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Howarth E. Bouis* 

MEASURING THE SOURCES OF GROWTH IN RICE YIELDS: 
ARE GROWTH RATES DECLINING IN ASIA?t 

The development of fertilizer-responsive rice varieties at the International 
Rice Research Institute CIRRI) in the 1960s and their dissemination over a 
large part of South and Southeast Asia in the 1970s, coupled with a highly suc
cessful rice research program in China, have led to high rice yield growth rates 
over the past two decades in Asia. Production has grown faster than demand, 
despite the seriously constrained scope for expansion of land planted to rice, 
and world rice prices have fallen significantly. 

Siamwalla and Haykin (1983) demonstrate how countries that have been 
traditional importers of rice have benefited particularly from the new tech
nologies. This has reduced the volume of rice traded in the international mar
ket, further thinning an already thin market. In view of these developments, 
more recently there has been an understandable reluctance on the part of gov
ernments in the region and on the part of international lending institutions to 
invest heavily in future increases in rice production, for example, for irrigation 
(Rosegrant and Svendsen 1993). Policies have focused instead on the diversi
fication of agricultural production. Barker and Herdt (1985) warn, however, 
that substantial investments in irrigation and productivity gains on irrigated 
and more favorable rainfed land will be necessary requirements for meeting 
future demand. They conclude, based on country-specific simulation analy
ses, that the most likely future scenario will be some combination of produc
tivity increases and higher prices. 

Whether or not growth in supply will continue to keep pace with or to 

* The author is a Research Fellow at the International Food Policy Research 
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those of the author. This research was funded in part by grants from the Asian 
Development Bank and the Rockefeller Foundation. 
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exceed growth in demand over the next decade, has obvious and important 
implications for how Asian governments, international lending agencies, and 
the Consultative Group on International Agricultural Research should best 
allocate resources in anticipation of continued low international prices for 
rice. Will rice prices continue to remain low? Are the necessary productivity 
increases being realized? 

This paper takes a pessimistic view of prospects for future growth in rice 
production. There has been a clear and broadly experienced deceleration in 
rice yield growth rates in South and Southeast Asia since 1981, as compared 
with the previous decade and a half. A detailed analysis (below) of this decel
eration for the Philippines suggests that yield growth rates will continue to 
decline without a major shift of emphasis in government policy. To the extent 
that the Philippine experience is driven by factors common to other countries 
in South and Southeast Asia, and to the extent that governments and interna
tional agencies are slow to react to these trends, production growth rates 
could fall significantly. 

The first section of this paper presents data on aggregate growth rates for 
rice yields for 23 countries in Asia for 1951-86. Rice area growth rates have 
declined steadily over time all over Asia. Rice yield growth rates increased for 
Asia as a whole during 1981-86 because of high yield growth rates in China, but 
growth rates fell in South and Southeast Asia as compared with 1966-81. 

The second section of this paper briefly summarizes an analysis by 
Hayami (1975) of rice yield growth rates for Japan for the period 1880 to 1935, 
when rice yields increased from about two tons of brown (husked, unpol
ished) rice per hectare to about three tons. He divides this period into three 
phases: (1) an initial growth phase during which modern varieties were widely 
adopted in eastern prefectures, (2) a second growth phase during which mod
ern varieties spread to and were widely adopted in western prefectures, and 
(3) a third phase during which yield growth rates stagnated. This paper argues 
that there are indications that the rice sectors in many countries in South and 
Southeast Asia may have already entered, or are about to enter, this third stag
nation phase. 

The sources of growth over time in rice yields for the Philippines are ana
lyzed in detail in the third section. Philippine rice yield growth rates accelerat
ed during 1966-81, as compared with 1951-66, and have declined since 1981, a 
pattern typical of many countries in South and Southeast Asia, although yield 
growth rates in the Philippines remain above average for this subregion. The 
analysis shows a striking similarity with the earlier experience of Japan in that 
recent aggregate national growth rates have been sustained by above average 
growth rates in the southern Philippines, where modern varieties were adopt
ed last. 

Methodologically, the analysis in the third section introduces a formula 
(analogous to the well-known formula that attributes production growth to 
changes in area and changes in yield) that decomposes changes in aggregate 
yields into percentage contributions from increased irrigation, increased fertil-
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izer use, the diffusion of modern varieties, and technological innovation. I 
Conclusions are drawn in the final section. 

PAST TRENDS IN ASIAN RICE YIELD GROWTH 

Tables 1 and 2 show rice yield levels and growth rates for 1950 through 
1987 for Asia, by country and by four subregions in Asia: South and Southeast 
Asia (excluding Indochina), East Asia, Indochina, and West Asia. Asia as a 
whole accounted for over 90 percent of world rice production during this peri
od. Indochina and West Asia accounted for only about 5 percent of Asian pro
duction. Indochina is separated from the analysis for South and Southeast 
Asia because of the difficulties of controlling for the effects of the major dislo
cations caused by the war there on sustained increases in rice production 
experienced by most other Asian countries over several decades. 

Rice production in South and Southeast Asia (Region 1) and East Asia 
(Region 2) is presently about equal, each region accounting for roughly 45 per
cent of world production. China, accounting for about 85 percent of both pro
duction and area harvested, overwhelmingly influences the totals for Region 2. 
India in Region 1 also looms large, contributing about half of area harvested 
and just over 40 percent of production. Tables 1 and 2 present aggregate fig
ures for Region 1, which both include and exclude India, to show that aggre
gate growth rates for Region 1 are not unduly affected by the data from India. 

Rice yields in Region 2 are presently somewhat more than twice as high as 
yields in Region 1. With the exception of Taiwan at 4.9 tons, all countries in 
Region 2 now have aggregate yields that are above 5 tons of rough rice per 
hectare. Most countries in Region 1 presently have aggregate yields between 2 
and 3 tons per hectare, with the notable exception of Indonesia where yields 
have approached 4 tons per hectare. Since 1950, Region 1 and Region 2 yields 
have roughly doubled. 

What are the prospects for rice production in Asia over the next 10 to 15 
years? The production growth rate (not shown) for 1966-81 at 2.9 percent per 
annum was somewhat above the 2.6 percent experienced for 1951-66. More 
recently, production growth rates remained relatively high at 2.8 percent for 
1981-86. Long-run real rice prices have fallen, suggesting prospects for a rela
tive surplus of rice if past production growth rates can be maintained. During 
the second 15-year period, modern varieties of rice developed at IRRI were 
introduced over much of Region 1. The break at 1981 is somewhat artificial in 
that area planted to these modern varieties continued to expand, although at a 

I Definitions of technological innovation vary in the literature. As it is used in 
this paper, technological innovation may be thought of as observed shifts in the 
fertilizer response curves for specific technologies, for example, modem varieties 
grown on irrigated land. Thus, technological innovation is distinguished from dif
fusion of modem varieties. 
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Table 1.- Rice Yields in Asia by Country, 1950-87 
(Metric tons of rough rice per hectare) 

Average annual yield 

Country 1950-52 1955-57 1960-62 1965-67 1970-72 1975-77 1980-82 1985-87 

REGION 1 

Bangladesh 1.32 1.39 1.62 1.65 1.62 1.86 1.99 2.18 
Burma 1.51 1.51 1.66 1.59 1.68 1.89 2.95 3.18 
India 1.11 1.28 1.49 1.38 1.66 1.82 1.94 2.13 
Indonesia 1.62 1.66 1.77 1.77 2.41 2.73 3.51 3.99 
Malaysia 1.67 1.84 2.07 2.11 2.42 2.67 3.13 2.94 
Nepal 1.90 1.90 1.92 1.88 1.89 1.92 1.79 1.85 
Pakistan 1.31 1.27 1.36 1.48 2.29 2.33 2.54 2.36 
Philippines 1.17 1.14 1.22 1.34 1.60 1.87 2.33 2.66 
Sri Lanka 1.47 1.64 1.89 1.91 2.10 2.01 2.71 2.93 
Thailand 1.29 1.37 1.59 1.79 1.93 1.75 1.92 2.01 

REGION 2 

China 2.33 2.62 2.13 3.05 3.31 3.54 4.45 5.34 
Japan 4.17 4.78 5.02 5.26 5.57 5.95 5.48 6.25 
Taiwan 2.55 2.96 3.38 3.98 4.16 4.37 4.81 4.88 
South Korea 3.95 3.45 3.80 4.15 4.61 6.03 5.43 6.30 
North Korea 2.97 2.95 4.45 4.79 5.61 5.93 6.37 6.99 

REGION 3 

Vietnam 1.35 1.48 1.96 1.89 2.19 2.12 2.27 2.79 
Kampuchea 0.99 0.95 1.02 1.13 1.47 1.28 0.92 1.13 
Laos 0.77 0.96 0.84 0.82 1.27 1.28 1.49 2.26 

REGION 4 

Afghanistan 1.83 1.46 1.52 1.72 1.82 2.03 2.20 2.21 
Iran 1.88 1.62 2.41 2.73 3.00 3.19 3.14 3.73 
Iraq 1.53 1.79 2.37 2.87 2.69 2.77 2.93 2.81 
Turkey 3.39 3.30 3.90 4.02 4.15 4.73 4.54 4.86 
Others 1.80 1.94 1.97 2.00 2.06 2.06 1.96 2.23 

REGION 1 1.26 1.37 1.55 1.53 1.79 1.94 2.22 2.44 
(excluding India) 1.42 1.47 1.63 1.68 1.92 2.07 2.50 2.74 

REGION 2 2.55 2.84 2.53 3.33 3.55 3.83 4.59 5.46 
REGION 3 1.16 1.31 1.60 1.55 1.92 1.90 1.94 2.40 
REGION 4 1.92 1.74 2.23 2.53 2.70 2.92 2.96 3.31 

ALL ASIA 1.69 1.88 1.86 2.10 2.37 2.55 2.92 3.31 

Source: International Rice Research Institute, World Rice Statistics 1987, Los 
Banos, 1988, Table 3, 1988. 
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Table 2.- Rice Yield Growth Rates in Asia by Country, 1950-87 
(Percent) 

Average annual growth rates 

Country 1951-56 .1956-61 1961-66 1966-71 1971-76 1976-81 1951-66 1966-81 1981-86 

REGION 1 

Bangladesh 1.2 3.1 0.3 -0.4 2.8 1.4 1.5 1.3 1.8 
Burma 0.1 1.9 -0.8 1.1 2.4 9.3 0.4 4.2 1.5 
India 2.9 3.0 -1.5 3.8 1.8 1.3 1.5 2.3 1.9 
Indonesia 0.4 1.3 -0.0 6.4 2.6 5.1 0.6 4.7 2.6 
Malaysia 2.0 2.4 0.3 2.8 2.0 3.2 1.6 2.7 -1.2 
Nepal 0.0 0.2 -0.4 0.0 0.4 -1.5 -0.1 -0.4 0.7 
Pakistan -0.6 1.4 1.7 9.1 0.3 1.8 0.8 3.7 -1.5 
Philippines -0.4 1.3 1.9 3.6 3.2 4.5 0.9 3.8 2.7 
Sri Lanka 2.2 3.0 0.2 1.9 -0.9 6.1 1.8 2.3 1.6 
Thailand 1.2 3.1 2.4 1.5 -1.9 1.8 2.2 0.5 1.0 

REGION 2 

China 2.3 -4.0 7.4 1.7 1.3 4.7 1.8 2.6 3.7 
Japan 2.8 1.0 0.9 1.2 1.3 -1.6 1.6 0.3 2.7 
Taiwan 3.1 2.6 3.4 0.9 1.0 1.9 3.0 1.3 0.3 
South Korea -2.7 2.0 1.8 2.1 5.5 -2.1 0.3 1.8 3.2 
North Korea -0.2 8.6 1.5 3.2 1.1 1.5 3.2 1.9 1.9 

REGION 3 

Vietnam 1.9 5.7 -0.7 3.0 -0.6 1.3 2.3 1.2 4.2 
Kampuchea -0.7 1.5 1.9 5.5 - 2.8 -6.3 0.9 -1.3 4.1 
Laos 4.4 -2.6 -0.6 9.1 0.2 3.1 0.4 4.1 8.7 

REGION 4 

Afghanistan -4.4 0.8 2.5 1.1 2.2 1.6 -0.4 1.7 0.1 
Iran -2.9 8.3 2.5 1.9 1.2 -0.3 2.5 0.9 3.5 
Iraq 3.2 5.8 3.9 -1.3 0.6 1.1 4.3 0.2 -0.8 
Turkey -0.5 3.4 0.6 0.6 2.6 -0.8 1.1 0.8 1.4 
Others 1.6 0.3 0.3 0.6 0.0 -1.0 0.7 -0.1 2.6 

REGION 1 1.7 2.5 -0.4 3.2 1.7 2.7 1.3 2.5 1.9 
(excluding India) 0.7 2.1 0.6 2.7 1.5 3.9 1.1 2.7 1.9 
REGION 2 2.2 -2.3 5.6 1.3 1.5 3.7 1.8 2.2 3.5 
REGION 3 2.4 4.1 -0.6 4.4 -0.2 0.5 1.9 1.5 4.3 
REGION 4 -2.0 5.1 2.5 1.3 1.6 0.2 1.8 1.1 2.3 

ALL ASIA 2.2 -0.2 2.5 2.5 1.5 2.7 1.4 2.2 2.6 

Source: Table 1. 
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slower pace.2 However, this breaking point gives an additional five-year peri
od, reflective of more recent trends, for which rice yield growth rates can be 
compared with growth rates for previous periods. 

Apart from the disincentive of lower prices, there are at least two major 
reasons to think that these growth rates might not be maintained. First, area 
increases are contributing a smaller and smaller proportion over time of total 
production growth, which means of course that yield increases are contribut
ing a larger and larger proportion. Increases in yields, then, are even more 
crucial for future production growth than they have over the past two 
decades, as land constraints have been reached in several countries. 

In Region 2, where rice area declined for 1981-86, growth in rice yields 
actually accelerated from 1951-66 to 1966-81 to 1981-86. This, in turn, reflects 
the accelerated growth in yields for China, where the aggregate yield is now 
between 5 and 6 tons per hectare. While the experiences of Japan and Korea 
demonstrate that it is feasible for China to attain a yield increase of an addi
tional 1.5 tons per hectare on a nationwide scale, such a level would be fully 
attained in less than a decade at present growth rates. The data for Japan and 
Korea show that growth rates in yields slowed conSiderably once a benchmark 
yield of approximately 5.5 tons was reached. 

It is reasonable to expect, then, and this is the first reason for anticipating 
a slowdown in the growth of Asian rice production, that the growth rate of 
yields in China (and so in Region 2) will decline in the future, perhaps substan
tially. The rate at which yields will increase in China will depend on a number 
of technological and policy factors that are well beyond the scope of the pre
sent paper to evaluate. 

Future production prospects for Region 1 would appear to be fundamen
tally different from production prospects for Region 2. First, aggregate yields 
are much lower in Region 1, so that there is possibly considerable scope for 
increasing yields without a major new breakthrough in biological technology. 
However, realization of these higher yields (1) would likely require large 
investments in irrigation and increases in fertilizer use, (2) may be seriously 
constrained by the shorter days and more limited solar radiation available 
near the equator during summer months, as compared with growing environ
ments at higher latitudes in Region 2 (while their position near the equator of 
many countries in Region 1 permits year-round cultivation, this enhances pro
duction potential through area increases), and (3) would require that low
potential, marginal lands, often cultivated by the poor, be taken out of rice pro
duction. 

The second reason for anticipating a slowdown in the growth of Asian 
rice production is that the rate of growth in rice yields in Region 1, although 

2 More precisely, "1981" actually refers to a simple average of data for 1980-82. 
Three-year averages presented in Table 1 were used to compute the growth rates 
cited in Table 2. 
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positive, has been declining more recently. Table 2 shows that during 1966-81 
when modern varieties were introduced in Region 1, rice yields grew faster at 
2.5 percent per annum than for the rest of Asia, and at twice the rate of growth 
in yields for Region 1 for 1951-66. More recently, however, during 1981-86, the 
rate of growth in rice yields for Region 1 fell to 1.9 percent. Table 2 shows that 
this decline was a fairly broad-based phenomenon. Seven out of ten countries 
in Region 1 had yield growth rates above 2 percent a year for 1966-81, and in 
all seven of these countries yield growth rates fell for 1981-86. Yield growth 
rates increased in the other three countries over the same period, but only 
marginally, and yield growth rates in all three countries remained below 2 per
cent per annum for 1981-86. 

Can this downward trend in yield growth rates be expected to continue? 
In order to answer this question, it is essential to have some understanding of 
the relative contributions of the key factors that have been responsible more 
recently for the observed increases in yields, in particular: the expansion of 
irrigated area, increased fertilizer use, the spread of modern varieties, and the 
more effective use of these inputs over time through training and experience 
with the modern varieties (technological innovation). Such an understanding 
would provide the basis for evaluating the prospects that these particular 
sources of growth could continue to contribute to overall yield gains. 

The third section below develops a methodology for measuring the rela
tive contributions of the four factors to growth in yields. That methodology is 
then applied to data from the Philippines, the country with highest growth rate 
in yields for any country in Region 1 for 1981-86. The analysis will demon
strate that the rate of technological innovation in rice production has been rel
atively slow in regions in the Philippines where modern varieties were first 
introduced. Technological innovation in regions where modern varieties were 
last introduced, more than any other factor, has accounted for the very sub
stantial increases in aggregate yields experienced during the decade of the 
1970s. 

Before turning to this analysis, it is instructive to review the historical 
experience of Japan. A comparison of the two experiences shows strong sim
ilarities, although the length of the invention-diffusion cycle has been greatly 
compressed in the case of the Philippines. 

ACCUMULATION AND DIFFUSION OF TECHNOLOGICAL POTENTIAL 

Hayami presents a framework in which technical progress, defmed as 
the upward shifting of the aggregate production function, is viewed as the 
combined effect of two processes: invention and diffusion.:) He defines 
Sr as the actual shift and Vr as the potential shift in the aggregate produc

tion function. He specifies the process as: 

3 Hayami attributes this dichotomy to Schumpeter. 
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A/UI-SI) where O:S: AI :s: 1 (1) 

AI determines the rate of diffusion. VI represents the potential shift in the 
aggregate production function if all producers were to adopt and practice the 
best techniques currently available. SI will approach VI if no new tech
niques are developed over time. To test this hypothesis Hayami estimates: 

+ el (2) 

where: 

Y
I 

= national aggregate yield in year t, 

VI = simple average of yields in the five prefectures with the highest yields in 
year t, and 

VI =the unweighted standard deviation divided by the unweighted mean of 
prefecture yields in year t. 

The higher a, the more that increased technological potential has con
tributed to growth (early adopters make a relatively large contribution to rais
ing aggregate national yields); the higher f3, the more that rapid diffusion (the 
realization of that potential among later adopters) has contributed to growth. 
The fitted equation for (2) was used to evaluate the relative contributions of 
increased potential (aV / V) and diffusion (aV / V) for three periods. 
Annual aggregate yield growth rates for these three periods were 0.80 (1885-
1905), 1.13 (1905-20), and 0.27 (1920-35). 

Hayami finds that the absolute contribution of increased potential 
declined over time. However, diffusion of this potential during the middle 
period led to an increased aggregate yield growth rate, despite the declining 
absolute contribution of breakthroughs in research. The trend growth rate in 
aggregate yields during the middle period of 1.13 percent per annum certainly 
provides no hint of the impending decline in yield growth rates of 0.27 percent 
for the final period. The tipoff that the invention-diffusion "pipeline" was 
about to run dry might have been the decline in the contribution of (aV / V) , 
but which was masked by an increase in (aV / V) . 

From 1883/87 until 1933/37, western prefecture yields (Y w) were 
above eastern prefecture yields (Y,,); starting in 1938/42 through 1963/67, 
this relationship was reversed. Hayami concludes: 

This contrast in the ways Y E and Y w had grown seems to reflect 
what we may call "the eastward movement in rice-farming technolo
gy." This refers to the process in which the backward districts caught 
up with and surpassed the traditionally advanced western districts ... 
At the beginning only pioneering farmers in the relatively advanced 
districts in the east tried to transplant the advanced techniques. In 
other words, the diffusion of the advanced technology was not uni-



SOURCES OF GROWTH IN RICE YIELDS 

fonn among the eastern prefectures in the earlier periods, resulting in 
the rise in V E. It was ap-proximately 1903-07 when diffusion among 
eastern prefectures had reached a stage at which V E began to fall. 

313 

In the next section, a very similar pattern is evidenced for the Philippines. 
Rice yields in Luzon were once much higher than in the technologically less 
advanced regions of the Visayas and Min-danao. Yields are now higher in the 
south. Is the recent Philippine experience a repeat of the Japa-nese situation 
summarized above and is this a general phenomenon for the countries in 
Region I? Suggestive evidence has already been presented in Tables 1 and 2 
that is consistent with a repeat of the Japanese case. 

In order to provide more conclusive proof and because the duration of the 
invention-diffusion process has been greatly compressed, it is necessary to 
develop a different methodo-Iogical approach than that used by Hayami that is 
less dependent on infonnation contained in a long time series. In the method
ology presented below and applied to Philippine data, more detailed regional 
data on utilization of irrigation, fertilizer applications, and the spread of mod
em varieties substitute for this time series infonnation. 

ANALYSIS OF SOURCES OF YIELD GROWfH FOR THE PHILIPPINES 

Rice production in the Philippines roughly doubled during 1961-82 with 
relatively little growth in area harvested. Growth in production, then, was due 
to increased yields. Much of the yield increase was due to the introduction of 
modem varieties of rice, especially where they were grown on irrigated land. 
Can aggregate yields continue to grow at the same pace as occurred in 1970s? 
To answer this question, a framework is required for looking at the factors 
responsible for past yield growth in a systematic way. 

Developing A Mathematical Formula 

In any given season, rice production may be divided into four types of 
technologies: (1) irrigated-modem varieties, (2) irrigated-traditional varieties, 
(3) rainfed-modern varieties, and (4) rainfed-traditional varieties (see Chart 
1).4 Aggregate yield from one period to another may be increased in four 
ways: (1) increasing the proportion of land which is irrigated, (2) increasing 
the proportion of land planted to modem varieties, (3) increasing fertilizer 
applications, and (4) upward shifts in the fertilizer response curves. 
Analogous to the well-known expression for attributing (disaggregating) pro
duction growth to changes in area and changes in aggregate yields, an expres
sion can be developed for attributing growth in aggregate yields to these four 

4 This type of framework was originally developed by Herdt, Barker, and Te 
(1977178). 
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factors, which may be influenced by government policies. While output and 
input prices certainly affect the rate at which each of these factors change 
individually (e.g., fertilizer use), it is useful to emphasize at the outset that the 
accounting system to be developed is based primarily on physical inputs. 

To begin derivation of this equation, consider the expression below where 
change in yield recorded between two periods is expressed as the weighted 
average of land grown on irrigated and rainfed land: 

~Y = 

where: 

AI2 YI2 + AR2 YR2 

AI2 +AR2 

A = area harvested; 
Y = yield per hectare; 
I = a subscript denoting irrigated land; 
R = a subscript denoting rainfed land; 

AI,YI, +AR,YR, 

Al +AR , , 

and 1, 2 = subscripts denoting periods 1 and 2. 

Equation (3) may be rewritten as 

(3) 

~Y = [8/~YI+8R~YR] + [~8IYI+~8RYR] + [~8/~YI+~8R~YR] 

(4) 

where 81,R = the proportion of land which is irrigated or rainfed in period 

1 (81 + 8 R = 1) ,and ~ = denotes the change in either yield or area propor

tion between periods 1 and 2 (for example, 81, + ~8 = 812 ). Use of the " ~ " 

terms makes use of period subscripts redundant, so they are dropped. 

In (4), the change in aggregate yield is disaggregated into three compo
nents (shown in square brackets): (i) the change in yields on irrigated and 
rainfed land, holding the proportions of irrigated and rainfed land constant, 
(ii) the change in proportions of irrigated and rainfed land, holding irrigated 
and rainfed yields constant, and (iii) an interaction term which multiplies the 
changes in proportions and changes in yields. 

Simultaneous changes in proportion modern, proportion irrigated, and 
technology-specific yields. Irrigated land itself may be disaggregated into land 
that is planted to modem varieties of rice and land that is planted to tradition
al varieties. Thus, an expression analogous to (4) may be developed for ~YI' 
and substituted back into (4). And the same procedure may also be followed 
for ~Y R' The formula for this expression is given in the Appendix. 

An analogous expression may be developed by following the opposite 
order, dis aggregating by modem and traditional varieties and then by irrigated 
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and rainfed land. These two formulas may be combined to express (aggre
gate) ~Y as the sum of the following effects (as shown in the Appendix): 

<1> Change in technology-specific yields (Le., ~YIM' ~Yrr' ~YRM' and 
~YRT )-holding proportion modern and propor-

tion irrigated constant; 
<2> Change in proportion modern-holding proportion irrigated and technol
ogy-specific yields constant; 
<3> Change in proportion irrigated-holding proportion modern and technol
ogy-specific yields constant; 
<4> Simultaneous changes in proportion modern and proportion irrigated
holding technology-specific yields constant; 
<5> Simultaneous changes in proportion modern and technology-specific 
yields-holding proportion irrigated constant; 
<6> Simultaneous changes in proportion irrigated and technology- specific 
yields-holding proportion modern constant; and 
<7> Simultaneous changes in technology-specific yields, proportion irrigated, 
and proportion modern. 

Disaggregating changes in technology-specific yields to increasedfertil
izer applications and shifts in fertilizer-response functions. <1> through 
<7> make no explicit mention of the effect of technological innovation or 
changes in fertilizer applications. Changes in technology-specific yields, Le., 
~YfM' ~YfT' ~YRM' and ~YRT' are decomposed into these two effects in the 

following way. Assume a technology-specific fertilizer response function in 
time t of the form: 

(5) 

with fixed coefficients for band c, and the intercept ~ allowed to vary across 

time periods. Given data for Y" F" Y,+J' and F'+J' the change in yield due to 

increased fertilizer use (~yF) is given by the difference in yield computed by 

alternatively substituting F, and F'+J into (5). The change in yield due to the 
F 

shift in the fertilizer response function (~Ys) is given by Y'+J - Y, - ~Y . 

Interpreting the Formula 

Before applying this accounting framework to data for the Philippines, 
some clarification of implicit assumptions being made will facilitate interpre
tation of the results. First, technological innovation, the weighted sum of 
shifts in the fertilizer response functions for each of the four specific tech
nologies, is a residual calculation: the change in yield for each technology 
that cannot be explained by increased fertilizer use. Such shifts may be the 
result of many factors, such as (i) the introduction and adoption of a second 
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generation modem variety (for example, on irrigated land already planted to 
modem varieties), (ii) farmer adaptation to a new technology through experi
ence (e.g., more timely application of the same amount of fertilizer), and/or 
(iii) increased inputs of factors of production (other than fertilizer), such as 
labor. 

All factors that cause the fertilizer response functions to shift may be 
influenced by changes in output and input prices, which are not included in 
the accounting system implemented here. However, wide disparities in the 
measured shifts in the fertilizer response curves across regions (see Table 4), 
where farmers have faced more or less the same structure of changes in input 
and output prices over time (see Table 5), argue against a conclusion that the 
observed shifts are due primarily to price influences, and for a conclusion that 
the shifts are due to technological innovation (in the sense of Hayami as 
described in the previous section).5 

Second, that part of the change in yields explained by increased fertilizer 
applications is limited only to movements along the fertilizer response func
tions within each of the four individual technologies. Aggregate fertilizer 
applications per hectare increased rapidly for the period studied, but nearly 

5 In comparing rice yield data for the Philippines, Thailand, and Taiwan, Hsieh 
and Ruttan (1967) have shown that differences in aggregate yields across regions 
may depend more importantly on differences in the quantity/quality of irrigation 
available and other environmental factors, and less importantly on such factors as 
new varieties, better cultural practices, or more intensive use of technical inputs 
such as fertilizer. Their recalculation of regional yields for the Philippines (their 
Table 3), under an assumption that the regional percentage distributions of area 
harvested by wet and dry seasons and by irrigated, rainfed, and upland conditions 
were all equal to the national average, is a similar strategy methodologically as is 
being followed in this paper. This paper develops a more disaggregate mathemati
cal framework. 

While Hsieh and Ruttan concentrated for the most part on identifying factors 
that explained cross-sectional differences in yields between regions, this paper 
analyzes factors that explain differences in yields across time for the same region. 
Ruttan (personal communication) has suggested that the framework developed in 
this paper might be applied cross-sectionally as well (for intercountry compar
isons, or comparison of regions within the same country). Cross-sectional com
parisons, however, require some re-interpretation of the "shifts" in the fertilizer 
response curves (between regions for the same technology). For example, solar 
radiation (length of day) and soil type may differ between regions, which is not a 
consideration in time series comparisons. 

Hsieh and Rattan also discuss institutional factors that accounted for shifts in 
the fertilizer-response functions (to use the framework presented in this paper, not 
their terminology) over time in Taiwan, in particular development of farmers' 
associations and land reform. 
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the entire increase can be explained by a substantial increase in the propor
tion of rice area planted to fertilizer-intensive, modern technologies. That is, 
for each of the individual four technologies, there was only a modest increase 
in fertilizer use. That part of the change in yields attributed to increases in the 
proportion of area planted to modern varieties, includes not only the effect of 
planting a modern seed, but the effect as well of the whole package of inputs 
that goes along with planting that seed (as practiced on average by adopting 
rice farmers), such as increases in fertilizer and pesticide use. 

Third, the accounting framework presented here is based on proportion 
of area irrigated. It is possible (though not necessary) that substantial invest
ments could be made in expanding and upgrading irrigation systems without 
any (apparent) effect of irrigation on yields. For example, suppose that pro
duction is impossible without irrigation. Irrigated area could increase 
markedly over the period being studied, substantially increasing production, 
but this would have no effect at all on the proportion of area irrigated or on 
average yield. The upgrading of an existing irrigation system so that water 
deliveries are more reliable provides a second example. In this case rice 
yields on irrigated land presumably would increase, but official statistics 
would indicate no change in irrigated area. Under the accounting system 
developed above, any increase in rice yields due to such irrigation investments 
would be attributed to a shift in the fertilizer response function on irrigated 
land. 

In conclusion, the proposed framework does not identify specific factors 
that cause shifts in the fertilizer response functions. However, to the extent 
that a high proportion of aggregate yield growth is explained by shifts in the 
fertilizer response functions, discovering that growth in aggregate yields was 
not primarily due to increased fertilizer use, or irrigation construction, or the 
initial switch to modern varieties (or interactions among the three), still can 
constitute valuable information for policy planning as demonstrated in the 
concluding section. 

Data Requirements 

The data requirements for using the above framework to evaluate sources 
of growth in yields are time series data disaggregated by region, season, irri
gated and rainfed land, and modern and traditional varieties for yield, area, 
and fertilizer applications. Time-series data are not required for coefficients 
for the fertilizer response functions as they are assumed to remain constant 
over time, with the exception of the intercept term which is calculated from 
the data as described earlier. 

This paper examines changes in yields between an average for 1970-72 
and an average for 1980-82. The required data for yields and areas were avail
able from the Bureau of Agricultural Economics (BAEcon, various years). 
Three-year averages were used to minimize the effect of year-to-year varia
tions in weather. 
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Much is known about the response of rice yields to fertilizer applications, 
in part because it is relatively easy to design and implement controlled trials 
for which fertilizer applications are varied by plot; several studies have esti
mated Equation (5) for various growing environments in the Philippines using 
both experiment station and farm-level information. The fertilizer-response 
coefficients to be used in this study are based on estimates presented in 
David and Barker (1978) and Herdt and Webster (1982). David and Barker 
present estimates that show differences in coefficients between irrigated and 
rainfed conditions and modern and traditional varieties. The Herdt and 
Webster coefficients give some indication of the variation in coefficients 
across seasons. 

Data for fertilizer applications disaggregated by region, season, irrigated 
and rainfed land, and modern and traditional varieties are available for only 
one crop year (1982) from BAEcon. The information from this one survey was 
combined with time-series data on total fertilizer use on rice (1970-82) to gen
erate the required data for fertilizer applications for 1970-1981. 

Empirical Results 

National aggregate summary. The results of applying the formulas 
developed earlier to Philippine data for 1970-72 and 1980-82 are summarized in 
Table 3. Shifts in the fertilizer response functions (holding other factors con
stant) accounted for half of the growth in wet season yields and two-thirds of 
the growth in dry season yields. Increases in proportion of area planted to 
modern varieties was the other major source of growth. However, now that 
proportion has approached 90 percent for the Philippines. It can no longer be 
counted on as a source of growth in the near future. No new generation of 
modern varieties with a substantially higher yield potential is immediately 
available. 

Increases in fertilizer applications within technologies accounted for only 
about 10 percent of the growth in yields. While irrigation investments may 
have been important in terms of expanding the area available for cultivation in 
the dry season and in terms of maintaining existing irrigation facilities, the 
proportion of rice area irrigated changed little, and so accounted for only a 
small portion of increased yields. 

Regional results. Table 4 shows estimated shifts in the fertilizer response 
functions by region for irrigated modern varieties in the wet and dry seasons. 
For the wet season, the largest shifts on irrigated land occurred for regions to 
the south and west, that is those least affected by the prevailing monsoon 
rains, which enter the country on the eastern coast heading in a northwesterly 
direction. In the dry season, the same general pattern occurs, despite the 
absence of the monsoons, except that Northern Mindanao moves from last 
position for the wet season to third position in the dry season. 

In 1970-72 irrigated modern yields for the wet season in Luzon, Western 
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Table 3.- Factors Explaining Changes in Wet and Dry Season 
National Aggregate Yields Between 1970-72 and 1980-82, Philippines 

1980-82 Wet season yield 
1970-72 Wet season yield 
Absolute change in yield to be explained: 

1980-82 Dry season yield 
1970-72 Dry season yield 
Absolute change in yield to be explained: 

A. Percent of yield change explained by 
indicated factor, holding other factors constant 

1. Shift in fertilizer response function 
2. Increase in proportion modern 
3. Increase in proportion irrigated 
4. Increase in fertilizer use 

B. Percent of yield change explained by indicated 
pairs of factors, holding other factors constant 

1. Simultaneous increase in proportion modern 
and shifts in fertilizer response function 

2. Simultaneous increase in proportion 
modernand increases in fertilizer use 

3. Other possible pairs 

C. All possible combinations of three factors 
and four factors varying simultaneously 

D. Shift in land proportions among regions 
and simultaneous shifts in yields and 
regional land proportions 

TOTAL 

Wet 
season 

47.2 
20.7 

5.2 
6.4 

28.0 

2.6 
-5.4 

-4.6 

-0.1 

100.0 

2.15 mtJha 
1.64 mtJha 
0.51 mtJha 

2.41 mtJha 
1.68 mtJha 
0.73 mtJha 

Dry 
season 

64.8 
5.9 

-0.6 
7.6 

16.9 

2.9 
-2.8 

-6.0 

11.3 

100.0 
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Visayas, and Mindanao were nearly equal. Highest yields now occur in South 
and Western Mindanao and Western Visayas. Dry season, irrigated yields were 
somewhat higher in Luzon than in Mindanao and Western Visayas in 1970-72. 
The opposite pattern now holds. On rainfed land, although the data are not 
shown, again the southern regions made the largest overall gains with Western 
Visayas, Northern Mindanao, and Southern Mindanao among the top four 
regions in both the wet and dry seasons. 

Effects of prices. It was stated earlier that changes in output and input 
prices are a subset among several factors that potentially determine the extent 
of shifts in the fertilizer response functions. Are the regional disparities in 
shifts in the fertilizer response functions seen in Table 4 generated by differen
tial movements in output and input prices across regions across time? The 
empirical evidence suggests that they are not. 

Table 4.-Estimated Shifts in Fertilizer Response Functions 
for Irrigated Modem Varieties by Region, Wet and Dry Seasons, 

1970-72 to 1980-82, Philippines 
(50 kg bags of rough rice per ha) 

Wet season, irrigated modern Dry season, irrigated modern 
Shift in 1980-82 1970-72 Shift in 1980-82 1970-72 

Region function yield yield function yield yield 

Ilocos + 5.4 51.4 46.0 + 2.3 50.6 47.3 
Cagayan + 7.7 53.8 44.6 +16.8 59.4 38.2 
Central Luzon +14.1 58.5 42.2 +22.3 73.2 49.7 
Southern Tagalog + 6.7 47.6 39.8 +11.6 52.3 40.1 
Bicol + 7.7 52.2 43.2 +10.6 53.8 42.1 
Eastern Visayas + 3.9 46.9 39.1 +11.3 48.8 33.3 
Central Visayas +16.7 43.2 23.3 +13.7 40.1 21.2 
Western Visayas +18.5 61.2 41.2 +28.7 62.5 30.7 
Northern Mindanao + 2.2 52.0 46.2 +23.1 61.7 37.2 
Western Mindanao +31.7 78.3 42.3 +20.3 59.5 35.7 
Southern Mindanao +28.1 71.7 42.5 +26.4 69.3 41.7 

Note: Regions are ordered geographically from north to south. 

Table 5 shows prices for rice (farmgate) and fertilizer, and wages paid to 
agricuIturallaborers by region for 1970-72 and 1980-82. In all regions, fertilizer 
prices and agricultural wages rose faster (in nominal terms) than rice prices. 
Despite these unfavorable price movements for rice producers, fertilizer appli
cations apparently increased somewhat. While this may seem counter-intu
itive, marginal value products of a kilogram of nitrogen remained well above 
marginal costs even in the early 1980s. Such behavior is consistent with the 
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notion that as farmers gained experience with modem varieties, they learned 
that heavier fertilizer applications resulted in higher profits. To use Hayami's 
terminology, farmers were undergoing a process of realizing the full technolog
ical potential of the modem varieties. 6 

Table 5.-Prices of Rice and Fertilizer, and Wages for Agricultural Labor, 
By Region, 1970-72 and 1980-82 

Ratio of Ratio of 
prices/wages rice prices 

Price of Price of Agricultural 1980-82 over 
rice a fertilizer b wages C over 1970-72 ratio of 

Region 70-72 80-82 70-72 80-82 70-72 80-82 Rice Fert. Wages Fert.Wages 

Bocos .53 1.39 32.69 123.56 3.93 12.35 2.61 3.78 3.14 .69 .83 

Cagayan .54 1.27 33.69 125.85 3.65 11.88 2.34 3.74 3.25 .63 .72 

Central Luzon .60 1.40 32.02 118.94 4.18 14.67 2.35 3.71 3.51 .63 .67 

Southern Tagalog .57 1.29 33.69 123.62 4.80 15.89 2.25 3.67 3.31 .61 .68 

Bicol .50 1.18 35.36 124.13 3.32 12.05 2.38 3.51 3.63 .68 .66 

Eastern Visayas .52 1.16 34.36 124.58 2.91 12.29 2.22 3.63 4.23 .61 .53 

Central Visayas - 1.29 34.02 119.58 - 10.80 - 3.52 - - -

Western Visayas .54 1.23 31.35 119.58 3.15 11.13 2.27 3.81 3.53 .60 .64 

Northern Mindanao .55 1.28 35.36 126.13 4.08 11.77 2.34 3.57 2.89 .66 .81 

Western Mindanao .49 1.21 34.02 127.51 3.79 11.38 2.48 3.75 3.00 .66 .82 

Southern Mindanao .49 1.27 32.35 122.77 3.79 11.36 2.59 3.80 3.00 .68 .86 

Philippines .54 1.27 33.35 123.47 3.68 12.16 2.36 3.70 3.30 .64 .71 

Source: Bureau of Agricultural Statistics, Various statistical series, Ministry of 
Agriculture, Quezon City, Philippines, various years. 

a Pesos per kilogram at farmgate for unhusked rice, three-year average of nom
inal values. 
b Pesos per 50 kg bag of urea (45 percent nitrogen), three-year average of nom
inal values. 
C Pesos per day, three-year average of nominal values. 

6 Not only did fertilizer applications increase, but the fertilizer response func
tions also continued to shift upward, in particular in regions south of Luzon; these 
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Summary for the Philippines 

The evidence suggests that the wide regional variation in shifts of the fer
tilizer-response curves to a large extent represent improved use of crucial 
inputs, rather than increased input levels such as labor. Differences across 
regions in changes in input levels could not have explained such a wide 
regional variation in shifts, given reasonably well operating input and output 
markets. Whereas the initial yield gains from modem varieties were made in 
the Central Luzon and Southern Tagalog regions in the late 1960s and early 
1970s due to their proximity to where research was taking place, sufficient 
time has passed that the benefits have spread to the south. 

For national aggregate yields to grow at the same pace in the future as 
occurred in the 1970s, either above-average shifts in the south will have to 
continue to make up for below average shifts in the north, or shifts in the 
north will have to increase. The latter eventuality seems unlikely without 
development of a new generation of modem variety since most research takes 
place in the north. It would also seem unlikely that shifts in the south will con
tinue at the same pace, in that the technological "pipeline" from north to south 
would appear to be empty. 

A detailed examination of the sources of growth in Philippine yields for 
1970-72 to 1980-82, then, reveals some rather disturbing trends in terms of 
prospects for future growth in yields. Despite the fact that this was a period of 
relatively large investments in irrigation and aggregate fertilizer use increased, 
these two factors explained very little of the increase of rice yields over time. 
The low rates of technological innovation in the northern Philippines suggest 
that a new initiative is required to develop varieties with significantly 
increased yield potential if past yield growth rates are to be maintained. The 
pattern of sources of yield growth across regions for the Philippines suggests a 
repeat of the Japanese experience for 1918/22 to 1933/37, one of stagnating 
yields. As shown in Table 6, the recent record of growth in Philippine rice 
yields is consistent with such a conclusion. 7 

functions might have shifted even more had the price environment been more 
favorable. To investigate the possibility that the differential shifts in fertilizer 
response functions across regions were due primarily to differential shifts in 
regional prices, the regional ratios of the rice price increase over the agricultural 
wage increase were regressed on the measured regional shifts in functions for 
modem varieties shown in Table 4. In none of the regressions was the coefficient 
on the price ratio statistically significant. 

7 The slowdown in yield growth rates in the first half of the 1970s is explained 
by the susceptibility to pests and diseases of the earliest modem varieties that 
were released. 
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Years 

1964-66 

1967-69 

1970-72 

1973-75 

1976-78 

1979-81 

1982-84 

1985-87 

1988-90 

HOWARTH E. BOUIS 

Table 6.-Growth in Philippine Rice Yields, 
1964-66 to 1988-90 

Three-year 
average yield 

(mt/ha) 

1.29 

1.47 

1.60 

1.68 

1.99 

2.25 

2.46 

2.66 

2.72 

Annual growth rate from 
previous 3-year period 

(percent) 

4.5 

2.9 

1.6 

5.8 

4.2 

3.0 

2.6 

0.7 

IMPLICATIONS FOR FUTURE ASIAN RICE SUPPLYIDEMAND BALANCES 

The Philippines experienced an accelerated growth rate in rice yields dur
ing 1966-81 as a result of the introduction of improved varieties of rice, an 
experience common to most other countries in South and Southeast Asia. 
Also like most other countries in this region, yield growth rates have declined 
after 1981, although yield growth rates in the Philippines remained well above 
the regional average through 1987.8 

The foregoing analysis raises a number of points for projecting the medi
um-run Asian rice supply situation. First, any such exercise is inherently haz
ardous since government policy, which is so central to the eventual 
supply/demand balance outcome, is endogenous, a function of the short-run 

8 While there is a certain presumption of a commonality of supply and 
demand structures in the rice-based agricultural sectors of Asia, it is by no means 
certain that the Philippine experience is generalizable to other countries in the 
region. In principle it would be a simple matter to duplicate the methodology used 
for identifying the sources of growth in yields, for various sub-regions of other 
countries in South and Southeast Asia. If the same pattern of sources of growth in 
rice yields were to come out of the analysis for these other countries (where yield 
growth rates also are declining), this would, of course, reinforce the sense that 
emerges from the Philippine data that yield growth rates will continue to decline. 
However, while the data requirements for a particular region and year are not 
severe, the disaggregated data are usually not available over time. 
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balance outlook. If yield growth rates do decline all over Asia, and as rice 
import requirements and international prices increase, because rice is such an 
important commodity for consumers as well as producers in these countries, 
past experience shows that governments will undoubtedly take steps to 
increase domestic production and to keep domestic rice prices from rising 
substantially (or would continue to reduce rice sector investments if domestic 
and world prices remain low). Over the medium-term the issue is not so much 
whether supply and demand will grow at similar rates, but how well govern
ments (sometimes with cooperation from international agencies) can success
fully even out expansion of productive capacity to avoid politically necessary 
but costly, and for poor consumers often painful, intensive programs to 
increase production in the short run by moving up along the production func
tion, rather than by shifting out the production function.:) 

Second, a fundamental problem for planners is that (lower cost) outward 
shifts of the production function are difficult to predict, with long lag times 
between investment and uncertain returns. To the extent that the Philippine 
experience with modern varieties of rice is common to other countries in 
Region I, one conclusion is that not only are production functions not going to 
shift out as rapidly in the near future, but governments (and international 
agencies) have not yet recognized this fact and therefore its implications. The 
conclusion, then, is that the eventual policy reaction will be relatively more 
skewed toward short-run investments than might otherwise have been the 
case, and therefore less efficient. 

Third, because production in China is such a large share of total Asian 
production and because such a small share of total Asian production is traded, 
production prospects for China, even if they run counter to prospects for 
South and Southeast Asia, alone could determine whether world rice prices 
will remain low or rise. Yield growth rates for China for 1981-86 approached 4 
percent annually, which was substantially higher than yield growth rates for 
1966-81. Yields in China are now approaching those of Japan and Korea, the 
highest in Asia. If these highest observed yields represent an upper bound 
under existing technologies, the conjecture was made earlier that Chinese 
yield growth rates could not continue at this high pace. A careful study of the 
sources of growth in Chinese yields is particularly important in determining 
future prospects for Asian rice supply/demand balances. 

Fourth, any cogent analysis of prospects for international rice prices, of 
course, must address the issue of future demand for rice. While a detailed 
analysis of demand issues will need to be undertaken elsewhere, a conserva
tive assumption is that demand will increase linearly with population growth. 
Ruttan (1990), inter alia quoting Asian population figures of 3.2 billion and 4.2 
billion in the years 2000 and 2025 respectively from a base of 2.5 billion in 

9 See Rosegrant and Pingali (forthcoming) for a discussion of policy measures 
that will need to be undertaken to maintain rice productivity growth in Asia. 
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1987, states that most Asian countries will experience a doubling of food 
demand before the end of the second decade of the next century. In land-con
strained Asia, this suggests that rice prices will rise if yield growth rates con
tinue to decline. 
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APPENDIX 

Derivation Of Expressions For Attributing Total Growth 
In Yield To Increased Irrigation, Adoption Of Modern 

Varieties, And Shifts In The Fertilizer Response Functions 
For Specific Technologies 
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Disaggregating by irrigated and rainfed varieties and then by modern 
and traditional varieties, gives the following expression: 

dY = 

81 8;MdY/M + 8R 8:MdYRM + d81 8;MdYIM + d8R e:MdYRM 

+ 8, e:rdY IT + 8R 8:TdY RT + d81 8:rdY IT + /).eR e:r/).YRT 

+ 81d8;M YIM + eRd8:1tl Y RM + d81d8;M YIM + /).eR/).e:M YRM 

+ 81d8:r Y IT + 8R/).8:r Y RT + d81d8:r Y IT + /).8R/).e:T YRT 

+ 8IdO;MdYIM + 8Rd8:.w/).YRM + dOldO;MdY 1M + d8Rd8:M/).YRM 

+ 81d8:rdY IT + 8Rd8:rdYRT + dOld8:rdY IT + dO R/).O:T/).Y RT 

= 

AIR + E'R 

+ BIR + F'R 

+ C'R + G'R 

where (subscripts): 
1M = yield or area proportion for modern varieties grown on irrigated land, 
RM = yield or area proportion for modern varieties grown on rainfed land, 
IT = yield or area proportion for traditional varieties grown on irrigated land, 
and 
RT = yield or area proportion for traditional varieties grown on rainfed land; 
(superscripts): 
I = area proportion calculated over total irrigated land, and 
R = area proportion calculated over total rainfed land. 

(1.1) 
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Next, disaggregating by modem and traditional varieties and then by 
irrigated and rainfed land, gives an analogous expression: 

~Y = 

()M ()~~Y 1M + Or O;'f1Y n + f1()M ();M f1YIM + f10r OJ,f1Y n 

+ ()M e:Mf1YRM + Or O~rf1Y Rr + f1()M ():M f1YRM + f10r O~r~Y RT 

+ ()M~()~ YIM + Orf1O;' Y n + f1()Mf1()~ YIM + ~Orf10;' Yn 

+ ()M~():M YRM + Orf1O-;' Y Rr + ~()Mf1():M Y RM + f1()r f1O-;' Y RT 

+ OM~e~~YIM + Orf10J,f1Y n + f10Mf10/~f1Y 1M + f10r f10J,f1Y n 

+ ()Mf1O:Mf1Y RM + 0rf10;rf1Y RT + f1()M f1O!f1YRM + f10r f10;r f1Y Rr 

= 

AMT + EMT 

+ BMT + FMT 

+ CMT + GMT 

To derive expressions for the seven effects defined in the text: 

~y <1> + <2> + <3> + <4> + <5> + <6> + <7> 

(1.3) 

First: 

<1> = (1.4) 

Next, holding technology-specific yields constant: 

(1.2) 
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~Yconstant tecfinofoay- _ 
specific yie{tfs o. - <2> + <3> + <4> = BMT + DMT + F MT 

(1.5) 

Now: 

(1.6) 
and 

(1.7) 

So that: 

or 

This leaves the C, E, and G terms to explain <5>, <6>, and <7>: 

Because: 

(1.10) 
and 

(1.11) 

Therefore: 

or 
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INCORPORATING EFFECTS OF REGIONAL SHIFTS 
IN THE DISTRIBUTION OF RICE AREA 

Assume that the change in aggregate yield L\Y in (1.1) or (1.2) represents 
the change for a particular region of the country. This regional change in 
aggregate yield is itself a component of the change in national aggregate yield, 
as given below: 

where subscripts A, B, ... , N designate the N regional yields. 


