the S’s
—C, to 0, and can only be determined by trial-and-error. Each project has
some discount rate which will reduce benefits minus costs to zero. All
projects with discount rates that are greater than the appropriate market
rate of interest (or some arbitrary rate) are eligible for present construction.
This method has several advantages: First, it minimizes the need for a
uniform accurate, long-term discount rate, which is an arbitrary rate in
Taiwan as it is in many other lesser-developed countries. Second, it enables
an analyst to test the rates of return of the several purposes of a multi-
purpose project independently of each other and in comparison to alternative
methods of accomplishing each of the same purposes. Third, it provides.
the financial community with an understandable unit of measure for com-
paring investment performances among and between public and private
sectors, agriculture and industry, domestic and foreign trade.

INVENTORY OF INVESTMENT OPPORTUNITIES

As was observed earlier, any concept of priority implies an. inventory
of processed, prospective projects. The concept is as applicable to private
as to public investments, but we are limiting our concern to the latter.
Keeping the private-public sectors separate becomes difficult in situations,
such as irrigation, in which public funds are used to generate private benefits
and in the converse situations where private funds (taxes, lotteries, bonds,

— 80 —



loans) are used for financing public benefits. We adhere to the principle
that if benefits can be identified, quantified and assigned, the recipient
beneficiaries ought to repay the investment on the basis of benefits received,
whether the funds or benefits are public or private.

The priority principle encounters other problems of practical applica-
tion. For example, in the public water-resource development area there is
no one single agency in Taiwan that has the authority to assign priorities.
The Water Resources Planning Commission (WRPC), an agency of the
Central Government’s Ministry of Economic Affairs, is concerned mainly
with multi-purpose water projects, or water-basin planning. The Provincial
Water Conservancy Bureau (PWCB) assumes jurisdiction of the irrigation
facilities of completed multi-purpose projects and in initiating single-purpose
irrigation projects. The Irrigation Associations (IA’s) quasi-public bodies,
may initiate limited irrigation investments, tco. No one agency attempts
to assign water-project priorities, especially on a basis df economic returns.

If priorities are applicable among irrigation projects, they are valid,
too, between irrigation projects and other agricultural investments that could
be undertaken to increase the value of agricultural output. These alter-
native agricultural investments are many. They could range from an inten-
sive promotion program to induce wider and deeper application of known
techniques, to an investment in improved marketing facilities, to a longer-
‘term investment in basic research (47). No economically rational system
has been devised to allocate public funds among alternative uses in a
mixéd public-private economy. The statement applies as equally to the
United States as to Free China. The private-market solution, in spite
of its imperfections, generally produces a more rational and balanced
solution than does a public-body decision.

PUBLIC ASSISTANCE TO AGRICULTURE

In the Free World (essentially the free-enterprise version), a strong
body of opinion insists that agriculture needs governmental assistance, be-
yond the traditional academic, extension and research, if farmers are (1)
to produce the needed foodstuffs and (2) to maintain parity income with
participants in industry. These proposals are too complex to be débated
in this report. However, they have a bearing on agricultural policy-making
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in Taiwan and on- irrigation investments. Two aspects are highlighted
here: indirect and direct subsidies.

An investment project that is selected because of its .high indirect and
intangible bq’neﬁts relative to its direct tangible benefits may be no more
than ‘a vehicle for transferring incomes and wealth from one group to
another and in this sense -an indirect subsidy to certain beneficiaries. When
intangible, indirect benefits are given paramount importance, choice-making
is adrift thhout an obJectlve standard for an anchor. Other investments,
private and public may make similar beneficial claims that are difficult to
contest rationally. Wlthout question, irrigation has a great impact on
agricultural output, which in turn influences the growth and development
of a variety- of éecondary and tertiary industries. However, a similar
amount of investment in electrical power or in.a metal industry may have
a greater multiplier effect on employment and incomes in the overall
economy. Agrfcultural investments should measure up to the same stan-
dards as those in other sectors. This assumes, of course, that free market
prices prevail in all sectors.

It is argued in TaiWan, as elsewhere, that because irrigation water (1)
1s indispensable to certain agricultural areas and crops and (2) is usually
prov1ded as a social overhead, that it ought to be wholly or partly subsidized
by means of public grants and/or favored interest rates. Public policy in
Taiwan, since Japanese days, has offered both heavy grants and favorable
interest rates especially for the construction of large-scale irrigation pro-
jects.

Subsidies of this nature are more easily justified if used as an initial
inducement to change cultural practilces/ and land-use patterns than if used
to make more profitable an already acceptable and profitable practice or

land-use. The policy. of continued subsidization of irrigation in Taiwan
needs to be re-evaluated. On the side favoring continued subsidization are
these points. First, some lands, public and private, require such a high
reclamation investment that the cost, let alone an added amount for in-
terest, could not be repaid from the increased output in a reasonable period
of time. Obviously, such investments are the ones most éligible for post-
ponement. Second, subsidization of one group and not another creates
problems of equality; some farmers pay less for water (receive or have
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received greater subsidy benefits) than do others. (This problem. of diffe-
rent costs is well illustrated Iater in the study of the Chunan Irrigation.
Association area in which the Ta-Pu irrigation project is located.) The
problem of equality is a relative one. Even in a free market situation,
costs and benefits are not always allocated on an equalitarian - basis.
Inequality is harder to rationalize and to explain to farmers, however,
when a public body controls the resource allocation and pricing system.
Third, it appears that rice farmers may be paying more than their fair
share of taxes in the form of the rice-price'- differential on the rice (about
30 percent) preempted by the gévernment. An irrigation subsidy partly
corrects for this type of over-taxation or income preemption.

On the side against continued subsidization, three points seem most
relevant. First, if benefits exceed costs, and the benefits can be traced to
individual farming units, the recipient should pay for the benefits received.
Otherwise, some other tax-paying group is providing the benefits at its
expense. .Second, irrigation is well established and the benefits are well
known, no social inducements are needed to encourage farmers to use water
in farming. The incremental income benefits from irrigation, as revealed
in annual income data and land value increases after irrigation, suggest that
direct benefits from irrigation are substantial. Third, farm economic studies
show that many farmers have a grea%tbr ability to repay irrigation invest-
ments than has been required of thern in the past. There is a point, of
course, at which. the costs for water could be too high. What is a reason-
able water charge is the chief topic df the next section.

Repayability of Investment

Favorable economic feasibility of irrigation projects is predicated on
the assumption that all costs, including interest and depreciation, can be
repaid from benefits. At the outset, we should review in more detail the
basic differences between the two concepts of economic feasibility - and
financial repayability.

ECONOMIC FEASIBILITY AND REPAYABILITY

The differences between these two concepts may be observed in the
four components of an investments: (1) amount of the investment; (2)
term of the loan; (3) the interest rate, and (4) the amortization repayment
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schedule. The amount of the investments, to be repaid, as was noted ear-
lier, may be less than the cost of a project by the amount of a subsidy
grant. The term of the loan may be shorter or longer than the discounting
period used to determine feasibility. Generally, it is much shorter. A
short repayment period is one method of reducing the interest rate risk,
particularly where inflation is real or threatens, and is an effective method
of forced savings and a quick return of capital. On ‘the other hand, as
will be observed in the Ta-Pu study, a short repayment schedule may create
serious economic pressures for farmers and collection and financial problems
for Irrigation Associations.

The interest rate charged borrowers may be less or more than that
used for discounting. It is unlik:ly to be more especially if the discount
rate approximates the market rate. However, it may be higher if Watér
is offered under monopoly market conditions and the seller (or lender)
may wish to extract extra revenues from the water users, which can be
used for transfer payments, social overhead, or reinvestment in agriculture,
or retained as proﬁt if a private firm. Or, the rate may be higher to pay
the. administrative costs of “operating the irrigation facﬂlty, if special fees
are not collected for this purpose. It will be demonstrated later that some
farmers are willing to pay a water fee that returns more than 12 percent
on the investment in order to obtain irrigation water. If the interest rate
charged farmers for repayment of irrigation facilities is different than the
discount rate, it is more likely to be lower than higher*.

A.low interest rate can be used as a subsidy to induce the undertaking -
of certain socially desirable projects such as irrigation, rural communica-
tions and power, even if the primary benefits accrue to private firms.

The amortization schedule for the repayment of principal and interest
may differ from the anticipated receipt of benefits. Repayment may be at
a constant amount per payment period (usually every 6 months for irriga

* In the United States, for example, the U.S. Bureau of Reclamation does not charge interest
on the irrigation portion of the investment in a multi-purpose water project. The interest charge
is borne by the power segment of the investment. The economic, rationale for this policy
may be found .in three reasons. First, the consumer demand for power is ‘stronger than the
consumer demand for 1rr1gatlon produced crops. Second, irrigation in most projects of this kind
is a joint-product and of lesser importance to the total investment than the other purposes.
Third, the watéer may be destined for marginal lands on which the net returns to farmers may
be low, and their desire for the project indifferent. “The Bureau of Reclamation.considers repay-
ment of principal as an adequate burden; at least repayment defaults will not result in increasing
the amount due which would occur if a compounding interest rate were charged, too (43).
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tion projects in Taiwan), or graduated, with the repayment amounts in-
creasing or decreasing over time. Interest may be paid separately from
the principal, which will mean decreasing interest payments as the amount
outstanding diminishes. Or, as is the usual method, one payment is used
to cover both principal and interest, with interest deducted first and the
balance applied to the principal. Repayment may be postponed for a few
payment periods, except i)erhaps for interest, to allow farmers to make
necessary capital expenditures and adjustments in adapting their operations
. to irrigation.

All of these variations are institutional devices for accomplishing the
financial repayment of some predetermined amount. The terms may vary
from complete subsidy to no subsidy and to repayment charges that make
the anpliéation and use of irrigation water uneconomical. Terms could be
so structured that the amount paid for water would be equivalent to
economic rent—just the amount necessary to pay all costs for the duration
of the economic life of ‘the fixed investment, including a market rate of
return on the investment and depreciation. Generally, a payment amount
approximating economic rent would be much less than now required of
farmers who are expected to repay in 20 years or less an investment having
an economic life of from 50 to 100 years or more. If the water facility
were owned by the government or a public-utility firm, ‘a long-run - cost-
pricing method would more likely prevail, as it does in the Taiwan power
industry. Costs, howéver, are not the sole determinant of water prices.
The other determinant is the farmers’ demand for water, their marginal

value of water, which is a demand derived from the value of the products
produced. The crucial question remains, how rm;ch can farmers pay for
water?

FARMERS’ PRICE fOR IRRIGATION WATER

An attempt is made to answer the question of how much farmers can
pay. for water both theoretically and empirically. If the water suppliér is
interested in maximizing profits he-will 4ttempt to supply the amount of
water at which the marginal cost for his . water will equal the marginal
revenue from water sales. If he is more concerned with supplying the
‘maximum of water at the lowest price, which bresumably is the attitude
of public bodies, output will be extended to ‘where average costs and aver-
age revenues are equal, thus eliminating profits. Normally, the unit price



for water will settle at or between the average cost .(supply price) and the
average product.value (demand price). Genera\lly,~ the price at this point
will be lower than the price at the point of profit maximization (see Chart
5). In the short run, the price could extend beyond either of these two
limits. In the long-run, the pricé would have to stay Withifn these limits.
If above the average product value, the farmer would be losing money and
would -discontinue buying water if he were free to do so. He would be
losing money in the sense that he could (a) provide the water less ex-
pensively by some other method; private pumping perhaps, (b) shift to a
more profitable cropping pattern not requiring water, .or (c) invest “the
money spent for irrigation water in some machine or farming improve-
ment that would yield him a greater return in the long run -than his
investment in water. If in the Iong run, the unit price were below the
average supply price, deterioration of the water system  would eventually
result in the discontinuance of water service, unless the system were
subsidized, which a government body can do more discretely than can a
private firm.

The upper and lower price limits do not remain static over time. The
average costs of providing water from nonsaleable irrigation projects en-
dowed with heavy initial .investments are likely to remain more stable over
tirhe than are the average product values, which are likely to rise percep-
tibly with changing price levels, incomes, and land-use patterns. The
average costs of short-term projects, such as deep-'Well pumping, are more
likely to rise from one replacement period to the next, largely because of
increasing costs.

Most irrigation projects are faced with a major built-in pricing weak-
ness that was touched upon earlier. All economic feasibility studies treat
benefited farmers as a group and the pertinent cost-value concepts are
average costs and average product values for all farmers. No allowance,
except in the averages, is made for differences in the cost of water applied
or in the value of water to each hectare or farmer. Some qualifications
of this statement are in order. The irrigation law in Taiwan states 'that
(1) farmers for whom a special project is built are to pay all of the costs
in the form of special water fees, which other farmers in the same irriga-
tion association do not pay; and (2) within a project special direct costs,
such as pumping, or canal lining, are to be charged to the direct benefici-
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aries only. The economic burden for farmers within a project area is
likely to be disproportionate in that the extra benefits from irrigation are
no more and are likely less for those farmers bearing such special costs.
The obstacles to charging each farmer for water on a marginal product-
value basis are numerous; The lack of an adequate measuring device for
small quantities of open-ditch watér. the -large number of small plots
cultivated by the average farmer, and the lack of free-choice for land-
locked farmers of buying or not buying water and ih electing their cropping
patterns, are perhaps the major obstacles to such ideal pricing. '

As a consequence, some farmers pay more for water and others less
than they would pay in a free-choice market.- Hence, the financial burden
is greater for some than for others. In general, the greatest burden is on
those farming and living off of small acreages; as much of their input is
needed“to supply their own living neéds.

Several empirical examples are available to indicate what farmers pay
for irrigation water and what they are willing to pay.

The statistics in Table 23 showed what farmers were paying for water
in 1960 on a per hectare and per household basis in each of the 26 Irriga-
tion AssoBiations. A

"The average 'COStS for' providing water varied substantially among
Irrigation Associations. ‘Thesé différebces reflect many cost variations such
as, type, age, and original cost of the ‘irrigation facilities, land-use patterns,
management policies, subsidies, and economic adequacy of the charges.
The Association statistics do not reveal how much farmers could pay or
would be willing to pay for water. This information was acquired from
an analysis of seven private-water pumping and sales operations in Southern
Taiwan, as shown in Tables 30 and 31. The data were gathered in early
1962.

The first four records were obtained in the Kiangsan area, a water
shortage area, north of Kaohsiung. The water was pumped from deep
wells and discharged from small pipes, and was the only controlled irriga-
tion water to the buyers. - The other three cases were obtained from the
Pingtung area, east of Kaohsiung, where the ground-water level was higher
and discharges were from larger pipes. “The Pingtung wells were the only
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source of water for ‘the first crop of rice and a supplementary source for
the second crop. Only five of the seven cases used the private-well water
for rice, the other two cases purchased the water for other crops.

In Table 31 we may note that farmers in the Kiangsan area were
paying ‘as much as NT$ 6,600 for water per hectare per year (The water
buyers from pump number 1 paid the highest water price for the first
crop, NT$ 4,180 per crop hectare. The fee for the second crop was lower
because water was available for other sources). In the Pingtung area
farmers were paying between NT$ 3,000 and 4,000 for water per hectare
per vear. In both areas, the rates of collections werehigh.

It may be of interest to note that the private pumpers in the Pingtung
area, obtaining a lower price than the Kiangsan pumpers, earned a substan-
tially higher rate of return (includiné a return for management) than did
the Kiangsan pumpers. (Table 30.)

Comparing costs, returns and profits on a per hectare basis. was unsa-
tisfactory for two reasons. First, the method of charging for water differed.
For rice it was usually stated in terms of Taiwan catties per hectare; for
other crops the water fee was so much an hour. Second, the quantities
supplied varied depending on the size of outlet and the number of pumping:
hours. In order to make use of the data for all cases and to make the
data as comparable as possible, we have stated costs and revenues in terms
of per outlet size per hour (Table 31). When compared on this basis the
profit spread between the two areas was narrower, although the profit
margin was still much greater (area P. in Chart 5) for the Pingtung
area-pumpers than for those in Kiangsan area (area K)*

A1 attempt is made in Chart 5 to depict the average cost-revenue
situation in Kiangsan with area K :'md‘ the similar situation in Pingtung
with area P. The individual cases would be arrayed around the points
shown,

* The theoretical aspects of irrigation water-pricing, as revealed by the prlvate pumpmg
statistics, may be of interest to some readers.

The basic demand curve (average product value) for water ‘was assumed to be the same
for the two-areas and for farmers producing the same crops (we assumed the main crop to be
rice). In general, the demand for water was inelastic and the lower the price the more inelastic
the demand(as portrayed by area P in Chart 5). The higher the price the more resistance from
buvers; buyers became more economical in the use of water, and they/ sought and used other
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sources of supply. In Southern Taiwan, the private water buyers agitated strongly for reservgirs
and cheaper water from Irrigation Associations. .In spnte -of his monopoly position, the private
pumper was faced with the loss of his market if his price was too high. In Kiangsan, cheaper
alternate water sources were .not readily available ‘(particularly for the first crop). In the
Pingtung area, water was more readily available and if the price from pnvate pumpers became
too high, farmers might drill their own wells.

The price of prwately-pumped water_ was not as low as it might go because of the Provin-
cial Law which prohibited competitive commercxal pumpers from sinking wells without a permit.
The existing pumpers could use their prior -interest as'a powerful argument to prevent the
granting of other commercial well permlts 4n their supply aregs. As long as they could main-
tain this power, their proﬁts remained larger than they would be 1f there were a greater number
of alternative sources of water.

Fundamentally, however, the differences in price between areas K and P were due more
to production cost differences than to demand and demand alternatives. It.is quite apparent
from the data (as indicated, too, by the larger &ischa)rke outlets that- the .costs of pumping were
much lower in the Pingtung than in the Kiangsan area. Even with a lower price, the Pingtung
pumpers were makmg larger profits. The average cost curve of the Kiangsan pumpers was
much more U-shape. because of their high fixed- capltal costs and Iower volume, whe.reas the
cost curve in Pingtung was shallower for the opposﬁe reasons. Pumping volumes could fluctu
ate .more in area P without affecting average costs greatly, not so in area K.

It was assumed that in 'both areas that éach pumper attempted to max:mlze profits by pum-
ping to the point where his marginal revenue and cost were equal. Private pumpers might not
have been aware of their marginal costs and returns, but an equ:hbrlum position tended to be
achieved through the bilateral price—amount-bargaining process between the single seller (who
was influenced by the prices charged by other pumpers) and the buyers who made price-cost
comparisons, too.

P

An interesting sidelight to the. water-pr1ce~determ1natlon process in the two areas-is that
the firms with the smallest pumpxng output enjoyed the ‘highest profit margin and those pum-
ping the most water earned the lowest profit margin. ‘A wider profit margm for less water
suggests a stronger monopoly posmon of the pumper- and a more economical use of water by
the buyer.

These data prove that Taiwan farmers. can and will pay substantially
more for water -than what Irrigatipn Associd;ions have been charging.
(Roughly NT$500 for Irrigation Associations and NT$6,000 for private
pumpers.)

However, we have not yet determined the maximum farmers will pay,
ifAnece‘ssariy,' to .acquire-water. In Chart 5 and Table 31, we can observe
that as the price for water iﬁcreased, the profit ratio diminished. For our
pumping cases, this wa,é due to- two factors, higher-costs of pumping and
buyer resistance to highér prik:es. At some point, water prices can be too
high and farmers will stay with dryland crops rather than irrigate. For
rice farming, this transformation point appears to be about NT$ 10,000 per
hectare per year. The average farm ‘net-income ratio for rice and comple-
mentary crops was about 65 per cent when the water charge was NT$682
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Water Price Per One-inch Outlet Size
per Hour of Pumping (NTS$)

Chart 5. Water Price per One-inch Outlet Size ‘per Yedr

K: Kiangsan area
P: Pingtung area
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Source: Table 31.
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per hectare; at NT$10,000 per hectare for water, the nét-income ratio
would . be about 48 percent. A water fee of NT$ 20,000 per hectare per
year, would drive the net-income ratio to zero. At the zero net-income
levél all of the farmers’ net income from irrigated crops would be used
for water payments and the incentive to change from dryland crops to
irrigated crops would be eliminated. The water fee must be something
less than the maximum if transformation of cropping patterns from lower-
to higher-value crops is to be encouraged. '

Summary

In this chapter we have attempted to define the terms, conditions, and
standards of economic feasiliilit_y, priority, and repayability of irrigation
projects, which' we employ in the next chapter for evaluation of the Ta-Pu.
irrigation project. Economic feasibility is easily determined\,by benefit-cost
analysis. The most difficult task is to decide which benefits and costs are
to be included. The task is especialls; perplexing for the complex. multi-
purpose projects, for those in which private and public benefits and costs
are interlocked, and for long-lived projects whose ‘benefits are unduly
influenced by comx_no'dity-price‘and land-use changes.

The wise selection among economically feasible projects for priority
construction is essential if an economy with a limited capital budget is to
grow at its maximum potential and inflation is to be controlled. Public
projgcts need to be grouped according to their necessity and uniform
priority standards applied within groups. For irrigation projects which
yield tdngible monetary benefits to private farmers, the internal rate of
return on the total investme_nt' is considered to be the best measure of
economic’ priority. Those projects yielding the highest rates of return
should be undertaken first according to rank, if above the prevailing market
rate of interest for such investments, and until the capital budget is
exhausted; the other projects should be postponed until the capital budget
is enlarged, the market rate of interest falls, or the internal rate of return
rises.

There was no long-term, market-determined interest rate in Taiwan in
1962; an arbitrary 12 percent per annum was established by authorities as
the cut-off rate for irrigation projects financed with public funds. The 12



percent rate was below the prevailing free-market rate for short-term
loans, which made selection on the basis of the highest internal rate of
return even more imperative. The rate of return can be determined easily
and fairly if the costs and benefits are uniformly allocated and computed
for each project. There was no central agency in Taiwan in 1962 authorized
to make economic feasibility studies of and to determine priorities among
water projects seeking public funds.

Taiwan water law requires that beneﬁci\aries' repay public investments
in irrigation facilfties. Repayabjlity is generally based on average ,éosts
and revenues per hectare rather than on marginal costs and revenues for
the water used by ~iridiv_idual farmers. In general, large farmers receive
above average revenues and could conceivably pay more for water received
while small farmers, with below average revenues, must sacrifice part of
their level of consumption to bay‘ the water fee. Even so, Taiwan farmers
were not paying full econiomic costs, let alone full marginal value, for' the
water received in 1962. The farmeis bélphéing to Irrigation Associations
paid less than NT$ 500 per hectare for water received in contrast to a few
farmers in Southern Taiwan buying water from private-well pumpers who
paid as high as NT$6,000 per hectare for their water supply.
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CHAPTER V-

TA-PU IRRIGATION PROJECT: A CASE STUDY

The Ta-Pu Irrigation project was selected for testing of economic
feasibility, priority and repayability principles for a number of reasons.
First, it was one of the few new major irrigation projects started and
completed since Retrocession. Second, it was an expensive reservoir-
irrigation project, more of which are planned. Third;, ‘Ta-Pu.served a
fairly small area, approximately 1,540 hectares, which simplified the sam-
pling and computing problems of the restudy. Fourth, the actual costs and
benefits had deviated widely from those planned and on which the project
was justified. Fifth, the repayment assessments, as of 1962, were the
heaviest of Taiwan’s Irrigation Associations.

Before subjecting the project data to economiic analysis, it seems ap-
propriate to provide a brief description of the project, location, area irrigated
and its relationship. to surrounding areas. The statistics pertain to the
situation as found in early 1962 or before.

Chunan Irrigation Association

The Ta-Pu projéct area constituted 26 percent of thée 5,173 hectares in
the Chunan Irrigation Association (See Chart 6). The Chunan Association
was organized in 1940, but much: of its area had been irrigated for many
years before. Most ‘of Chunan’s irrigated area was in Miaoli hsien. The
Taiwan Straits formed the western boundary of the Chunan irrigation area.

The Chung ‘Kang river was the chief water source for the Chunan
Association. The water for the Ta-Pu project was impounded behind a
storage reservoir on a tributary, the Erh-mei creek. The topography of
the area rises from sea level to 75 meters. »The area is hilly and is in-
terspersed with sharply eroded ravines: Most of the irrigated acreages
are on sloping plateaus and stream bottoms.

The Chunan .Association had_9;787 farm household members, and the



-average size of farm was 0.53 hectares. However, some 40,000 separate plots

were farmed in the area which means - that, on the average, each family
farmed 4 plots of -land. In addition, the Association sold water . to two
large pulp-paper plants located within its boundaries.

IRRIGATED AREAS

The Chunan Association was composed of 34 separate irrigation areas
that ranged in size from about 6 hectares. to the 1,343 hectare Ta-Pu
project. The next largest area was 1,226 hectare irrigated by the Long-un
Canal, a diversion canal.- from the Chung-Kang river. These two. areas
constituted'S/O percent of Chunan’s total, the -remainder being distributed
among 32 areas.. Each area was served by a separate irrigation system and a
separate set of records was rhain‘taingd for eachl area.

WATER FEES

The ordinary and special water fees assessed and collected in the
Chuna_.n Irrigation" Association from 1950 to 1961 are indicated in Tables
32 and 33. ' The fees .were assessed and collected in terms of rice. until
1955 when cash payments. were instituted. ‘

The ordinary water fee, in NT$ equivalents, increased steadily after
1950. All members of the Association were -made to share the added
administrative and maintenance costs required by the new Ta-Pu project,
begun in 1956. The 1962 fee was NT$ 550 per hectare. A large fee in-
crease was imposed in 1960 as the added assessment for PWCB’s joint
construction fund. "As we observed in Table 23, the Chunan Association’s
ordinary water fee per hecta;e in'1960 was below the average NT $ 412.47 .
of the 26 Irrigation Associations.

With respect to the special water fee, Chunan’s per -hectare special
assessments were -higher in. all Associations. In fiscal 1960-61, it was
collecting ‘special water fees from farmers in three irrigation areas. The
fee per hectare for the Ta-Pu area (1,343 hectares) was NT$ 3,100, for the
Fung-Hsing canal area (112 hectares) NT$213, and for the Chien-Shan-
Hsia canal area (273 Hectares] NT$328:. We may observe in Table 33.
that the average special water fee assessment has varied f'rbn; year to
year. The Ta-Pu project assessment was the highest on record in the
Chunan Irrigation Association.
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As of early 1962, the total fee schedule per hectare, in the Chunan
Irrlgaﬂon Association, was as follows:

s

Name of project. Trrigated area e Rty
Ta-Pu 1,343 3,650
Chien-Shan 273 878
Flng-Hsing 12 763
Others \ 3,445 550

) Actual assessments were made on ‘only about 900 hectares. The remaining 440 hectares
were still to be irrigated.

® NT$1,350 more for power cost ought to have beén paid on. 118 hectares irrigated by’ electnc
pumping but the Association was paying these costs from the ordinary fee collected from the
pulp-paper companies,

In other words, a wide range in fée assessments prevailed within one
Irrigation Association. This fee spread will exist, unless equalization as-
sessments are made, until the loans for the three special projects are
repaid. -

The Association charged the two pulp-paper companies the same water
rate per hectare (bas_e-d on the number of hectares .occupied) as charged
farm users. One bf .the paper companies was located in the Ta-Pu irri-
gated area. ' ' ' '

FINANCIAL CONDITION

The Chunan Irriéation Association had the higher total and per hectare
indebtedness of all Associations in 1960 (Table 25). (Its ranking will be
lowered as soon as the costs of some of the large reservoir projects under-
Way are ﬁnally assessed ) Chunan’s collection experience gradually deterio-
rated as the fees mounted (Tables 32 and 33), especially after collections
were shifted from a rice to cash basis in 1955, é.nd the Ta-Pu special
water fee was imposed in 1960-61. The increase in delinquent accounts
and in accounts receivable placed the Chunan. Association in an émbarrass-.
ing financial position. It was unable to meet all' of its fixed obligations,
and the management resorted to court acti'o'nlto force collections on in-
dividual accounts_ amounting to more than NT$1,000.* The delinquency

* The manager of the Association informed the writers that more than 700 accounts, as of
June 1, 1962, had ‘been sent to the court for collection. Not all were small-farmer delinquencies.
The number represented 10 percent of all farmer members in the Association. The penalty for
delinquencies was 10 percent of the amount due. The Association, however, had to stand all
court costs and collection costs, if forced property sales were resorted to. The Provincial
Government had under consideration a bill that vqould permit an 18 percent penalty, com-
pounded, on all delinquent accounts, which would give the Associations much stronger fee.
collection powers.
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attitude of ‘many farmers is understandable in view of the many years of
irrigation subsidies and lax collections of water fees; farmers were con-
ditioned to low water costs. The rather rapid increase in fees in the late
1950’s created considerable resistance among farmers. Moreover, not all
farmers were in favor of the special,_i;rigation projects, at least as finally
.developed, or of an Island-wide joint construction fund. Also, by shifting
fee collections from a rice to cash basis some farmers were unable to
check their ‘spending temptations in order to accumulate cash.

The Ta-Pu project, it is rather obvious, suddenly imposed heavy costs
on certain benefited farmers. The initial repayment response was rather
poor. The experiences in the Ta-Pu project should provide repayment and
collection guidelines for some of the much larger prpjects underway.

A somewhat more detailed description of the Ta-Pu .oject is needed
here as background for the benefit-cost computations that follow. First,
we present more details on the area irrigated. Next; a-description of the
irrigafion-system follows. Then, we make a brief statement of costs and
planned benefits, and we conclude with a few remarks about the financing
and repayment schedules. . -

AREA IRRIGATED

Of the 1,343 hectares in the Ta-Pu area, about 110 hectares were dou-
ble-paddy and 200 hectares were single-paddy land before the project was
constructed.* The rest was non-irrigated dry land. Tfle paddy land was
irrigated on a weather-dependent basis from water-catchment ponds. There
were 381 ponds in the area, only four regulating ponds remained as part
of the irrigation system.

The purpose of the project was to provide adequate water so that all
1,343 hectares might be farmed as double-paddy land. After completion,
161 hectares were to be served from the main canal, another 118 hectares
of higher land reached with pumped water from the main canal, and the-
remainder irrigated from laterals. Approximately 160 of the project
hectares were owned by the Taiwan Sugar Corporation. The Ta-Pu area
was divided into 30 irrigation districts, averaging 45 hectares in size, for
the rotational delivery of water.

* These figures are based on the oOriginal estimates of PWCB and differ greatly from
JCRR’s recheck, as shown in the following sections.
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Table 32. _Ordinary Water Fee Assessments and Collections in
the Chunan Irrigation Assgc_iation, 19501961

Assessments Per hectare

Fiscal year Asses(slfi )arqas Ass(elgs’lx‘%c;nts Co%lle\zlc’:f\iaso)ns (cgé}_?et;:' td) co(l%g %‘5“5
1950 3,508.54 232,808.40 175,024.70 75.18 49.89
1951 3,282.63 459,723.60 297,114.16 64.63 90.51
1952 3,258.51 457,084.80 404,457.98 88.49 124.09
1953 3,293.48 795,938.40. 792,051.81 99.51 24049
1954 332111 797,930.00 - 404,676.73 50.72 121.85
1955 3,338.88 861,354.20 457,443.18 53.11 137.01
1956 .83,305.36 857,974.20 434,990.10 50.70 131.60
1957 3,427.45 959,732.50 665,348.30 69.33 194.12
1958 3,569.82 1,071,513.20 876,390.90 81.79 245.50
19601 3,504.86 2,015,032.05 1,273,709.70 '63.21 354.31
1961 4,981.33 2,468,009.20 1,478.056‘(.)0 59.89 296.72

(O The absence of 1959 is due to a change in the identification of fiscal years from the year of
' beginning to the year of ending.
Source: Chunan Irrigation Association.

Table 33. Special Water Fee Assessments and Collections i.n' the
Chunan Irrigation Association, 19501961

Fiscal ‘AS:; s:ed Assessments Collections A?:?)?IS:;] ggts %Zsreiségf;t:
year (ha.) (NT$) (NT¥) (percent) (NT$)
1950 770.51 12,808.35 4,510.45 35.21 16.62
1951 763.31 25,527.60 9,466.00 37.08 33.44
1952 584.02 35,600.00 34,354.03 96.50 60.95
1953 569.63 70,162.40 61,7379 | = 87.98 123.17
1954 355.75 120,070.00 55,002.11 45.81 337.51
1955 1,096.50 30,663.70 — — 27.96
1956 1,277.09 75,443.00 - — 59.07
1957 — 448,012158 391,052.18 87.29 —
1958(H 178.64 191,443.00 174,353.40 91.07 1,071.67
19609 757.73 260,542.10 204,416.10 78.46 ' 343.85

1961 3,211.47 4,145,440.30 918,150.90 22.15 1,250.83

(f) The absence of 1959 is due to change in the identification of fiscal year from the year of
beginning to the year of ending.
Source: Chunan Irrigation Association.

IRRIGATION SYSTEM

The heart of the Ta-Pu project is a concrete gravity-type reservoir,
21.4 meters in height with an effective capacity of 6,400,000 cubic meters
of water, and ‘a life expectancy of 50 years. It provides water to the
Ta-Pu area by means of a 10.9 kilometer-long main canal, of which nearly



36 kilometers are fu‘nn'eled in four stretches starting at the reservoir. The
main canal was desxgned to serve 117 kllometers of laterals and sub-laterals
and two pumping stations. lifting water to 118 hectares of higher lands.
Engineers placed an average useful life of .40 years on the main. canal, 20
years on the laterals and sub-laterals, and 30 yeéré'on the pumping plants.

As was noted earlier, not -all i_)f the sub-laterals were completed as of
~June 1962. Many sub-laterals were being built by the Association.

Authorization: for the construction of "the reservoir and canals was
given in mid-1956. The reservoir and principal canals-were completed in
- June 1960.

COSTS AND BENEFITS

The original cost estimate for t&e completion of the reservoir, main
canals and laterals, exclusive of canal right-of-ways and sub-laterals, was
‘NT$ 40,000,000 (48). The Chunan Irngatlon Association was to purchase
all right-of-way and the farmers were to construct the sub- laterals. By
the time the project was completed in June 1960, the actual project ex-
penditure' amounted to NT$61,643,352. (Appendix F, Table F-1).

' The _actual expenditures exceeded the planned for several reasons:
(1) wunderestimation of eﬁgineering costs; (2) increase of construction
~ time from three to four years, (3) pr‘ice inflation of 8.3 percent per year;
(4) - delays 'in procuring rlght-of ways' (5) unplanned-for necessity of lining
canals, and (6) shifting of what were ‘to be private construction costs to
the Asso_ciation. '

In addition to the Jomt costs, a sizeable private reclamation investment
was imposed on the farmers converting dry land to .paddy land (approx1
mately 395 hectares when' fully irrigated). It was estimated from the Ta-
Pu post-project farm survey .tha't farmers invested an average of NT$ 13,500
per hectare converting dry land to paddy land, or a’total investment of
approximately NT$5,355,000 (at 1961 costs) to reclaim all 395 dryland
hectares. for irrigation. Most of these reclamation investments were re-
quired before farmers could benefit from the increased farm income.

The Ta-Pu project was authorized on the basis of a‘fa_wora'ble benefit-
cost ratio of 1:1.97. "Annual costs were estimated to be NT$ 3,151,622 and

— 99 —



annual benefits NT$.6,215,000. The benetits were measured in terms of
6,260 tons of added rice from _th'e 1,230. hectares -originally contémplated
for irrigation. By the time the project was completed in 1960, the benefit-
cost ratio. had dropped to 1:1:5, chiefly because of the increased costs
which included NT$6.7 million for interest (at 6 percent) on the con-
struction outlays. If allowarnce had been made for changing cropping
patterns and lower prices, the benefit-cost ratio would have been:1:1.11, or
barely above the break-even level. ’

In terms of land-value changes, perhaps long-run benefits were under-
estimated. Dry land formerly selling at NT$ 15,700 per hectare increased
in value virtually overnight to NT$ 109,700, after the project was underway,
and prices on better double-paddy land rose to NT$ 150,000.

FINANCING AND REPAYMENTS

Project costs in excess of planned expenditures created unusual financial
problems for the Chunan Irrigation Association. ‘The solution, shown in
Table 34, was a muddled financial operation that utilized four loans, three
separate subsidies, two special assessments of all Association members, and
unpaid obligations for right-of-way to certain Ta-Pu farmers; to cover all
costs. Loans accounted for about 45 percent of total costs and came from
four different sources. The loan terms called for 6 percent per annum with
maturities ranging from three to 15 years. One result of such piecemeal
financing was an uneven repayment schedule (Table 35) that required
high early payments in order to amortize the short-term loans and to
service the long-term loans at the same time.*

Private reclamation-cost financing was almost as varied. Many dryland
farmers used their own funds; some borrowed short-term funds from the
Land Bank at 14 percent per annum; others borrowed from the Provincial
Food Bureau at 14 percent; while those obtaining funds from the rural
credit cooperatives of the farmers’ associations paid 16 percent per annum.
The farmers who borrowed from their neighbors paid as high as 24 percent
per annum for reclamation funds.

The original loan-repayment schedules for the Ta-Pu area are reported
in Table 35. The revised schedules became effective in July 1962. The

* This study of the Chunan Irrigétion Association’s financial obligation resulted in a revised,
and graduated repayment schedule, effective July 1, 1962. .
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Table 34. Financing the Ta-Pu Irrigation System

— ‘Amount of | o ' . i i B
Dﬁg:a:if::gs funds (NT$). Tf{l?d: £1  Source of funds Purpose of funds Tt;x::gsof
! million) ) .
1956-58 20.2 Loan ‘JCRR System construction| 62 for 12 years.
1956-58 16.3 Subsidy | JCRR System construction, —
' 1956-58 17.1 Subsidy | Provincial Government" | System construction| -
1958 86 | Loan Land Bank from Pro-- | Right-of-way :6% for 4 years,
: : vincial Irrigation Fund purchase -
1960 3534 | Loan Land Bank from Joint | Right-of:way 62 for 3 years.
T | Construction Fund of | purchase
Irrigation AAssocia'tions
1960 0.480 | Assess- | Chunan Irrigation As- | Right-of-way . -
oo ment’ | sociation members .| registration fees
1961 '1.487 | Notes | Ta-Pu farmers Right-of-way Special water’
- | payable purchase fees assessed
- ' note-holding
farmers applied
to amount owed
them.
1962 0.835 | Subsidy | Provincial GGovernment| Laterals & 62 per year
. sub-laterals for 15 years.
1962 0.835 | Loan Joint Council; of irriga-| Laterals & 62 per year
e tion Associdtions sub.aterals for 15 years,
1962 0.090®| Assess- | Chunan Irrigation .| Sub-laterals and
ment Association members | farm canals T

@ As of June 1962.
@ Estimates.

Table 35. Special Water Fee Asgessments for~Ta-Eu Construction -
Loan Repaymerits, Original Schedules, 1959-71

Year of Spec_ial water fee i Sg:ﬁl?lie::::zrp:‘:e Assessed area

repaynient paxdﬁ% year year (ha.)
(NT$) .

1959 337,600 - -
1960 850,919 3,086 —
1961 1,152,040 3,400 910
1962 2,749,997 2,500 1,100
1963 3,180,728 2,680 1,150
1964 3,360,038 12,800 1,200
-1965 3,600,000 3,000 ) 1,200
1966 ‘3,037,482 3,150 ' 1,250
1967 4,124,994 3,300 1,250
. 1968 4,485,994 3,450 1,300
" 1969 4,680,677 3600 1,300
1970 5,880,409 4,200 "1,343
1971 6,343,920 4,531 1,343
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original special water fee schedule called for heavier payments at first until
the short-term loans were repaid. The rate than was to decline until 1962
and gradually increase reaching a high of NT$ 4,531 per hectare in 1971.
The revised schedule reduced the early payments and increased later
payments. The closing' maturity date was net ali;ered. (As was noted
earlier, the farmers obtaining water delivered by -electric pumps were to
pay an additional NT$ 1,350 per year per hectare for electric charges. All
Ta-Pu farmers were to absorb the other pumping costs.)

The early high assessments, the heéavy private investments for recla-
mation, and the right-of-way controversy with some farmers, resulted in a
poor collection experience in 1960 and 1961, as is indicated below (Table
36).

Table 36. Ta-Pu Collections of Special Water Fee

Fiscal year Crop Assessments collected
(percent)
1960 1st ' 39.2
' 2nd 348
1961 Ist 69.6
2nd 63.2:

The accumulating collection delinquencies forced the Irrigation Associa-
tion to use reserve funds.of the Association to.meet its repayment commit-
ments and to default on a portion of the due debt. Those farmers who
were not paid for right-of-way were withholding payments and allowing
their water bill-to be deducted from the payment owing them for land.
Even though the debt owed farmers was interest free, this practice upset
the Association’s debt-financing operations. As. was noted earlier, the
Association resorted to court action in some 700 cases not all were in the
Ta-Pu area to obtain payment.

It is apparent that in spite of planned performances and contractual
commitments, the Association copld meet its goals and obligations only if
the farmers responded according to schedule. The farmers did not respond
as scheduled, which suggests that the plans were not realistic. Experience
indicates that Taiwan farmers, in general, will meet their obligations if
reasonable and realistic. In the final analysis, then, the burden for develo-
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ping workable plans rests on the planners, administrators, and the institu-
tional framework within which. all must funaction.

It is appropriate now. to re-examine the economic feasibility of the
Ta-Pu project and to calculate the yate of returmr on the investment and
the repayment capacity of the benefitéd farmers, according to the formulas
proposed in Chapter 1V, and based-on a comprehensive re-study of Ta-Pu
costs and beneﬁrs.

Economic Feasibility

An ex-post.determination of economic feas'ibility necessitates the selection
of ‘a base year to which all recomputed costs and benefits can be related.
1960 was selected as the base year because (1) water service from the
Ta-Pu project was first provided ir March 1961, and (2) field studies of
farmers’ costs-benefits were made in 1959 before project water was available
and in 1961 after water was avallable Therefore, certain costs such as
dam construction costs occurrmg before 1960. were compounded forward to
a 1960 present value and other planned costs and benefits occurring later
‘were dlscounted backward to the 1960 base year. For compounding and
discounting purposes,- 12 percent per annum was used to conform to the
new (1960) TJ. _S.rAID policy which caﬂe_d for a 12 percent interest rate on
all new U.S. financed loan irivestments. in Taiwan. (The original feasibility
study. employed a 6-percent discount rate.) -

COST CALCULATIONS

The initial and large investment outlays occurred in the construction
period 1956-60; smaller completion outlays were planned f_or 1961-63. By
June 1960, the total construction costs of.the reservoir and related facilities
amounted to NTS$ 28,684,950. The expenditure for other labor was NT$
‘15,712,203 and for other materials NT$ 5,998,356. Expenditures for land,
rights-of-way, and compensation for relocation of farm houses and damage
to standing crops was NT$ 8,164,362.* Administration costs related to the
construction of the project came to 'N’Ii$ 3,083,481. The cost of investiga-
tions made prior to project authorization was excluded from the construction
cost. The total construction outlays for the project amounted to NT$

* The original estimate for this expenditure was NT$ 8,703,980 but it was reduced by NT$
539,618 in 1962 when part of the right-of-way was acquired by rental instead of purchase
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61,643,352 by IQSQ The deferred costs fof the constructlon of um‘imshed
sub-laterals and the lining of major canals were estimated to be NT$2 337, OOO
by the end of 1963.. These amounts were compounded or discounted at 12
percent to the 1960 present value of NT$ 74,395,159, as shown in Table 37.
The area to be benefited, 1,542 hectares, was:some 200 hectares more than
originally planned due to the reclamation of land not previously cuitivated.

Table 37. Estimated Annual Capital Outlays, Present Values,.
and Accrued Areas, 1956-—1963

Year Constructi.on cost“) ’ cclrrI;:tsft?gtx‘;il‘::is%i, 1 beelg%l;uﬁ é a
. ' (NT$) as of 1960- " (ha.)
. (NT$) . ~
1956 2,577,173 4,056,470 -
1957 11,403,987 16,022,602 ! —
1958 9,341,493 11,714,232 -
1959 - 20,718,485 23,204,703 —
1960. , 17,602215 | 17,602,215 758
1961 - - 582
1962 1,537,252 _ 1,225,497 122
1963 800,000 569,440 80

Total . 63,980,605 - 74,395,159 f 1,542
M At 1960 prices after 1962. '

Private farmers also expended NT$ 2,616,308 in 1961 on land reclamation
in converting dry land to paddy land. Another NT$ 2.7 million is to be
invested to reclaim an additional 395 hectares of land (Table 38 and
Appendix F, Table F-2). Reclamation costs, although borne pr1vately by
reclaiming farmers and financed independently of the dam, canals, and
right-of-way,! are cens1dered part of.the total project costs.

The total amount-of reclamation outlay estimated to take place in the
196164 period was approximately NT$ 5,354,620 at 1960 prices. The 1960
value of these costs was NT$ 4,294,653.

Thé economic life of the Ta-Pu project was determined by engineering
estimates to be 50 years. With a 12 percent discount rate, the value of
the dam and irrigation facilities 'et the end of a 50-year life expectancy
period ‘'would be only 0.0035 of each NTS$ of initial costs. In other words,
the salvage value of the dam and irrigation facilities would be nearly zero
at the end of 50 years. However, the present investment cost ought to be
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adjusted by an allowance for the salvage value of land which would have
value for other uses at the end of 50 years. The salvage value of land
‘was estimated to be -80 percent of its initial cost (NT$ 4,401,644}, with
consideration given to the improvement and damage caused by the project.
The. estimated salvage value of land discounted to 1960 amounted to only
NT$ 12,325.

Tabl_g 38. Estimated Annual and Total Reclamation Costs,
by Private Farmers, 1961-1964

Reclaimed Reclamation® Present value,

Year land area® caosts as of 1960
(ha) (NT$) (NT$)
1961 193 2,616,308 2,336,101
1962 68 921,808 734,865
1963 ' 87 908,252 646,494
1964 67 908,252 577,194
Total 395 5354, 620 4,294,653

w Estimated froi survey data of 130 farms. See detailed statement about the farm economic
survev in the next section,
® At 1960 prices.

By following the steps described above, the economic value of the 1960
investment costs for the.Ta-Pu project was 'cemputed to be as follows:

(1) Construction costs

NT$ 74,395,159

(2) Reclamation costs 4,294,653

(3) Salvage value of land -12,325
Nef:‘;nvestment costs

78,677,487

BENEFIT CALCULATIONS-

In order,to conform to.the costing period, the benefit period was begun
at 1960 and irrigation benefits were assumed to continue for 50 years from
1961 to 2010. The benefits derived from the Ta-Pu project were roughly
classified into two categories: direct and indirect ir_riga{tibn benefits. These
were further subdivided into tangible and intangible benefits.

Assumptions. —Before benefits could be calculated certain basic assump-
tions had to be made. First, that long-run commodity prices would be
different than their 1960 prices. Second, that the 12 percent interest rate
was a realistic discount rate. Third, that the cropping pattern in the
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Ta-Pu area would become the sameé as the pattern in the adjacent irrigated
areas. ' '

As there was.no equilibrium market price in Taiwan for farm products
to ~rt-lﬁf:qt the real consumers’ values, the producers’ benefits were likely
to be ﬁnder-gstimated. In order to rectify the unfairness of the controlled
price mechanism, expected long-run prices of paddy rice, sweet potatoes,
peanuts and vegetables were utilizgd in estimating benefits. TFaiwan’s
long-run price- of ‘farm products stood at about 80 percent of the general
price level in the period of 1910-1949 and about 70 percent in the period
of 1950-1959. In 1960, the rice price increased by 40 percent more than
did the general price level and other farm prices incredsed by more than
30 percent. The new. 1960 farmjp;ice‘ level was ’relati'vely ‘equal to the
long-run trend of the general price level. To be on the safe side, however,
the 1960 rice and sweet potato prices were reduced by 10 and 20 percent,
respectively, to more nearly approximate their future ionQ-run prices while
no changes from 1960 prices were assumed for peanut and vegetable prices.

Even though the 12 percent discount rate was below the interest rate
charged by Taiwan’s financial agencies for short-term loans, it was adopted
as an appropriate rate for discounting benefits and costs. As explained in
Chapter IV, a 12 percent rate might be below the opportunity cost for such
funds but any economic losses were expected to be at least partly offset by
larger economic benefits than were originally anticipated.

The do;'ninantAcrop pattern in the Ta-Pu area was éxpected to become
similar to that in the older irrigated areas in the Chunan Irrigation distriéts.
It-was postulated that the national food consumption pattern would continue
to shift to protein-contained foods and that the rapld increase of population
would increase ‘total rice consumption. Cons:dermg these two future demand
trends and ‘the reports made by farmers about their prospective Jland.
uti'lizat'idn, it was concluded that about 2,900 hectares of crop-area would
be planted to paddy  rice, 450 hectares to sweet potato, 100 hectares to
peanuts, and 225 hectares to vegetables after 1965. It was further assumed
that- the crop ylelds would be the same as in the neighboring 1rr1gated
areas.

Farm Survey.—Direct irrigation benefits were measured by the increased
net farm incomes resulting from- the application of project water. The
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increase in farm incomes was obtained from a farm-economy survey of 130
sample. farms, or roughly. 10 percent of the total farm households benefited
by the Ta-Pu project. The survey covered two periods, before and after-
irrigation, that is, 1959 and 1961.

Information on farm household populations,- farm assets, crop patterns,
yields, farm and non-farm receipts, farm qberating- costs and living expenses
were obtained from the records of. the 130 farm households. The general
farm situations as portrayed by the farm-economic survey are shown in
Table 39. For a fuller diécussion of the sampling procedure and results
see Appendix F, Table F-3.

Table 39. General Farm Situations Before and: After Irngation
in the Ta-Pu Area*

Before irrigation | After irrigation Anticipated in
. 1959 - 196 1964
Number of farms 1417 1475 1,530
Area of farm land (ha.) - 158 1,664 1,664
Irrigated area (ha.)’ 758 1,340 1,520
“Total crop area per year (ha.) 3,279 3.315‘ 3,550
" Orchard (ha.)’ 163 152 120
Rec]a:med land area (ha) - 193 202
Size- per farm (ha.) 112 113 1.09
Irrigated area per fa.rm (ha ) 053 0.91 0.99
Capital mvestment per farm(N T$) -93,388 116,221 140,500

The total number of farm households after. irrigation increased by 58
above the 1959 level. If farm households continued to increase at a rate
of 1.4 percent per year, the total number -would be 1,530 by 1964. Total
farm area mcreased slightly after irrigation but no’big increase was antici-
pated in the future.

* Comparmg these figures with PWCB’s estimates in the or:gmal plan, some discrepancies
appear as shown below:

Before irrigation, 1959 , After_irrigation, 1961
Double | Single |Dry land Double {|Dry land
Total paddy paddy |& others Total paddy |& ot'}_iers
Original estimate (1) 1,343 110 200 1;033 1,343 1,343 —
+ Farm survey (2) 1,585 758 265 562 1,664 1,340 324
Difference (1)—(2) |— 242 |- 648 |— 65 471 |- 321 3 |— 324
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Total paddy land, including double-and single-paddy land, was estimated
as 1,023 hectares in 1959, of which 758 hectares were double-paddy land
irrigated from water-catchment ponds. and river-diversion canals and 265
hectares were weather-depending single-paddy land. The 381 ponds in the
area before the project was constructed covered an estimated area of 87
hectares. After construction, only four regulating ponds remained. About
80 hectares of pond land was converted to arable land; the gain was offset
by the loss of 80 hectares for right-of-ways. Some farmers; however,
gained arable land while others lost it.

The total crop area, including the area planted to orchards, was in-
creased by ‘only 385 hectares after irrigation. Farmers reported that after
1963 their crop area would increase more rapidly with intensive farming
and multiple-crop patterns. Farm area per farm decreased with the increase
of total farm  households in the area. However, irrigated farm area per
farm increased from 0.53 hectare before irrigation to 0.91 hectare in 1961
‘and an estimated 0.99 hectares in 1964. These facts indicate that more
intensive land utilization in the area can be expected after 1964.

Capital investment per farm amounted to NT$ 93,388 in 1959 and in-
creased to NT$ 116,221 in 1961 and NT$ 140,500 is anticipated in 1964.
Farm investments increased largely due to the rapid increase in land values
after irrigation, and the construction of additional farm houses.

Table 40. Changes in Land Use Before a_lnd After Irrigation

Before irrigation, 1959 After irrigation, 1961 Increase or

decrease in

Planted Yield | Produc- | Planted Yield | Produc- | production
area per ha. | tion (1) area per ha. | tion (2) | (1)—(2)

ha. kg. m/t ha. kg. m/t m/t

1. Paddy rice 1,761 2,916 5,136 2,569 3,105 7,976 2,841
2. Sweet potato 1,130 6,941 7,843 497 7,043 3,500 — 4,343
3. Peanut 319 1,092 348 180 1,190 |© . 226 — 122
4. Sugar cane® 4 60,000 240 — — — — 240
5. Other crops 65 3,233 210 59 4,889 288 78
6. Fruits and tea 153 — —_ 152 — —_ —
Total Cosm . — | — | s -] -] -

(] Excluding' Taiwan Sugar Corporation plantation farm. No change happened in crop pattern
of TSC farm after irrigation.

The land utilization in the Ta-Pu -area, as noted in Table 40, changed
remarkably after irrigation. The planted area of paddy rice increased by
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808 hectares and the plantings of sweet potatoes, peanuts, and sugarcane
decreased. There was no big change in the planted area of other crops and
fruits before and after irrigation. Yields of major crops, also increased
after irrigation. Yields increased by the following percentages: paddy rice
by 6.5; sweet potato, 1.5; peanut, 8.9; other crops, 51.2. Comparing total
productions before 'irr'igation and after irrigation, we find that paddy rice
increased by 2,841 metric tons, sweet potato decreased by 4,343, peanuts
decreased by~122, ‘while other crops - increased by 78 metric tons.

DIRECT TANGIBLE BENEFITS

Direct tangible benefits of the Ta-Pu project were the increases in net
economic values for farmers, industry, and the public resulting from the
direct. use of project water. The farm benefits, by far the most signifi-
cant, were the increases in (1) level of family living; (2) cash income;
and (3) farm investment.

The methodology. erriﬁloyed for calculating benefits closely follows that
of the Bureau of Reclamation of the United States Department of Interior.
Total direct benefits of farmers attributed to the irrigation project were
obtained by multiplying the average farm receipts and expenditure, of
sample farms in each survey district by the. total number of farm house-
holds in that district before and after irrigation. The farm receipts and
expenditures had to be computed for the base year of 1960 on , thé. basis
of the relative agricultural price levels prevailing before and after irrigation.
Farm expenditures, however, did not increase in proportion to the rise in
farm prices received (cf. page 107). The relative increase in farm receipts
and expenditures between 1959 and. 1961 were deflated With ratios of 1.1412
and 0.9689, respectively, in determining the 1960 level of prices.

The gain in farm income included the increased income from rice and
other crops sold and consumed on farms, minus -the increase in the follow-
ing items: (1) cash -production expenses; (2) depreciation of production
equipment; (3) interest on farm investment; and (4) allowances for family
living. ’

Direct farm benefits were calculated from the summaries of the farm-
economy data representing before and after irrigation as shown in Table 41.
For a detailed statement of discounted farm incomes and expenditures for
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Table 41. Derived Direct Annual Farm Benefits
from the Ta-Pu Project™
Unit: NT$
After Before
. s A Py . e . Annual
Item 1rrpggzné:llon, lrrllggastéon, Difference benefits
Number of farms - 1475 1,417 58.
Area of farm (ha.) 1,664 1,585 79
Irrigable area (ha.) 1,340 758 | 582
A. Increase in family living
1. Farm products consumed 12,557,351 9,105,596
2. Livestock consumed 1,319,215 1,243,358
3. Rental value of dwelling 2,473,387 2/439,328
4. Cash expenditure for family
living 16,756,502 18,783,737
.5. Total used for family living 33,106,455 31,572,019 1,534,436
_'6. Less additional cash income
from non-farm sources. 9,678,460 10,584,353 | — 905,893
7. Net increase in family living 23,427,995 20,987,666 | = 2,440,329 |A. 2,440,329
B. Increase in cash income
8. Farm products sotd 14,935,058 9705834 ]
. o 1.
9. Livestock sold 6,165,600 8,251,206 4,103,084
10. Increased walue of crops & B .
livestock 1,288,266 326,800
11. Minus, cash production expenses
(excluding water fee and land-
rent) 7,791,767 6,622,901
12. ‘Minus, depreciation 1,515,167 1,130,722
13. Minus, hired labor expenses 2,550,739 1,874,282 |
4. Minus, interest on investment 1,333,455 1,249,478 1,192403
15. Minus, cash for living (less cash
income from non-farm sources
plus rental value of dwelling) 7,078,042 8,199,384
16. Net increase in cash income 2,117,754 — 792,927 2,910,681 [B. 2,910,681
C. Increase in investment
17. Investment on farms 195,835,269 158,483,980 37.351,289
18. One percent of increase in
investment ‘ - — 373,513 [C. 373513
19. Total direct benefits of farmers — — —_ 5,724,523
20. Average direct benefits farmers
per ha. of irrigable area - — —_ 4272
21. Industrial and public water
supply 577,848. - — [D. 577,848
22. Maintenance and operation ‘
costs of irrigation facilities 714,079 296,256 . 417,823
23. Total net direct benefits — — — |[E. 5,884,548

M) All farm receipts and expenditures adjusted to a 1960 price level.

Sources:

“Farm-Economy Survey of the. Ta-Pu Area,” Provincial Water Conservancy Bureau

and Joint Commission ‘on Rural 'Reconstruction, 1962, Table design follows U,S.
Department of the Interior, Reclamation Manial 22.3. (42).
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the 1961-2010 period see Appendix F, Table F-4.

The total direct benefits to Ta-Pu farmers was estimated as NT$
5,724,528 annually.* On a per hectare basis of irrigable land, it amounted
to NT$4,272. The increase in family living accounted for nearly 40 percent
of the total benefits, reflecting the small subsistence farming prevailing in
the area. About 55 percent of the gain was attributed to an increase in
net cash incomes and the remaining 5 percent to farmers’ increased farm
investment. Not only did the Ta-Pu farmers enjoy a substantial increase
in their family living but also they were able to reduce their living ex-
penditures from cash income. Cash income before irrigation (item 16,
Table 41) was negative chiefly because unpaid interest on investment and
depreciation were included as expenses.

The repayment of project loans depends on cash income. Cash income
after irrigation was calculated to be NT$2910,681. We have reason to
believe that the farmers’ cash incomes will increase in the years ahead as
more land is reclaimed, cropping patterns change in response to higher
net returns, and as a smaller proportion of the gains gd to increased farm-
family consumption. Recognition needs to be given, however, to the con-
tinued increase in the number of farm families operating smaller farms
and earning lower cash incomes per farm. If inflation, even at a nominal
rate, were allowed to be recognized in benefit-cost computations, the future
net benefits to Ta-Pu farmers would be substantially greater than these
postulated in Table 41.

The Ta-Pu water development plan provided for water service to local
paper mills and eventually to nearby communities. According to the bi-
lateral agreement between the Chunan Irrigation Association and the two
paper mills, the per hectare water rate charged the mills was to be NT$
3,400 plus NT$640 of ordinary (Irrigation Association overhead) expenses.
A total of 86.2 hectares was agreed upon as the basis of total water use
for calculating their total water fee.

The township offices of Tou-fen and Chunan plan to use Ta-Pu water
by 1965. The total quantity of supplemental water supply needed amounts
to 10,000 M. T., which is to provide 50,000 people with 0.12 CMS. We

* ‘The total benefit was lower tha}i -anticipated before construction because the irrigable

potential was overestimated: more land than estimated was already in double paddy (see foot-
note table on p. 108).
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assigned a unit price of NT$0.4 per M. T. to the public water, and 10
percent ‘a8 the rate of net ‘benefit to the public-water enterprises. The
'direct benefit of the public-water supply was deferred to 1965; the esti-
mated value in 1965 was discounted at 12 percent to a 1960 present value
estimated to_be NT$ 577,848 annually.

The total stream of estimated annual benefits (farm, industry and
public) for the 50-year is indicated in Table 42 (see also Appendix F,
Table F-4). The annual discounted benefits were expected to increase’
from 1962 to 1965 and then to decrease year by year. Total direct benefits
accumulated during the 50-year economic life of the project amounted to
NT$87,348,181. This total was predicated on the assumptions that (1)
farm prices and costs remain at the 1960 level; (2) no increase in irri-
gable area after-1965, (3) crop patterns remain.as in 1965; and (4) no
improvement in the ~management. ‘ability of farmers. Past experience
suggests that none of these factors remain constant. Ovexj" the years,
direct benefits are likely to increase steadily above the predicted level.
Costs, in view of the large initial fixed investment, are not likely to rise
as much as benefits.

There are other direct though less tangible benefits expected from the
Ta-Pu project. The greater security of the water supply, for example,
will enable. farmers to plan further ahead and to eliminate costly risk:
hedging operations. Furthermore, the farmers’ improved diets should in-
crease their labor productivity, and larger product sales off the farms
should lead to lower marketing costs and to larger net returns to farmers.

INDIRECT BENEFITS

Indirect benefits are the net-income benefits accruing to other than the
direct’ beneficiaries as a result of the increased flow of agricultural products
or services from the project. The indirect benefits attributable to the Ta-
Pu project were divided into three categories: (1) profits of all local private
'énterpr'ises from handling, processing, and marketing the increased volume
of farm products; (2) benefits to the Provincial Food Bureau (PFB) hand-
ling' the increased paddy rice and selling of fertilizers .through the bartgr-
exchange system; and (3) benefits of fishirig in the reservoir.

Tangible Indirect Benefits.—The United States Bureau of Reclamation
(42) assigns 5 percent as the factor representing the share of ‘gross profits
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of local processing . plants attributable to the increased volume of farm

sales. In this study, 6 percent of gross profit was estlmated to be an in-.
direct benefit.*

Beneﬁts .to PFB from the collection and handling of the increased
paddy rice and fertilizer were calculated from farm- budget summaries
representmg the farm situations before and after 1rr1gatlon. Benefit factors
of 30 percent and 21 percent, respectwely, were assumed for rice collection
and. paddy-fertilizer exchange benefits of PFB. The total PFB benefits
represent the price margins between the PFB’s rice price and the market
paddy price, and PFB’s average cost price and allecation price for fertilizer.
(The figures of 30 percent and 21 percent were derived from the statistics
presented in references 33b and 49)

,Benefits from fishery production in the Ta-Pu reservoir were calculated
on the basis of the original project plan.as drawn up by the Chunan Irriga-
tion Association. The plan anticipated that the annual total fishery
production would amount to 117,500 kg. Receipts' would be NT$ 1,261,400 :
and expenditures NT$ 304,500, on the basis of 1960 averaée priees. The
annual net income from fish production was estimated at NT$ 956,900.
The fishery benefits, however, would not begin until 1963. The expected
benefits 'in 1963 and later were discounted to a 1960 present value.

Annuat indirect benefits attributed to the increased sale of farm pro-
ducts, use of fertilizer, and fishery broducfion wereé NT$1'.624,125, as shown
in Table 43. The largest indirect benefit went to the Provincial Food Bureau
from the eollec-tion of paddy rice and the paddy-fertilizer exchange. In
a free-market situation, all or most of these benefits would accrue to the
farmers as direct benefits less, of course, an increase in their taxes.

The total value of indirect benefits discounted to 1960 at 12 percent
per annum was calculated te be approximately NT$18,744,821, or'about 21
percent of the total annual direct benefits. The stream of annual and dis-
counted indirect benefits from 1961 through 2010 is presented in Appendix
F, Table F-5. The annual -stream of indirect benefits through the project’s
economic life might change from year to year. Changing crop and land-
use. patterns would alter indirect benefits as well as the direct benefits.

* The 6-percent factor was derived from ‘“Marketing Statistics of Farm Products in
Taiwan™ reported by JCRR and published in Economic Research Bulletin No. 75, Bank of
Taiwan, 1962. :

— 114~



Table 43. Annual Indirect Benefits Attributed to the Ta-Pu
Irrigation Project®

y Annual
irxé\gf;:fon ir?iegf;){&n Di(f{le’i%rice ?:&iﬁt bzrfle{igﬁgs
(NTS$) : (NT$) (Percent) (NT$)
A. Sale to local enterprise
Farm products sold 17,642,561 | 11,746,252
Livestock sold i 6165600 [ 8,251,206
Sub-total | 3,810,703 6 | 228642
B. Benefits of PFB
Collection of paddy 1,908,667 1,258,663 650,004 30 195,001
Paddy-fertilizer exchange | 5984531 | 3,511,379 2,473,152 21 519,362
Sub-total 714,363
C. Benefits from fishery 681,120 — 681,120 100 681,120
Total indirect benefits 1,624,125

) See Appendix F, Table F-5 for further details.

Intangible Indirect Benefits,—Intangible benefits are describe¢ by the
U.S. Bureau of Reclamation Manual (42) as the increase in the production
of goods and services and the improvements in general welfare which
cannot be measured adequately in monetary terms. Generally speaking,
intangible benefits are public benefits and are broadly disseminated. For
- discussion purposes we classified such benefits under four major headings:
(1) employment opportunities; (2) investment opportunities; ‘(3) community
facilities and services; and (4) economic stabilization.

The additional employment opportunities were estimated at 10,000
man-days per year. of farming and about an additional 5,000 men-days per
vear in the related ‘non-farm businesses. These employment opportunities
were expected to continue for the laborers throughout the life of the project.
Additional wages to farm labor after irrigation, assuming no change in
future wages, amounted to some NT$680,000. By applying a wage differen-
ce of NT$15 per day between farm employment and non-farm employment,
total non-farm wages paid approximated NT$75,000. Hence, the $755,000
per year are the total added wage payments attributed to the project.
The employment effect on less directly affected enterprises was not as
_easily ascertained.

The investment opportunities created by the project were hard to
enumerate, because of the difficulty of showing or proving the absence of
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alternative investment opportunities for such a long period. Although the
induced investment opportunities in farm. improvements, construction of
rice mills, and other factories were expected to increase, the benefits were
difficult to identify. It could well be that other investments of a like
amount might have yielded the economy greater benefits.

With respect to added community facilities and services, the U.S.
Bureau of Reclamation suggests using the estimated increase in real and
personal property taxes as a measure of such beneflts. In the case of the
Ta-Pu project, income and land taxes were not collected by local govern-
ments for improving community facilities and serviees.  Increased taxes,
including income and land taxes, were estimated to be roughly NT$1,544,400
annually after final production adjustments were made. New social cons-
truction, wildlife- ex'penditures,troads, and other services were expected to
increase in the Ta-Pu district after construction of the project, but these
benefits were difficult to estimate.

The impact of the Ta-Pu project on economic stabilization was also
difficult to estimate. Irrigation provides economic stabilization by elimina-
ting the effects of a drought for example. Eckstein suggested that - the
value of such benefits be arbitrarily set at 5 percent of direct benefits,
and where stabilization is desperately needed, 10 percent of the direct
benefits might be allowed (2). In the case of Ta-Pu, a steady supply of
water was not available before irrigation. Most of farmers depended on
ponded rain water which was uncertain and a wide variation in rice yields
resulted. We applied 10 percent of the annual total direct benefits as the
benefits of economic stabilization stemming from the Ta-Pu irrigdtion
project, and the total amounted to NT$640.77 annually.

The quantification of indirect benefits in monetary terms, though in-
complete and approximate, provides a basis for giving priority to projects
with like direct benefit-cost ratios and for determining a subsidy amount,
if necessary. The intangible benefits must of necessity be omitted from
benefit-cost ratios and comparisons.

SUMMARY OF BENEFIT AND COST CALCULATIONS

The cumulative net benefits and costs of the Ta-Pu irrigation project
throughqut its economic life of 50 years (1961-2010) are summarized in
Table 44.
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Table 44. Summary of Cumulative Life-Time Net Benefits and
Costs for the Ta-Pu Project, 1961-2010

1. Direct farm benefits NT$ 591,571,568
Industrial and public water supply 35,812,400
Less maintenance and repairing costs 35,703,950
Total net direct benefits 591,680,018
2. Indirect benefits
Increased profits from sale of farm products 25,600,113
and livestock
Increased profits from collections -and 70,240,717
exchange of paddy by PFB
Fishery benefits 32,693,760
Total net indirect benefits 128,534,590
3. Total direct and indirect benefits 720,214,608
4. The 1960 discounted direct net benefits 87,348,131
5.. The 1960 discounted indirect net benefits 18,744,821
6. The 1960 discounted benefits=4+5 106,092,952
7. (a) Total construction costs discounted to 1960 74,382,834
(b) Farmers’ reclamation cost discounted to 1960 4,294,653
(c) The 1960 discounted costs 78,677,487
8. Present worth (1960)=6-7"> 27,415,465

™ Al costs and benefits were discounted at 12 percent to arrive at 1960 values.

The above summary table shows that the present worth (1960) was
positive at a discount rate of 12 percent. Hence, the Ta-Pu irrigation
project was economically justified. Even if we limited the comparison to
the total net direct benefits accrued by the project to the initial construc-
tion costs, present worth remained positive, indicating that the Ta-Pu
project had high economic benefits. If we were to take the intangible
benefits into consideration, the economic feasibility of the Ta-Pu project
would be considerably higher.

The benefit-cost ratio, if indirect benefits are excluded, would be 1:1.11
(present direct benefits of NT$ 87,348,131 divided by present costs of NT$
78,677;487 ). If indirect benefits are included, the ratio would be 1:1.35.
These positive ratios merely reaffirm the economic feasibility of the Ta-Pu
project even if intangible benefits are excluded.

By separating the total net benefits into private and public categories,
we found that private benefits totalled about NT$ 555,867,618 while public
benefits amounted to NT$ 131,653,230, or 81 percent and 19 percent, respec-
tively, of the total benefits. The breakdown is shown in Table 45.
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Table 45. The Cumulative Private and Public Irrigation Benefits,
1961-2010

1. Private net benefits

Direct farm benefits less irrigation maintenance

and repair costs
2. Public benefits

Industrial and public water supply

Increased profits from sales of farm products and livestock

Increased profits of PFB from handling the paddy rice

3. Total benefits

NT$ 555,867,618

35,812,400
25,600,113
70,240,717
687,520,848

Both private and public net benefits are considered to be available and
responsible, in proportion to their share of the total, for the repayment of
construction costs. Farmers, therefore, should not be expected to repay

more than about 81 percent of the total project costs.

ALTERNATIVE DISCOUNT RATES

In this section, we vary the discount rates in order to test their effects
on the benefit-cost ratios and to determine the interest rate level at which
the present worth is reduced to 0. For these purposes, we employed 6,
12, 15 and 20 percent interest rates for discounting the annual stream of
benefits and the deferred costs of construction throughout the project’s
economic life back to 1960, the base period for the analysis.

Table 46. Alternative Discount Rates and Their Effects on
Benefit-Cost Ratios for the Ta-Pu Project, as of 1960

i

Discounting rates—percent

6 T © 20

Construction costs NT$ 68,938,022 74,395,159 76,697,628 82,497,722
Reclamation costs NT$ 4,770,626 4,204,653 4,088,630 3,783,926-
Less salvage value of land NT$ 137,331 12,325 3,169 352
Total investment costs (1) NT$ 73,571,317 78,677,487 80,783,089 86,281,296
Direct net benefits (2) NT$ 176,583,039 87,348,131 68,019,347 48,825,786
Indirect net benefits (3) NT$ " 38,169,556 18,744,821 14,538,341 10,363,227
Total net benefits (4)=(2)+(3) NT$| 214,752,595 106,092,952 82,557,688 69,189,013
Benefit-cost ratio

(2)/(1) 2.40 111 0.84 0.57

(4)/(1) 2.92 135 l 1oz | 0.80

An increase of the discount rate, as shown in Table 46, reduces the
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benefit-cost ratios. At the 12 percent discount rate the direct benefit-cost
ratio is near the breakeven point or at which the project is just economi-
cally feasible. If the indirect benefits are included, the project remains
economically feasible at a 15 percent discount rate but not much beyond.

We may conclude from the above data that regardless of the discount
rate used the benefit-cost method is consistent in the ranking of projects;
the project with the highest ratio remains so. Chart 7 shows us that the
benefit-cost ratio is not haphazardly affected by the rate of discount. The

benefit-cost ratio, however, indicates only whether a project is economically
feasible, it does not tell us the rate of return that borrowers earn and the
rate they could pay for funds invested in the project.

INVESTMENT RETURN

To determine the rate of return on the Ta-Pu investment, we turn to
the data presented in the preceding table. We may observe that at the
12 percent rate the direct benefits (only direct benefits were available for
the repayment of borrowed funds) substantially exceeded the costs of
construction. These facts suggest that the rate of return on the Ta-Pu
investment was higher than 12 percent per year. A trial-and-error method
was adopted to obtain the maximum internal rate of return which would
reduce benefits minus initial costs to zero. The superiority of utilizing
this method in Taiwan was detailed in Chapter IV. By trial-and-error, we
note that the 15 percent discount rate reduced the 50-years of direct benefits
to NT$ 68,019,347 and the costs to NT$80,783,089. The 15 percent rate
reduced the value of benefits below costs. The 12 percent rate, we discover,
resulted in direct benefits exceeding costs by nearly NT$8.7 million. The third
trial revealed that 13 percent approximated the appropriate rate of return.

The 13 percent rate was more than one percent higher than the 12
percent charged by AID authorities on United States loan funds and was
slightly less than the 14 percent paid on bonds issued by the Free China
government. On the other hand, a 13 percent rate was substantially below
the prevailing market rate of interest, even for short-term funds, in Tai-
wan. A _higher future rate of return could be anticipated with improved
cropping patterns and management practices.
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Farmers Repayment Capacity

It appears from the data presented that the Ta-Pu farmers would have
no difficulty in repaying the total costs of the Ta-Pu project including
an interest rate of 12 percent per annum. (It will be recalled that the
Ta-Pu farmers were to repay only 46.5 percent of the total project cost in
13 years at a 6 percent rate.)

In calculating the economic benefits of thesproject, incremental living
expenditures atfributéble to irrigation were included in income benefits.
Farmers’ repayment capacities are more appropriately related to cash in-
comes, however. According to our analysis, the average cash repayment
capacity per farm household in Ta-Pu. was NT$4,144 or NT$3,667 on a
per hectare of irrigable area, as shown in.Table 47. Comparing average
incremental farm income of NT$ 6,894 per household, repayment capacity
per hectare was only 60 percent of total farm income. About 40 percent
of additionhal farm income after ifrigaj:jon was used - for increasing living
levels.* In the Ta-Pu area, farmers’ living expenses before irrigation were
NT$ 17,069 per farm household which was about 80 percent of the average
amount for all farm families in Taiwah. The amount of the incremental
income used for family living depended not only on the levels of living
before irrigation and the cost of irrigation but also on the size of farm
per farm family.

REPAYMENT CAPACITY AND FARM SIZE

The, variation of farmers’ repayment capacity by different farm sizes
may be seen in Table 47.

It is obvious that farmers’ repayment capacity markedly increased as
the size of' farm increased. On a per hectare basis, the average repay-
ment capacity amounted to NT$3,667 which was much less than the
capacity of the farms of 3.0-5.0 hectares and larger than for the 0.5-1.0
hectare-sized farms. The NT$3,667 was about 8 percent higher than the
NT$3,400 per hectare required of Ta-Pu farmers as the first installment
repayment in 1961. Only farmers cultivating 1.0-3.0 hectares or more of

*It should be restated here that farmers’ “after irrigation” living expenses determined in
the Ta-Pu farm-economy survey were based on the terms of the actual loan (46.5 percent of
total costs and a 6 percent interest rate) [ { the repayment terms' had been more severe the
farmers’_level-of-living after irrigation woula I ikely have been lower.
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farm area were able to repay this predetermined amount from added

income.

Table 47. Ta-Pu Farmers’ Repayment Capacity, by Farm Size

Average Incremen- Repayment|Repay- (2)
Farm Farms irrigable I:l:lr?arﬁg- Inc;g;n;ntal t?l net ‘{.l.iving per farmr lment @
sizé area P arm | allowance| household | capacity
(1) receipts €Xpenses | ;i come (2) per ha.
(ba.) | (mo.) (ha.) (NTS$) (NTS$) (NT$) | (NT$) (NTS$) (NT$)
Less than
0.5 184 0.35 &,385 1,265 1,120 453 667 1,905
'0.5—1.0 639 0.80 5,650 2,410 3,240 1,653 1,587 1,983
1.0—-3.0 590 149 18,253 6,021 12,232 5,017 7,215 4,842
3.0--5.0 62 3.30 41,555 15,837 - 25,718 6,572 | 19,146 5,801
Average | 1,475 1.13 12,359 5,465 6,894 2,750 4,144 v 3,667
Source: Appendix G, Table G-1.

REPAYMENT CAPACITY AND LAND CLASS

The repayment capacity of farmers was strongly affected by the class
of land they cultivated before irrigation. In the Ta-Pu area, dry land be-
fore irrigation was mostly used to grow sweet-potato, peanut, and some
to grow sugarcane and other crops. The single-paddy land beforé irri-
gation was used to plant one season of paddy and one season of sweet-
potato. The double-paddy land was cultivated twice for the planting of
paddy rice before and after irrigation, and was the expected land class
after irrigation. A comparison of debt-repayment capacities of farmers
cultivating different land classes is made in Table 48. (The supporting

statistics are available in Appendix G, Table G-1.)

Table 48. Ta-Pu Farmers’ Repayment Capacity, by
Type of Land Class

ncremental | Incremental | Incremental Repaymént
La]r;df class Lam%tglass farm receipts| farm expen- | living expen- capacity
,_belore . aiter per ha. ses per ha. | ditures per per ha.
irrigation irrigation - (NT$) (NT$) ha, (NT$) (NT$)
Dry land Double-paddy land 14,691 7,360 3,065 4,266
Single-paddy | poyple-paddy land 7,744 4,150 1,438 2,156
Double-paddy | pouble-paddy tand 2,400 — 720 1,680
Average 10,937 } 4,836 ‘ 2434 3,667
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As no farmers cultivated only one type of land class in the Ta-Pu
area, the above estimates were made on the basis of average crop patterns
and yields by land classes. Incremental living expenditures per farm per
hectare were assumed as 50 percent of the total living expenses for dry
land before irrigation, 40 percent for single-paddy land and 30 percent for
double-paddy land.* The average figure was obtained by weighting expen-
ses according to the land area in the different land classes.

The above analysis shows us that the dry land converted by irriga-
tion to double-paddy had a much larger repayment capacity than either
the single-paddy or double-paddy land. As so much of the land before irri-
gation was already in double paddy, the repayment capacity of the whole
project was considerably smaller than originally anticipated. Since dry-land
farms were larger than double-paddy farms (see Table 48 and Table 4a),
the farmers converting dry land to paddy had a much larger repayment
capacity, because of larger increases in farm receipts, than did double-
paddy farmers. The former dry-land farms are likely to be reduced in
size after irrigation. The pre-irrigation dry-land farmers incurred an ave-
rage reclamation cost of NT$13,500 per hectare**, which, because of the
increased income derived from irrigation, was a profitable investment.

REPAYMENT CAPACITY AND RETURN ON INVESTMENT

Another approach to repayment capacity is to determine the rate of
return on farm investment induced by an increased and stable water supply.
Theoretically, the marginal rate of return on investment among farms is
a better measure of investment efficiency than is the average rate of re-
‘turn. Moreover, the marginal rate is comparable to the market rate of
interest on investment funds, which is determined by the marginal effi-
ciency of a variety of investments, including investments in irrigation
projects.

Certain assumptions and statistical restatements are necessary in order
to determine the marginal rate of return on irrigation investments for
‘Ta-pu farmers. Inventory accumulation on farms before and after irriga-

*The ratios of 50 percent, 40 percent and 30 percent were based on the facts obtained from
the farm-survey income-expense data, classified by different types of land categories.

**The amount of NT$15400 per hectare.»f the reclamation costs was the average for all of
the survey farms in the Ta-Pu area.
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tion was measured in real terms and then converted to dollar amounts.
The increases in land values were attributed to the irrigation investment.
Production expenses were modified to include an imputed wage for family
labor. The return to capital included not only a return to’ incremental farm
capital but also an undetermined amount for farm management. Deprecia-
tion of capital remained as a cost.

The marginal rate of return on investment for all Ta-pu farms was
computed to be 9.53 percent, as indicated in Table 49. The larger the
farm size the larger the return. The farms of three hectares or mere
experienced a marginal rate of return of over 16 percent. These low ratés
seém inconsistent with the internal rates of return calculated above (p.
119) on the basis of project direct benefits and project costs.

Table 49. Marginal Rate of Return on Farm Investment, by
Different Farm Sizes, Before and After
Irrigation, in' 1960

Living

3 Marginal
- allowance |Incremental|Incremental
Farm size Ing:gn}ent,al Incremental (wooe ¢or | capital capital rate of
3 eipts expenses . . return on
ha. (NTS) (NTS$) family | return invested investment
o lsbor) | (NTS) | (NTs) |Heens
Less than 0.5 2,385 T 1,265 |. 453 667 12,008 5.55
0.5-1.0 5,650 2,410 - 1,653 1,587 24,355 6.52
1.0-3.0 18,253 6,021 5,017 7,215 55,818 12.93
3.0-5.0 41,555 15,837 6,572 19,146 119,087 16.08
Average] 12,359 5,465 2,750 4,144 43,503 9.53

The difference between the two types of returns is due largely to
the values used for computation—farm capital here versus project invest-
ments earlier. The major factor accounting for the low rate of return on
farm capital was the inclusion of the increased land value after irrigation
as farm capital. The average increase of land value, including irrigated
and non-irrigated land, amounted to NT$24,000 per hectare. ‘The change
from dry land to double paddy increased land values from NT$15,700 to
NT$109,700, as may be observed in Table 50.

On a per farm-household basis, the total increase in capital investment
amounted to NT$43,503 (table 49). About 3 percent of the increase was
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attributed to - the addition of farm houses, implements, and livestock, and
97 percent to an increase in land value, which resulted from the assurance
of more secure water, reclamation of land, and a bit of inflation. It
should be noted here that if the Tu-Pu farmers had been required to
repay all project costs and at an interest rate of 12 percent per annum, it
is highly unlikely that land values would have increased to the levels repor-
ted. Any reduction in farm capital values would have resulted in a higher
average marginal return on investment than 9.53 percent.

Table 50. Ta-Pu Land Prices Per Hectare Before and
After Irrigation

Before After Difference

NT$ NT$ NT$
Double-c¢ropping field 82,600 109,700 ‘ 27,100
Single-cropping field 69,000 72,500 3,500
Dry land 15,700 19,100 1 3,400

Repayment capacities, with a 40-percent allowance for family living,
ranged from a low of NT$1,405 per hectare to a high of NT$6,200; a me-
dian of NT$3,412 and an average of NT$ 3,667.

If Ta-Pu farmers were asked to repay total construction costs only,
disregarding the private reclamation, maintenance and operation costs, dis-
counted at 12 percent per annum, the average annual repayment amount
required for 50 years would have been NT$ 4,996 per hectare. If the pri-
vate reclamation and maintenance-operation costs were included, the
éVe,rage annual amount required would have increased to NT$5,483 per
hectare ( table 51 ). The amount required would have increased as the
repayment period was shortened.

A comparison of the above averages indicates that the Ta-Pu farmers
with above-average repayment capacities could pay off only 73.4 percent
of total project construction costs and 66.9 percent of total costs,
including the private costs, in 50 years. Only 38 percent of the farmers
could pay the average to amortize construction costs and only 4 percent
to repay total costs. In order to assure complete amortization of total costs
within 50 years, those farmers with below-average repayment capacities,
as defined above, would have had to depress their savings-consumption
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outlays in order to pay the same average per hectare water fee assessed
all Ta-Pu farmers.

In view of the wide range of repayment capacities, some system of
discriminatory pricing, based on the marginal value of water to each
farmer, would be a more logical and equitable pricing system than the
average-price system as prescribed by Taiwan water law and used by all
Irrigation Associations. Since average pricing was the law we ruled out, in
our analysis, any system of differential or marginal pricing.

Two practical alternatives remain for bridging the gap between cost-
amortization requirements and repayment abilities. The two alternatives
are: compulsory payment of high fees and subsidization.

Table 51. Annual Installments Needed to Repay Ta-Pu Construction
Costs, by Type of Costs and per Hectare
(Annual payments NT$)

Type of costs ’II:IQIt‘gl 5 years | 10 years | 20 years | 30 years | 40 years | 50 years

|

Project construction i

costs 63;080,605| 17,748,220, 11,324,567, 8,567,003 8,157,527| 7,939,993 7,703,265

Maintenance and

operation —| 714,079 714,079 714,079 714079 714,079 714,079

Reclamation 5,354,620, 1,217,641 608,820 304,410, 152,205 76,102 38,051

Total 69,335,225 19,679,940 12,647,466/ 9,585,492 9,023,811 8,730,174] 8,455,395

Average per ha. 44,964 12,763 8,202 6,21€ 5,852 5,662 5,483

COMPULSORY PAYMENTS OF HIGH WATER FEES

Ta-Pu farmers utilized 40 percent on the average of the incremental
income from irrigation to increase their levels of living for two reasons:
(1) their pre-irrigation levels of living were below that of other farm
families in Taiwan, and (2) the water fee assessed for repayment of the
subsidized construction loan allowed such an upward adjustment. The
United States Bureau of Reclamation recommends that 30 percent of the
increment be allowed for increased living levels (70 percent to be used
for repayment purposes) (42).

What effect would reduced living allowances in the Ta-Pu project (by
forcing the payment of high water fees) have on the farmers’ repayment
ability? We show this effect in Table 52. We assumed that at least a 20
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percent gain in levels of living is necessary to induce farmers to under-
take and repay an irrigation .investment.

Table 52. Amounts. Available for Repayment,
by Varying Living Levels

- Average amount .
Living allowances A
" pér hectare
(percent of direct benefits) (NT$)
20 4,880
30 4,271
40 3,667

' Comparing these figures with the water fees required to amortize ‘in-
vestment costs at 12 percent for 50 years (NT$4,996 for construction costs
only and NT$5,483 for construction and private reclamation, maintenance
and operation costs Table 51), we find that Ta-Pu farmers could have
paid off all of the construction costs in 50 vears and about 90 percent of
total costs, if living allowances were depressed to 20 percent. One effect
of this solution would be to depress the living levels of a majority of
farmers and to increase the profits of the minority of large farmers.

The above analysis indicates, however, that theoretically the Ta-Pu
construction costs could have been paid for by the farmers without ex-
ternal subsidy if a long-term (50-year) pricing policy had been adopted.
If allowances were made for improved price ratios and farming practices,
and greater substitution of farmer labor for hired labor to reclaim land
and to maintain and operate the irrigation system, even the total costs
could have been covered on.these terms.

The average water fee need not remain the same for the full life of
the project. Prudent financial management would suggest tailoring the
water fee more closely to repayment abilities. In earlier years, when re-
clamation costs were high, the water fee could be lower and gradually
increased each year or stepped up every three years or so. A graduated
repayment schedule would enable the benefited farmers to retain a grea-
ter portion of the earlier benefits for increased consumption levels and
coverage of reclamation costs. Allowing farmers, however, to attain hi-
gher levels of consumption than could be maintained for the life of the
project might result in water-fee defaults later.
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An increase in the interest rate, a shorter repayment period, or an
increase in living allowances would widen the disparity between cost-amor-
tization requirements and repayment capacities and necessitate the subsi-
dization of the Ta-Pu project.

SUBSIDIZATION

The second alternative, then, would be to subsidize the costs of the
project (the one adopted) or the incomes of the repaying farmers.

Subsidization could be justified for several reasons: (1) the 12 percent
interest rate, 50-year repayment period, and 20-percent living allowance are
unrealistic terms; (2) farmer participation was compulsory; (3) many
farmers were economically better off before the project, or relative to
others, than after; and (4) the tangible public benefits amounted to 19
percent of total benefits.

A cost subsidy might take a variety of forms but the most common
for irrigation projects is a grant of construction funds and/or the lending
funds at a below-market rate of interest. The Ta-Pu project was cons-
tructed on the basis of a grant-interest rate subsidy. The total grants
amounted to 53.5 percent of the final construction costs, which accounted
for more than 90 percent. of total costs; the remaining loan portion carri-
ed a 6 percent per annum interest for a 13-year amortization period.

Financing farm reclamation costs was made the responsibility of the
individual farmers and maintenance-operation expenses of ‘the Ta-Pu irri-
gation system were prorated among all of the farmers in the Chunan
Irrigation Association. Some reclamation costs were indirectly subsidized
by low-interest loans (Table 34), and Ta-Pu farmers were indirectly subsi-
dized by non-Ta-Pu farmers who paid a higher ordinary fee after the:
project was constructed, to cover the added maintenance and operation
costs, than before.

The original special water fees per hectare (Table 35) began at NT$
3,086 in 1960 and were scheduled to increase to NT$4,5631 in 1971 when
the full 1,343 hectares were to be under irrigation. The 1962 revised spe-
‘cial water fee schedule called for NT$2,500 and NT 4,000 by 1973. Added
to these amortization costs were an average annual reclamation cost of
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NT$453 per hectare plus an annual NT$532 per hectare charge for main-
ténﬁnce and operation. The average amount available for meeting these
costs was NT$3,667 per hectare, and the median was NT$3,412, which in
relation to fhe per hectare costs given above, would indicate that the
subsidies were not only justified but inadequate.

As was suggested earlier, the amounts available for repaying irriga-
tion loans could, be made more adequate by utilizing, singly or in combi-
nation, the various financial adjustments discussed previously. For ex-
ample, a much lonéer period for repaying- the Ta-Pu project costs would
appear reasonable in view of the long-life of the project and I.D.A.’s 20-°
year term to farmers for the repayment of the high-yielding, ground-water-
pumping loans (cf. p. 61).

In conclusion we should not overlook other alternative solutions. For
example, a reduction of costs might have been achieved through better
designing, planning and managing of theé entire project. Instead, actual
costs increased by 40 percent over planned costs. If these measures could
not have produced sufficiént economies to have justified the project with-
out benefit -of an external subsidy, the final solution would have been
to postpone construction until the benefit-cost ratios were more favorable
and the market rate of interest were lower.

Summary

"“The restudy of the economic feasibility of the Ta-Pu irrigation project
substantiated its feasibility but the benefit-cost ratio was below the 1956
ratio used to justify the project. The discrepancy in ratios was sizeable.
and can be accounted for by: (1) 'a 6 percent discount rate used in the
original study and a 12-percent rate in the restudy; (2) construction costs
50 percent higher than planned; and (3) benefits lower than anticipated,
due chiefly to an underestimation of the amount of double-paddy land
farmed before the project was constructed.

A 13-percent rate of return on the irrigation investment was calcula-
ted from the farm-economy restudy data. This return justified the 12
percent rate used in the restudy for computing benefits and costs, which
is the cut-off point employed by U.S. AID authorities for determining the
priority of projects req’iiiring external financing. The average incremeéntal
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return on farm capital was only 9.53 percent, however. ‘The low return
on farm capital was due to the large increase in farm land values after
irrigation water was assured, and because the benefits accrued chjefly to
a large number of small farmers.

The total costs, if financed with a 12 percent per annum loan, could
have been paid off from the benefits received if farmers were given 50
years to repay and they were willing to reduce their living allowances in
the early years from 40-to 20—perceni: of the added income derived from
the Ta-Pu irrigation water. A heavier repayment burden would fall on the
large number of small farmers and a lighter burden on the few large
farmers, in view ot the wide range in their repayment capacities.

Ta-Pu farmers were granted a government subsidy amounting to 53.5
percent of the construction costs and the loan balance at 6 percent per
annum, Subsidization appears to have been justified in.view of the com-
pulsory nature of the project, the wide range in farmer bénefits, and the
19 percent of total tangible benefits accruing to the public. Whether the
subsidy as granted was justified is open to question. Many other alter-
natives could have been employed in financing the project, which would
have reduced the amount of subsidy required, such as a longer repayment
period and graduated repayments. If the loan-funds were generated by
Taiwan farmers more of the subsidy burden could have been transferred
from the government to the benefited farmers.

In view of the final, low benefit-cost ratio, greater consideration
should have been given at the outset to cost-reduction economies or to
the postponement of the project until the benefit-cost ratio improved and
the market rate of interest was lowered. Other projects could conceivably
‘have returned a greater rate of immediate benefits to the Taiwan economy.
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Table A-2.
Agricultural Investments in the Third
Four-year Plan by Types and Sources of Funds,
at 1959 Constant Prices.

Total investment Irrigation | Crops and | Forestry Fishery
Sources of funds Amount and flood | livestock
(NT$ mil.) (Percent) |(NT$mil) | (NT$ mil.) | (NT$ mil.) | (NT$ mil.)
1961 _
Government 370 25.17 | 96 101 147 26
Private 620 | 4279 E 48 402 45 134
U.S. Aid 471 32.04 203 101 93 74
Total 1,470 100,00 347 604 285 234
1962 i
Government 425 . 2348 . 144 107 148 26
Private 761, 42.04 107 473 47 134
U.S. Aid 624 34.48 346 118 87 73
Total 1,810 100.00 597 | 698 282 233
1963
Government 439 20.22 151 116 146 26
Private 941 43.34 19 | . 555 49 141
U.S. Aid 791 36.44 | 511 125 78 77
Total 2,17 100.00 858 79 273 244
1964
Government 458 17.79 161 122 145 30
Private 1,181 45.86 367 596 51 167
U.S. Aid 936 36.35 613 131 103 89
Total 2,575 100.00 1,141 . 849 299 286

Source: The Agricultural Program Under Taiwan's Third Four-year Plan, Agricultural Planning
and Coordination Committee, Ministry of Economic Affairs, Repubilc of China, Decem-
.ber 1961, p. 25. For a detailed breakdown of planned capital expenditures by activi-
ties see pp. 27-29.
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Appendix D

Table D-1. Comparison of Rice and Fertilizer Indices, 1901-1950.
_ - 1938=100
_ Total ha. Total Farm | Kiee, | Fertimer | i
Period planted rice rice per crop. applied hectares
to rice produced price hectare to rice
1901 56.5 31.2 235 55.3 284
02 55.2 28.7 29.6 52.1 30.3
03 63.1 375 34.1 59.3 30.2
04 69.6 42.4 23.7 60.9 38.6
05 715 444 27.4 62.0 39.0
06 73.3 404 33.4 55.1 40.2
07 75.4 46.0 45.3 61.0 44.0
08 76.6 474 33.9 62.0 437
09 76.6 47.2 305 61.6. 446
10 73.0 42.7 35.1 58.5 456
1- 76.6 45.7 46.7 59.8 46.7
12 76.9 41.2 .57.8 53.6 47.1 ;
13 79.0 52.2 52.6 66.1 68 |
14 79.9 46.9 39.7 58.7 479
15 785 487 32.1 62.1 48.7
16 75.4 47.4 37.8 62.8 4956
17 745 49.2 55.3 66.1 52.6
18 773 472 83.1 61.1 55.9
19 79.5 50.2 110.8 631 | 60.6
20 80.0 49.3 92.9 61.7 61.3
21 79.2 50.7 73.1 640 | 62.5
22 818 555 61.1 67.8 ’ 63.3 11.3
23 812 496 72.7 61.1 65.8 124
24 85.0 61.9 83.8 72.8 66.9 16.3
25 88.1 656 104.0 745 70.4 21.8
26 90.7 63.3 95.7 69.8 74.5 26.3
27 935 70.3 78.2 75.2 76.2 27.3
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Table D-1. (Continued)
Perod | T a | Tol | Fam | produdton | Fertis | perigaren
to rice produced price %iit%%p to rice hectares
1928 935 69.2 81.4 74.0 78.0 317
29 .908 66.0 81.4 72.7 88.1 32.2
30 98.2 75.1 60.0 76.4 88.7 35.4
3 101.3 76.2 47.0 752 90.3 36,9
32 1062 91.2 85.3 85.8 9.4 45.0
33 1080 85.2 61.9 789 91.9 53.0
M 106.7 92.6 75.0 86.8 92.7 _65.0
35 1085 92.9 89.3 85.6 936 75.0
36 109.0 97.4 92.4 89.4 97.6 90.0
37 105.2 941 93.3 89.5 100.1 95.0
38 100.0 100.0 100.0 100.0 100.0 100.0
39 100.1 93.2 109.0 9.1 100.8 90.2
40 102.1 805 115 - 78.9 1012 76.3
2 1034 85.5 826 102.4 69:3
42 98.6 835 84.7 1010 58.3
43 975 80.3 82.3 1006 58.6
4 96.0 76.2 79.3 9.2 19.8
45 80.3 456 56.8 2.8 .05
46 90.2 63.7 707 935 19.1
av 1083 71.2. 65.7 98.6 224
48 1148 . 76.2 66.4 102.0 25.9
49 1196 86.6 724 103.6 59.5
50 1232 ‘1014 823 105.0 71.9

Sources: Rice production’ and plantings from Taiwan Food Statistics Book, 1961, Taiwan Food
Bureau; fertilizer from Taiwan Food Statistics Book and Taiwan Agricultural Yearbook;
farm rice price from Taiwan Agricultural Yearbook; irrigated hectares from' Rural
Economics Division, JCRR.
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Table D-2. "Comparison of Rice and Fertilizer

Indices 1949-1960.

1957=100

berod | TShS2 | T | production | Tarm | Ferdlasr | perigaen
to rice produced pﬁcfgfg price to rice ectares.

1949 95.5 66.0 6.2 | 174 205 97.8
50 9.3 77.3 786 | 20.8 471 992
51. 100.7 80.7 80.2 " 343 56.9 99.3 -

52 100.3 85.4 85.1 63.1 736 98.0

53 99.4 89.3 89.8 94.2 76.9 99.4

54 99.2 92.2 93.0 70.3 93.5 97.8

55 95.9 87.8 91.6 91.1 89.8 97.1

56 100.1 073 97.3 '90.3 99.6 99.7

57 100.0 100.0 100.0, 100.0 100.0 100.0

58 99.4 103.0 103.7 101.2 101.7 100.3

59 99.1 100.9° 101.9- 109.5 1013 99.4

60 97.9 1040 | 106.3 1659 1029 104.3

Sources: Same as Appendix D, Table D-1. '

Table D-3. Quantity of Fertilizer Used, by Farmed Hectares 1930-1960

Period Quan%ts}; dof( S«;;;lhzer Hectar(e}?a-f')‘armed Quax%%hggégﬁer
1930 '204,268 1,012,089 201
31 271,746 1,028,687 265
32 290,050 1,078,635 269
33 319,477 1,074,098 . 297
34 396,731 1,083,074 366
.35 422,715 1,130,524 374
36 492,697 1,144,489 430
37 508,071 1,123,330 452
38 518,166 1,103,956 469
39 479,364 1,146,837 418
40 419,110 1,173,990 357
a1 388,000 1,183,720 328
42 309,303 1,154,823 268
- 43 290,183 1,127,829 257
44 154,459 1,119,488 138
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Table D-3. (Continued)

. - . uanti f Fertili

Period Quan%tss; c{)f(g%i):lhzez; Hectazi?a.l;‘armed quedté{i;_/ g%gkzer
1945 25,929 904,175 28

46 . 30,639 980,727 31

47 A 124,593 1,193,583 104

48 128,770 1,345,785 9

49 153,270 1,437,929 107

50 , 289,529 1,483,516 | 195

51 368,511 1,483,007 i 248

52 ' 470,439 1,506,428 312

53 489,924 1,505,851 325

54 575,376 1,519,006 379

55 574,151 1,495,161 384

56 641,047 ' 1,537,152 417

57 659,575 1,563,038 422

58 683,961 1,590,063 430

59 684,153 1,593,522 429

60 608,215 1,595,469 ‘ 381

Table D-4. Value of Fertilizer Applied to Rice per Hectare 1951-1960

Quantity of .brown rice to Farm price of Value of fertilizer
Period be paid for fertilizer bfown rice per ha, per year
applied (kg/ha/year) (NT$/M.T.) (NT$)

1951 524 1,098 575.35
1952 618 1,835 1,134.03
1953 620 2,871 1,780.02
1954 752 2,481 1,865.71
1955 778 2,595 2,018.91
1956 ' 810 2,860 2,316.60
1957 828 3,074 2,545.27
1958 856 | 3,212 2,749.47
1959 854 3,382 | 2,888.23
1960 ' 862 5,027 4,333.27

Sources:
Quantity: ‘Faiwan ‘Provincial Food Bureau, Food Production and Activities of the Taiwan
Provincial Food Bureau, 1962, p. 27; Price: JCRR, Rice Review, No. 40, April 15, 1962,
p. 3.
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Table F-3. Distribution of Sample Farm Households
by Survey Districts, 1961

. Farm Combined
Surver, | torgation astrics | TR | ponschotas | PEFCTSOC | Smps,
(1) ha. . (percent)
I (1,2,) 74.16 69 412 5
I (3,4,5,6,18,19,) 378.03 127 1487 19
m (7,8.9,10,) 227:14 247 16561 22
W (11,12,24,25,26,27,) |  317.29 395 25.00 32
v (14,15,16,17,) 203.48 250 14.24 19
VI (20, 21,22,) 135.64 179 10.25 14
I (18, 23, 28,29, 30,) 248.82 208 1464 19
Total — 1,584.56 1,475 100.00 130

) The 130 sample farm households were sclected from the seven survey districts through
the method of stratified random sampling.

Note:

To obtain the accurate total farm area and total number of farm households in. the
irrigated area, a cadastral card was prepared for each piece of land. Based on these
cards (6,445 of them), the total farm area and farm households in each survey district
were determined. Sample farm households were selected from the cadaster in 'each
district. Establishment of the cadastral system for sample selection, as is noted
elsewhere, helped us to make a good estimate of total benefits in the irrigation area.

The following items are indicated on a cadastral card: name of farm -operator,
address, no. on land section, irrigation district, no. on land, land area, land’ classifi-
cation, land grade, land price, crop pattern, and crop yield.
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Table G-1.

(Continued)

3. Farm Size 0.5-1.0 ha.

After

Before

T
Ttem irrigation irrigation % Difference

Crop production 17,942 12,054 [
Livestock production 4,092 4,432 :
Rental value of dwelling 1,514 1639 |
Value increase of crops and livestock 440 133
Non-farming receipts 6,935 [ 7,015 f
Gross farm receipts 30,923 25,273 ‘ 5,650
Farm expenses 8,788 6,579 ‘

" Hired labor 1,206 963
Depreciation on house and farm implements 508 518
Livestock purchased 747 779
Total farm expenses 11,249 8,839 2,410
Living allowance (wage for family labor) 16,760 15,107 1,653
Payment capacity 2,914 1,327 ] 1,587
Payment capacity per ha. { 1,983

Table G-1. (Continued)
4, Farm Size 1.0-3.0 ha,
- e, | Bore | piference

Crop production 33,818 17,682
Livestock production 6,253 7,112
Rental value of dwelling 2,029 1,964
Value increase of crops and livestock 702 151
Non-farming receipts 7,452 5,394
Gross farm receipts 59,254 32,001 18,253
Farm expenses 15,221 9,976
Hired labor 2,620 1515 |
Depreciation on house and farm implements 833 ! 864
Livestock purchased 829 ( 1,127
Total farm expenses 19,503 ‘ 13,482 6,021
Living allowance (wage for family labor) 23,326 [ 18,309 5,017
Payment capacity 7,425 i 210 7,215
Payment capacity per ha. 4,842
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Appendix G

Payment capacity per ha.

Table G-1. Farmers’ Repayment Capacity per Farm
Household, by Farm Sizes
Unit: NT$
1. -Average Farm Size
Item irﬁgf;(tafon ) irggi?i‘gn )  Difference
Crop production 25,422 14,269 11,153
~ Livestock production 5,145 5,546 401
Rental value of dwelling 1,715 1,694 21
" Value increase of crops and livestock 866 41 825
Non-farming receipts ' 6,720 5,959 761
Gross farm receipts 39,868 27,509 12,359
Farm Expenses (deduct water fee) 12,191 7,321
Hired labor 1,860 1,174
Depreciation on house and farm
implements 686 664
Livestock purchased 771 ‘884
Total farm expenses 15,508 10,013 5,465
- Living allowance (wage for family labor) 19,818 17,069 - 2,750
Payment capacity 4,541 397 4,144
Paymeﬁt capacity per ha. - 3,667
Table G-1. (Continued)
2. Farm Size Less than 0.5 ha.
item iﬁ?ézizon ir}giegfggim Difference
" Crop production 7,329 5,148
Livestock production 3,520 4,224
Rental vz. ..of dwelling 987 244
Value increase of crops and livestock 335 — 624
Non-farming receipts 5,879 5,973
Gross farm receipts 18,050 15,665 2,385
Farm expenses 4,785 3,705
Hired labor 666 471
Depreciation on house and farm )
implements . 413 379
Livestock purchased 440 484
Total farm expenses _ 6,304 5,039 1,265
Living allowance (wage for family labor) 13,912 13,459 453
Payment capacity ‘ ~ 2,166 ~ 2,833 667
1,905
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Table - G-1. (Continued) -
5. Farm Size 3.0-5.0 ha.

Item ) irrli\gfztl?iron . irng:tgﬁn Difference
Crop bng'duction . 60,031 . 31,943
Livestock production 10,806 ‘ 6,062
Rental value of dwelling ’ 2,480 2,304
Valuie inerease of crops and livestock 7,030 1,326
Non-farming receipts _ " 5,147 2304
Gross farfn receipts ) ) 85,404 | 43,939 41,555
Farm expenses 24,448 11,052
Hired labor 3,760 . 2392
Depreciation on house and farm implements | 1,575. 1,103
Livestock purchased 1,248 847
Total farm expenses ’ 31,031 15104 | 15887
- Living allowance (wage for family labor) 29,526 22,954 . 6,572
Payment capacity- ‘ 24,937 5791 | 19,146
Payment capacity per ha. ) : . 5,801 |

Source: “Farm-Economy Survey of Ta-Pu ‘Arfea,” Joint Commission on Rural Reconstruction
and Provineial Water Conservancy Bureau, 1961.
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