
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


ROBERT W. HERDT, AMANDA TE, 
AND RANDOLPH BARKER* 

THE PROSPECTS FOR 
ASIAN RICE PRODUCTION 

The developing countries of Asia contain more than two billion 
people, approximately one-half of the world's population. Assuring adequate 
food for these people is a priority goal of the governments of Asia and of others 
concerned about the region. This paper examines the prospects for meeting 1<)85 
food requirements through increased rice production. 

Chart I shows the apparent per capita consumption of calories in two recent 
periods for 15 countries in Asia. I Because data on stocks are not available for all 
countries, the average of 1963-67 is compared to the average of 197 1-75. The 
comparison shows relatively little change in consumption levels in most countries 
over the eight-year period. Cereals are the principal source offood calories in most 
of the countries, but are less important in Sri Lanka, Malaysia, and Taiwan (Chart 
I). Rice contributes an appreciable fraction of total calories in all countries and 
makes up an especially large portion in Bangladesh, Burma, Thailand, Laos, 
Cambodia, and Vietnam. 

Apparent per capita food availability of approximately 2,000 calories per 
capita is not far below the Food and Agriculture Organization of the United 
Nations (FAO) estimated requirements of 2,200 for Asia. However, such a 
comparison underestimates the seriousness offuture problems because population 
is expected to grow rapidly and because the distribution offood is skewed, much 
as is the distribution of income. Hence, a large proportion of low income Asian 
households is likely to have levels of food intake far below the national average. 
While this paper is concerned principally with ways to increase production, 
particularly of rice, the solution to the food problem in most countries lies in a 
proper combination of production and distribution programs. 

SOURCES OF OUTPUT GROWTH OF RICE IN ASIA 

Agricultural output can 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 

"The authors are Agricultural Economist and Research Assistant, International Rice Researl h 
Institute, and Professor of Agricultural Economics, Cornell University. 

1 The data in this section are from materials prepared by Randolph Barker .Ind Bruce F. 
Johnston li.)r the Second Asian Agricultural Survey of the Asian Development Bank. 

Food Rmtll'ch IIIJ/if1l1< SflldieJ. XVI . .3. 1977-78 
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source of output growth. New lands were opened up at a pace roughly in keeping 
with the growth of the agricultural labor force. 

The gradual exhaustion of idle land and closing of the land frontier after 
19(jo-more pronounced for rice than for upland crops-necessitated a shift 
toward increased double cropping and the use of modern yield-increasing inputs. 
The speed with which this transition can be effected in the future will determine 
the degree to which output can keep pace with population growth and generate 
the food surpluses needed for agricultural development. In this section, the 
changes in production, area, and yield of rice over the past decades are examined 
and the contribution of increased fertilizer and irrigation development to output 
growth is measured. The trends and fluctuations in output and inputs are then 
examined to determine whether or not there has been a slowing of production 
growth rates. 

Yield and Area Effects 

The first step in examining the contributions of irrigation and fertilizer to past 
output growth is to disaggregate the contribution of area and yield. Crop area 
changes arise from changes in the total land area or from changes in the area 
double cropped. Yield increases are partitioned into increases due to a higher 
proportion of the area irrigated and to a higher use of yield-increasing inputs, 
such as new seed and fertilizer. In calculating the contribution of fertilizer, it is 
assumed that I kilogram (kg) of fertilizer nutrient produced 10 kg of paddy 
(rough or unhulled rice). The contribution of new varieties is assumed to be 
embodied in the added fertilizer made profitable by their adoption. 

Following the above method, the sources of output grmvth in seven Asian 
countries were disaggregated for the post-19(j9 period (Table I). The countries 
have been ranked by their annual rate of production growth. Area change is 
divided into irrigated and unirrigated. Unfortunately, available data were not 
robust enough to distinguish the double-cropped area. Yield growth not at
tributable to fertilizer use is shown as a residual that reflects the influence of 
increased irrigated acreage, more timely water application, improved drainage, 
and desalinization. 

Trends clnd P//I(fuatiom in Production 

Analysis of sources and patterns of growth are invariably confounded by 
short-run fluctuations in output that may mask changes in longer-term trends. 
Of paramount concern at the moment is the possibility that such fluctuations 
may obscure a slackening of the growth in production following an initial spurt 
provided by the introduction of the new technology in the late [900S. 

In order to examine this question, rice yields in a number of countries were 
plotted and the countries were grouped according to the pattern they displayed. 
Malaysia, the Philippines, Korea, and Taiwan have all had a rather steady and 
prolonged growth in yields. In the mid-19S0S, rice yields in Korea and Taiwan 
were twice the level being obtained in most South and Southeast Asian coun
tries. By the mid-1900S, the differential was even greater because of the more 
rapid yield increase in Korea and Taiwan. Since 1965, however, several Asian 
countries have registered yield increases in excess of 2 percent per year. Rates of 
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TABLE I.-ESTIMATED PROPORTION OF GROWTH IN RICE OUTPUT 

ATTRIBUTED TO COMPONENTS OF AREA AND YIELD FOR 

SELECTED ASIAN COUNTRIES, MID-1960s TO EARLY 1970S* 

Annual rate 
of production 

growth 

Percentage points attributed to 

Period (pet'cent) 

196 5-73 7·9 
196 5-73 5·7 
196 5-7 2 5·6 
196 5-7 2 4. 8 

196 5-73 3-4 
196 5-70 3. 2 

196 5-72 2.1 

Area 

Irrigated U nirrigated 

1.4 0 

3·7 o. I 
0·5 o. I 
2.2 -0·3 

1.2 -0·3 
0.6 0.2 

0.2 1.7 

Fertilizer" 

1.7 

1.4 

3·5 
1.1 

1.5 
1.5 
0·3 

·Data are from the International Rice Research Institute, Research Highlights for 1976, Los Banos, Philippines, 1977, p. 79. 
aCalculated on the basis of 10 kg yield for every I kg of fertilizer. 
bInciudes the contribution to yield of improved quality of land due to higher proportion of irrigated area. 
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increase in Korea and Taiwan were substantially lower during the 1<)65-72 
period than in the previous decade, suggesting that a ceiling was being ap
proached. In Korea, however, beginning in J <)73, the introduction of a new 
generation of high-yielding varieties, obtained by crossing Indica and Japonica 
varieties, significantly raised the yield ceiling and the rate of growth or rice 
yields again accelerated. Indonesia, Sri Lanka, and Pakistan all showed rapid 
increase in yields in the late J 960s followed by a fall of yields in recent years. 
The other countries show occasional small increases from time to time but little 
sustained improvement. 

In Table 2, data for the last decade are shown separately for 1965-70 and 
1970-74 in order to identify any possible change in growth of output and 
inputs. Rice production and change in irrigated and unirrigated areas are re
ported in the table in terms of annual compound growth rate over the desig
nated periods. Growth in fertilizer and modern varieties (MV) are reported in 
annual increments, since the level of both was close to zero in 1 <)65. 

The reasons for the decrease or increase in the growth rate of production seem 
to differ from country to country. In Pakistan the sharp decline was accom
panied by a slackening in growth of irrigation, fertilizer, and MVs. In India, 
however, the rate of growth of production declined even though the area de
voted to MVs increased more rapidly. The decline in output growth in Sri 
Lanka was accompanied by an increase in the average annual increment of both 
fertilizer and MVs. Conversely, an increase in the annual compound growth rate 
of production in Bangladesh and Burma was accompanied by a decrease in 
average annual increment of fertilizer. Thus, the change in production growth 
that was observed in the early 1 970S compared to the late I <)60s may be due to 
temporary fluctuations resulting from the generally bad Asian weather in 1972, 
and the sharp price fluctuations of 197.') and 1974. Until data from additional 
years become available, however, no firm conclusions about the post- 1 970 
trends are warranted. 

FUTURE GROWTH OF FOOD PRODUCTION IN ASIA 

There have been a number of attempts to determine whether future food 
availability in Asia will be "adequate" to meet future demand. Such studies are to 

some extent academic because when the target year arrives, the amount of food 
that will be consumed must obviously be available from some source. Projections 
are useful though for indicating whether current supply trends will meet current 
demand trends and, if not, the expected magnitude of imports and the need for 
action to change trends. A number of such studies are available. 

In the mid-I960s the FAO began work on its "Indicative World Plan" for 
agriculture. This document has become the starting point for similar projections 
by other groups. Three recent projections of foodgrain production to.1 <)R5 are 
summarized in Table .'). The FAO projections were made by adjusting past rates 
of growth of output to expected feasible levels. 

The projections of the International Food Policy Research Institute (IFPRl) 
(6), the Asian Development Bank (J), and the World Bank (5) differ somewhat in 
absolute levels because of differences in countries and crops included, income 
projections, and in using milled rice or paddy as the basis for calculations. Rates 



TABLE 2.-ANNUAL GROWTH IN PRODUCTION, IRRIGATED AREA, 
FERTILIZER PER HECTARE, AND AREA IN MVs, 1965-70 AND 1970-74* 

Annual compound growth rates (percenf) Average annual increment 

Fertilizer Area in modern varieties 
Production Irrigated land Other land (kg NPK/ha) (percent of rice area) 

Country 1965-70 1970-74 1965-70 1970-74 1965-70 1970-74 [965-70 [970-74 [965-70 1970 -74 

Pakistan IO.65 1.66 2. lOa 0.65a 0 0 2·73 1. 33 7.3 2 0.92 
Sri Lanka 7·39 0·94 2·93

b n.a.e 
2·7 2b n.a.e 5.50 20-40 1. 67 12·55 

India 3. 20 0.83 1.56 n.a. e 
0·33 n.a.e 2.28 1. 0 5 2-4~ 3· 75 

Thailand 2.61 0·93 0.85 0.Q2 3. 02 0.04 0.78 -0.23 0.2d' 1. 52 
Indonesia 4.92 4.7 1 2.89c 

2·53
c -0.64 -4.3 6 2·37 4.4 1 3·70h 7·35 

Philippines 3·59 3·99 4.5 1 1.30 -2·54 1.45 2.3 1 1.66 10.06 2.80 
Bangladesh 0·73 1. 73 12·7 2d 5·73

d 0.05 -0·49 0-45 -.02 0.92 2.5 0 
Burma 0·49 2.28 2.02 3. 87 -0.61 0-40 0.61 0-40 I.d 0.65 

*Produccion. roral area, and yield dara are from U.S. Deparrment of Agriculrure, excepr tor Indonesia and Thailand which are from narional sources. 
Irrigarion dara are from narional sources. Fertilizer dara are estimated from rhe Food and Agriculrure Organization of rhe Unired Nations, Fer·tilizm: A.n A.nnual 
Rwieu', Rome, various years, For a more derailed explanarion of sources of irrigarion and fertilizer dara, see A. C. Palacpac, "\'\:'orld Rice Srarisrics," 
Agriculrural Economics Deparrment, Internarional Rice Research Insrirure, Los Banos, Philippines, April 1977, Modern varieries dara are from D. Dalrymple, 
Dm!/opmmf and Spread of High Yielding Variefie.l of Wheat and Rice in Less Del'eloped NafiollJ, U.S. Departmenr of Agriculrure, \Vashingro:t. D.C., August [976. 

"Assume 100 percenr of rice area is irrigated. 
u1965-69 
cThis includes rainfed area, 
riThis refers to "Boro" crop area, 
eDara are nor available. 

'1964-7 0 

!/1968-70 

h 1967-7 0 

i 1966-70 

00 
00 
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of growth are projected to range from 2.2 percent (World Bank) to 2.8 percent 
(IFPRI), or approximately the average rate of increase in production from 1960 to 
1975. The rest of this paper attempts to determine what changes will be required 
in resources devoted to rice production in order to achieve such a rate of growth. 

i\ MlJde/lJj Rice OIlIPIlI Growlh 

A simple aggregate model has been developed to specify the relationships 
between growth of the output in South and Southeast Asia and changes in land, 
labor, fertilizer use, irrigated area, and technology. From this formulation it is 
possible to specify the investment cost associated with each of these sources of 
l;roducrion growth. The model begins from the base year of 1974 and projects 
to J 9H5. It is not intended to represent the situation in each country, rather the 
country data are used as components of regional totals. The objective is to 

suggest the magnitude of regional investment that would be required to obtain 
alternative rates of output increase. 

The model works as follows: 
I. The geographic land available for rice production is assumed to be constant 

through 1985, but the distribution of cost of that land among the major types of 
rice culture, including the amount of double-cropped land is based on projections 
of irrigation investment. Labor supplies are assumed not to be limiting. 

2. The proportion of each type of land in modern and traditional rice varieties 
is based on historical trends and on investment in research and extension. 

3. The amount of fertilizer available for rice production is based on best 
available estimates of past allocation. The investment necessary to produce the 
fertilizer demanded is based on budgeting studies of fertilizer investment (I I ). 

Imports are an alternative source of supply. 
4. The fertilizer used per hectare of each type of rice is based on fertilizer 

response functions, total fertilizer availability, area in each type of rice, and the 
assumptions 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 production is determined from yields and area of each type. 

6. Technical change affects the response functions used in steps 4 and 5. 
Attention is focused on the change in the level of investments needed to achieve 

stated constant rates of growth in output. The computational model utilizes 
annual fertilizer, irrigation, land area, and other data. These levels grow over the 
projection period, but in this presentation the focus is on the rates of change and 
the average annual investment required over the entire projection period of ten 
years. 

Similarly, no account is taken of the time lag involved in the investment 
process. It takes three to five or more years to complete fertilizer or major 
irrigation projects. Many such projects have been and are presently being con
structed in the region. Those under construction will provide part of the output 
needed in the late 1970s. Those started in the late 1 970S will provide output for 
the 1980s. The issue that the analysis deals with is the relative investment that 
will be required flJr the next 10 years in order to match the growth achieved over 
the last 20 years. 



TABLE _).-ALTERNATIVE SETS OF CEREAL GRAIN PRODUCTION 

PROJECTIONS AND RATES OF GROWTH FOR SELECTED ASIAN COUNTRIES'*' 

IFPRI" ADB \X/orld Bank 

11.)61)--1 11)8,)-86 R.ue "FO--:'.j 198 5 RJtt 197-l 1<)85 R,ue 

(mi/lioll IJIdri,' 1011.1) ( p,r<mt! (lIIilliulI lIIetric 1011.<) (pertt!!ll) (Illillioll lIIetric 1011.<) (percellf ) 

India 101. 7 1)3· 5 1.8 I I I. 5 15 2 . 2 2-4 80·7 106.1 2·5 
Bangladesh I 1 . 1 1 .). 1 I. I 16.8 21.7 2.0 11.7 1)·9 1.6 
Pakistan 10·5 ,) , -_ .. ' 5. 0 1 I. 5 15·4 2.2 11.2 17. 2 3·9 
Indonesia 15. 6 " , -.')' .) 

, ~ _. / 24· 5 .) I. 8 2.0 18·3 27·5 3·7 
Philippines 5·4 8.7 ' ") .). - / oJ 10.8 3. 0 6.2 9·5 3·9 
Thailand 1 1.0 18.-1- 3·-1- 15-4 20.2 2.1 11.5 16·5 3·3 
Sri Lanka 1.5 2.0 2.2 1.2 1.7 3. 2 
Burma 8 ' .. ) 11.2 ") , _. -, 5·7 6.-1- 1.1 
Nepal 2·5 2.8 1.0 
Other Asia 9·" 10·9 I. I 

Total 1('-1-. 8 2.:;0.2 1.2 I 9(). 8 265.) ") , _. :) 149. 0 201.6 2.8 

"'Data are from the International Food Policy Rese,lrch Insrirure (I FPR I!. ,\Inllll" Food ,\'(f{/' ill Ibe D'l'dupillg W'urld: Tbe LUCJlioll Jlld Magllilllde oJlbe TJ.<k ill 
tbe 1\,.\"/ Dmuk. IFPRI Research Report No_ I. \\"lshin;.:ron. D.C. Febru,lr)" 1<)-6: Asi,ln Den:lopment B,mk, ,1.Ji,lII ,1.grimllllral 5/11Tt) 19-6, Manila, 
Philippines, 19'7, preliminary: ,md S. H,tdler ... Dewlopin;.: Cllll1tr) FlH,d.l!rain Projecrions ttl( I<)~'i'" B,mk Sr,tff \\'orkin;.: P,tper No_ L+-. \X'orld Bank, 
Washin;.:con, D_C, November 1<)-6-

"Cereals producrion in India includes pulses in IFPRI d.,r,,: rice in milled rile el]ui\",denr. n(l( !",dd)". 
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The data and relationships used in each part of the projections are discussed 
below. 

Land in rice. -The geographic area devoted to rice production in the countries 
under study has probably increased very little in the past decade except in 
Thailand and the outer islands of Indonesia. Some countries, including the 
Philippines, have actually had a decrease in the net area devoted to rice produc
tion. It is impossible to obtain accurate regional data on the net (geographi<J area 
because most countries report the total area planted or harvested, so that doubl<:
cropped areas are counted twice. However, if one subtracts irrigated area from 
total area, the remainder was about constant from 1965 to H)74. 

Net land area devoted to rice is assumed to remain fixed at the 1974 level until 
1985. Growth in total land is attained through increases in the double-cropped 
area which are made possible through irrigation. About 30 percent of the gross 
irrigated area had two rice crops in 1974. This proportion could increase, but as a 
conservative assumption it is held constant throughout. As irrigation investment 
occurs, land is switched from the rainfed category to the irrigated category. An 
alternative projection technique might be to have irrigation investment upgrade 
the quality of irrigated land to increase the proportion of double-cropped land 
without decreasing the rainfed area. This may be a more realistic assumption for 
some countries, but the former is better for others and appears to be adequate for 
the region. Total rice area increases as irrigated area increases because .'\0 percent 
of the irrigated area is double-cropped. 

Labor's crmtriblltioll. -The labor available for rice production will continue to 
grow throughout the projection period. Most estimates of labor's impact on 
production are derived from cross-sectional production function studies which 
include the actual labor used in production on different types of production units. 
These probably overestimate the response of output to the increased inputs of 
labor. 

Chctnf!,fS ill wrie/ifs. -Rice land is classed as irrigated, rain fed , upland, and 
deepwater. In the model, irrigated and rainted areas are further divided into 
area planted to modern and traditional varieties. Because the prospecr for yield
increasing technology for upland and deepwater areas is limited and of the same 
magnitude, they are treated as a single class. Thus, the model has five land 
types: irrigated modern varieties (MV!), rainfed modern varieties <MVRl, irri
gated traditional varieties (TV!), rainfed traditional varieties <TVR), and up
land and deepwater which are both assumed to be traditional <ULD\XI). Good 
statistics are not available on the existing area planted to these types, but t~lrm 
surveys have invariably shown a close association between irrigated area and 
MVs, and an equally close relationship exists on an inter-country basis. Table -+ 
shows the area irrigated and the area planted in MVs during 196~-7.). MVs are 
expected to cover 90 percent of the irrigated rice land in I 9B'). 

MVs are also grown on rainfed land. In the Philippines ,\IVs coven:d {q 

percent of the rainfed lowland and Ho percent of the irrigated area in 197,)--;(). 

In most other countries, MVs are currently planted on only a small fraction of 
the rainted land. As better adapted varieties are developed MVs will sprcad tt) 

rainfed areas. The proportion of rainted are,l planted to MVs is assllmcd ro ITach 
.)0 percent by 1')85. 



Coumry 

India 
Bangladesh 
Indonesia 
Thailand 
Burma 
Philippines 
Pakistan 
Malaysia 
Sri Lanka 

Total 
Growth rate (percent) 
Seven country total9 

Growth rate (percent) 

TABLE 4.-AREA, IRRIGATION, MODERN VARIETIES, AND FERTILIZER USED IN 
RICE PRODUCTION IN SOUTH AND SOUTHEAST ASIA, 1963-74* 

Total rice area Irrigated rice area Modern varieties area Fertilizer applied to rice 
(thollJarui ha) (thollSand ha) (thol/sand ha) (thollsand nlltrient tom) 

1963-67 1968-7 2 1973-74 1963-67 1968-7 2 1973-74 1963-67 1968-7 2 197~-74 196 3-67 1968-7 2 1973-74 

35,886 37,333 38 ,3 02 13>413 14>498 894 5,539 10,249 279 7 15 869 
9,31 I 9,745 9,900 500a 9 IOa 1,106(/ 34 513 1,5 I 5 20b 43

b 
50b 

7,249 8,078 8, 62 5 5,739 6,616 7,220 0 1,039 3,270 64 167 285 
6,153 6,941 7,398 1,706 I,7S0 1, 81 9 0 108 425 22 52 49 
5, 01 9 4,958 5,143 667 737 85SC 3 In 292 6 21 29 
3,159 3, 183 3,544 1,102 1,374 1>447 392 1,55 6 2,217 24 61 83 
1,373 1,52 3 1, 624 I,373c I,5 23C I, 62 4c 2 547 634 I I 33 41 

399 515 587 167 375 442d 65 161 21 9 19 32 4g
e 

597 627 574 359 40 3 0 73 360 15 33 65 

69,146 72 ,90 3 75,697 25,026 28,216 30 ,0351 1,290 9,7 13 19,181 460 I, 157 1,5 20 
1.1 1.1 2-4 I.st 38 .9 19-4 18·5 7. 8 

32 ,663 34,943 36,82 I I I ,254 13,3 15 14,5 16 496 4,101 8,57 2 166 409 586 

1.3 1.5 3-4 2·5 42 .2 21.1 18.0 10·3 
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• Prod uC[ion , cotal area, and yield data are from U.S. Department of Agriculture, except for IndonesIa and Thailand which are from national sources. 
Irrigation data are from national sources. Fertilizer data are estimated from the Food and Agriculture Organization of the United Nations. Fertilizers: A,I AlIlIual 
Review, Rome, various years. For a more detailed explanation of sources of irrigation and fertilizer data, see A. C. Palacpac, "\'(7orld Rice Statistics," 
Agricultural Economics Department, International Rice Research Institute, Los Banos, Philippines, April 1977. Modern \"urieties data are from D. Dalrymple, 
Development alld Spread of High Yieldillg Varieties of Wheat alld Rice ill the Less DeI'eloped Nati01lS, U. S. Department of Agriculture. Washington, D. c., August 

1976 . 
"Data are for the rice planted to Boro rice, which is irrigated. 
b Assumed equal co 32 percent of cotal fertilizer, the corresponding figure for India. 
C All rice in Pakistan is assumed to be irrigated. 
dBased on an estimate of the growth in net irrigated area. 
'Projected at 20 percent of total fertilizer for the country; projected from two previous periods when it W,IS 30 percent and 23 percent. 
'Projected growth rate of 9 percent in countries for which data are available, compared to 18 percent. 
YBangladesh through Malaysia. 
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Irri/!,atirln. -The amount of irrigated land is a policy variable determined 
externally which directly results in a major investment cost. Several recent 
studies of irrigation costs and coverage are available. Kikuchi's study of Philip
pine irrigation system construction between '949 and '975 showed construc
tion costs (convened to '975 constant prices)2 on river diversion systems of 
$ .~04/hectare (ha) on 7, '70 ha for systems constructed during' 949-5 5; $4' 3/ 
ha on 1,,970 ha constructed during 1956-65; and $517,/ha on IH,747 ha 
constructed during '966-74 (8). These river diversion systems are generally 
small projects with construction periods of one to three years. In '975 a high 
dam storage system with a command area of 80,000 ha was completed at an 
'average cost of $ 1 ,2 80/ha. It had a construction period extending over five 
years, with full irrigation capacity reached after two years of operation. 

Kikuchi hypothesized that costs of new irrigation would continue to increase 
because the more suitable irrigation locations had been utilized first, and the 
remaining sites would be less suitable and hence entail higher costs. 

Nakahara (9) reviewed irrigation projects financed by the Asian Development 
Bank (ADB) and World Bank in Asia between '965 and 1974. His primary 
fiKUS was on costs. Eight projects financed by the World Bank irrigated 
',07' ,900 ha at a capital cost of $587 million, a cost of $548 per hectare. 
Twenty-four ADB-financed projects that irrigated 322,' 7' ha had a total pro
ject cost of$429 million (in '975 prices), for an average capital investment cost 
of $ I ,3 30/ha. Fifty percent of the investment costs were foreign costs. Nakahara 
did not explain the difference in cost between the two sets of projects, but they 
may reflect economies of scale and different construction years. On the basis of 
Kikuchi's and Nakahara's data, there is a range of $550 to $, ,300/ha between 
the low and high estimates of capital costs for new irrigation. It is likely that 
future costs will be at the upper end of this range because most of the lower cost 
sites are already developed so $1,000 and $ 1 ,300 are used as low and high 
investment cost per hectare in the 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 irrigation which assures a favorable benefit-cost 
ratio. However, micro-studies that compare irrigated and noni,rrigated areas 
usually show more modest increases in yield. In this analysis, the yield benefits 
of irrigation are made dependent on the level of fertilizer and MVs, as discussed 
below. The minimum yield benefit of irrigation is 0.7 tons/ha, increasing to 

'.5 tons/ha, depending on the technology level. In addition, irrigation in
creases the area devoted to rice through double croppIng. 

Pertilizer dell/and and inveJ/ment COJt. - Fertil izer appl icat ion is a major source 
of additional rice output. Since the introduction of MVs, the amount of fer
tilizer applied to rice has increased rapidly; between 196, and 1967 fertilizer 
applied on rice increased by nearly 20 percent annually and between 1968 and 
1973 by nearly H percent. In the early 1970s, fertilizer on rice amounted to 

one-third of the total fertilizer used in the countries of the region. Farm-level 
research shows a considerable scope for higher yields from more fertil izer, 
especially where it is presently being applied to. rice in the dry season (7). There 
is a limit, of course, to the amount of fertilizer that can be applied profitably. 
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Projections of fertilizer use between 1975 and 1980 are based on demand 
projections by the National Fertilizer Development Center of the Tennessee 
Valley Authority (TVA) (r I). TVA projects a 12 percent annual rate of increase in 
fertilizer use in South and Southeast Asia in 1975, declining gradually to 9 
percent in r 980. This trend has been extended through 1985 when use would be 
growing at 8 percent annually. An alternative projection uses a 12 percent rate 
declining to a 9.5 percent annual increase in 1985. 

The fertilizer can alternatively be obtained by importing it from the developed 
countries or the Middle East. Two cost levels are used: a low price ofS 1 so/ton and 
a high cost of $2 50lton of urea. Fertilizer imports may be preferred by smaller 
countries of the region. Under a perfect market equilibrium assumption, the cost 
of imported fertilizer and the cost of domestically produced fertilizer would be 
equal. But because of the market imperfections related to entry and knowledge, it 
is likely that fertilizer could be produced by nationalized firms at a lower cost than 
that of imports. Part of the cost reduction might be acceptance of less than the 20 
percent return on investment assumed necessary in the TVA studies, acceptable 
by nationalized firms in the social interest. 

Constructing an ammonia-urea production unit of the latest technical design, 
using low cost ($0. 10/1,000 cubic feet) natural gas as a feedstock producing 
495,000 tons of urea per year, entails a capital investment ranging from $187 
to $ I 90 million (1975 dollars, with allowance for a moderate cost increase 
through 1978) (z I, p. 86). In such a unit, urea can be produced for approxi
mately Sroo/ron under TVA assumptions. A 20 percent return on investment 
in addition to costs of production (which include depreciation) would increase 
the gate sale price to $ I7 5/ton. Feedstock costing So. 2 Sir, 000 cubic feet would 
increase production cost to $ 103/ ron, and high cost gas at $0.50/1,000 cubic 
feet would increase it to $r09!ton. 

The investment for a complex capable of producing 340,000 metric tons of 
triple superphosphate (TSP) (46 percent P2 o.,) per year ranges from 578 to S 1 8) 
million (including cost escalation to 1978). The production cost of TSP from 
such a complex ranges from S 138 to $253/ron depending on the price of 
sulphur and phosphate rock. With a return on investment of 20 percent, TVA 
estimates a gate sale price of between $184 and S3v/ron (II, p. 99). 

Fertilizer application rates and yield. -One may project output increases from 
fertilizer availability by using the "rule of thumb" that one kilogram of fer
tilizer yields ro kilograms of paddy as in the analysis of sources of output 
growth. However, that approach does not reflect the complementarity of fer
tilizer, irrigation, and new varieties, nor does it recognize that a linear response 
to fertilizer cannot be expected to continue indefinitely. Traditional varieties 
respond less to fertilizer than modern varietie;s, and both respond more when 
irrigated. In most countries the area planted to modern varieties is irrigated, 
thereby removing some of the potential drought stress that usually occurs under 
rainfed conditions. Farmers apply more fertilizer per hectare on modern than on 
traditional varieties. 

Response functions relating rates of fertilizer application to yield in each 
combination of variety and moisture control incorporate the influence of variety 
and irrigation as well as the influence of fertilizer. Barker, Bennagen, and 
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Hayami (2) have fitted the functions of the form: 

(I) 

where Y, refers to MF I, Y2 to MVR, Y:1 to TV!, and Y,. to TVR 
to national farm survey data in the Philippines and experiment station data 
adjusted by observed differences between survey and experimental data. It is 
assumed that upland and deepwater rice are not responsive to fertilizer. 
Coefficients used in the model, slightly modified from those found by Barker et 
a!. are: 

a f3 y 
MVI 2,200 [8 .09 
MVR [ AOO 15 . [I 

TVI 2,000 I I .13 
TVR I AOO 9 .16 

When values of the Fi are known for a particular year, production can be 
estimated. Under the assumption of market equilibrium, the marginal produc
tivity of fertilizer applied to each type of rice will be equal to the ratio of the 
price of fertilizer to the price of rice. If there is not enough fertilizer to permit 
this, the model assumes that what fertilizer is available will be so allocated 
among the four possible uses as to make the marginal product in terms of 
rice-a-the same in each. This gives: 

- d Y i - 8 8 F - F cl - -- - I - o. I T - 15 - .22 '2 = etc. 
d Fi 

(2) 

It is assumed that the total amount of fertilizer used, }; Fi Ai where Ai = the 
area planted with each technique, will equal the total amount of fertilizer 
available, F, giving 

F = Fi Ai 

If the area in each type of planting (Ai) and the total amount of a fertilizer 
available are known, Equations (2) through (3) can be solved for:I, and for total 
rice production. Equation (2) is solved for the Fi in terms of ci. Substitution in 
Equation (3) gives the value of c{. Substituting this back in Equation (2) gives 
values for the Fi . When these are substituted in Equation (I), yields per acre are 
obtained for each situation, and these, with the known areas, given total rice 
production. 

I fI1'eJtlllent in reJecirch Clrld exlell.rili/7 . -The conventional economic explanation 
of technological change is that it arises from a change in the production function 
(J 2). This could be interpreted, in this case, as the difference between Equa
tions (I) and (,,) or between (2) and (4). The modern varieties give a greater 
yield response to fertilizer. The advantage was created largely through the 
investment in rice research between 1960 and 1970. Spreading this innovation 
was achieved through extension investments made between 1965 and 1975. 

Present rice research is focused on a wide ·range of topics including insect 
resistance, problem soils, and drought, as well as fertilizer efficiency, so it is 
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impossible to devise a "realistic" technique for reflecting the impact of success
ful future technological change. A simplified way of looking at the future 
impact of investment in rice research and extension is to assume that it will 
continue to shift the fertilizer response functions. If it is agreed that investment 
in rice research and extension between [960 and [970 caused the observed 
change in the fertilizer response function between Equations ( I) and (.'1), it took 
an investment of $."50 million to generate and spread the present modern 
varieties that resulted in response functions with two-thirds higher marginal 
productivity capable of effectively using more than twice as much fertilizer. 
One could conservatively estimate that S 1 00 million investment might lead, 
over time, to a [5 percent higher marginal productivity. This is the assumption 
made here. 

Investment in research may be more constrained than investment in other 
sources of growth. The amount one can effectively invest in research is limited 
to some moderate proportion of previous research. Even building the capacity 
for research by training additional researchers is a time-consuming process (3 ), 
which can itself limit the amount of growth that can be obtained from this 
source." Also, a certain amount of research investment is needed to maintain 
current levels of productivity. Hence, the 1 5 percent in marginal productivity 
will only be generated by S 1 00 in addition to current (maintenance) research 
investments. 

Model Verification. 1963-67 to 1968-72 

In order to verify the projections model, the acruallevels of inputs used by the 
countries of the region for the five-year average periods [963-67 and 1968-72 
were used to estimate production (Table 5). Land, irrigation, modern varieties, 
and fertilizer on rice were derived for the five-year average periods centered on 
1965 and 1970 and for the two-year average of 197."-74. It was assumed that the 
modern varieties were planted only on irrigated land in 196,,-67, that 95 percent 
of the modern varieties area was irrigated in 1968-72, and 90 percent of the 
modern varieties area was irrigated by 1973-74. The areas of upland and deepwa
ter rice were assumed to remain constant. Data on irrigated rice area were not 
available for 1973-74 for all countries, but in the seven countries for which 
irrigation data were available, irrigated rice area grew 75 percent as rapidly 
between 1968-72 and 1975-74 as it had in the previous five-year period. 
Assuming the same proportional rate for all countries gave the 1.8 percent rate of 
irrigation growth used for the second validation period. 

Estimated and actllal ONtP"t. -Under these assumptions and using the data in 
Table 5, the model estimates an average annual level of output of 1 12. I million 
metric tons of rice (paddy) compared to reported average actual production as 
estimated by the U.S. Department of Agriculture of 1 11.1 for 1 965-6} (Io). The 
model estimates 1968-72 output as 1.>,0.2 compared to reported output of I 29· 5 
million metric tons. Model estimated output for 1973-74 is 145-4 compared to 

reported output of 142.9 million metric tons. 
The shadow price ratio offertilizer (nutrient) and rice (paddy) implied by the 

model exceeds 6.5 for both verification periods. Market price ratios in most 
2 Converted using the index of international inflation reported by Nakahara (9). 



TABLE 5.-EsTIMATION OF COSTS ASSOCIATED WITH 

INCREASED INPUT USE FO.R INCREASED RICE PRODUCTION ACHIEVED, 

NINE ASIAN COUNTRIES, 1963-67 TO 1968-72 

(in U.S. dollal"S IInless indicatl'd otherwise) 

Average U ni t cost for Annual capital Annual additional 
Cost annual Capital Current Investment current COStS Total fi"VCl-Year period 

Input range increase investment cost Domestic Foreign Domestic Foreign Total Domestic Foreign 

Irrigated land Low 638,000 (ha) 1,000 3 19 3 19 6 0 3,2Ro 1. 685 1,595 
Irrigated land High 638,000 (ha) 1,300 20 4 15 4 15 12 0 4,330 2,255 2,075 
Fertilizer, urea Low 232,000 (tom Y' 0 15 0" 0 0 0 35 5 2 5 0 5 2 5 
Fertilizer, TSP Low 77 ' 000 (tom) 0 25 d 0 0 0 19 28 5 0 28 5 
Fertilizer, urea High 232,000 (tons) 0 250<' 0 0 0 58 870 0 87 0 

Fertilizer, TSP High 77 , 000 (tom) 0 35 0" 0 0 0 27 4 0 5 0 4 0 5 
Fertilizer, urea Low 0-47 (llnitsyt 187(mt 6d 0 87 7 7 649 105 544 
Fertilizer, TSP Low 0.23 (llnits Y' 78(mt 13 2e 0 18 5 5 190 75 165 
Fertilizer, urea High 0-47 (ttllits) 19o(mt 7d' 0 89 8 8 685 120 5 6 5 
Fertilizer, TSP High 0.23 (units) 133(ml 243' 0 3 0 9 9 435 15 0 285 
Research, extension 43(mr Oh 33; 10 0 0 21 5 165 50 

"The additional amount must be cumulated so that the five-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, and so forth. 

b ~nnual increase of 139,000 nutrient tons converted to urea and TSP assuming three-fourths of fertilizer is urea, one-fourth is TSP. 
C All fertilizer is imported in these cases. 
dOne ammonia-urea production unit will produce 495,000 tons u~ea per year. About one every twO years would meet the needs. 
e nz = million 
fCost per ton of producing the fertilizer, excluding capital depreciation and interest, assumed half domestic, half foreign. 
!lOne TSP production complex with phosphate rock grinding and sulphuric acid plant will produce 340,000 tons ofTSP per year with investment cost 

ranging from $78 to $ I 33 million. See Tennessee Valley Authority, National Fertilizer Development Center, An Appraisal of the Fertiliur Mal·ket a/Jd Trmd ... ill 
Asia, Muscle Shoals, Alabama, 1975, p. 99. 

;, Assumed to be entirely an investment. 
I Arbitrary breakdown between domestic and foreign. 
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countries were 4.0 or lower during the period. This suggests that on the ,lwra.t-:e 
for the region the rate offertilizer applied to rice was below the el]uilibrium level 
and that profitable scope existed for further output increases from hi.t-:her r,l(es of 
fertilizer. 

inVlfJtlllent levels.-Given the growth in irrigated land, fertilizer, r<:sean.:h,.llld 
extension over the period, one may wish to know the investment costs such inputs 
entailed. The data problems of determining actual investment costs are .t-:r<:at 
because of the number of different data sources, the differences in gestation 1a.L:S 

for similar investments in different countries, and violent price changes that 
occurred during the period. By abstracting from these events and using the 
standardized irrigation and fertilizer investment costs discussed above, it is 
possible to calculate the implied investments that must have been made in order 
to achieve the increased irrigation and fertilizer that occurred during the veriticl
tion period. The actual pattern of investment and benefits over time are highly 
complex. The procedure used was to aggregate over five-year periods and to 

determine the average annual investment for each period. 
The investment cost of the agricultural growth actually achieved between 

'96)-67 and r 968-72 was calculated as in Table 5. All costs are shown in U. S. 
dollars at constant, 975 prices. Because of the range in investment costs that 
exists in the data, a low and high estimate for each alternative is shown. With 
imported fertilizer, the total investment required to generate the increased rice 
output from the sources identified in the model ranged between 54, .')05 million 
and $5,820 million for the five-year period, '965-70. Using the domestic 
fertilizer plant construction alternative the cost ranged from 54,.">34 million to 

55,665 million. AVef<lge annual investment would average 5Ho, million to 

51,1.)5 million. 

ProjectiollJ /rOIll the Mocle!. I 9H 5 

Table 6 shows the results from the model. The first two lines give results of the 
verification, V, with data for 196')-67 to '968-72 and V2 with data for 196H-7 2 
to '97.)-74. The annual rates of growth of irrigated area and fertilizer are supplied 
as inputs to the model and the rate of rice production and the ratio of fertilizer 
prices to rice prices results. A number of other results, not shown because of lack 
of space, have been generated from the model, including the rates of fertilizer 
application on each type of rice, rice yields, and annual investment cost by input. 
The annual average investment requirements are calculated from the increased 
inputs and the investment requirement dara. As indicated above, rice production 
projected by the model is very close to reported production, differing by less than 
, percent in each verification period. 

In runs I, 2, and 5, the irrigated area was assumed to increase at , .5, 2.0, and 
.).0 percent annually. Fertilizer use grows at 12 percent in '974 then gradually 
declines to a rate of 8 percent annual growth in '9H5. In run 4, irrigated area 
grows at 5 percent and fertilizer demand grows slightly more rapidly than 
projected by TVA. Runs 5 and 6 assume that farmers' fertilizer productivity is 
increased ,)0 percent through research and extension. 

Runs I through."> show the effect of different rates of irrigat ion ex pansion with 
the base rate of fertilizer growth and constant technology. \'<Iith a 1.5 percent 



TABLE 6.-PROJECTED RATES OF INCREASE OF IRRIGATION, FERTILIZER, 
AND TECHNOLOGyli, AND ASSOCIATED OUTPUT GROWTH, AND INVESTMENT 

REQUIRED, SOUTH AND SOUTHEAST ASIA I974-85 

Ouq~urs of rhe model 

Inpurs ro rhe model Implied Annual invesrmenr (mil/ioll U.S. $) 
nirrogen 

Irrigared co rice Low cosrs High COStS 
Run area Fertilizer Production shadow Imported Domestic Imported Domesric 

number (pen:mt0ar) (p..,,:mtlyear) !pen:mtIJear) price fertilizer fertilizer fertilizer fertilizer 

Verification 

Vlb 2-4 18·5 3. 0 6.6 861 866 I, I64 1,133 
V2b 1.8 7.8 2.8 6·9 7 I 5 742 768 773 

Projections with inputs incre-ased 

1.5 I2-ff 1.6 1.4 1,072 960 I,530 1,237 
2 2.0 12-8 1.8 1.8 I,25 2 I, I40 1,768 I,475 
3 3. 0 I2-8 2·3 2.6 I,64 I I,5 29 2,256 1,963 
4 3. 0 12-9·5 2·4 0.8 1,754 1,6I 9 2,435 2,080 

Projections with improved technology and inputs 

5 1.5 12-8 2·5 5·5 1,272 1,160 1,730 1,437 
6 3. 0 12-8 3. 0 6.8 I,84 I 1,729 2,456 1,96 3 

"MVs covered 6 percenr of irrigared rice land in 1963-67, 33 percenr in 1968-72. and 57 percenr in 1973-7-1-. They are assumed co cover 90 percenr of 
irrigated and 30 percenr of rainfed land by 1985. 

"These are the verification runs: VI covers the 5-year period. 1963-67 to 1968-72, and V2 covers the 3- l ,! rear period. 1968--2 co 1973-'74. 
"Fertilizer applied co rice grows ar 12 percenr per year in 19"74; rhar rare declines gradually co 8 percenr per rear by 1985. 
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annual increase in irrigation, output grows at r.<S percent. A 2.0 percent annual 
increase in irrigation pushes output growth to r. 8 percent per year, while a 5· 0 

percent rate of irrigation increases output growth to 2 .. ~ percent. All three rates of 
growth of output are below the observed rates of output growth during the 
verification periods, and all entail substantially higher rates of annual invesrnwnt 
for irrigation and fertilizer. Because of the large investments and scarce n:al 
resources (engineering talent) needed for irrigation construction, it is unlikely 
that the irrigated area could grow much more r<lpidly th<ln .~ percent per year. At 
these rates the increased irrigated area <lnd the accompanying double (foppin,L: 
together with fertilizer would result in rates of production growth more or less 
consistent with those in Table .~. 

This projection assumes the existence of enough land suitable for irrigation to 

permit the projected rates of increase. A country-by-country evaluation of the 
reasonableness of that assumption would be required to evaluate it. In some 
countries, the actual irrigation investment might be used to improve existing 
systems, resulting in higher yields and more double cropping, hut that 
mechanism is not included in the model. 

The use of fertilizer in the first three runs makes a substantial contribution to 

output, but the scope for any greater contribution is limited because the addi
tional fertilizer made available during the period pushes the per hectare rates to 

levels where the marginal productivity of fertilizer is very low. In fact, the 
implied fertilizer to rice shadow price ratio is 2.6 or below, a lower levt:! than it 
has been historically in most Asian countries. 

Run 4, which has higher growth rates of fertilizer use, shows the futility of 
trying to push rice growth only through thar route. The m.lrginal productivity of 
fertilizer fidls substantially below the levels with the first three runs and so the 
price necessary to induce farmers to use all the <lvailahle fertilizer is about half the 
level of the previous runs. Such a price would entail very large fertilizer price 
subsidies. 

CONCLUSIONS AND IMPLICATIONS 

The implications of this set of projections are as sobering as the three sets 
reproduced in Table 3. The model's projections imply that in the absence of 
technological change, it will be impossible for production to ~row fast enough to 

match population growth even with a level of annual investment twice as high as 
that of the past decade. 3 It is unlikely that hi~her rates offertilizer or irrigated 
land expansion will be possible because of technical considerations. In this 
context, the importance of technical change becomes evident. 

Technical change is expected to increase the productivity of conventional 
inputs like irrigation and fertilizer, but the exact relationship and mechanism is 
uncertain. In runs 4 and 5, it is assumed that an additional ~b2qo million 
investment in research and extension per year will raise productivity as discLlssed 
above. This assumption, while based on the best available data, is highly 
tentative. 

3 The investment figures are shown as annual averages. The requirement in the fir~t years of the 
period will be greater than in the fin.l1 years. The data most accurately represent the requirements in 
1980-81. 
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For one thing, relatively little effort has so f;lr been made to identify and close 
the gap between potential and aCtual yields with present technology. Re.:ce.:nt 
efforts to develop a methodology for measuring the gap and identify ing its sources 
may have some payoff in this regard (7). The limited expe.:rie.:nce.: with the.: 
"Training and Visits" extension system being advocated by the World Bank 
seems to have been very favorable (4). Relatively small investments have.: re.:sulted 
in relatively large benefits in that program. Thus, the.:re seem to be ways of 
increasing the productivity of agricultural investments, but the precise path by 
which these increases will be achieved is unclear. Therefore, the benefits forth
coming from investments 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 past IS 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 the past. However, there are severely limiting constraints on the.: rate of 
expansion of research. 

Expanding research and extension capacity takes trained manpower, and 
training manpower for scientific research work typically takes eight to ten years. 
An additional five years may elapse before the researcher makes a significant 
contribution to output. Training is costly and requires foreign exchange (such 
costs are not included in Table 6). It also requires a supply of individuals suitable 
for training. Thus, the main constraints to increasing investment in research and 
extension cannot quickly be removed. 4 

The most important finding of the analysis is that investment in irrigation and 
fertilizer at the levels considered (which are higher than historical levels) will not 
be sufficient to increase production by more than 2-4 percent annually. Only if 
the productivity of irrigation and fertilizer used by farmers on rice is increased can 
the rate of growth of output exceed that level. This increase in productivity can 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 better technology and adopting those 
improvements. 

The specifics of the results are tentative because of the many assumptions. They 
arc presented here in order to stimulate further research. Irrigation and fertilizer 
investments will be used for all agricultural commodities, so the analysis should 
be carried out for the whole sector. The regional analysis has certain advantages 
but must be complemented with similar national studies. National 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 appropri
ate fertilizer response functions identified. Despite these limitations, the results 
indicate the relative magnitude of agricultural investments and productivity 
increases needed in order to produce enough rice for Asia in I t)Hs. 

4 In ",me indicative calculations tin Nepal, [lateson has argued th.lt starrin.~ in I 'rH as l11"n),.IS 
20 new students pn year mU.st hegin on tl](: sel)Ul'nce of I\!.~. and Ph. D. trainin,L: in order 10 

produce the new kno"'kdgeand t~lhn()l()gy required to me(:[ Nepal's f(Hlll requirl'll1ents I,ll' rhe y~,11 
20'fj q). This is esp<:cially difliculr ti,r Nepal which ev~n sends irs Il.~. "grilulrw,d .stuclcrHS 
ahroad. 
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