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. THE PROSPECTS FOR ASIAN RICE PRODUCTIOW:

Robert (I Herdt, Amanda Te and xandolph Barker

The dsveloping countries of Asia, excluding the People's keﬁﬁblic
of China, contain 1.2 billion people, approximately one-third of the
world's population. Assuring adequate food for these people has been a
-priority objective of the governments of Asia and of ‘other people‘”

. concerned about Asia. In this paper, we attempt to understand the rice
situation in the region and prospects for its future. The paper'has
three parts: .the first.section discusses the current level of food
consumption in the region and the changes that have occurred in thdé
production over the period from 1952 to 1972; the second sééfion examines
the sources of growth of rice production; the third sécciéhfdiScubées a
model we have: used for projecting future growth in rice outpﬁt and
-provides some estimates of the investments that will be required in
order to insure.that rice production will continue to grow at the

required rate.
CURRENT FOOD ADEQUACY AND RECENT TRENDS®

. The food balance sheet approach is one of the few;braétlcéi %éys to
measure the level of food availability on a ndtional basis. It is a

simple accounting of food production, exports, imports and stock changes

*Presented to the International Rice Research Ccuference, IRRT;
Los Daflos, Philippines, April 18, 1977,

IThe data in the section draws on materials prepared by Randolph
Barker and Bruce Johnston for the Second Asian Agricultural Survey of
the Asian Development Bank.



divided by population to give per capita availability. This is sometimes
adjusted for feed, seed, and waste to give apparent consumption. Uhere
data on stocks or stock changes are not évailable, averaging availability
over several years results in acceptable estimates.

’ Figure 1 shows the apparent per capita consumption of féod in

two recent periods for 15 countries in Asia. DBecause data:on stocks
#re not available for all countries, the average of 1963-57 is ‘comarad
to the average of 1971-75. The comparison shows relatively little change
in consumption levels in most countries over the eight year period.
Table 1, however, shows that both the absolute level of consummtion and
the growth in per gapipg consumption tend to be associated with the

rate of growth in per capita income. In that table, countries have been
div;ded into two groups, with per capita-calorie consumption above and
below 2200, and then ranked according .to the annual rate of growth in
per capita income. Given the uncertain.quality.of the data, the relation-
ship between the level and changes in income.and consumption seems -
reasonably consistent.2

Cereals dominate the consumption patterns in most of the couptries,

but non-cereals are particulari} impoféant in Sri Lanka, lalaysia, and
Taiwan (Fig,l), Ri;g contributes an appreciable fraction of total calories
in all countries, and makes up an especially large portion of total
calories in the mainland South Asian countries of sangladesh, Burma, -

Thailand, Laos, Cambodia, and Vietnam.

2The rank correlation test rejects the hypothesis of rank independence
at the 5% level with r = 0.73.



In most countries,.apprqximately 2000 calories are available
per ;;pita per day. This is not far from the minimum level "required"
f&f'maintenﬁnce,a gowever,‘there is a wide dispersion in food availability
in thé countries represented. As a result, even where dverage availability
per capita is equal to requirvements, a sgbstantia; portion of the
‘population has an inadequate diet. This is i1llustrated in Figure 2
reproduced from a study by Reutlinger and Selousky (1975), which shows
an estimate of per capita calgrie consumption by income groups. These
data indicate that 84% of the reglors population consumes less than
2206 calories pér day and 47% consumes less than 2000 calories per day.
The result is not widespread starvation but widespread malnutrition.
Hangahas (1976) indicates that in the Philippines, the distribution
of food among the population is such that in order to insure that 95%
of the population would each consume no less than 2187 calories per day
(The Philippine Food and Nutrition Research Council minimum standard
requirement), the average consumption would have to be over 3300 calories

per day. It is clear from these illustrations that providing the total

T i

‘populatién.wi;h an gdequate diet is not marely a question of- increasing
égfiCuifquI étédu#giqq ogﬂachieving food "eelf-sufficiency." Food
éelf;sﬁfficieécy_hfs iittle meanipg if a large portion of the population
‘;énnot afford an adeqqatg'diet. While this peper is concerned principally
;Qiéﬁ ways to incféaégiéroduction, the solution to the food problem in
hosﬁ countries iieé"in é proper combination .of production, and: distribution

programs .

3The Food and Agriculture Organization of the United Nations recommends
a calorie level per person ranging from 2350 to 3500 depending on the
amount of physical activity required by the person's occupation.



" The ‘data in Table 2 give further indications as to why per

capita food availability has not increased more rapidly. "hey show

the annual rat.s of growth of food production, population, and domestic
demand between 1952 and 1972 as calculated by the FAO for the World Food
Conference of 1974, In these data, demand is estimated on the ba31s

of the equation:

05 NI Dz P+ eY

where D, P, and Y represent the rates of'groﬁth'of food demand,

population and per capita income and e represents the ‘income elasticity
‘of demand for dood. The countries have been divxded into three groups:
(1) ‘those whose food production has grown nore sloﬁly than population,
" (11) those whose food production has kept pace with population, but grown
more slowly than demand, and (iii) those whose food production has kept
-~pacé with food demand.
" Nepal, Bangladesh, and Indonesia belong‘to‘the first'group of low
» production growth. Nepal has reduced its export of cereals and the.
- other two countries have increased'their imports; Burma: india; Pakistan,
* and- the Philippineés belong to ‘the middle group.n In‘these;countries“as
well as the-first four, theré has been.an‘upward pressure on:prices that
can only be offset by immorts or (in the case of lJurma) by reducing exports.

"The third group of countries, where the date of growfh in production

excee. ad demand, could increase their exports (Thailand) or decrease their
imports (iialaysia) or permit Yéal food prices to drift downward thereby

benefiting consumers. (Unfortunately, this favorable picture may have

been reversed in Sri Lanka by a series of bad weather years since 1972.)


http:excee,.ad

These data indica%e that while food production has increased from
1.6 to over 5% per year in various countries with substantial increases
coming in cereal grains, these inereases'have been ranid enough to keep up
with demand in only few countrxes and that in the others there has been
an unavoidable increased dependence on imports, reduction of exporta
or upward pressure on food prlces. In this context, it is important
to examine the growth that has occurred to determine its sources and

ask whether it can be enkanced in the future.
SOURCES OF OUTPUT GROVITH QE1RICE IN ASIA

Agriculiural output eéh be increased through the expansion of
cultivated area or through an increase in the productivity of existing
land. In South and Southeast Asia prior to 1960, the expansion of land
area provided the principal source of output growth. WNew lands were
opened up at a pace roughly in keeping'with the growth‘in ahe agricultural
labor force. |

The gradual closing of the land frontier after 1960 == more
pronounced in rice than in upland crops --'necessitated a shift toward
the use of modern yield increasing lnputs. The speed with which this
transformation can occur determines theldegree to which output can keep
pace with population growth énngenerate the food surpluses needed for
agricultural development. In’this Eection, we examine the changes in
production, area, and yield of rice over the past tvo decades and measure
the contribution of increased fertlllzer and xrrigatlon development to
output growth. Then, we examine the trends and fluctuations in output
and inputs to determine whether or not there appears to be a slowing of

production growth rates.,



- Sources. of output growth

The contributxona of 1rrigation and fertilizer to output  growth
in rice are examined in more detail in this section. The , £irst step is
to disaggregate the contributxon of area and yield in more datail. . Crov
area changeo can arise from a change in thz total land area or from
a change in the area double cropped. Y;gld increases can be partitionc!
into inéreases due to a higher proportion of the area irrigated and
to a higher use of yield inﬁreasing inputs, such as ncw szed ond faviil izer
(see Appendix for procedures). In cal.ulating the contribution of
fertilizer, it is #ssumed that 1 kg of nutrient (I, P, or K} will nrolun-
10 kgs of grain. The contribution of new varieties can be e2id “c Fn
embodied in the added fertilizer made profitable by their acoption.
Follc&#nﬂ the above format, we examined the sources of output
growth in the Philippines for the past two decades (Table 3). In the
earlier period, tbo major coatribution to increased production was.
irrigation (double cropplng and improved average land cuality) which
accouﬁted for 1, 83 of a total 2 41% annual growth. Land area. expansicn
and fert: llzer vare ﬁot lﬁportant. Ir. the latter period, the contributica
of land area becama negafxve due principally to the decline ia upland.
.rice. The con;rlbution of.irrigation became even more impcrtant with
the area do;bln c*ovpbd mora than off-setting the declirc in net arza.
Eettilizér eccountcd for an output increace of 1.47% per ancun. GCivean

the small si:n oF the "residual“ in both time periods, fertilizex and

irri"a*iou sngm to account for nearlv all of the vield rain.



“w 7 -

 hellpor (1976) ha: undertak%en a similar analysis of fobd)éfains in

India, although kis input classificution'is‘éomewhat'differént.(fﬁbie‘4).
Nevertheless, there is a striking.similarity b6th'ihnmagﬁit&éé'éﬁd
e : '
_.sources of cutput growth .for rice in the Philippines and for faba'grains
in India, The expandnd use of fertilizer afteér 1965 Ted to ad'inéredéé
“in annual grewth in predvction,

The aralytical procedures and assumptiong used:innfhe”Mellor stﬁdy
were uczd. to gs:imatc the contribution of land,'irrigation, and fertilizet
inpgt to guowth in productisn in seven Asian countrids'which ekpérienced
a growth jn rice produntion iu exeass of 2% pex annum“in‘the péfiod
since 1965 (Tchln 5). 'The connptiies have bar:n rankgd,accgrding.to the. -
annual rate of sioductica greuth,  Thc nroportion of increased production

_is dividad botycen area cnd yield.  Aren change is subdivided iﬁgb
R . . S e
irrigeted and unizvigatad . (voinfed lowlang «nd ‘upland), Vield growth is
su?divgdad intgifhe properiica duc tc.fettilizer"(aséhming 1 kg of ﬁ;

P, or K p:pdchs cro acdivional IC kg o padiy) and'd'résidual.

Iﬁ five of chc feven countyies -+ Pakistan, Sri Lanke, Iﬁdonesi;,
the Philippina;, ond India -. the wajor cource of output grasth is due éb
2n increcsa in yinld per heetaca, In feur of these five countries (all J
buf_Sri Lan?a),_level of fertilizer input tripled from about 7‘Eo S kg
NPK/ha to 20 to 25 ks NPK/ha (Anpendix Table 1). In Sri Lanka, the
fertilizer 1¢v32 zlso tripled from 25 to 72 kt:h:f'but the absélute
inc%gapcuin the'amoqn§,offfertilizcr“applied‘waé'almUSt 50 kg/ha or
more than douQ}g thac.of the other Fouur countries,'Cauéing the eépecially

large -con‘ribution of fartilizer to output growth in Sri Lanka,


http:hucra-.ct
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The sources of growth in ilalaysia and Thailand stand in sharp
contrést to the pattern experienced in the other five countries. The
most significant development in tlalaysia was the expansion of irrigated

area accounting for almost 2/3 of added production. This was the result
principally of the development of the iiuda River irrigation system which
increased the acreage of rice double cropped. By contrast, Thailand is
the only country to follow the traditional pattern of increasing output
'by expanding rainfed rice area. The low rate of change in unirrigated
area in tue other six countries suggests that expansion of irrigated

area takes principally the form of additional double cropped area.
Trends and fluctuations in production

Aﬁalysis of sources and pattern of growth are invariably confounded
by short-run fluctuation in output that are related to changes in
weathef and other factors. These fluctuations have considerable impact
on rice prices and hence on the welfare of consumers, particularly thLat
1agge body of Asian consumers whose incomes are too low to afford an
adéduate diet. 3ut of even more paramount concern at the moment is
.fhe poésibility that trend in production has slackened off following an
initial spurt provided by the introduction of the new technology in the
late 19665.

in order to examine this question in more detail, we plotted fice
ylelds in a number of countries, grouping them according to the pattern
they displayed in Figure 3. ilalaysia, the Philippines, orea, and Taiwan

have all had a rather steady and prolonged growth in yields. 1In the

mid-1950s, rice yields in Korea and Taiwan were twice the level being



.obtained in most South and Southeast Asian countries. " By the mid-1960s,
the differential was even greater because of the more rapid yield

increase in Korea and Taiwan. In the period since 1965, however, several
Asian countries registered yield increases in excess bf' 29% narrowing

the gap (Figs. 3a and 3b). Rates of yield increase in Korea and Taiwan
.were substantially lower during the 1965-72 period than ‘in the ﬁtevious
decade, suggesting that a ceiling was being approached., In Kdrea;Ahdwever,
beginning in 1973, the introduction of a new generation of high yielding
varieties, obtained by crossing Indica and Japonica varieties, sighificantly
-raised. the yield ceiling and the rate of growth of rice yieldsuhas again
accelerated.

Indonesia, Sri Lanka, and Pakistan all show rapid ihcrease iﬁ
yields in the late 1960s followed by a fall of yields in recent years
(Fig. 3b). The other countries show little sustained increase, but
occasional small jumps from time to time (Tig. 3c).

.. In Table G, we have divided the last decade into two pefiods,
1965-70- and 1970-74, in order to identify the change in gfowth of outpﬁt
and inputs. Rice production and changé in‘irrigéted and unirrighted‘
area are reported in the table ia terms of anaual compound growth r;te)
over the designated periods. Growth in fertilizer and moderﬁ varieties
(iV) are reported in annual increments, since the level of both Gas dlése
to zero in 1965.

The pattern of growth in output and in the épecified inputs showed
congiderable variability from'countryvto'country jusﬁ asﬂin the.éaseléf.
the yield trends. 1In Pakistan, Sri Lanka, India, an? Thailand thare wa; a

slackening of the production growth rate‘in the early 1970s compared to
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the late 1960s. The annual rate of growch’in.production-changed'vety
little in Indonesia and the Philippines between the two beriodé; but
has increased in Bangladesh and Surma in the 1970-74 period.

The recgons for the decrease or increase in growth rate of production
seem to differ from country to country. [For example, the sharp decline
in Pakistan is accompanied by a slackening in growth of irripated area,
fertilizer, and modern varieties. In India, however, despite the
decline in product;on growth rate, annual additional area devoted to
modern varieties has increased. The decline in output growth in Sri
Lanka is accompanied by an increase in the average annual increment of
both fertilizer and wmodern varieties. Conversely, an increase in the
annual compound growth rate in Dangladesh and Durma has been accompanied
by a decrease in average annual increment of fertilizer.

These results suggest that the change in production growth that’
we observe in the egrly i970s compared to the late 1960s may be due
to temporary fluctuations rather than long term trends. The sources
of growth, especially in recent years are, of course, affected by the
génerally bad weather in 1972 and the fertilizer and energy crises in
19731an§ 1974,

| Iﬁe effect of these,short term fluctuations on world price can be
seeﬁ.iq Fig. 4. In that graph, the price of rice exported from Thailand
(the major Asian rice exporter) is shown together with world rice produc-
tion the previous year and a steady rate of growth in demand. Aﬁalysis
of the data shows that on the average over the period a 1 million ton

reduction in world rice production was accompanied by a $8/ton increase’



in the export price of Thai 5% rice.4 Trese price fluctustions lead
to a peculiar response by governments and international lenders like

the World Bank who evaluate the costs and bencilts of rice pvoductlon

'
)

1nvestments on the bas13 of world rice prlces. Uhen rice prlccs and
hence benefxts are hlgh 1nvestment is hxgh and when rice prlces are
low, investﬁent isdlow. rlgure 5 illustrate this for the Phllipplnes

i

in the case of irr1gat10n. ”he hlghly cycllcal nature of erigatlon
'lnvestment is closely correlated with fluctuatlons in the beneFlt-cost
' ratio caused prlncipally by variation in the world rlce/prlce used in
calculating the benefits. Hence, an lndirect effect o£ price fluctuation
is te'thduce fluetuatiod in food production investment.

This kind of fluctuatlon in food production lnvestment ale=o occurs
'in tue constructlon of fertlllzer manufactur:l,n'r plants, tesultlng Ln.
wide SWlngS in fertlllzer prices. e argue that a steady grovth o:(
fertlllzer and irrigation would be a prefnrable situation. The next.
sectlon of the paper dlscusses a model that may be used to 1nd1cate .

the necessary investment for lncreaSLng rice prOducthE at a rate sufficient

‘to meet anticipated demand.

4A regression eQuatlon fltted to the data in the graph shOW'
Pe = Peel = 67.23 = 8.25 (Qgu2 = Qo) - 0.21 (Wga2 = Wea1) RZ = 0.48 °
(2.87) (0.42)
Vhere P = price, Q = world rice production, W = world grain production
except rice; values in parentheses are "t" values. Data were 1960/61 to
1974/75, '
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FUTURE GROWTH IN FOOD PRODUCTION Iil ASIA

There have beén a number of actempts to determine whether future
food availability in Asia ﬁill be "adequate"‘to meet future demand.

Such studies are to some extent academlc because when the target year
arrives, the amount of food that wxll be consumed must obv10usly be
available from some source. PrOJectlons are useful though, for

Lndicatxng whether current supply trends Wlll neet currenrt demand trends,
the expected magnitude of imports, and the need for action to change trends.
A number of such studies are available.

In mid-1960s, the FAOibégan work on its ”in&icatiye World Plan"
for agriculture. ' This document has ﬁecome the basis fof the more
recent projections of foodgrain productionito 1985 summarizedlin qule 7.
All three projections were made by projecting pastc rates‘of g;ow;h”oﬁ_
butput. Demand was projected by an equation‘iike (1), uéing the United
Nations medium population projéction, assuming a modest rate of income
growth and using the FAQ's income elasticiﬁiés of demand.,

The projections of the International Fdod Pﬁlicy Research Institute
(IFPRI, 1976), the Asian Development Lank (1977), and the Vorld 3ank
(Hadler, 1976) differ somewhat in absolute levels because of difféfe;ces
in countries and crops ihcluded, different income projections, “and
differences in using milled rice or paddy as the bagis for calculationd.
Despite these différéncés, all three étudies indicate that a gap b;tweén"
25 (World Bank), and 40 (IFPRI) million tons foodgrains will exist between

production and demand in the region by 1935 (for example, see TFig. 6).
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These deficits are projected to occur with 2.2% (World Bank) and
2.87 (IFPRI) annual rates of growth of output, respectively. The ADD
supply projection is higher, but demand also grows faster resulting in
a projected deficit.

If rice output grows at a rate within this range it will approximate
its growth over the past 15 years. What kind of changes in agricultural

., regources devoted to rice will be required to insure such a rate of growth?
A nbdel of rice output growth

To answer this question, we developed a simple aggregate model of
rice output growth for South and South East Asia® that includes land,
fertilizer, irrigation, technological change, and the investment cost
asgociated with each source of growth. The model begins from the base
year of 1974 and projects to 1985, It permits us to determine what
investment would be required to obtain different rates of output increase.

The model works as follows; |

1) The geographlc land area available for rice production is

assumed constant through 1935, but the dlstrlbutlon of thar
land among the major types of rice culture is determined
based on projections of irrigation 1nvestment;

' 2)' The prcportion of each type of iand in modern and traditional
varieties is projected based on hlstorlcal trends and on

investment in research and extension.

5See Table 8 for the countries included in the model.
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3) The fertilizer available for rice production and the investment
Inecess;ry to p¥6ducé that fertilizer is determined based on
historical trends and budgeting studies of fertilizer
investment,

4) The fertilizer used per hgctare of each type of rice is
determined based on'fertilizer response fgqctions, total
fertilizer availability, area in each type of rice, and the
assumption of efficient allocation to various types of rice.

5) Yields of each type are determined from the fertilizer used
and the response functions, and total product;on is determined
from yieldé aﬁd area of each type.

6) Technological ;hange affécts the rasponse functions used in
stebs 4 and 5,

ihe'basis for the data and relafionships used in each part of the

model are discussed below.

Land in rice. The geographic area devoted to rice production in

the study countries has probably increased very little in the pést
decade except in Thailand and on the outer islands of Indonesia. As
shown above, some countries including the Philippines, have had a
decrease in the net area devoted to rice production. It is impossible
to get accurate regionwide data on the net (geographic) area because
most countries report the total area planted or harvested, so that
double cropped areas are counted twice. liowever,' if one subtracts
irrigated area from total area, the remainder was about constant --from -

1965 to 1974,
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"Net land atea devoted to rice is assumed to remain fixed at the
1974 level until 1985. Growth in total land is attained through 1ncreues
in double cropped area which are made possible through 1rrigation.
About 30% of the gross irrigated area has two rice crops in 1974, It is
possible that this proportion could increas_e, but to be conservative we
assume it is constant throughout. As irrigation.increases, land ig
gwitched from the rainfed category to the irrigated category. Total
area increases as irrigated area increases because 30% of the irrlgAted

area is double cropped.

Changes in varieties. Tor purposes of this model, riceland is

claesed as irrigated, rainfed and upland-deepwater. Irdgated and
rainfed areas arce further divided into area planted to modern and
traditional vaneties, glving five types: irrigated modem varieties
(LNI) » rainfed modern varieties (iVR), irrigated traditional varieties
(IV1), rainfed traditional varieties (TVR), and upland and deepwater
which are all assumed to be traditional (ULDU) Good statistics are not
available on the ex:.sting area planted to these types, but farm surveys
have i»yariably show" a close associatlon between irrigated area and
modern varieties, and an equally close relationship exists on an inter~country
basis. Table 9 shows the area lrrlgated and planted in Ws during the
1963-7973 period. We pro_]ect that modern variet:ies will cover 907 of
the irrigated riceland in 1985.

uodern varieties ate also grown en rainfed land. For example, N

in the Philippines modern varieties tovered 647 of the rainfed lowland
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and 00% of the irrigated area in 1975/76: In most other countries

- 1iVe. are -currently plantec on only a smalk fraction of the rainfed land.
As better.adapted varieties are developed, iVs will spread to ‘rainfed

- areas.  The proportion of rainfed area planted to modern varieties

.is.assumed to reach 30% by 1985.

Irrigation growth. The amount of irrigated land is one of the

policy variables determined externally”fpr the projections model., The
resulting costs are determined by the model, Several recent studies of
irrigation costs and coverage are available, (ikuéﬁi's {1975) study
of Philippine irrigation system construction between 1949 and 1975 showed
construction costs (converted to 1975 constant'prices)6 on river diversion
systems of $304/ha on 7,170 ha for systems constructed during 1942-55;
$413/ha on 13,97V ha constructed during 1956-65; :and $513/ha on 13,747 ha
constructed during 1966-74, In 1975, a‘high dam storage system with
a command area of 30,000 ha was completed at an average cost of $1,280/ha.
Kikuchi (1975) hypothesized that costs of new irrigation would
continue to increase because the more suitable irrigation locations had
been. constructed first, and the remaining sites would continue to entail
higher costs.
Nakahara (n.d.) reviewed irrigation projects financed by thé Asian
Development Dank (ADB) and World Bank in Asia between 1965 and 1974;'
His primary focus was on the costs of projects. Eight irrigatién construc-

tion projects financed by the World Dank irrigated a total of 1,071,900 ha

6Convert:ed using the index of international inflation reported
by Hakahara (n.d.).
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at a capital cost of $537 million, a cost per hectare of $548.
Twenty-four ADD financed projects that irrigated a total of 322,171 ' ha
had a total project cost of $429 million (ir 1975 prices), fof'ah'avé%age
capital investment cost of $1,330/ha; 'Fifty percent of the ‘investment
costs were foreign'éosts. -Nakahara had no explanation for the difference
in cost between the two organizations but they may reflect economies

of scale and different ¢tonstruction years. On the basis of ‘Kikuchi's and
Nakahara's data, there is & rarge of $550/ha to $1300/ha betwaen thé
~'lov and high estimates of capital costs for new irrigation. It is likely
that future costs-will be at the upper’ enid of this range because fiost "

of the lower cost sites are already ‘developed. Ve have used $1000 'and
'$1300 as low and high per hectare investment in our projections,

- The benefits of irrigation are related to the level of production
technology used in the command area, Feasibility ‘studies of irrigation
projects usually assume very high yields after irtigation vhich assures
a favorable benefit cost ratio. Ex-post, the projects usually ‘show much
more modest benefits. In our analysis, we make the benefits of irr{géﬁion
dependent on the level of fertilizer and modern véricties, 28 discdéééd
below. :The minimum-yield bénefit of irrigation is 0.7 t/ha; incfeasiﬁg

- to 1.5 t/ha, depending on the technology level,

Fertilizer demand and investment cost. rarcilizer application is

a major source of additional rice output. Since the introduction of
modern varieties, the amount of fertilizer applied to rice has increased

rapidly; between 1963 and 1967 fertilizg;v;pplied on rice increased. at
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nearly 20% annually and between 1965 and 1973, at nearly 3%. 1In the
early 1970s, fertilizer on rice amounted to one-third of the total
fertilizer used in the countries of the region, iiicro-level studies
show a considerable scope for higher yields from more fertilizer, even
where it is presently being applied to rice. However, there is clearly
a limit to the level of fertilizer that can be profitably applied.

Projections of the future demand for fertilizer in Asia have been
conducted by the National Fertilizer Development Center of the Tennessee
Valley Authority (TVA). Those projections are used as the base projection
of fertilizer use between 1975 and 1980. TVA's projections show a 127
annual rate of increase in fertilizer use in-South and Southeast Asia
in 1975, declining gradually to a 9% rate of increase in 1980. Toér our
projections, we have extended this trend through 1985 when use would
be growing at 0% annually. An alternative projection uses a 12% rate
declining to a 9.5% annual increase.

The fertilizer can be obtained either by importing it from the
developed countries or by comstructing fertilizer production capacity
within the region. India, Indonesia, and Jangladesh are actively
pursuing the latter course, with other countries having some manufacturing
capacity. Tertilizer imports may be preferred by smaller countries of the
region, but the production capacity will have to be created somewhere in
the world.

The cost of imports will be.higher than cost of production because
‘a return on investment of 20% increases the cost of a ton of fertilizer

by about 75%. Also, if countries create production capacity, their future
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import needs are correspondingly reduced. Offsetting thése advantages
fertilizer plant construction entails a large amount of foreign exchange
comitment at one time, and efficient plants are too large for most
countries to fully utilize with present levels of demand,

~ According to published studies by the TVA of the cost of‘ferfilizer
plant construction, an ammonia-urea production uni. of the latest
~technical design, using low cost?($0.10/1000~ft3) natural gas as a’
feedstock and producing 495,000 tons of urea per year, entails a"éépital
-investment ranging from $187 to $190 million, ' 'The calculdtiods are in
1975 dollars, but allow for a moderate cost increase‘thrOughli§78; ‘In
such a-unit, urea can be produced for approximately $100/ton'under the
IVA assumptions. If operated commercially, a 20% return on investment
in addition to costs of production would ‘increase the gate sale price
to $175/ton. Feedstock costing $0,25/1000 f£t3 would increase production
cott to $103/ton, and $0.50 gas would increase it to $109/ton (TVA, p. 86).

The investmert for a complex ‘capable of producing 340,000 métric

+ tons of triple superphosphate (46% P205) per year ranges from $78 to
$183 million dollars (including cost escalation to 1978). 'The'prdduction
cost of TSP from such a complex, ranges from $138/ton to $253/ton
depending on the price: of sulphur and phosphate rock. With a return on
investment of 20%.TVA estimates a gate sale price of between $184 and

$332/ton (TVA, p. 99).

Fertilizer application rates andAyield One may project.output

increases from fertxllzer availabillty by using a "rule-of-thumb" like

10 kg of graln per kg of fertilizer as we have in the analysis of sources



- 20 =

of output growth, However, that approach does not reflect. the
complementarity of fertilizer, irrigation and new varieties. Traditional
varieties respond less to fertilizer than modern varieties, and both
respond more.when'irrigated than when left unirrigated. In most countries,
the area planted to modern varieties is irrigated, thereby removing some
of the po;ential drought stress that would likely occur under rainfed
conditions. _Farmers use higher rates of fertilizer on modern -than on
traditional varieties.

Ig order to reflect the complementary benefits of new varieties,
irrigation and fertilizer, the following four fertilizer response
functions, developed from research reported by Darker, Bennagen and

layami are used:

(2) . iWI: ¥; = 2200 - 18F; - 0,05 F?
) WR: Y, z 1400 + 15T, - 0,11 Fo?
(%) . Iz Y; = 2000+ L1F3 - 0.13 3’
&) TVR: Y, = 1400 + 9, = 0.16 F,2

The functions were based on national farm survey data in the Philippines,
and experiment station data adjusted by observed differences between
survey and experimental data. Upland and deepwater rice are assumed
to be not responsive to fertilizer application.

Uhen the levels of fertilizer, modern varieties and irrigation for
a particular year are known, the resulting production that will be obtained
is calculated using these functions, Under the assumption of market
equilibrium, the marginal productivity of ferﬁiiizer ﬁpplied to each

type of rice will be equal to the ratio of the price of fertilizer to the



price or rice. Lf not enough fertilizer is available to permit this,
then the available supply w111 be applied so that 118 marginal prodact

is equal on each type of rice. If one believes that une unexploited

! e O P R
source of growth is from higher rates of fertilizer application, this

implies that the present rates do not equate the marginal productivity

P R
to the price ratio. Thus, the marginal products will be equated to a

constant, say a, which is the shadow price of fertilizer in terms of
rice =-- the real marg1na1 value of fertilizer applied to rice. e
S Expressing this condition for the ahbove res sponse functions,giyes:
®  az1s- (0.18F) = 15 - .22F, = 11 - .26F3 = 9 - 325

B If the area in each type of rice (IVI, INR,;lVI?_TVR) and:the o

total amount of fertilizer (') applied to rice is known, then one may.

"' solve for the rates of fertilizer applied to each type of rice, (Fj),

.and total production‘as follows. Tirst, solve equation (6) for the

:f; in cééﬁé"of a, then substitute those values of F; in the following
'equation which sxmply‘states that the total fertilizer used on rice equals
the per hectare rates times the number of hectares planted. h

¢)) F-2iVI . Fp + MR ' Ty + TVI & Fq * TWR . Ty :

Solve (7) for the vaiue of a, the shadow price ratio of fertilizer,ﬂandx

substitute this back intd equation (6), obtaining Fi through.Fa.

Substituting these values in equations (2) through (5) givésvthe”yields

..0f each type of: rice, which together with the ‘acreages giéeé’katé1'fice”

_production, .
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Invegstment in research and extension. Studies for a number ox
countries have'shown such investment to have an extrem:ly high pafoff
by all criteria. The study of Evenson, Flores and H#yémi (19765‘ |
estimated the shift in the supply function of rice brought about by
technological changes and their dissemination to farmers in the developing
world. Costs were.the total iﬁvestments in rice research and.extension
in the developing rice producing counéfie§ adjusted by the proportion.of
the totél research directed toward riée iméroﬁement, based on nuﬁﬁers'of
scientific publiéations on rice and other crops. The mést cpnéervative
data from their study shows the following investments and incre#ses in
production for all developing rice pfoducing couhtries egéluding_East

Asia (China, Korea, Japan):

(Annual amounts) 1921-40 1950-60 i961-65 1966-76‘ .1971-75
Investment (million $) 4.9 15.3 - '27.0 | 43.3 _ 49;5
% shift in supply - 0.157  0.319 1.528  1.437
Increased output (million t) =~ 0.17 0.26 2.56 ‘2.47

Value of increased output
(million $) - - 20,97 57.60 320,43 308,78

These data indicate that $50 million apnual investment in research and
extension generated shifts of from 0.6 to 1.5% in the aggregate supply
of rice in the developing countries during the last 15 years.

The Evenson, Flores and Hayami study provide .convincing evidence
of the payoff from new technology, but they do not indicate the mechanism
of how nev technology shifts the s.pply curve. The conventional economic
explanation of technological change is that it arises from a change in

the production function (Wilcox, Cochrane and Herdt). This could te
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interpreted in this case, as, the difference betwcen ‘equations  (2) and
(4) or between (3) and (5). The.modern;varieties give a greater yield
response to ferti;izer. The, advantage wae created largely through the
.inveetment in r;ce.reeegrch between 1960: and: 1970, Spreading this
innovation was achieved through extension: investments made’ betwas' 1965
and 1975,

Present rice research is focused on a wide range of topics
1nc1ud1ng such thlngs as_insect resistance, problem soils. and drought,
‘as well as fertilxzer efficiency, so-iti.is almost impossible to devise
@ realistic technique for reflecting the .impact of successful ‘Fature
technelpgigel.chenge. A simplified way: of looking at the future iﬁpact
ef %hrestment,in r;eeuresearch.and extension is 'to asgsume that it will
eont;nue to shrft the response functions. .If one agrees ‘that the"

y

investment in rice research and extension between 1960 and 1970 “cdused

the observed change in the fertilizer response function- bétween (2¥ ‘and

(4), it took an investment. of $350 million to. generate and’ spread the

Leode ol

present_querp varieties;that_resulted in response functions with two-thirds
higher marg1na1 product1v1ty capable of efféctively using more- ‘than twice

as much'fertillzer. One could conservatively estimaté  that $100 million
lnveetheﬁtmight lead,.pver‘time, to a 15% higher marginal"prd&dctiV§ty.
Thisuis the assumption made here.

Investment in research may be more constrained than investment in
other sources of growth ~ The. a2mount: one can effectxvrly invest 1n research

-is limxted to some moderate fractlon of nrev10us research. Even building

the capacity for research by traiaing additional resecarchers is a time



- 24 a

consuming process (Bateson, 1977) which can itself limit the amouynt
of growth that can be obtained from this s‘ource.7 ’Also; a certain
amount of research investment is needed to maintain current‘levels of
productivity. Hence, the 15% in marginal productivity will only be

generated by $100 in addition to current (maintenance) research investments.
liodel verification, 1963-67 to 1968-72

Inputs to production. To evaluate the validity of the projections

mpdel, it was used to estimate production with the actual levéls of

inputs used by the countries of the region for the five yéar dvefage periodu
1963-67 and 1968-72. The input data are shown in the "total" liné of
T#ble 8. It was assumed that in 1963-67 the modern varieties were planted
only on irrigated land, that in 1968-72 957 of the modern varieties area
was irrigated and by 1973-74, 907 of the LV area was irrigated.. Tﬁe

areas of upland and deepwater rice were assumed to remain constant...Data
on irrigated rice area were not available for 1973-74 for all count}ies,
but in the seven countries for which irrigation data were availéblé,
irrigated rice area grew 75% as rapidly between 1968-72 and 1973-74 ag

it did in the previous five year period. Assuming the same proportional

. rate'for all countries gave the 1.8% rate of irrigatioﬁ growth used for

the second validation period.

7 .

One of the ‘unctions of international institute like IRRI are to
provide the capacity for research in a setting where it would otherwise
not be available. o



Est1mated xﬁ. actual output. Under these assumpt1ons, the model

estimates an average annual level of output of 112 1 mrllion metric tons
Iof rice (paddy) productlon compared to reported productlon of 111.1
| for the xncluded countrles in 1963 67. For 1963-72, estlmatedtproduction
‘was 128.1 compared to reported productlon of 129, 5. For 1973-74 estimatcd
Lproductlon was 141 3 mxlllon tons whlle reported output vas. 142 9. The
”estlmated annual grovth rates between the two perlods were 2. 74 and 2 5%
.whzle the growth rates of reported output vere 3 1% and 2, BA.
These comparlsons 1ndicate that the model sllghtly underestlmates

the rate of growth of output. The unaccounted galns may be attrxbuted

to 1ncrementa1 output gains ar1sing from other unmeasured lnputs that
have lncreased contlnuously, most notably, labor. It is assumed that
these other inputs contrlbuted the add1t10na1 0 3% cnnual growth in )
”output. Uhen thrs 1ncrease is added to that nr:q:n, rrom fert111zer,
technology and irrlgatlon, estlmated output for 1968-72 becomns 130 2
compared to reported output of 129 5, Wlth a productlon growth rate of
3.0%. Including the labor contrlbutlon, estimated output for 1973-74

is 143.4 compared to reported output of 142.9, with an estimated
production growth of 2 8% per year. Tahle_to shecws the inputs and results
of the veriflcatlon runs. |

The melied prlce ratio of fertllizer exceeds 6.5 1n both verification

'periods. Since the market price ratio was 4.0 or lower for most countries
durxng the per10d ample scope for using hrgher fertilizer rates still.

existed in 1973-74.
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Investment costs. Given the knowri increases in fertiIfZér,
irrigation, research and extenéion, tha invéstment cost of the agricultural
growth actually achieved between 1963-67 ond 1968-72.was céiculétéd as
in Table 9, For convenience of comtarison with future costs, all éosts
are shown in US$ at constant 1975'érices. Because of.the.range in costs
that exists in the sources used, we show a low and high éétimatédfﬁf each
alternative. Fertilizer may be either produced domesticaiiy §f iﬁported
so both dlternatives are shown. Using the fertilizer import alternative,
the total estimated irrigation investment and expenditure on research,
extehsion and imported fertilizer to generate the increased rice output from
the sources identified in the model ranged between $4305 million and $5320
million for the five year period cent::cd on 1965 to 1970. Using the
domestic fertilizer plant construction altérnative the cost fanged from
$4334 to $5665 million. The same techniquas of cost calculation wére used
to determine inﬁéétment costs for increasiﬁg future rice output using

various alternative combinations of‘inputs.u
Projections from the‘model,'1985

Table 10 summarizes the results of six alternative sets of
projections and comparable data from the two verification periods. In
runs 1,2, and 3 irrigated area increases at 1.5, 2;0 and 3.07% annually,
Fertilizer demand grows at 127% inv1974 théh gradually declines‘to a rate
‘f 87 annual growth in 1985, as projected by TVA. In run 4, ifrigatéd
area grows at 37 and fertilizer demand grows slightly more rapidly tﬁ&n

projected by TVA. Runs 5 and 6 ascume ihat farmers fertilizer productivity
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is increased 307 through research and extension.

~. With a 1,5% annual rate of increase in irrigation; output grows
at 1,6Z. A 2,07 annual increase in. irrigation pushes output growth
~to 1.8%/year, while a 3.0% growth rate of irrigated land ‘increases
. output grawthto 2.3%.. All three are well below the observed rate of
- output growth during the recent historical periods, aiid ail ‘entail '
substantially higher rates of annual investment for irrigation and
fertilizer. Faster increases in fertilizer will not help much, and the
-.additional fertilizer will only be applied if its price is very low
(run &),

The most important finding of the analysis. is that investment

in irrigation and fertilizer at .the levels considered (which are much
larger than historical levels)will not be sufficient to indrease produc-
tion by more than 2,4% annually, Only if the productivity ofiirrigation
and fertilizer used by farmers on rice is increased can the rate of
growth of output exceed that level. This increase in prodﬁctiviﬁyfcan
.be brought about by improved management of resources with present -
technology -- by closing the gap between potential and farmer's yields =--
or by raising the potential -through developing betterftééhnoioﬁy’(éhd
. -getting that technology adopted),
The means of increasing the productivity of resources applied by
. farmers is an area about which policy makers,economists and scientists
know very little. We have assumed that an additional $200 mititon
investment per year will raise productivity as indicated in runs 5 and

6. This assumption, ‘while based.on the best ‘available data still leaves
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us uncomfortable. Tor one thing, relatively little effort has so

far been made to.identify and close the gap between potential and actual
yields of present technology. IRRI's recent efforts to develop ‘a
methodology for measuring the gap and identifying its sources mdy have
some payoff in this regard. The limited experience with the "Training

and Visits" extension system being advocated by the World Bank seems

to have been very favorable (Benoy and Harrison). Relatively small
investments have resultad in relatively large benefits in that prbgram.
Thus, there seem to be ways of increasing the productivity of agricultural
investments but the precise path by which these will be achicved is
unclear. Therefore, the benefits forthcoming from investients in research
and extension or conversely, the investment to achieve needed benefits

are difficult to estimate.

It is apparent that the quality and quantity of efforts in rice
research and extension have improved substantially in the'paét 15 years.
It is possible that maintenance of efforts at this level will result in
enough productivity gains to provide the needed future growth., A much
safer policy would be to increase the level of effort in this area,
especially in light of the high payoffs such efforts have had in tﬁ;
past., However, there are severely limiting constrcints on the rate of
expansion of research,

Expanding research and extension capacity takes trained manéowér
and training manpower for scientific research work typically takes 8-10
years. An additional 5 years may elapse befcre the reseavcher makes

a significant contribution to output. Training is costly and'réquires



- 29 -

foreign exchange (such costs are not included in Table 10). 1t also
requires a supply of individuals suitable for training. Thus, the main
constraints tc increasing investment in research and extension may not
be quickly rem.oved.8

The above results are only tentative because of the many data
assumptions made. They are presented in order to stimulate further
research of this type. Irrigation and fertilizer investments will be
used for all agricultural commodities so the analysis should be carried
out for the whole sentor, The regional analysis has certain advantages
but must be complemented with similar national studies. MNational studies
can use data more appropriate to their situations and thereby give
more accurate indications of needed investments. It is only at the
national level that the appropriate irrigation opportunities and costs
can be estimated and the appropriate fertilizer response functions
identified. Despite these limitations, the results may indicate the
general magnitude of agricultural investments and productivity increases

needed in order to produce enough rice for Asia in 1985,

81n some indi-ative calculations for Nepal, Bateson has argued
that starting in 1978 as many as 20 nhew students per year must begin
on the sequence of IS and Ph.D. training in order to produce the new
knowledge and technology required to meet Nepal's food requirements for
the year 2000, This is especially difficult for Nepal which even sends
its BS agricultural students abroad.
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. Table 1. Growth in per capita calorie consumption and in gross domestic product
per capita at 1975 constant prices, selected Asian countries, 1965-73.

104

,Célorieé/capitélﬁay Gross domestic grodust/;;E;:;
Annual growth o ~ Annual growtl:
" 7'1965 1973 1965 to 1973 1965 1973 1965 to 1973
Countries (Uss) (%) (calories) (%)
(Calorie consumption 2200 and above)
South Korea 219 417 8.5 2289 2706 .r2.1
Taiwan 482 824 6.9 2629 2804 0.8
Thailand. 242, 330 . 4,0 2208 2312 0.6
Malla'ysil.a 593 779 3.5 2435 2531  .0.5
(calorie consumption less than 2200)
Indonesia 121 164 3.9 1846 2032 -1.2
Pakigtan 153 184 2.4 1882 2152 1.8
Philippines. 266 297 2.4 1938 1962 0.2
sri -Laln}ca. 113 o129 1.7 2219 2044 -l.4
India 134 140 0.5~ - 1955 1977 0.1
Burma 92 95 0.4 1997 2160 1.0
Nepal 137 134 -0.3 2094 1994 -0.3
Bangladesh 119 -1.7 2012 1957 -03‘ “




Table 2. Percent annual growtha in food production, population, atid domestic demand
o in selected Asian countries, 1952/72. SRR

Countries - - - : Food prqductioﬂb'- Population Domestic demand®

Production failed to equal population growth

Nepal 0.1 : 1.8 2.1

d .
Bangladesh 1.6d 3.5 “n.a.
Indonesia 2.0 2.5 2.6

Production failed to equal growth in domestic demand

Burma, Union of 2.4 2.2 3.3
India o 2.4 2.1 3.0
Pakistan 3.0 - 3.0 4.2
Philippines 3.2 | 3.2 4.2

Production exceeded growth in domestic demand

Sri- Lanka 3.6 : 2.5 3.1
torea, Republic of 4.8 2.7 4.7
Malaysia (West) 5.2 3.0 4.3
Thailand 5.3 S | 4.6

®rxponential trend, 1952/72.

bFood component of crop and livestock production only (i.e., excl. figh production).

Ccalculated on basis of growth of population and per capita income and estimates of
income elasticity of farm value of demand in FAO Commodity Projections, 1970-1980,
Tome, ltaly, 1971. Total food, including fish.

d1962/72.
n.a. = data not avallable.

Source: United Nations World Food Conference, Rome, Nov. 5-16, 1974, Assessment of
the World Food Situation Present and Future, pp. 53-54.




Table 3. Growth rates of production, area and yield of rice and their components,
Philippines, 1955/1973.

1955/73 1955/65 1965/73

Annual growth rates (%)

Production . 2.78. 2.41 T3 24
Area 1.1 1.15 1.05
Yield 162 1.20 2.15

Percentage points attributed-

Area SRR
Physical "area -0.18 . 0.28 - «1.01
Double cropping 1.29 0.87 2.06

Yield PR ‘e PR

“Type of rice land® 0,79 0.96 0.44°
'Fertilizer? : ... 0.85 0.32 - 1.47
Residual <0.02 -0.08 . 0.24

aChanges in the proportion of upland, rainfed, wet season and dry season irrigated.

bcalculated on the basis of 10 kg of yield for every 1 kg of fertilizer.



Table 4. Growth rates of food grain production and the contribution from
specified inputs, India, 1955-1973. :

1955-73 1955-65 1965-73

Annual growth rate

Production 2.71 2.21 3.33

Percentage points attributed to

Area
Unirrigated land 0.09 0.06 0.11
Irrigated land 0.61 0.36 0.89
Yield
Fertilizer 1.19. 0.54 ‘1.88°
Irrigated land 0.82 1.25 0.45

Source: Calculated as in the Appendix from data presented by J.W. Mellor in B
The New Economics of Growth, Appendix Table 9. :




Table 5. Estimated proportion of growth in rice output attributed to components of
' area and yield for selected Asian countrics, mid-1960s to early 1970s.

Annual rate Percentage points (%) attributed to

of p;gi:gﬁion Area . Y;eld
’Country Period (%) Irrigated Unirrigated Fertilizer? Resj.dualb
Pakiscan 1965-73 7.9 1.4 0 1.7 4.8
Malaysia 1965-73 5.7 3.7 0.1 1.4 0.5
Sri Lanka 1965-72 5.6 0.5 0.1 3.5 1.5
Indonesia 1965-72 4.8 2.2 -0.3 1.1 1.8
Philippines  1965-73 3.4 1.2 0.3 1.5 1.0
India 1965-70 3.2 0.6 0.2 1.5 0.9
Thailand 1965-72 2.1 0.2 1.7 0.3 -0.1

8calculated on the basis of 10 kg of yield for every 1 kg of fertilizer.

bIncludes the contribution to yield of improved quality of land due to higher
proportion of irrigated area.



ble 6. Annual growth in production, irrigated area, fertilizer Hectare. - and. area  in
Table 6. AoRal B rna103B-5E° » irrig ea, fe °F per hectare,. and-aréa in MVs,

Annual compound growth rates Average annual increment
. . . Fertilizer rea in' MV

Production Irrigated land ‘! Other land (Kg NPX/ha) - (% of rice-area)
Country 1965-70 1970-74 1965-70 1970-74 1965-70 -1970-74 1965-70 1970-74 1965-70 157033
Pakistan 10.65 1.66 2.1028  0.658 0 0 2.73 1.33 7.32 . 0.92
Sri Lanka 7.39 0.9 2.95°  n.a. 2.72°  n.a. 5.50 2040 . 1.6 12.55
India 3.20  0.83 1.56  n.a. 0.33 - n.a. '2.28  1.05 = 2.42°  3.75
Thailand 2.61 0.93 0.35 0.62. 3.02 0.04 0.78 -0.23 0.20f _'i.sz
Indonesia 4.92  4.71 2.89°  2.53° | -0.64  -4.36 2.37 461 3.708 - 7.35
Philippines 3.59 3.99 %.51 1.30 -2.54 1.45 2.31  1.66  10.06 . 2.80
Bangladesh 0.73 1.73 12.72¢  5.73d 0.05  -0.49 0.45 0.20 0.92 . 2.50
Burma 0.49 2.28 2.02 3.87 -0.61 0.40 0.61 0.40 - 1.0  p.65

n.a. = data not available.
8Assume 1007 of rice area is irrigated.

brhis refers to time period 1965-G9.
®This.includes rainfed area.

drhis refers to "Boro" crop area.

€1964-70

£1968-70

81967-70

h1966-70

Source of basic data: Production data is from USDA:except for Indoresia and Thailand ﬁhich use national
source. Irrigation data is from national: source. : Fertilizer data is ‘estimated from FAO Annual
Fertilizer Review, national source and special studies. Modern varieties’data-is from ' .
D. Dalrymple, Development and Spread of HighiYielding-Varieties of Wheat and iRice in the Less B
Developed Nations, USDA, August 1976. For more detailed explanation on sources of irrigation
and fertilizer data, see Palacpac, World Rice Statistics, Dept. of Agricultural Economics,
IRRI, Revised April 1977.
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Table 7. Alternative sets of cereal grain production projections and rates of
growth for selected Asian countries.

IFPRIZ ADB World Bank
1969-71 1985-86 Rate 1970-74 1985 Rate 1974 1985 Rate

India 101.7 133.5b 1.8 111.5 176.9 3.6 80.7 106.1 2.5
Bangladesh 11.1 13.1 1.1 16.8 26.7 3.6 11.7 13.9 1.6
Pakistan 10.5 22.3 5.0 11.5 19.2 4.0 11.2 17.2 3.9
Indonesia 15.6 23.3 2.7 24,5 34.5 2.7 18.3 27.5 3.7
Philippines 5.4 8.7 3.2 7.3 12.8 4.4 6.2 9.5 3.9
Thailand © 11.0 18.4 3.4 15.4 23.4 3.3 11.5 16.5 3.3
Sri Lanka - - - 1.5 2.3 3.3 1.2 1.7 3.2
Burma - - - 8.3 12.1 2.9 5.7 b.4h 1.1
Nepal - - - - - - 2.5 2.8 1.0
Other Asia 9.3 10.9 1.1 - - - - - -

Total 164.8 230.2 2.2 196.8 307.9 3.5 149.0 201.6 2.8

a"Cereals" production in India includes pulses in IFPRI data; rice is in milled
rice equivalent, not paddy.

PHendrix projects 1984/85 production for India at 141.6 million metric tons from
a base year 1974/75 production of 102.6

Sourze: IFPRI, 1976; Asian Development Bank, 1977; Hadler, 1976.



Table 8. Area, irrigation, modern varieties and fertilizer used in rice production in South and Southeast Asia, 1963 to 1!

Country

Total rice area

('000 ha)

Irrigated rice area

Modern varieties area

Fertilizer applied to
rice '000 nutrieant t

1963-67

India
Bangladesh
Indonesia
Thailand
Burma
Philippines
Pakistan
Mslaysia
Sri Lanka

Total
Growth rate

35886
9311
7249
6153
5019
3159
1373

399
597

69146

7 coutry to:a1'3z.653

Growth rate

37333
9745
8078
6941
4958
3183
1523

515
627

72903
1.1%
34943
1.3%

1968-72 1973-74

(000 ha) (000 ha)

1963-67 1968-72 1973-74 1963-67 1968-72 1973-74  1963-67 1968-72 1973

38302 13413 14498 a 894 5539 10249 279 715 869
9900 5008 9102 1106 34 513 1515 20¢ 43¢ 50
8625 5739 6616 7220 ) 1039 3270 64 167 285
7398 1706 1780 1819 0 108 425 22 52 49
5143 667 737 g58b 3 177 292 6 21 29
3544 1102 1374 1447 392 1556 2217 24 61 83
1624 1373P  1523P  1624P 2 547 634 11 33 41
587 167 375 4429 65 151 219 19 32 49
574 359 403 0 73 360 15 33 65
75697 25026 28216 30035F 1390 9713 © 19181 460 1157 1520
1.170 - 2047- 1.870 - 38.97‘1 19.470 - 18.57. 7.8
36821 11254 13315 14516 496 4101 8572 166 409 586
1.57 - 3.47, 2.5% 42,27 21,1% - 18,0 10,

%Data are for the area planted to Boro rice, which is irrigated,

bAll rice area in Pakistan is assumed to be irrigated.

cProjected at 20% of total fertilizer for the country, projected from two previous periods when it was 30% and 23%.

dnaaod on an estimate of the growth in net irrigated area,

SAssumed equal to 327 of total fertilizer, the corresponding figure for India.

frrojccted based on Bangladesh to lMalaysia growth of 97 compared to 187 in previous 5 years period.

83angladesh through Malaysia,



Table 9. Estimation of costs associated with increased input use for increased rice production achieved,
nine Asian countries, 1963-67 to 1968-72.

Cost Av, Unit cost ($) for Annual capital Annual additional

Input range annual Capital Current investment current costs > Total five year

increase invest= costs Domestic Foreign Domestic Foreign Total Domestic Fore

ment

Irrigated land Low 638,000 ha 1000 10 319 319 6 0 3280 1685 159
Irrigated land High 638,000 ha 1300 20 415 415 12 0 4330 2255 207
Fertilizer,urea Low 232,000 tb 0 150°¢ 0 0 0 35 525 0 52
Fertilizer, TSP Low 77,000 t 0 250¢ 0 0 0 19 285 0 28
Fertilizer, urea High 232,000 t 0 250¢ 0 0 0 58 870 0 87
Fertilizer, TSP High 77,000 t 0 350°¢ 0 0 0 27 405 0 4¢
Fertilizer, urea Low 0,47 units® 187(m) 60° 0 87 7 7 649 105 54
Fertilizer, TSP Low 0.23 unitsf 78(m)132¢ 0 18 5 5 190 75 16
Fertilizer, urea High 0.47 units 190(m) 7oe 0 89 8 8 685 120 56
Fertilizer, TSP High 0.23 units 133(m)243° 0 30 9 9 435 150 28
Research extn. - - 43(m) ob 338 10 0 0 215 165 5

4The additional amcunt must be cumulated so tkat the 5-year total of the additional current costs equals: in the
first year, the first year addition; in the second year, the second year addition plus the first year addition, etc

bAnnual increase of 139,000 nutrient tons converted to Urea and TSP assuming 3/4 of fertilizer is Urea, 1/4 is TSP.

CAll fertilizer is imported in these cases.

done ammonia-urea production unit will produce 495,000 tons urea/year. About one every 2 years would meet the needs

€Cost per ton of producing the fertilizer, excluding capital depreciation and interest, assumed half domestic, half
foreign.

fone TSP production complex with phosphate rock grinding and sulphuric acid plant will produce 340,000 tons TSP/year
with investment cost ranging from 78 to 133 million (TVA, p.99).

BArbitrary breakdown between domestic and foreign.

hAssumed to be entirely an investment.



Table 10. Projected rates of increase of irrigation, fertilizer and technology?

and associated output growth, and investment required, South and

Southeast Asia, 1974-1985.

Inputs to the model Outputs of the model

Run Irrigated Ferti- Produc- Implied Annual investment ($ million)
no. area lizer tion N:rice Low fertilizer High fertilizer

(%/yrx) (%/yr) (%/yr) price Imported Domestic  Imported Domestic

Verification
nb 2.4 18.5 3.0 6.6 861 866 164 1133
v2b 1.8 7.8 2.8 6.9 715 742 768 773
Projections with inputs increased
1 1.5 12-8€ 1.6 1.4 1072 960 1530 1237
2 2.0 12-8 1.8 1.8 1252 1140 1768 1475
3 3.0 12-8 2.3 2.6 1641 1529 2256 1963
4 3.0 12-9.5 2.4 0.8 1754 1619 2435 2080
Projections with improved technology and inputs

5 1¢ 1.5 12-8 2.5 5.5 1272 1160 1730 1437
6 T¢ 3.0 12-8 3.0 6.8 1841 1729 2456 1963

8MVs covered 6% of irrigated rice land in 1963-67, 33% in 1968-72 and 57% in 1973-74.

They are

bThese ar

assumed to cover 907 of irrigated and 30% of rainfed land by 1985.

e the verification runs, V1 covers the 5 year period 1963-67 to 1968-72 and

V2 covers the 3-1/2 year period 1968-72 to 1973-74.

CFertiliz

er applied to rice grows at 12%/year in 1974, that rate declines gradually

to 8%/year by 1985,



Appendix

The following formulae were used in calculating the annual compound
growth rate and estimated shares of increased output attributed to area and
yield (Appendix Table 1).

1. Annual compound growth rate (%) of area (Pn) or yield (Gy).

Compute

t Vo

— -1 x 100
Vi

where V] is the value for period 1 which is a 5-year average
centered at year shown.

V2 is the value for period 2 which is a t-year average
centered at year shown.

t 1is the number of years interval between period 1 and 2.
2. Breakdown of output growth into percentage points attributed to
components of area.

a) percentage points attributed to irrigated land.

Compute
I -1
‘X;*—:‘XI— X Gy
where:

I is irrigated rice area for the period indicated in the _
subscript which is a 5-year average centered at year shown.

A is total rice area, also 5-year average centered at year shown,
Gp is the annual compound growth rate (%) of total rice area.
b) percentage points attributed to unirrigated land.

- compute as in 2a above but unirrigated area is used in
place of irrigated area.
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c) percentage points attributed to upland area
- compute as in 2a above but upland area is used in place of
irrigated area.

3. Breakdown of output growth into percentage points attributed to
components of yield.

a) Fertilizer - calculated on the basis of 10 kg of yield for
every 1 kg of fertilizer.

Compute

(Fp - F1) x 10 4 g
Yy - Y3 y

Where:

F is kilogram of NPK used on rice per hectare for the
period indicated in the subscript which is a 5-year
average centered at year shown.

Y is yield in kilogram per hectare for the period indicated
in the subscript which is also a 5-year average centered
at year shown.

Gy is the annual compound growth rate (%) of yield.

b) Residual

Compute
Gy - (F2 - F1) x 10 x Gy

Y2 - Y1




Appendix Tablo 1. Estimated sheras in paddy output attributed to area and yield..

Attributed to arca Attributed to yield .
Production Irrigated Unirrignted Upland Total Fertilizer Residual Yicld
(000 m.t.) (thousand hectares) (kg of NP’K/ha) (ron/ha)
India
Average 1963-67 52,525 13,413 22,473 - 35,886 1.77 - 1.462
Average 1968-72 61,480 14,490 22,843 - 37,333 19.15 - 1.647
Annual compound growth rate 1965-70 3.2 1.6 0.3 - 0.8 19.8 - 2.4
(0.6) (0.2) (1.5) (0.9)
Indonesia
Average 1963-67 15,478 5,739b - 1,510 7,249 8.83 - 2.134
Average 1970-74 21,571 6,923b - 1,337 8,260 26.30 - 2.610
Annual compound growth rate 1965-72 4.8 2.7 - -1.7 1.9 16.9 - 2.9
(2.2) (-0.3) (1.1) (1.8)
Philippines
Average 1963-67 4,113 1,102 1,508 549 3,159 7.61 - 1.301
Average 1971-75 5,386 1,394 1,578 411 3,383 24.90 - 1.588
Annual compound growth rate 1965-73 3.4 3.0 0.6 -3.6 0.9 16.0 - 2.5
(1.2) (0.3) (-0.6) (1.5) (1.0)
Thailand’
Average 1963-67 11,456 1,706 4,647 - 6,153 3.58 - 1.862
Average 1970-74 13,237 1,808 5,227 - 7,035 6.79 - 1.880
Annual compound growth rate 1965-72 2.08 0.83 2.34 - 1.93 9.58 - 0.14
(0.2) (1.7) (0.3) (-0.1)
Pakistan
Average 1963-67 2,019 1,373c - - 1,373 8.01 - 1.469
Average 1970-74 3,437 1,511¢ - - 1,511 25.54 - 21276
Annual compound growth rate 1965-72 7.9 1.4 - - 1.4 18.0 - 6.5
(1.4) (1.7 (4.8)
Malaysia (Hest)d
Average 1963-67 1,083 53 359 21 433 45.0 - 2,500
Average 1971-75 1,695 200 370 13 583 75.0 - 2.900
Annual compound growth rate 1965-73 5.7 18.1 0.4 -5.8 3.8 6.8 - 1.85
3.7) (0.3) (-0.2) (1.4) (0.5)
Sri Lanka
Average 1963-67 987 359 238 - 597 25.13 1.653
Average 1970-74 1,448 380 241 - 621 72.22 2.331
Annual compound growth rate 1965-72 5.6 0.8 0.2 - 0.6 16.3 5.0
(0.5) (0.1) (3.5) (1.5)

8Figures in parentheses indicate the percentage pointe of annual production growth over the period which is actributable to
each input.

bThis includes rainfed area.
CAssume 100X of rice area is irrigated.

dFigutel for West Malaysia are adopted from Yim Kong Ming, "A Study into the Sources of Agricultural Growth in West Malaysias,"
a term paper submitted to the University of the Philippines at Los Bafios in partial fulfillment for the subject in Agricultural
Economics 236, Second Semes.er, 1976/77.

Sources of basic data: Production, total area, and yield data are from USDA except for Indonesia and Thailand which use
national source.
Data on irrigated area is from national source.
Fertilize: data is estimated from FAO Annual Fertilizer Review, national source, and special studies.
For mor. detailed explanation on the sources and estimation of irrigation and fertilizer data, see
Palacpac, World Rice Statistics, Dept. of Agricultural Economics, IRRI, Revised April 1977.




Appendix Table 2. World rice, wheat and coarse grains production and rice
production in selected countries (million metric t), 1974-1977.

1963-67 1968-72  1973-74  1974-75 1975-76 1976~772

World Total

Wheat 276.7 329.2 371.6 356.4 350.0 412. 4
Coarse grains 505.0 601.6 659.6 620.4 634.4 692.1
Riceb 265.8 302.8 324.3 330.0 352.3 343.8
Country Rice Production
China 95.2 107.6 112.9 120.0 119.0 118.0
India 52.5 61.4 66.1 59.4 74.3 67.1
Indonesia 15.5 19.7 21.5 22.5 22.6 22.6
Bangladesh 15.7 16.3 17.6 17.1 18.8 19.1
Japan 16.2 16.0 15.2 15.4 16.5 14.7
Thailand 11.4 13.0 14.3 14.5 15.2 15.0
Burma 7.8 7.9 8.6 8.6 9.2 9.3
Brazil 6.4 6.2 6.5 7.0 8.5 7.8
Korea (S) 5.1 5.3 5.8 6.2 6.5 7.2
USA 3.6 4.1 4,2 5.1 5.8 5.3
Pakistan 2.0 3.3 3.7 3.5 3.9 3.7
All others 34.4 42.0 47.9 50.9 52.1 53.9

Source: USDA "Foreign Agriculture Circular," March 23, 1977 and IRRI Agricultural
Economics Department, 'World Rice Statistics," 1977.

3as of March 23, 1977 USDA estimate .

bRice data are for rough rice (paddy),
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Fig. 2. Calorie consumption by Income Groups, Asia, 1965.
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