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PREFACE 

As .is generally known, there ha~, been some sigIDficant progress in 
. . . 

agricultmal development in Taiwan in dle last dozen years. But as economic 
development goes on, we have encounte:re\'l..·certain ~ifficulties,' among which 
the most important are (1) lack of a sound basis for the allocation Qf capital, , 
(2) lack of a snitableinstituti<;>nal structure to link up savings 'With invest
ment, and (3) lack of long-term financing. 

Any qne 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 c~pital shortage and uncertain sources 

. of capital fund, has sometimes resul1;ed in the misallocation of scarce 

capital for economic development. . ." . , 

In view ,of' the importance of developing criteri~ for the effiicient al1o~ 
cation of capital in Taiwan, the Sino-American Joint Commission on Rural 
Reconstruction OGRR) has taken a keen interest in this problem and made, 
over the years, some economic . eVCJ.luCJ.~ion of its projects totind a proper 

solution for it. But as the problemh$ wide-ranging ramifications and any 
study of it must take into ac~<?unt the generation and financing of. capital 
fund as well as its allocation, it' ha$ b~;en necessary for ]CRR' to call upon 

" - , 

the services of exp~rienced ~xperts in making this .study. 

For this purpose, .theRural Econoniics Division .of ]CRR, of which I 
Was then chief, initiated in 1959 a series of study projects on irrigation .' . .. . ,-

investment. Funds were granted to the irri~tion economists grouP. of the 
Provincial Water COIlsetvancy Bureau to carry out field &urveys a.nd studies. 
The first study w~made on problems relating to water-fee collection and 

the~financialstatus of '.v.arious irrigation associations in' Taiwan .. Asirriga-. .. . .., . 

Hon investment is one of tl:le 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 
sel~cted for initial study. Since then, studies on irrigation investment have 
been broadened to cover ec~n()mic·evaluati'onsof both large-stale and small
scale inigation .investments and private pumping of ground water, etc.· 
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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. 

About 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 

in1960 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 op. the 

~conomic surplus of small farmers, farmers' saviI;1gs ratios were rising
the aggtegate 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 .;mlY long

t~rm d~bts were the final 'payments due for land acquired under the land
, reform .. program: The farmers~ long-term indebtedness in Irrigation As

, ~Ociations was only about3' percent of. their ~gregate net wo,rthof NT$ 113 
billion. 

'4. Comparatively; Taiwan's farm,ers. were not paying enough for Irri

gation water. They, were paying nearly four. time~ as ~uch for comin~rcial 
fertilizer per hectare per year 'as for water~ The average water fee (or~inary' 

and special) per hectare assesSed (a flat rate and not related to the quan

tityof water used) by the 26 Irr~gation AssOciations in 1960 was NT$ 472. 

Farmers buying. water, trom private well owners' in sOuthern Taiwan were 

paying as high as NT$ 6,600 per hectare in 1962 and more than. NT$ 4,000 
for' the first crop. 

5. .During th-e1950's" of the estimated NT$ 2 billion spent I'm irri

gation, 'some NT$ 276 million were government" subsidies 'and another' 

NT$ 253 million were J CRR loans. Only 30 percent of the total, outlay 

was for investment, the rest was mainly fo~ maintenance and repair. 

expenses, which' had' accum1.llated, because of neglect in the 1930's, war 

damage in the 1940's, and recovery adjustments in the 1950's. 

6. The water revenues colle.cted 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. F:rom the 

evidence available, the ordinary fee assessed had not been'adequateto cover 

'the total administrative; maintenance, repair, and replacement costs., {The 

accounting recor<h of' Irrigation AsSociations for the 1950-57 period did 
, t ' . I 

not contain such detailed receipt-disbursement information.) The special 

fee was col1~cted 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-po~t saving. Of the 26 associations, 17 were collectirig 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 ~as 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.U water were priced on the basis of full cost, the price would include 
the operating costs and a charge for depreciation and interest on fhe in
vestment for the full economic life of the project. The price would likely 
be lower (but for a 19riger period) than the pres;ent forced-~avings price 

charged indebted farmers but higheIiforthose free of an irrigation-invest
ment' debt. If water,were pri~ed relative to the strength of demand (value 

of water to farmers) ,there would be a substantial rate of profit for virtual

ly all AssociatioI;ls.Whether based on full cost or maximum revenue, 
average water' .prices would 'be substantiaHy above existirig rates and a 

large revolving investment fund could be accumulated from depreciation, 

interest charges, and profits for, ~einvestment in new projects. 

8. Water pricing will becoPle mot~ complicated as more and more water 

is sold to non-farmers, cities ,arid industries. In the Ta-Pu area, for ex
ample. the pulp Paper companies were paying the same 'rate per hectare 
for water as were farmers~ The government may need to revise its in
I;ltitutional and geographical' organizatjons ~ealing with water. Perhap3 

one regional or water-basin authority would be advisable to allocate' and 
'price water among Its many us~. '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 irrigation projects underway and scheduled for completion in 

tbe, 1960's will require an estimated Nr$ 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- , 

, fact~ry 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 irrigation investments since Japanese~occ-upation days; farmers came 
to expect such terms. However, with' short-term rates at 18 percent 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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micaI and inflationary. In 1960, American· -AID authorities stipulated 12 

percent per annum and no grants for future irrigation projects. This action 
left irrigation development iri limbo W.1til 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 mu~h of their own .irrigation investment 

capital. If all Taiwan:s farmers belonging to Irrigation Associations pp,id 

the same water fe~, varied only by the type of land farmed, -the amount 
collect~d in excess of each Association's ordinary and . specia~ feescpuld 
go into a revolving investment fund. For example, a flat assessment of 

NT$l,OOO per* hectare per year for irrigation water would leave an average 

of about NT$ 5.00 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 eon

tribution. As of 1962; farmers received no interest on the money they 

contributed to the Ioint 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
c~ntives for farmers' cooperation and participation were missing. Because 

of the large irrigation-investment needs, a system of priorities would have 
to 'be establi~hed if annual disbursements were to remain within the 

capacity of the revolving fund. 

12. In view of tlie substahtial 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 mterest payment. 
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either farmers were entitled to a generous subsidy from the Fqod Bureau 

on their irrigation repayments or 11 generqus contribution to the investment 
revolving fund: The latter would be more equitable to the farmers with 

an adequate supply of water., 

13. Irrigation was but pne of th~ many 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. developm~nt. Pup lie investments ought to be 

categorized, for instance, by (1 } national resource developments, such as 

water resources, flood control and forest roads; (2) national welfare, such 

, as schools, hospitals, and so foith; 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 catego~ies 'ought. to be compared by 
the same sta,ndards. If a 12-percent discount ra,te were agreed upon for 

the computation of present costs ~nd benefits, it should apply as the cut-of! 

rate for all public invesfments. The cut-off rate c~)Uld 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 ()n each investment. O~ the basis ,of this priority schedule, 

the projects, returning their investmelrits the quickest would be initiated 

first. Cost and benefit methods, howey~t, must be uniform among projects 
and the computations carefullY checked. 

'15. The preliminary analysis of the Ta·Pu irrigation project underes· 

timated total c~sts (publi~ari.d private) by more ·tha~ 50 Percent and 
overestimated anticipated benefits. A careful post-project economic restudy 

reduced benefit·costratios. 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 tot?l Ta-Pu irrigation investment, which 
would justify a 12-percent interest ~ate 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 average 40-percentliving-allowance allotment 

from irrigation benefits, ranged from NT$1,405 per hectare, to a high of 
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NT$ 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' n~payment capacities, their 
compulsory participation in the project, the unequal private benefits, and 

an estimated 19 percent of total benefits ac€ruing to the public, subsidiza
tion of the Ta-Pu project was justIfied. Whether the subsidy as granted, 
a 53.5 percent grant of constru~tion 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 be~n 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. 
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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 ~owth 
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 
income, 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 

mosLof her ~nown history, Taiwan's status has been that of a colotir 
first of the Dutcb. 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 tP,e seat of the Chinese Nationalist 
Government in 1949. ' 

,A young nation, economicallyspea~ing, faces many problems in getting 
itself into economic orbit. It is not the purpose of this paper to detail 
these problems. The literature abounds with discussions, analyses, and 
conclusions about the @conomic 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 \Vith 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, partic!llarly 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 repayability criteria; and, 

(4) To establish performance standards that can be employed for 

making choices among irrigation investments and' other :r>ublic investments 
as well. 

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

The, problem of selecting investments that yield the highest retur~ to 
capital is not restricted to lesser-developed economies' only. The French 

government attempts to allocate limited capital t() its nationalized industries 
" -. 

and to establish prioriti~ for, new projects 'on the basis of the highest 

rates of !eturn on investment (ta). Even the United States, which the 

rest of the World considers a capital-surplus nation, must make investment 

choices and ration its investment expenOitures. Added capit,al demands 
for military weapons, space exploration and foreign aid have intensified 

the search for reliable investm,ent criteria applicable to all public invest-' 

ments. The criteria: employed herein are an, extension, of' t:b,e work of 

several young American economists who, since 1957, have' focused their 

attention on ~he choice and' allocation problems among public investments 
(2, 3, 4 and' 5). ,Public irrigation investments, because df their 'long 
history, availability of records, and repayment requirements, bear the brunt 

of such economic inspection and analysis . 

..... ' 8 -



CHAPTER II 

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 ~conomic 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· elsewhere. What surpll.ls 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 th~ total 'net inv~stment came from ex'ternal 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 capital 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)ong-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 g<;>ods,- 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, ~i1d inoperative. banking 
and finance institutions, created such economic pressures' in Taiwan in the 
late 1940's and early 1950's that econom.iC order had to be restored slowly 

and piecemeal: Restoration capitaLwas needed in all segments. FQrtunately, 
agricultural production; requiring less immediat.e. invest:ment' capital than 
industry and commerce, recovered quickly. An abundance of food facilitated 

the more orderly restoration of the other sectors of the economy. 

DISORGANIZATION OF T6E 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 iIi the consumer price index between 
1952 and March 1962" (10), and an official devalu(ltion '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 borrow!ngs, uneconomical investments, barter' trading, and 
commodity hoarding. Throughout this period; rice, the Island's staple 'food; 

was a more important· stan.dard 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 cpmputed 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, gqvernment 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 restored, interest rates gradually fell, maturities 
were extended, and financial institutions . exerted greater influence 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 (forego:p.e 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 wnile the Provincial Government was lending 
U. S.-aid funds for housing at 6 percent per annum for 20 years. For 

most of the 195Q decade, a,gricultural users paid 6 percent per annum for 
long-term investment funds, of which a l,talf or. more was given -as a grant 

and the loan portion was to· be repaid gen~rally 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 OIl 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-term category. 

By 1962, a variety of local government and private sources had evolve.d 

-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 ratesaild attracting loanable funds away froin 

immediate consumption.· The nation's propensity to consume remained . . '. . . 

high, and government attempts to encourage investment borrowings by 
depressing interest rates, tended to stimulate consumption too. The money 
market's time-preference for funds· favored investments and· users that 

yielded high early returns, which eliminated most longcterm 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 
(1). 
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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 ot 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-y~ar loans for realty purchases and 

irrigation were available at 6 to 7 percent 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 ind.irectly from external funds. Such 
funds flowed from AI~ (The Agency for International Development,' for

merly the Internatio.nal, Cooperation Administration), from the 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 furid) , 

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 requi~ed 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 year 1962, no 

mor~ 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 ona project-to-project basis. 

The 12 percent long-term rate remained substantially below the market 
rates prevailing fQr 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 hign social marginal returns (21). On the other 
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 gains 
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 oorrowers. Theoretically, all' new long-term investments 
yielding marginal returns of less than 12 percent per year were automati
caUy excluded from loan fimmcing. 

c' 

Agriculture's Capital Sufficiency 

',The capital sufficiency of Taiwan's agriculture is worthy o~ a separate 
and more complete study than we can attempt here ; jitsti~· dema~ds it. 

StatisticS on this vital topic are fragmentary and· m~asurements of capital 
formation are not standardized.· The amount and rate of capital formation 
in agriculture have a bearipg ori agricuitufe's ability to finance its own 
capital needs and on many related public policy issues. ·F:or example, they· 
affect agriculturaJ taX policy, production credit policy, commodity barter 
policy, and· a long~term loan policy for the purchase of land and cattle, the 
planting of orchards, the building· o~ housing facilities, and the develop
ment of irrigation. The basic question here is:.-how much capital can' . ,. 

agriculture generate for investment, 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 FORM.A.TION 

It is estimated that at the end of 1960, the total value of . assets held 
by T~~an'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*. 

* Theile nata {Ire from a sample ()f 95 farm households. The average size of· household is 
.somewhat higher than that in Ta~le 4, but the difference is attributed largely to ·the failure of 
i!lterviewers 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. 
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Table 1. Balance Sheet of Farm Households, Dec. 31: 1960(1) . 
(NT$) 

Assets Liabilities 

Current: 16,513,286,971 Current: D,~36,259,675 

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 Fix~d: Z,'155,975,864 

Livestock & poultry 5,427,4.15,456 Land payments 2,755,975,864 
By.products, processing 255,347,959 Long-tenll credit products 
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 C)urplus for year: 
Furniture &; household 4,341,939,694; Gains 5,083,572,248 equipment 
Orchards & trees 6,019,663,271 Losses 1,437,873,767 

Farm .machinery 2,712,877,203 Total 113,310,780,910 

Total assets 121,602,966,449 Total liabilities & net 121,602,966,449 worth 

Footnote: (1) Based on a selected sample of 95 farm .households representative of six size groups, 
and excludes fishery and forestry families and government-operated farms. 

Cunept 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. Agr~culture 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 Qn a per farm household basis may be studied 

. in Table la. Large increases occurred in the value of building and farm 

machinery" farm products and in bank deposits and loans outstanding. 

Fanners .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 incoIlles. 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 
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Table la. Net Average Increases in Capital, Per Farm 

Household, in ·1960 

Fixed Assets 

Land 

Building 

Orchard and trees 

Farm machinery 

Working equipment 

. Sub-total 

Liquid Assets 

Farm products 

Livestock and poultry 

Others 

Sub-total 

Financial: 

Cash 

Bank deposits and lending. 

Loan payments 

Sub-total 

Total 

NT$ 

139 

1,408 

977 

1,372 

101 

3;997 

729 

- 255 

- 61} 

414 

309 

982 

- 25 

1,266 

5,677 

Sol,lrce: Preliminary Report on the Farm Account in Taiwan, 1960, 
Agriculture and' Forestry, December 1961. 

Percent 

2.45 

24.80 

17.21 

24.17 

1.78 

70.41 

12.84 

-4.49 

-1.06 

7.29 

5.44 

17.3(;) 

-OM 
22.30 

r 100 

Provincial Department of 

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

Agriculture's overall financial position was extremely stron~ in 1~60; 
its liabilities were negii'gible 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 developmeI?:t 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 arid a proper 
value-deflating index, no satisfactory time-period compaTisons are hazarded. 
There is reason to believ.e, however, that the capital accumulation rate in 
agriculture was more rapid from 1900 to 1930 than ~rom 1930 to 1960*. 

* Taiwan's agriculture experienced a boom in the 1920's. The agricultural production index 
(1935-37=100) increased from about 49 in 1920 to about 93 in 1932. Although the rate of pro
duction increase was greater after World War II-rising from about 48 in 1945 to 155 ill 1960, 
'there is :reason to 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. 
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, In th~, 1900-'1930 period; the Japal1ese purposely: dev~loped Taiwan as 

an, inlp.<>rt~nt source of fOodstuffs for Japan proper: A variety of induce

'ments w~re employed to stimulate: agri<;ultural production and, capital in
veattnent;By the 1930's, ,agriculture was supplyirig c.apital fot Taiwan's 

industriCiUzatiOn (23). 'This cQuld only take place, if agriculture were 

accumillati!lg a surplus and' a surplus that earned farmers more if invested 
elsewhere than :jn their ,firms. ' , 

Estimated farm-savings ratiesfor i932 and since the 1950's are pre
,sent~d in Table 2. 'Th~ ~avings rat¢' in 1932 which e_n~eda ten-year period 

of rapid, growth; amounted 'to, 12.4 percent of d;isposable farm income. 
, . .... 

During the early 1950's agriculture was' still suffering from its wartime 

setback~, price controls were p~~va1entClQd levels of 1ivi~.were low. The 

savings ratio 'was low, too, a~ reflected by the 7.5 pef(~ent savings, rate in 
19~., Begin~ing 'with 1959" the annual saving ratio exceeded the 1932 level, 
. - .' . -' .... 

and attained a rate of 16 percent 'in 1960. This favorable savings response 
. ca~, be attriblitedto: ' (1) ri~ing 'inco~~ due to a ,combination of rising 

prices; particularly iorrice, and )ncrease<i outputs and (2) a stabilized con
'suniptioi:dev~LIfagriculture! especially rice farmers, had been given' the 

, full benefit of the market price for rice, as indicated in T~ble 10 and to be 

discussed :r.nore 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) 

Di~po~able farm I Co~sumption per Savings' per Saving ratio 

Year famlly Income per . farm household farm household (4)=..lBL 
farm household (2) (NT$) (3) (NT$) 

(1) , 

, (1) (NT$) . (percent) 

1932 10,463 

I 
9,163 1.300- 12.42 

1950 8;581 7.937 644 7.51 

1954- 9,479 I 8,970' 509 5.37 

1957 8.791 8.108' 683 7,,71 

1958 10,403 9.404 999 9.60 -

1959 ' 10.005 8.574 1,431 14.30 

1960 10.798 9~072 1.726 15.98 . 

1961 '11.489 9,853 1.636 ' 14.24 

Source: Rural Ec<>:nomics Division. JCRR 

An increasfng 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, (b) ·invested outside agriculture, 
or (c) foregone for more consumption. The relative rates of return from 
the investment alternatives will·determin.e 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 T~ble la and 9). Returns from both internal cmdexternal investment 

alternatives were still high. enough to discourage greater present consump-
. . . 

tion. As interest rates fall, 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 farm~ were 
increasing, too. Internal investments were increasing more rapidly than 
the value of. output; as is indicat¢d by the rising capital-output ratios in 

Table 3 .. However, they were not increasing as rapidly as the rate of 

savings, whi<;:h suggests a diminishing rate of return from internal. invest

ments. There are many reasons,for the lack of more profitable rei~vestment 
opportunities in individual farms but one of the major o:nes 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 . Capital in usee!) Output Capital'Output ratio (NT$ Million) (NT$ Million) 

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 1.71 

(1) 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: 
uumber of farmed acres and number of farm households (Table 4). For 
the 1900-60 period, the net gain in ar.able land used by agriculture was 
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320,000 hectares,a60 percent gain. (The gross increase was lar~er, but 
much arable land was lost yearly to non-agricultural uses.) The more than 

100 percent increase in farm households from 1900 to 1960 is attributable 
to many factors, The· increase in population is one but singularly not 
the most important. The relative superiority,· and security, of agrieultural 

incomes is perhaps the most important single 'factor. The comparative 
income advantage in agri~ulture, in spite of smaller farms, was due largely 

to increased outputs that can be traced to biological and fechnolQgical im
provements, among which irrigation is extremely important. 

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

Period I Farm household Area lAve si?:e of farm lAve. size of farm 
(no.) . (h~.) • ( household . 

ha. ) (persons) 

1900-09<1} 368,787 554,481 1.50 5.32 

191o-19<1} 373;164 704,248 1.89. 5.95 

1920-29(8} 395,715 774.110 1.96 5.40 

1930-39 417,685 833,369 2.00 6.56 

1940-49 '507,472 84.3,944 . 1.66 6.69 

1950-59 718,628 875,070 1.22 . 6.29 

1960 785:592 869,223 1.11 6.84 

(1) Estimated. (2) 1922-29 average. 
Source: Annual issujls of Taiwan Agricultural Yearbook, Provincial Department of Agriculture 

and Forestry, Taipei, Taiwan. 

Irrigation, in other ~ords, 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 L~md, by Type of Land 
Use and Size of Plot 

Size of plot 
(Chia)(l) . 

Under .5 

.5 to 1.0 

1.0 to 1.5 

1.5 to 2.0 

Over 2.0 

. All 

[

Double. [ Single-
Total cropping. cropping 

(percent) paddy land· paddy land 
( percent) ( percent) 

100 40.32 18.40 

100 46.81 19.87 

100 43.50 21.60 . 

100 39.93 23.11 

100 

I 
29.40 24.15 

100 38.31 22.11 
! 

(1) One chia is the equivalent of 0.96992 hectares or 2.3968 acres. 

Upland 
(percent) 

36.72 

28.50 

29.09 

30.16 

34,30 

31.66 

[

Tea & orchard 
pJanting 
(percent) 

4.56 

4.82 

5.81 

6.80 

12.15· 

7.92 

'. 

Source: Committee of Sample Census bf Agriculture, Taiwan, China, R£port on the 1956 Sample 
Census of Agriculture, Aug. 1959, pp. 64-65. 
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Until about 1940, farm sizes were increasing;, the amount of land farmed 

increased much more rapidly than did the number of farm households. 
Sinc~ 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 

fertilizers in the 1930's (Chart 2) led ito 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 declinil]g farm size on agriculture's capital formation and needs is 

revealed in recent farm ecdnomic studies. 

Impact of Farm Size on Capital Formation. - Tsui, for example, reported 

that,. in 1957, fa»ms of 'less than 0.5 hec(ares, which accounted for 34 

percent of all fanris, experienced an operating l6ss of more than NT$ 600 

per year (24). On the other hand, farms of two hectares or Ipore in size, 

which accounted for only 11.5 percepit of all farms, 'reported an average 
surplus exceeding NT$ 5,000' per hoUslthold. These findings were supported 

. by the 1960 agricultural census w hic~ ing,icated that, on the basis of 1959 

output and prices, a farmer needed 0.75 hectares to' break-evenfinanciall~ . 
. About 45 percent of. all farms were below tMs size. 

On the other hand,. the capital·output ratio by siie of farm (Table 5) 
reveals a large investment in small fq.rms (largely in fixed assets) relative 
to income. Agriculture in Taiwan~as not yet reached the turning point 

at which average farm size begins to increase, a~ it has in Japan (25). 

In spite of government attempts to stem the decline in farm size, 
. . 

principally through the land 'consolidation program, ~any factors-irrigation, 

fertilizer, credit, popul$ltion 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 C!f 37.5 percent. Rents formerly paid to 
landlords 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.(1) 

I Self-supplied I Cash I Fixed ~~aPitall Total Hectares 
~0 % planted in % Taiwan ha. " . 

Sweet potatoes I 57.19 28.31 
-------------, . 

14.59 100.00 226,486 

Peanut 60.24 23.93 1583 100.00 99,135 

Pineapple 31.06 55.78 13.16 100.00 8,88! 

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 53,785 

Banana 44.16 49.00 6.84 100.00 12,962 

Rice 35.85 31.73 32.42 100.00 776,059 
Hogs 59.96 36.78 3.26 100.00 3,263,633<') 

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

(2) Data are for 1958. 
(8) Numbers stocked in Taiwan. 
Source: Appendix A, Table A·I. 

requisitioned land from the government . (see Table 1 for the amoun~ 

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 ea:dier years, were 

eliminated fr"m this role. Second,· it discouraged the purchase and holding 

of land by non-farmers as an income-earning investment. 

After 20-years 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 appe"arsthat the growing 

*Sa\ 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. 
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number. of sma11farmers ~e· finding Jt more difficult to'supply their own 

ca,vital needs, espeCially for intermedia~e-and long-term investments. 

CAPITAL NEED.') 

Agriculture in Taiwan, as elsewhere, required cthree types of capital: 

the recu~ring shorHerm 'production capital for,- seeds, fertilizers, pesticides, 

and hired labor; intermedIate-term capjtal for investments in power equip
ment, _ draft - a~imals, farming tools, plant prop&gating material, -food' and 

feed inventori~; and', long·term capit~l. 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 qperatjng capital reCJ.uirements. 

Estimated annual capital needs' of Taiwan farmers, produci~ a selected 

group of important crops and hogs, are shown in Appendix 'A, Tabie'A-l. , , - . . . 

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 
perce~tage of the. capital is requil'ed as' cash· (the short-term prodtiction 

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 reqp.ire

t1'l.ents 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, growth in capital needs, or in capital accu~ulation. Cemmon over

head costs are likely to be understated and misallocated particularly since 

most crops are produced jo.intly 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 ecpnomics ·and higher farm incomes. 

The tapital ~tatistics in Appendix A, Table A-1, fend 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' require8 the illost 

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 
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size farms. 

For a variety of reasons, but chiefly because of the favorable net 

returns attributable to irrigation and fertilizer's, crop patterns have con
tinued to move toward the labor-and working-capital intensive crops ~d 
away from fixed-capital-intensive land uses. Hsieh and Lee report, for 

example, that the working-capital index rose f~6fn 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-I, the 

significant difference in the relative amounts spent by farmers for fertilizers 

Table 7. Intensity of Land Use, by Prdectures, in 19"60 . 
. (1) (2) 

Prefecture Cultivated . Irrigated I Cultivated land I Multiple crop-
land area land area irrigated (2)/(1) ping index 

(Ha.) (Ha.)(2) U£) _~_:~ (~~L __ 
Taipei 50.950 21.497 42.19 I 165 I 
Yilan 27.949 23.122 82.73 190 

Taoyuan 54.842 32.998 60.17 193 

Hsinchu 42,440 10.616 25.01 164-

MiaoJi 41,415 16,076 38.82 187 

Taichung 46.331 38.781 83.70 232 

Changhwa 76.070 591908 78.75 233 

Nantou 46,228 19.190 41.51 143 

Yunlin 86,441 20,730 23.98 195 

Chiayi(l) 71,685 
Tainan<l) 95.945 149.333 34.31 159 

Kaohsiung 53,803 24,001 44.61 187 

Pingtung 77,82!r 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 41.96 184 

(1) 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 fuigation Association. The data for the two perfectures are 
combined for computing averages and percentages. 

(2) 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 ·irrigation. Fertilizer purchases ranged from slightly more than 6 

percent to nearly 30 percent of total production expenses. On a per hectate 
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 ~and, 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 irrigati9n associa
tions) amounted to only NT$ 482 per year. (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. 

Ir:rigation water, a: product of a collective, fixed, long-ten;n investment is 

easily underpriced. If both were appropriately priced, the exchange ratios 

might favor fertilizer but not by the ~959 ratio of 3.5: 1. 

Long-term capital needs for ~gricl.J.1iure, including irrigation, have been 

projected by government planners for each of Three Four-Year Plans; the 
last covers the 1961--64 period (see Appendix A, TableA-2)' The amount of 

total capital needs allocated for fixed-capital10ng-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 I!Fojects are to receive 15 percent of 

all agricultural capital investments in 1961 and 35 percent in 1964. By 

1964, about 80 percent of ail 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 frQm government, 

of which more than 60 percent' are from U. S.-aid sources.' The private 

share of all agricultural capital investment is schedul~d 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 complen;entary 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. 
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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, cooperatives within 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 froIl]. 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 I 1961 1962 I 1963 I 1964 I 
2,1'71 

I 
Total agricultural investments 1,470 1,810 2,575 

Total investment in water-
347 597 858 1,141 resource development 

Ne,v irrigation deveI6pment(l) 68 155 285 549 

Irrigation improvement projects(') 158 274 332 344 

(I) Gravity irrigation, diversions and reservoirs, and pumping irrigation;, 

Total 

8,026 

2,943 

1,057 

1,108 

(2) Ground water development, rotational irrigation, canal lining, irrigation canal extensions. 
Source: The Agricultural Program under Taiwan's Third Four-Year Plan Agricultural Planning 

and Coordination Committee, Ministry of Economic Affairs, Republic Of 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 ~or 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 OT$ 

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 t~e equivalent of NT$ 3,669,816,413 and NT$ 3,265,412,399, 

respectively (30). Business firms were large borrowers from the rural 
cooperatives. 

The Japanese government provided 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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gov~rnment'exceeded the' investments made by irrigation associations. 

Farmers' irrigation associations were organized to operate, ·maintain? and 

replace the irrigation facilities from funds collected from the water users. 

(See Appendix~,Tabl~ B-1 for a historical account of such financing 

from 1901 to 1945.) In addition, Japanese·controUed 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 cOJ;nmercial bank 

functions as well. The newly-named Lank Bank, was formerly a branch 

of the Hypothec 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 departm~nts assumed the fun,ctions of the 

disbanded fural 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. 

Mter 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. In 1955, JCRR initiated a self-help program of granting loan funds 

to farmers' associations on a matching basis. With JCRR aid, the F As' 

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 ~oans from FA's 

compared to 18 percent in 1952 (33a). Private sources provided 43 percerit 

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 s~urces, slightly morefr<;>m FA's, and much 
less from other sources than did small farmers. 

The . amol1nt of production 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-

• - .' ". >1' • 

rapidly than did agricultural production. By 1960, nearly 20 per.cent of 

the annual production value (assuming an a~nual capi,tal-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-supplied credit.· Third, 
does an expanding use of external credit, offered at lower interest rates, 
indicate a real need for at 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 use of credit resulted in greater agricultural 

production and productivity? 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 npportunities, or changing cultivation 

tnethodsor techniques. In the aggregate, however, production had not 

increased as rapidly as the volume of borrowing. Fifth, was there riot 
another way of providing farmers with investable funds rather than through 

subsidized credit? For example, if the official lice-price controls had not 
been in effect, rice farmers could have increased their annual earnings by 

nearly the total amount of loans suppli,ed by government (33a); 

Table 9. Production Credit from Government and Cooperative 
Sources, (1) 1951 to 1960 

Loans from j 
Cooperative I Gross value sOurces«) . of agric. Loan-to-

Period Government(') JCRR(S) . (outstanding T~tal produc- production value. ratio 

(NT$OOO) (NT$OOO) 'at the end tlOn loans 1 {NT$ 000)(5) (percent) 
of year) (NT$OOO) • 

(NT$OOO) 
(1 ) (2) (3) I (4) (5) (6) (5)/(6) 

1951 
I 

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 

19!?3 152,686 1'9.694 269,533 441.913 8.6!l1,412 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 8.2 

, 1956 180,110 46,447 729,897 956,454- 10,574,045 

I 

9.0 

]957 125,879 60,563 833,503 1,019,945 12,390,940 8.2 

1958 I 1,150,074 54,571 1,329,104- 2,533,749 13,709,273 18,5 

1959 1,135,508 97,065 1,785,522 3,018,095 15,611,830 19.3 

1960 1,490,272 151,999 1,980,984 3,623,255 20,659,550 17.5 
, 

(1) 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. 

(2) Mostly the loans of the Provincial Food Bureau. Taiwan Sugar Corporation and the Taiwan 
Tobacco and Wine Monopoly Bureau' to farmers_ 

(3) Amounts released· through FA's by JCRR In addition, JCRR has made more than NT$800 
million in grants-in-aid, of which more than NT$ 3110 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 .about 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 mit jn 1960 and 1961. With 

the quantity of 599,778m/t and 738,325.m/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). 1£ received by farmers, all of 

this mO!1ey, 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(l) 
and Compulsorily Purchased by Government 1951-1961 

Price spread(2) Rice collected from Total value 
NT$/tn/t. farmers mit: NT$ 

1951 224 404,227 90.546.8.48 
1952 679 425,467. 288.892,093 

1953 1,224 423.308 518,128,992 

1954 565 5~,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 898 650.641 584.275,618 

1959 933 61)6.301 565.678,833 

1960 2,087 599.778 1.251.736,686 

1961 1,724 738,325" 1,272,872,300 

(I) Ponlai rice. brown-rice equivalents. 
(2) Amount official-rice ·price below free 'Parket-far~-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 grQups, notably the 
military and government personnel, and an infant fertilizer industry, whose 
produCtion costs in 1962 were still above world market· prices. * The net 
contribution, i. e., benefits minus costs, of this complex subsidy system to 
the nation's welfare is qUf.dtionable, particularly if measured against net 
benefits from alternative uses of the funds. 

* It is estimated that the Provincial FQod Bureau earned a net profit of '11 ore than NT$423 
million in 1962· from the s~le 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. 

Finandng Long-term Agricultural Projects.~Exceptfor farm housing, 

most IOIJg~term investment financing in agriculture, since the Retrocession, 

has come from government sources. For example, 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 industry (34) . 

. The long-term ~mounts 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 ac<;umulation 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' pro·pensities 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 larid. Land 

price was calculated to be paid in kind with paddy rice and sweet potato. The total value of 
the land price, as es~imated in 1952 prices, was as follows: 

, Ownership of land I 
Land area purchased Land priee 

purchased 
I 

Paddy Dry Paddy (rice) Dry (Sweet 
(chia) (chia) (mIt) potato) (mit) 

Private land 

I 
121,535 22,033 1,525,211 519,358 

Public land 29,078 30,539 231,473 535,497 

Total I 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 mit respectively in 1952. Th~ total limd price payments amount~d to NT$ 3,541,612,955 on 
the basis 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 1I).ore 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 )s to create the necessary institutiomil 

arrangements and conditions conducive to the collection of more investment 
funds from within agriculture for its own needs. * Steps already hav~ 

been taken through farmers' aSl?ociations 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 confiscatiQn, 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 pr.oblems. 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 Irrigation 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 ot irrigation investments. 

* The problem here resembles that reported by Hirschman based on his experience in Latin 
America. He states, in part, "In underdeveloped countries ... we' may perhaps say that a readi· 
l1e:;;s to save and invest exists, but is being frustrated ... " (34a). 
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CHAPTER III 

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: (lJ 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 ~nterprises. 

I-listory of I rrigation Investments 

The history of controlled irrigation in Taiwan goes back to the four

teenth century (~5). 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 Decenniums, 

from 1900 to 1960 

Year 

1900 

1910 

1920 

1930 

1940 

1950 

1960 

Arable land 
(hectare) 

347,409 

674,100 

749,419 

808,329 

860,456 

870,633 

869,223 

DQublepaddy 
(hectare) 

246,484 

292,120 

324,209 

320,345 

329,053 

Single paddy 
(hectare) 

194,657 

332,372 

-120,693 

104,159 

205,412 

209,891 

196,527 

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

Dry 'land 
(hectare) 

152,752 

341,728 

382,242 

412,050 

330,835 

340,397 

343,643 

that irrigated land (double and single paddy) increased somewhat more 

r·apidly from 1900 to 1960 than did total arable land. Until 1930, agricul

tural expansion was extensive-new lands were being developed more 
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rapidly than were irrigated lands (Table 12). The big increase in irrigated 
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 ih single-paddy irrigation 
(due' to the lack of water, each farmer in the Chianan system wasre

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 wei! as a net loss of 1,000 hectares in' total 
arable land. 

Table 12. Changes in the Irrigated. Status of Arable Land, from 
Decade to Decade, 1900-10 to 1950-60(1) 

(Hectares-Thousands) 

Paddy' land 
Decade Arable land 

I Single Double 

From 1900 to ,1910 + 320 I 
From 1910 to 1920 + 70 I 
From 1920 to 1930 + 60 - 16 I + 46 I 
From 1930 to 1940 + 52 + 100 I + 32 

From 1940 to 1950 + 10 + 4 - 4 

From 1950 to 1960 I - 1 I 
~ 13 + 9 

(I) Figures are rounded off to facilitate making comparisons. 

Source: Table 11. 

.. 

I 
Dry land 

Total 
I 

! + 130 +190' 

I + 30 + 40 
I + 30 + 30 

+ 132 - 80 

0 + 10 

- 4 + 3 

As of 1960, then, about 38 percent of all arab.le land was irrigated for 

double paddy, another 22 percent for sing.le 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 C'fOP 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 aU 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 
ani~1int 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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