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FOREWORD
 

The Rice Policies in Southeast Asia Project is a collaborative
 
effort involving the International Food Policy Research Institute, 
the International Rice Research Institute, the International Fertil
izer Development Center, and researchers and institutions in Indone
sia, Malaysia, the Philippines, and Thailand.
 

As part of the project, a series of working papers was commis
sioned to provide an overview of the status, performance, and pros
pects of irrigation in the four countries. The papers review and
 
summarize available information on the area, yield, production, and
 
cropping intensity impact of rice-based irrigation and make prelimi
nary assessments of long-term irrigation development prospects based 
on past trends and government investment plans. The papers in this
 
series represent revised versions of papers originally presented at
 
the Workshop on Rice Policy in Southeast Asian Countries, Los Banos,
 
Philippines, May 22-25, 1979.
 

The working papers are intended to sketch the broad dimensions
 
of irrigation development in the four countries and to identify key
issues for further study, rather than to provide original analysis of 
these issues. Rigorous analysis of several of the important issues, 
including the income distribution impact of irrigation and the rela
tive efficiency of investment in irrigation schemes of alternative 
sizes, water sources, and water allocation systems, is now under way 
by researchers at IFPRI and in the collaborating countries. 

Mark W. Rosegrant
 
Coordinator, Rice Policies
 
in Southeast Asia Project
 
February 1982
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1. STATUS
 

Rice is the predominant agricultural commodity in the
 
Philippines. Paddy area harvested accounted for nearly 28 percent of
 
total effective cropped area in 1978/79.1/ Milled rice provided
 
about 50 percent of total calories consumed and over 40 percent of
 
protein consumed in 1978/79.2/
 

Rice production has grown about 3.9 percent annually since
 
1970/71. Continued growth is necessary to meet the expanding demand
 
caused by growth of real income and population. If production is to
 
continue to grow, irrigation must help: over the past four years 42
 
percent of rice area harvested was irrigated, and this irrigated area
 
accounted for 55 percent of total rice production. The projections
 
presented below show that the relative and absolute contribution of
 
irrigation must expand to meet effective demand over the coming
 
decade.
 

Area, Yield, and Production, 1957/58-1978/79
 

Tables 1-9 summarize Philippine rice area, yield, and production
 
between 1.957/58 and 1978/79 at increasing levels of disaggregation.
 
Table 10 gives the aggregate annual growth rates in area, yield, and
 
production for the entire period and for three subperiods. [ he
 
1958/59-1965/66 period included the years just before modern
 
varieties were introduced. These varieties were introduced and
 
spread to 47 percent of harvested area between 1965/66 and 1970/71.
 
The period also featured a tremendous expansion in irrigated area of
 
350,000 hectares, a 34 percent increase in five years. The final
 
period was characterized by a slower but still strong growth in use 
of modern varieties, but only about 100,000 hectares of irrigated 
land was added in eight years. For each period, the base and terminal 
years are the mid-years of three-year periods used in the growth com
putations. Three-year averages were used so that a large deviation 
from trend in a base year would not unduly influence the computed 
growth rate. 

Paddy (rough rice) production increased at an annual rate of 3.5
 
percent over the 19-year period. By far the largest contribution
 

1/ Philippines, Ministry of Agriculture, National Policy Staff,
 
"Land Areas and Cropped Area in Food and Nonfood Crops," Quezon City,
 
March 25, 1980.
 

2/ Philippines, Ministry of Agriculture, National Policy Staff,
 
"Philippine Food Consumption Trends and Prospects for the 1980s," 
Quezon City, January 1980.
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came from the 3.1 percent annual growth in yields. This growth was 
more important to the increase in production than was the increase of 
the area harvested. 

Growth of yields varied considerably during the period. Before 
modern varieties were introduced, yields increased 2.5 percent
 
annually. When modern varieties spread and irrigated area expanded
 
in the late 1960s, yields grew 5.1 percent annually. They increased
 
at the slower, but still respectable rate of 2.4 percent annually in 
the 1970s.
 

Less area was harvested in 1970/71 than in 1958/59, but the area
 
harvested increased by 1.5 percent annually between 1970/71 and
 
1977/78. This is, however, misleading: all the increase occurred by

1975/76, and less area was hFirvested in each of the next four years
 
(with preliminary 1979/80 estimates a full 5 percent less than the
 
1978/79 figures). 

The stagnation in paddy area harvested indicates that future
 
production growth will continue to depend on increases of yields.
 
Long-term yield growth in the Philippines can be attributed primarily
 
to expansion of the area planted with modern varieties and the area
 
irrigated, and to increased use of inputs (particularly of fertil
izers) in paddy production. These three sources of growth are of
 
course interrelated: modern variety yields are much higher with 
irrigation than under rainfed conditions, and use of modern varieties
 
and irrigation boosts the marginal productivity of fertilizer and 
encourages increased fertilizer applications.
 

For the five years ending in 1978/79, yields of lowland paddy 
from irrigated lands were, on the average, 59 percent higher than 
from rainfed lands, with comparable differences between the yields of
 
modern and traditional varieties. The yield advantage of irrigation
 
has increased; irrigated yields were, on the average, only 40 percent

higher than rainfed yields in the preceding five-year period (Table 
11).
 

Irrigated area has, however, expanded slowly in recent years. 
It increased nearly 60 percent (490,000 hectares) between the 1958/59

centered three-year average and the 1967/68 average, but only 13 per
cent (169,000 hectares) in the following ten years. During the past
three years, an average of 60 percent of total lowland paddy produc
tion was from irrigated areas. This is only a slight increase from
 
the 56 percent average of 10 years ago. Given the yield advantage of
 
irrigation, rice proc ction can be increased by accelerating the ex
pansion of irrigated land. 

The yield advantage modern varieties have over traditional vari
eties increased rapidly from a 1969/70-1973/74 average of about 18 
percent to a 1974/75-1978/79 average of 39 percent. Yield increases
 
from using irrigation and modern varieties reflect improved cultural
 
practices, higher input use, and the combined improvement from plant
ing modern varieties on irrigated land.
 

However, despite the continued increases of yields from modern
 
varieties, gains from further expansion of area planted with modern
 
varieties will be small since modern varieties already accounted for
 
82 percent of lowland paddy area harvested and 90 percent of irri
gated area in 1978/79 (Table 12). Yield gains from modern varieties 
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must come pr~marily from improving yields on areas already planted
 
with modern varieties rather than from spreading these varieties
 
further.
 

Although data are limited, fertilizer use on paddy has increased
 
A breakdown of fertilizer consignificantly over the past decade. 


sumption by crop is unavailable, but aggregate consumption of fer

tilizer in product terms and nutrient value is shown in Table 13.
 

From 1969 to 1978, fertilizer consumption, in general, increased,
 

though with large variations. Nearly 50 percent more fertilizer was
 

used in 1978 than in 1959. Use of nitrogen, the key nutrient in rice
 

production, expanded even more rapidly, nearly doubling between 1969
 

and 1979.
 
In the absence of a breakdown of fertilizer use by crop, the
 

Fertilizer and Pesticide Authority used survey data from 1968/69 to
 

estimate that 30 percent of all fertilizers and nutrients are applied
 

to rice. Using this constant share method, the fertilizer applied to
 

rice would have increased from 46.9 kilograms per hectare in 1969/70
 

to 68.4 kilograms per hectare in 1978/79, or 46 percent, and nitrogen
 

use would have increased from 11.2 kilograms per hectare to 17.8 kilo

grams per hectare. The increase was probably higher because the share
 
sugar (the other main consumer of fertilizer)
of fertilizer used on 


probably suffered a decline caused by depressed world sugar prices,
 

which led to declining sugar yields and area planted in the last five
 

years.
 
The 1978/79 estimates of Fertilizer use per hectare on rice are
 

still modest compared to recommended fertilizer levels and to profi

table levwls estimated from farm production functions, even allowing
 

for discounting of the ratio of fertilizer prices to rice prices
 

caused by market imperfections or risk aversion (see below). More
a
over, fertilizer use apparently increased in the 1970s despite 


deterioration in the fertilizer/rice price rates in the last part of
 

the decade (Table 14). The potential for further expansion of fer

tilizer use appears high.
 

The Effect of Irrigation on Production
 

Either aggregate data or a microlevel production function can be
 

used to estimate the effect of irrigation on production. The latter
 
allows the separate impact of irrigation on yields to be estimated
 
while other inputs and environmental factors arc controlled.
 

Three main approaches have been used to estimate yield response
 
functions for irrigated and rainfed rice in the Philippines. Yields
 

have been estimated as a function of fertilizer (usually nitrogen),
 
with separate functions estimated for different conditions and
 

seasons, such as dry season irrigated rice and wet season rainfed
 

rice; they have been estimated as a direct function of water
 
as
applications; and they have been estimated a function of managed
 

inputs, stress days (ameasure of water adequacy), and other indepen
dent variables, with stress days then estimated as a function of the
 

water balance in the rice paddy.
 
Perhaps the most straightforward method for estimating response 

functions that identify the effect irrigation has on yield is to 
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estimate separate nitrogen response functions for irrigated and
 
rainfed conditions using time series data or cross-sectional data
 
from experiments or sample surveys. David and Barker summarized a
 
large number of such analyses and synthesized representative nitrogen
 
response functions for modern and traditional varieties under rainfed
 
and irrigated conditions.3/ Incorporating additional analysis,
 
Wickham, Barker, and Rosegrant disaggregated the irrigation functions
 
by season.4/ Following Rosegrant and Small, the intercepts of the
 
David-Barker rainfed functions have been adjusted upward from 1,400
 
to 1,900 in the present paper.5/
 

The resulting functions with optimum nitrogen levels and yields
 
at three different fertilizer/rice price ratios are shown in Table
 
15. The price ratio for recent years is approximately 4:1. The higher
 
price ratios can be interpreted as shadow prices accounting for dif
ferent leve's of interest payments, transportation charges, and sub
jective discounting for yield and price risk.
 

These functions can be used to compute the yearly benefits from
 
irrigation. The average cropping intensity index for irrigated rice
 
between 1974/75 and 1978/79 was 1.70, so un the average 70 percent of
 
land irrigated in the wet season is also cropped in the dry season;
 
the remaining 30 percent is not planted with rice (or is not
 
irrigated) because too little water is available. The total annual
 
increase of yield per hectare of irrigated land if optimum amounts of
 
nitrogen are used can therefore be estimated as the difference bet
ween irrigated yields in the wet season and rainfed yields plus 70 
percent of irrigated yield in the dry season. 

The annual yield benefits of irrigation estimated in this way
 
are not highly sensitive to the nitrogen/paddy price ratio. Annual
 
increases for modern varieties range from 2.67 metric tons per hec
t3re at the 8:1 ratio to 2.82 metric tons per hectare at the 4:1 
ratio. Annual production increases for traditional varieties range 
from 1.79 metric tons per hectare at the 8:1 ratio to 1.87 metric 
tons per hectare at the 4:1 price ratio. 

Experiments at the International Rice Research Institute (IRRI) 
durl q the 1969 and 1970 dry seasons estimated the yield of a modern
 

3/ Cristina C. David and Randolph Barker, "Modern Rice Varieties
 
and Fertilizer Consumption," in Economic Consequences of the New Rice 
Technology (Los Ba~os: International Rice Research n itute, 97_-, 
pp. 175-212. 

4/ Thomas H. Wickham, Randolph Barker, and Mark W. Rosegrant, 
"Complementarities Among Irrigation, Fertilizer, and Modern Rice
 
Varieties," in Economic Consequences of the New Rice Technology (Los
 
Ba-ios: International Rice Research Institute, 1978), pp. 221-232.
 

5/ Mark W. Rosegrant, "Choice of Technology, Production, and 
Income for Philippine Rice Farmers: Agricultural Policy and Farmer 
Decision Making" (Ph.D. dissertation, University of Michigan, 1978);
 
and Leslie Small, "Comments on 'Complementarities Among Irrigation,
 
Fertilizer, and Modern Rice Varieties,'" in Economic Consequences of 
the New Rice Technology (Los Ba'os: International Rice Research In
stTtute, 1978, pp. 233-242.
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rice variety (IR8) under daily water application rates ranging from 2
 
to 9 millimeters per day.6_/ Experimental results indicated that
 
yields were greatly reduced below a threshold of 7 millimeters per
 
day in 1969 and 5 millimeters per day in 1970. The threshold was 
higher in 1969 because solar radiation caused higher evaporative loss
 
that year. If the water application rate was less than the threshold,
 
yields were significantly reduced, but rates above the threshold did
 
not increase yields much.7/
 

The direct estimation of yield as a function of water gives good
 
results under highly controlled experimental conditions, but not in
 
the field. The timing of water applications is critical on farms, and
 
not even the best irrigation systems have the degree of control of 
the experiments. In addition to the timing of irrigation supply, the
 
effect of irrigation water on rice production depends on the distri
bution of rainfall and rates of drainage, evapotranspiration, and
 
seepage and percolation (which varies widely in Philippine fields).
 
Response functions in which yield is a function of the aggregate 
amount of water supplied to the field are not useful because they 
ignore the effects of timing and varying water supply. Disaggregation 
of the water supply variable through the season requires that other 
major variables affecting water adequacy in the paddy be incorporated 
into the analysis. 

In order to incorporate into the analysis the effects on yields 
of variability in irrigation, rainfall, drainage, evapotranspiration, 
and seepage and percolation, response functions can be estimated that 
relate yield to stress days, a measure of water adequacy. Stress day 
distributions can then be estimated using a water balance model, 
which includes irrigation water, evapotranspiration, drainage, and 
seepage and percolation as independent variables. This procedure 
allows the estimation of optimum nitrogen levels and expected yields
 
for different qualities of irrigation (defined in the water balance 
model by different frequency distributions of irrigation supply) .. ,d 
for different soil conditions (reflected in seepage and percolation
 
rates).
 

In this analysis, stress days are defined as the number of 
consecutive days more than three during which a paddy is without 
standing water. Plants suffer significant stress if a saturated 
field is left without standing water for, on the average, three
 
days.8/ Yield response functions relating yield to managed inputs 

6/ Rodolfo Reyes, "An Analysis of Some Factors Affecting Rice 
Yield-Response to Water," in Water Management in Philippine Irriga
tion Systems (Los Bai'os: International Rice Research Institute, 
1--3), pp. 37-52. 

7/ Thomas Wickham, "Rice Production Response to Irrigation
 
Water: Selected Engineering and Economic Findings," paper presented
 
at the International Food Policy Research Institute-International
 
Rice Research Institute Workshop on Rice Policies in Southeast Asia,
 
Los Ba-ios, May 1979.
 

8/ Ibid; Thomas Wickham, "Water Management in the Humid Tropics:
 
a Farm Level Analysis" (Ph.D. dissertation, Cornell University,
 
1971). 
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and several environmental variables, including stress days, were 
estimated for modern varieties from response experiments in farmers'
 
fields in Central Luzon in two dry and two wet seasons.9/
 

Table 16 shows the complete estimated function together with dry
 
and wet season functions relating yields to nitrogen and stress. The
 
seasonal functions were computed from the estimated function by
 
setting the other managed inputs and environmental variables at 
seasonal mean values. Using the seasonal response functions, the
 
expected profit-maximizing optimum nitrogen levels and expected
 
yields can be calculated when the expected or mean number of stress 
days are known. A water balance model was used to estimate the 
expected number of stress days for different irrigation qualities and
 
rainfed conditions.
 

The water balance model simulates the water regime of a rice
 
paddy through a season. It does this by computing the weekly average
 
water depth in the paddy as the initial water depth plus irrigation 
water plus rainfall less drainage, evapotranspiration, and seepage 
and percolation. Stress days in any given period are estimated as a 
function of the weekly water depths. The stochastic model used here
 
simulates weekly irrigation by sampling from good, average, and poor
 
distributions of irrigation flows computed from field studies of irri
gation sites in Central Luzon. Rainfall is simulated by sampling from 
weekly distributions of rainfall fit to rainfall recorded at
 
Cabanatuan City, Nueva Ecija, between 1949 and 1974. Each model run
 
produces a stress day estimate for the irrigation flows and rainfall
 
simulated; repeated operation of the model produces a stable estimate
 
of the distribution of the number of stress days.10/
 

Because seepage and percolation rates vary widely because of the
 
effects of different soils and the topographic position of the paddy,
 
the distribution of stress days was estimated for low, moderate, and
 
high seepage and percolation rates. Table 17 shows the resulting 
estimated mean stress days, optimum nitrogen levels, and expected 
yields for different qualities of irrigation and rainfed paddy. As in
 
the simple response function approach, the benefits of irrigation are
 
not highly sensitive to the ratio of nitrogen and paddy prices, so 
only the intermediate 6:1 ratio is shown here.
 

The estimated yearly benefits of irrigation with moderate
 
seepage and percolation, using the 1.70 cropping intensity assump
tion, are 1.82 metric tons per hectare for a shift from rainfed to 
poor quality irrigation, 2.35 metric tons per hectare for a shift to
 
average irrigation, and 2.85 metric tons per hectare for high quality 
irrigation. The estimated benefit from average irrigation is thus 

9/ Mark W. Rosegrant, "The Impact of Irrigation on the 
Yield of Modern Varieties," Department of Agricultural Economics 
Paper No. 76-28, International Rice Research Institute, Los Ba~i~s, 
1976; Rosegrant, "Choice of Technology"; Wickham, Barker, and 
Rosegrant, "Complementarities." 

10/ Rosegrant, "The Impact on Yield;" Rosegrant, "The Choice of
 
Techn-oTogy;" Wickham, Barker, and Rosegrant, "Complementarities."
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about 14 percent below the estimate using the simple response func
tion approach.
 

In addition, the analysis shows the substantial dry season yield
 

benefits that could come from improv'ing existing irrigation systems 
average quality. With moderate seepage and percolation,
of poor or 


making a poor system average would increase yields by 0.76 metric 
tons per hectare, and a good system would add another 0.71 metric 
tons per hectare. Ideal irrigation that completely eliminates stress 
would yield 0.76 metric tons per hectare more than good sites.
 

Although a detailed cost analysis is beyond the scope of this
 

paper, preliminary analysis shows that low performance irrigation is 
lack of water at the source. Rather, the
usually not caused by 


problem appears to be that too much water is used along upstream sec
means that too much water is wasted and tootions of canals. This 

little supplied to farms at the end of canals.11/ Yields may there
fore be improved largely through improved management or water
 

control, with some rehabilitation of deteriorated systems to facili

tate water control.
 
Although additional analysis is necessary, improvement of
 

existing irrigation systems appears to be a promising way to increase
 

yields.
 

11/ International Rice Research Institute, Annual Report for 

1974 Tos Baios: IRRI, 1975); Domingo P. Tabbal and Thomas H. 
Wickham, "Effects of Location and Water Supply on Water Shortages in 

an Irrigated Area," in Irrigation Policy and Management in Southeast 

Asia (Los Bainos: International Rice Research Institute, 1978), pp. 

93-102. 

http:canals.11


-8

2. PROJECTIONS
 

There are two problems with the data used to project area, 
yield, production and use of rice in the Philippines. The data on 
irrigated area from the National Irrigation Administration (NIA) and 
the Bureau of Agricultural Economics (BAEcon) may conflict. Also, 
there is a large difference between the estimates of consumption of 
rice as food using the disappearance method and estimates using
 
sample surv'ys. 

The two major sources of data on irrigated area in the Philip
pines are the BAEcon and the NIA. The BAEcon estimates were pre
sented in Tables 4 and 7. These are generally preferable as a basis 
for analysis because they are the official government estimates of 
rice production, a long timc series is available, and the data appear
 
to be internally consistent.
 

The available data from NIA shown in Table 18 subdivide irri
gated area into three classes: national systems, which are adminis
tered by NIA; communal systems, which are under other forms of
 
administration, such as municipal and farmer cooperatives; and pump
 
systems. Data for the last two classes are available only for
 
1977/78; an incomplete time series from 1968/69 exists for national
 
systems. Estimates are made for "service area," which is best inter
preted as potential command area, and "benefited area," that is, 
area actually irrigated, for wet and dry seasons.
 

The NIA data through 1974/75 should be treated with caution, as
 
the figures appear to mask some definitional changes. For example,
 
the loss of about 50,000 hectares of service area between 1972/73 and
 
1973/74 is inexplicable, unless the definition of potential area ir
rigated was altered. The simultaneous increase in estimated actual
 
wet season irrigated area, which, in one season, increased wet season
 
area as a percentage of service area from 67 percent to 90 percent,
 
is also difficult to explain. The size and direction of the changes
 
of the NIA estimates ana the size and direction of the changes of the
 
BAEcon data during this period bore little relation to each other.
 

However, the more complete 1977/78 data are remarkably consis
tent with BAEcon estimates of actual irrigated area. NIA estimated
 
only the service area for communal and pump systems. To estimate 
actual wet and dry season areas for these systems, it was assumed 
that the reduction rate from service area to wet-season benefited
 
area is the same as for national systems. Dry-season irrigated area
 
was estimated using the same cropping intensity as in the 1977/78
 
BAEcon estimates. The resulting irrigated area, just over 1,550,000
 
hectares, is only two percent above the BAEcon estimate.
 

The consistency of the most recent year of available NIA data
 
simplifies the projection of irrigated area. The approach taken here
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is to project increases in irrigated ara based on NIA investment
 

programs and to add these new areas to a three-year base average of 
irrigated area taken from BAEcon data (which can be used consistently
 
with yield projections).
 

A persistent problem with Philippine agricultural data has been
 

the large discrepancy between per capita food consumption estimated
 

from production data using the disappearance method and estimates
 
Using the disappearance
from consumption and nutrition surveys. 


method, per capita food consumption the past five years has been be

tween 80 and 85 kilograms (see Table 19). Consumption surveys by the
 

Special Studies Division of the Ministry of Agriculture (SSD) over 
the same period gave estimates of 105-110 kilograms per capita. The
 

1978 survey by the Food and Nutrition Research Institute (FNRI), the
 

of nutrition data, estimates per capita consumption
official source 

of rice to be more than 110 kilograms.12/ Discussions are under way
 

in the Ministry of Agriculture on ways-to reconcile these data. One
 

possible adjustment is to make production data for 1977/78 consistent
 
or yield estiwith the FNRI consumption estimates by modifying area 


mates and to increase the production data of the preceding years by
 

the same percentage as 1977/78. However, no adjustment has been made
 
production figures and disappearanceofficially, so the official 

method will be used to compute consumption in this paper. If, as
 

seems probable, any adjustment in production data is in the form of a
 

constant percentage increase in area or yield, the trends on which
 

the projections are based and the projected supply-demand balances 
should not be significantly affected.
 

Two projections of area, yield, production, and use cf rice
 

through 1989/90 are presented in Tables 19 and 20. The first is a 

constant real prices projection and results in a near balance between 

production and domestic demand, which is equilibrated by assuming 
small exports in 1984/85 and small imports in 1989/90. The second 

reprojects a 6 percent increase in food demand above the amounts 


sulting from the first projection. This is a target incorporated in 

initial drafts of the Philippine Food and Nutrition Plan.13/ The 

production necessary to meet demand is then projected, yield projec

tions are adjusted to the new prices, and the additional production
 
required is assumed to come primarily from increased irrigated area.
 

This second set of projections therefore shows the potential burden 
on irrigation development if a policy of high rice consumption is 
chosen.
 

12/ Philippines, Ministry of Agriculture, National Policy Staff,
 

"Per Capita Consumption of AGricultural Commodities Estimated From 
Alternative Sources," Quezon City, September 3, 1919.
 

13/ Ministry of Agriculture, Food and Nutrition Research Insti

tute, and National Nutrition Council, First Philippine Food and Nu
trition Plan (Quezon City: Ministry of Agriculture, May 198o-. 

http:kilograms.12
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Projections with Constant Real 
Prices
 

For these projections it is assumed that real 
prices for paddy
and inputs on farms and real 
consumer 
prices for rice are constant.

Irrigated area projected increase fromis to the three-year averagebase by 230,000 hectares by 1984/85 and by 370,000 hectares by

1989/90. 
This projection assumes 70 percent realization of NIA esti
mates of additional area 
to be irrigated under planned investments.

The 70 percent realization rate is arbitrary, but represents a roughestimate of the ratio between actual 
additions to irrigated area be
tween 1965 and 1975 and NIA plans based on investments.14/ Even with
this discount factor, the projected growth of irrigateT-area is much
higher than actual 
growth in the past decade. From a three-year base
centered on 1967/68 to the three-year average centered on 1977/78,
actual irrigated area increased only 170,000 hectares, less than half
 
the increase projected through 1989/90.


The amount of lowland rainfed area is projected to decrease.
Approximately 40 percent of newly irrigated area will 
replace rainfed

land, and the amount of rainfed area will continue its slow decline

independently of the conversion of rainfed land to irrigated land. 
Upland area is projected to decrease by 62,000 hectares by 1984/85

and another 50,000 hectares by 1989/90. Total paddy area harvested

will increase only slightly, with the growth in irrigated area offset
 
by the decrease of rainfed and upland areas.
 

Growth rates of yields are based on the trends between thethree-year averages centered on 1970/71 and 1977/78, subdivided byseason, irrigation status, and variety. These years were chosen as
 most representative for projecting future trends because the immediately preceding years included the period of extremely rapid growth
of the area planted with modern varieties and the area irrigated.

A slower annual growth rate of the yields of irrigated rice isprojected: 2.8 percent through 1984/85 and 2.2 percent between

1984/85 and 
1989/90, compared to 3.6 percent between 1970/71 and
1977/78. A major cause of the growth of yields of irrigated paddy
during the base period was 
the shift from traditional to modern vari
eties. If the proportion of irrigated area 
planted with traditional

varieties had remained constant between 1970/71 and 1977/78, yieldswould have increased 2.8 percent annually. The remaining 0.8 percent

annual growth can be attributed to the interaction of yield growthand the shift from traditional to modern varieties. Little further 
growth can be expected from the shift 
to modern varieties on irri
gated land: only 153,000 hectares (10 percent) of irrigated land
 were planted with traditional varieties in 1978/79. Instead, the impact of new varieties will be through improvement in yields 
on areas
 
already planted with modern varieties.
 

14/ M. Kikuchi and Yujiro Hayami, "New Rice Technology and National Irrigation Development," in Economic Consequences of the New
Rice Technology (Los Banos: International Rice Research Insitute,
1978), pp. 315-332. 

http:investments.14
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Yields of rainfed paddy have grown slowly, only 1.0 percent an
nually. They are projected to grow at this rate through 1984/85,
 
then to decline to 0.8 percent through 1989/90. A continuing, but
 
slowing, shift to modern varieties on rainfed land will be offset by
 
the loss of some of the better rainfed areas to new irrigation. Up
land yields are projected to remain constant at 1.10 metric tons per
 
hectare.
 

As a result of these growth rates, the overall yield will grow 
by 2.5 percent annually through 1984/85 and by 2.3 percent per year 
between 1984/85 and 1989/90, compared to a 2.4 percent growth rate
 
between 1970/71 and 1977/78. The overall rate of growth through 
1984/85 is higher than the earlier rate, despite the slower growth of
 
irrigated paddy yields, because projected growth in irrigated area 
should be higher than in the past.
 

The annual growth rate of rice production caused by projected
 
area and yield changes is 2.7 percent for the first half of the 1980s
 
and 2.4 percent for the second half. This rate is lower than the 3.8
 
percent growth rate for the period between 1970/71 and 1977/78 be
cause area will hardly expand at all in the 1980s but expanded 1.5 
percent annually in the earlier period. However, though area ex
panded rapidly before 1975/76, the expansion has been slowing since.
 
Prospects for a large expansion of area are poor.
 

Domestic food consumption is projected with constant real con
sumer prices of rice (and its major substitutes in consumption, corn
 
and wheat) assumed. The annual growth rate of real per capita income
 
(per capita personal income after taxes) is estimated to be 2.54 per
cent, and the population growth rate, 2.82 percent.15/ The income
 
elasticity of rice is set at 0.2, a value synthesized from a number
 
of estimates (see Table 21 for a summary of the parameters and the 
sources of the estimates).
 

Given the rate of arowth of real income, growth in population, 
and the income elasticity, per capita food demand of rice is pro
jected to increase at an annual rate of 0.5 percent, and total food 
demand at an annual rate of 3.3 percent. 

Seed use is projected to be about 75 kilograms per hectare, or 
just under 50 kilograms per hectare of milled rice equivalent. This
 
is the average of the last four years. Feed and waste are projected
 
to be 7.25 per'ent of total milled rice production, again the average
 
of the most recent four years.
 

Assuming that stocks do not change during the projected years 
(1984/85 and 1989/90), domestic demand with constant real consumer
 
prices will be nearly in balance with projected production. Supply/
 
demand equilibrium can be reached in the first set of projections by
 
assuming that 116,000 tons will be exported in 1984/85 (about 40 per
cent of the 1978/80 exports) and 58,000 tons will be imported in 
1989/90.
 

15/ Philippines, Ministry of Agriculture, National Policy Staff, 
"Gross National Product, Income, and Population Projections" (mimeo
graphed); basic data from the National Economic Development Authority 
and the National Census and Statistics Office. 

http:percent.15
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Increased Consumption To Meet Nutritional Goals
 

The second set of projections is presented as an estimate of the
 
additional irrigated area that would be necessary if the Philippine
 
government were to increase rice consumption as a major part of a 
nutrition plan like the one outlined in the first draft of the 
Philippine Food and Nutrition Plan.16/ This plan set a tentative goal
 
of increasing per capita rice consumption by 1984/85 by at least 6
 
percent above the amounts that would be consumed if real prices were
 
constant.
 

The projection presented here explicitly places the major burden
 
of producing the additional rice needed on an expansion of irrigated
 
area. More rigorous models are being constructed to evaluate the cost
 
and effectiveness of different policy instruments to increase produc
tion and consumption (price supports, input subsidies, import/export
 
policies).
 

In order to increase per capita consumption 6 percent above con
sumption if real prices were constant, the real consumer price of
 
rice must decline. With a representative price elasticity of demand
 
for rice of -0.4, a 6 percent increase in food consumption would
 
require a 15 percent drop in the real retail price. Income elasticity
 
and the growth rates of income and population are the same as for the
 
first projection.
 

The projected 6 percent increase in domestic food use (with an
 
assumption of no imports or exports, and with seed, feed, and waste
 
computed as before) requires production to increase 3.2 percent in
 
1984/85 and 7.3 percent in 1989/90 more than the amounts for those
 
years projected for the first set of projections (see Table 19).
 

It is assumed that rice marketing margins will remain constant
 
in the coming decade, so that a 15 percent decrease of the consumer
 
price of rice will require a lb percent decrease of the farm price.
 
This, of course, ignores the possibility that the government would
 
support farm prices and subsidize the difference between the desired
 
consumer price and the farm support price plus marketing costs. This
 
policy alternative will be evaluated in another paper.
 

To partly offset the disincentive effect of the farm price
 
decline, it is assumed that government subsidies reduce the real fer
tilizer price by 10 percent. This 10 percent reduction is essentially
 
arbitrary, but is based on an estimate of the maximum burden the
 
government could reasonably bear, given that about 70 percent of fer
tilizer is imported, so that foreign exchange costs for subsidizing
 
fertilizer are high.17/
 

A simple model Ts used to estimate the change in irrigated and
 
rainfed yields under the price assumptions of the second set of p-o
jections, given the projections of yield under constant prices:
 

16/ Philippines, Ministry of Agriculture, Food and Nutrition
 
Research Institute, National Nutrition Council, First Philippine Food
 
and Nutrition Plan.
 

17/ Philippines, Ministry of Agriculture, National Policy Staff,
 
"Fertilizer: Supply, Consumption, and Prices, 1970-79."
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AY = 7pr Apr + 77pf APf, and (1) 

Y2 = (l+Ay) Y1 (2) 

where 

Ay is the percentage change in yield;
 

7pr is the yield elasticity with respect to the price of rice;
 

Apr is the p.rcentage change in the price of rice;
 

Ipf is th, yield elasticity with respect to the price of
 

fertilizer;
 

APf is the percentage change in the price of fertilizer;
 

Yl is the yield under the first set of projections; and 

Y2 is the yield under the second set of projections.
 

Values of the elasticities are given in Table 21. These too are
 
synthesized from a number of sources. They are generally moderate or
 
average values from a range of estimates. The result of the price 
changes is that irrigated yields decrease 2 percent and rainfed
 
yields decrease 1.75 percent. Upland yields are assumed to be unre
sponsive to price changes. 

Rainfed area harvested declines, by 1.5 percent due to the de
crease of rice prices, and by 40 percent of the increase in irrigated 
area. The amount of irrigated area is fixed so that enough rice is 
produced to meet projected consumption, given the adjusted yield pro
jections. 

The results in Table 20 show that to meet the consumption target
 
in the food and nutrition plan, irrigated area must increase by
 
190,000 hectares in 1984/85 and 340,000 hectares in 1989/90 above the
 
projections of the first set of projections. In other words, 730,000
 
more hectares must be irrigated in 1989/90 than are irrigated now, or
 
nearly twice as many hectares as the government now plans to add to 
irrigated area. Recent large-scale projects in the Philippines have 
cost about $2,000 per physical hectare, so that, if cropping inten
sity is a constant 1.7, $400 million (1980 dollars) must be added to
 
planned investment costs.
 

A rough estimate of the total cost of the 10 percent fertilizer
 
subsidy over a decade is $250 million in constant 1980 dollars. The 
estimated cost is computed assuming that real world prices for fer
tilizer are constant and that the government will pay the subsidy for 
all fertilizer consumed, not just fertilizer used on rice. Previous 
attempts to segregate rice and food crops from export crops in a two
tier pricing scheme for fertilizer were ineffective. Table 22 shows
 



-14

the cost computation for 1984/85 and 1989/90, and explains the proce
dure in more detail. While the estimate is necessarily crude because
 
data and important parameters are lacking, it does give an idea of 
the size of the subsidy needed to reduce real fertilizer prices to
 
the farmer by 10 percent.
 

Allowing for reasonable uncertainty in the projections, the es
timated real cost to the government over the next decade of a program 
to boost per capita rice consumption by 6 percent above projected de
mand under constant prices is $600-700 million above currently
planned irrigation investment. This is for a program relying on ir
rigation expansion and a modest fertilizer subsidy. 
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3. CONCLUSION
 

Philippine rice production grew steadily in the last decade,
 
permitting a large buildup of stocks, reduction of rice imports, and
 
recent rice exports. Production has increased primarily because 
yields have increased, though the area harvested has not expanded 
much. Yields have increased largely because modern varieties have
 
been adopted, use of fertilizer and other inputs has increased, and
 
the area irrigated has expanded. However, irrigated area has grown
 
slowly since 1970/71, and a further expansion of modern varieties 
will be limited since over 80 percent of area is already planted with
 
modern varieties. The contribution of new technology will be in
creasingly to improve yields on land already planted to modern vari
eties. 

Microlevel production function analysis confirms that irrigation 
is important to an improvement of paddy yields. Estimates of the an
nual yield increase from converting rainfed land to irrigation range
 
from 1.8 to 2.8 metric tons per hectare, depending on the quality of
 
irrigation.
 

Projections of area, yield, and production of rice based on re
cent trends, curent irrigation investment plans, and constant real
 
prices show that production growth almost matches the growth of do
mestic consumption from real income and population growth. The pro
jections show a small exportable surplus through most of the decade,
 
changing to small net imports in the later years.
 

An increase of production to meet higher per capita consumption
 
targets would require a large amount of investment. Assuming that 
irrigation would be the major policy initiative, the projections of 
the production necessary to boost per capita consumption by 6 percent
 
above the amount consumed if prices were constant indicate that an
 
additional 340,000 hectares of irrigated area would be required by 
1989/90, at a cost of about $400 million (constant 1980 dollars). A 
1.0 percent fertilizer subsidy to reduce the disincentive of declining
 
-eal 	 farm prices would cost an estimated $250 million over the
 
ecade.
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Table 1--Paddy area, 1957/58-1978/79
 

Lowland
 
Crop Year First Semester Second Semester 


1957/58 1,969 

1958/59 2,002 

1959/60 2,063 

1960/61 2,111 

1961/62 1,998 

1962/63 2,013 

1963/64 1,978 

1964/65 2,074 

1965/66 2,009 

1966/6/ 1,973 

1967/68 1,761 

1968/69 1,963 

1969/70 1,770 

1970/71 1,716 

1971/72 1,783 

1972 1,791 

1973/ 4 1,977 

1974/75 1,951 

1975/76 2,006 

1976/77 1,987 

1977/78 2,037 

1978/79 1,971 


(1,000 hectares)
 

432 

411 

453 

E09 

500 

451 

482 

491 

494 

678 


1,062 

927 

932 


1,032 

1,097 

886 


1,050 

1,135 

1,183 

1,160 

1,059 

1,076 


Upland Total
 

753 3,154
 
916 3,329
 
790 3,306
 
578 3,198
 
682 3,179
 
697 3,161
 
627 3,087
 
634 3,200
 
605 3,109
 
445 3,096
 
481 3,304
 
443 3,332
 
412 3,114
 
365 3,113
 
366 3,246
 
434 3,111
 
409 3,436
 
453 3,539
 
390 3,579
 
401 3,548
 
413 3,509
 
422 3,469
 

Source: Philippines, Bureau of Agricultural Economics.
 

Notes: The crop year is from July I to June 30. The first semester
 
crop is harvested between July I and December 31. The second
 
semester crop is harvested between January I and June 30.
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Table 2--Paddy yield, 1957/58-1978/79
 

Lowl and
 
Crop year First Semester Second Semester Upland Total
 

(metric tons per hectare)
 

1957/58 1.22 0.86 0.56 1.02
 
1958/59 1.34 1.01 0.64 1.11
 

1959/60 1.29 1.20 0.68 1.13
 

1960/61 1.27 1.19 0.72 1.16
 
1961/62 1.38 1.25 0.77 1.23
 
1962/63 1.42 1.18 0.81 1.25
 
1963/64 1.38 1.30 0.79 1.24
 
1964/65 1.37 1.31 0.79 1.25
 
1965/66 1.51 1.22 0.72 1.31
 

1966/ 7 1.44 1.32 0.81 1.32
 

1967/68 1.48 1.47 0.82 1.38
 
1968/69 1.47 1.31 0.79 1.33
 

1.03 1.68
1969/70 1.84 	 1.67 

1970/71 1.84 	 1.75 1.02 1.72
 

1971/72 1.64 	 1.69 0.86 1.57
 

1972/73 1.51 	 1.54 0.79 1.42
 
0.94 1.63
1973/74 1.72 	 1.73 


1974/75 1.61 	 1.89 0.85 1.60
 

1975/76 1.81 	 1.85 0.87 1.72
 

1976/77 1.84 	 2.04 1.06 1.82
 
1977/78 2.03 	 2.18 1.12 1.96
 

1978/79 2.10 	 2.42 1.10 2.07
 

Source: Philippines, Bureau of Agricultural Economics.
 

to June 30. The first semester
Notes: 	The crop year is from July 1 

crop is harvested between July 1 and December 31. The second
 
semester crop is harvested between January 1 and June 30.
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Table 3--Paddy production, 1957/58-1978/79
 

Lowland
 
Crop year First Semester Second Semester Upland Total
 

(1,000 metric tons)
 

1957/58 2,406 
 372 425 3,203
 
1958/59 2,683 417 584 3,685
 
1959/60 2,658 540
542 3,740

1960/61 2,685 415
605 3,705

1961/62 2,760 626 524 
 3,910
 
1962/63 2,869 
 532 566 3,967
 
1963/64 2,721 
 627 494 3,843
 
1964/65 2,849 644 500 3,992
 
1965/66 3,032 
 604 437 4,073
 
1966/67 2,841 893 360 4,094

1967/68 2,603 1,561 397 4,561
 
1968/69 2,882 351
1,211 4,445
 
1969/70 3,257 1,553 
 423 5,233

1970/71 3,162 1,807 
 374 5,343
 
1971/72 2,931 1,857 313 5,100
 
1972/73 2,704 1,370 342 4,415
 
1973/74 3,397 384
1,813 5,594

1974/75 3,132 385
2,142 5,660
 
1975/76 3,628 2,192 340 
 6,160

1976/77 3,664 2,365 427 
 6,456

1977/78 4,127 2,304 464 
 6,895

1978/79 4,133 2,600 465 
 7,198
 

Source: Philippines, Bureau of Agricultural Economics.
 

Notes: The crop year is from July 1 to June 30. The first semester
 
crop is harvested between July 1 and December 31. The second
 
semester crop is harvested between January 1 and June 30.
 



Table 4--Lowland paddy area, by irrigation status and type of variety, 1957/58-1978/79
 

Irrigated Rainfed Total by Variety
 
Crop Year Traditional Modern Total Traditional Modern Total Traditional Modern Total
 

(1,000 hectares)
 

... 1,681 2,401 ... 2,4011957/58 720 ... 720 1,681 

1,660 ... 1,660 2,413 ... 2,4131958/59 753 ... 753 

... 2,516
1959/60 1,016 ... 1,016 1,500 ... 1,500 2,516 

... 2,620
1960/61 960 ... 960 1,660 ... 1,660 2,620 
1,510 2,497 ... 2,497
1961/62 987 ... 987 1,510 


... 1,451 2,464 ... 2,4641962/63 1,014 ... 1,014 1,451 

930 1,530 ... 1,530 2,460 ... 2,460
1963/64 930 ... 

1964/65 958 ... 958 1,607 ... 1,607 2,566 ... 2,566 

960 ... 960 1,543 ... 1,543 2,504 ... 2,5041965/66 

149 1,480 2,285 366 2,651
1966/67 954 217 1,171 1,331 


1967/68 864 445 i,309 1,258 256 1,514 2,122 701 2,823
 
1,352 2,890
1968/69 570 913 1,483 968 439 1,407 1,538 


1,347 1,354 2,701
1969/70 519 827 1,346 828 527 1,356 

697 581 1,278 1,182 1,566 2,748
1970/71 485 985 1,470 


977 1,332 699 849 1,548 1,054 1,826 2,880
1971/72 355 

368 872 1,241 629 807 1,436 997 1,679 2,676
1972/73 


1973/74 299 1,194 1,494 552 982 1,533 851 2,176 3,027
 
1,066 1,674 911 2,175 3,086
1974/75 302 1,109 1,412 609 


1975/76 288 1,208 1,496 602 1,093 1,695 890 2,301 3,191
 
2,417 3,147
1976/77 204 1,286 1,489 526 1,131 1,658 730 


639 2,457 3,096
1977/78 181 1,334 1,515 458 1,123 1,581 

1978/79 153 1,313 1,466 384 1,197 1,581 537 2,510 3,047
 

Sources: Philippines, Ministry of Agriculture, National Policy Staff. The basic data are from the
 

Bureau of Agricultural Economics.
 

Note: The crop year is from July 1 to June 30.
 



Table 5--Lowland paddy yield, by irrigation status and type of variety, 1957/58-1978/79
 

Irrigated 
 Rairfed 
 Total by Variety

Crop Year Traditional Modern Total Traditional Modern Total Traditional 
 Modern Total
 

(metric tons per hectare)
 

1957/58 1.40 1.40
... 1.05 ... 1.05 1.16 ... 1.16
1958/59 1.60 ... 1.60 1.14 ... 1.14 1.28 
 ... 1.28
1959/60 1.50 ... 1.50 1.12 ... 1.12 1.27 
 ... 1.27
1960/61 1.51 
 ... 1.51 1.11 ... 1.11 1.26 ... 1.26
1961/62 1.53 
 ... 1.53 1.24 ... 1.24 1.36 ... 1.36
1962/63 1.57 
 1.57 1.25 
 ... 1.25 1.38 ... 1.38
 
1963/64
1964/65 1.641.65 1.64
.. 1.65 1.191.19 ...
1.191.19 1.361.36 ... 1.361.36
 
1965/66 1.81 1.81
... 1.23 ... 1.23 1.45 ... 1.45
1966/67 1.51 1.97 1.50 
 1.25 1.30 1.26 1.36 
 1.70 1.41
1967/68 1.61 1.98 1.73 
 1.24 1.30 1.25 1.39 
 1.73 1.47
1968/69 1.62 1.78 1.72 1.09 
 1.12 1.10 
 1.28 1.56 1.42
1969/70 1.89 2.15 2.05 1.53 
 1.49 1.51 
 1.66 1.90 1.78
1970/71 1.93 
 2.02 1.99 1.58 1.61 1.59 1.72 1.87 1.81
1971/72 1.72 2.05 
 1.96 1.35 i.44 1.40 
 1.48 1.77 1.661972/73 1.74 1.95 
 1.89 1.11 1.28 ]..20 1.34 1.63 1.52
1973/74 1.89 2.05 2.02 
 1.26 1.53 1.43 
 1.48 1.82 1.72
1974/75 1.88 2.22 2.15 
 1.18 1.43 1.34 1.41 
 1.83 1.71
1975/76 1.99 2.32 2.25 
 1.33 1.51 1.44 1.54 
 1.93 1.82
1976/77 2.00 2.40 2.34 1.26 
 1.65 1.53 
 1.47 2.05 1.92
1977/78 1.87 2.69 2.60 1.29 
 1.70 1.58 
 1.45 2.24 2.08
1978/79 2.07 2.82 2.75 1.42 
 1.81 1.71 
 1.60 2.34 2.21
 

Sources: Philippines, Ministry of Agriculture, National Policy Staff. The basic data are from the
 

Bureau of Agricultural Economics.
 

Note: The crop year is from July 1 to June 30.
 



Table 6--Lowland paddy production, by irrigation status and type of variety, 1957/58-1978/79
 

Irrigated Rainfed Total by Variety
 

Crop Year Traditional Modern Total Traditional Modern Total Traditional Modern Total
 

(1,000 metric tons)
 

... 1,767 2,778 .. 2,778
1957/58 1,011 ... 	 1,011 1,767 

1,204 1,896 ... 1,896 3,100 ... 3,100
1958/59 1,204 ... 


... 3,200
1959/60 1,524 ... 	 1,524 1,676 ... 1,676 3,200 

3,290 ... 3,290
1960/61 1,450 ... 	 1,450 1,840 ... 1,840 


1961/62 1,509 ... 	 1,509 1,876 ... 1,876 3,386 ... 3,386
 

1,589 1,812 ... 1,812 3,401 ... 3,401
1962/63 1,589 

3,349 ... 3,349
1963/64 1,525 ... 1,525 1,823 ... 1,823 

1964/65 1,578 ... 1,578 1,915 ... 1,915 3,492 3,492 
1,734 1,901 ... 1,901 3,636 	 3,6361965/66 1,734 ... 


3,734
1966/67 1,445 427 1,812 1,668 194 1,862 3,113 62 

1967/68 1,390 880 2,271 1,561 332 1,894 2,951 1,212 4,163
 

1,054 494 1,549 1,976 2,117 4,093
1968/69 922 1,623 2,545 

1969/70 979 1,782 2,761 1,265 785 2,049 2,244 2,567 4,811
 
1970/71 938 1,993 2,931 1,101 937 2,038 2,039 2,930 4,969
 

1,226 2,170 1,555 3,232 4,787
1971/72 612 2,006 	 2,618 943 

2,344 699 1,030 1,730 1,340 2,732 4,072
1972/73 641 	 1,702 


3,953 5,211
1973/74 565 2,450 	 3,015 693 1,503 2,195 1,258 

1,524 2,242 1,286 3,989 5,275
1974/75 568 2,465 	 3,034 718 


801 1,649 2,450 1,374 4,446 5,820
1975/76 513 	 2,797 3,370 

3,085 3,493 665 1,871 2,536 1,074 4,956 6,030
1976/77 409 


1977/78 339 3,594 3,934 589 1,908 2,497 928 5,502 6,430
 
861 5,872 6,733
1978/79 317 3,709 	 4,026 544 2,163 2,707 


Sources: Philippines, Ministry of 	Agriculture, Policy Analysis Staff. The basic data are from the
 

Bureau of Agricultural Economics.
 

Note: The crop year is from July 	1 to June 30.
 



Table 7--Lowland paddy area, by semester, irrigation status, and type of variety, 1957/58-1977/78
 

First Semester 
 Second Semester
 
Irrigated


Tradi-	 Rainfed Irrigated Rainfed
Tradi-	 Tradi-
 Tradi-

Crop Year tional Modern Total tional Modern Total tional 
 Modern Total tional Modern Total
 

(1,000 hectares)
 

1957/58 649 ... 
 649 1,319 ... 1,319 71 
 71 362 ... 362
1958/59 661 661 1,341 ... 1,341 92 ... 92 319 ... 3191959/60 722 ... 722 1,340 	 1,340 294 ... 294 160 ... 
 160
1960/61 660 
 ... 660 1,451 	 1,451 299 
 .. 299 209 ... 209
1961/62 652 
 652 1,346 	 1,346 335 ... 335 164 
 ... 	 164
1962/63 741 	 741 1,273 ... 1,273 272 
 - 272 178 
 178
1963/64 642 ... 642 1,336 ... 1,336 288 ... 288 194 	 ... 1941964/65 665 ... 
 665 1,409 ... 1,409 293 ... 293 198 ... 198
1965/66 678 ... 
 678 1,331 ... 1,331 282 ... 282 	 212 ... 2121966/67 657 116 773 1,093 106 1,199 297 101 398 238 43 
 281 ,
1967/68 480 240 720 
 864 177 1,041 384 205 589 394 79 473
1968/69 382 540 922 740 
 301 1,041 188 373 561 228 
 138 	 366
1969/70 342 448 791 611 368 979 176 
 379 555 217 159 377
1970/71 294 546 840 
 495 381 876 191 439 630 202 
 200 	 402
1971/72 220 
 525 745 459 579 1,038 135 452 587 240 270 510
1972/73 228 506 734 
 448 609 1,057 140 366 507 181 198 379
1973/74 189 
 215 904 372 701 1,073 110 479 590 180 281 460
1974/75 178 633 812 
 397 742 1,139 124 476 600 212 324 535
1975/76 173 682 854 
 425 727 1,152 115 526 640 177 366 543
1976/77 116 758 
 873 	 345 768 1,114 88 528 616 181 363 544
1977/78 108 785 893 327 817 
 1,144 73 549 622 131 306 
 437
 

Sources: 	Philippines, Ministry of Agriculture, National Policy Staff. The basic data are from the Bureau of
 
Agricultural Economics.
 

Notes: 
The crop year is from July 1 to June 30. The first semester crop is harvested between July 1 and

December 31. The second semester crop is harvested between January 1 and June 30.
 



Table 8--Lowland paddy yield, by semester, irrigation status, and type of variety, 1957/58-1977/78
 

First Semester Second Semester
 
Irrigated Rainfed Irrigated Rainfed
 

Tradi- Tradi- Tradi- Tradi-

Crop Year tional Modern Total tional Modern Total tional Modern Total tional Modern Total
 

(metric tons per hectare)
 

1957/58 1.43 ... 1.43 1.12 ... 1.12 1.17 ... 1.17 0.80 ... 0.80 
1958/59 1.63 ... 1.63 1.20 ... 1.20 1.40 ... 1.40 0.90 ... 0.90 
1959/60 1.56 ... 1.56 1.14 ... 1.14 1.36 ... 1.36 0.89 ... 0.89 
1960/61 1.57 ... 1.57 1.14 ... 1.14 1.39 1.39 0.91 ... 0.91 
1961/62 1.59 ... 1.59 1.28 ... 1.28 1.40 ... 1.40 0.94 ... 0.94 
1962/63 1.63 ... 1.63 1.31 ... 1.31 1.40 1.40 0.84 ... 0.84 
1963/64 1.69 ... 1.69 1.22 ... 1.22 1.53 ... 1.53 0.96 ... 0.96 
1964/65 1.69 ... 1.69 1.22 ... 1.22 1.55 ... 1.55 0.95 ... 0.95 
1965/66 1.88 ... 1.88 1.32 ... 1.32 1.63 ... 1.63 0.67 ... 0.67 
1966/67 1.58 2.06 1.65 1.30 1.38 1.31 1.38 1.86 1.50 1.04 1.12 1.05 r 
1967/68 1.58 2.09 1.75 1.28 1.36 1.29 1.65 1.84 1.72 1.16 1.15 1.16 
1968/69 1.87 1.71 1.78 1.20 1.19 1.19 1.11 1.87 1.61 0.74 0.98 0.84 
1969/70 1.93 2.25 2.11 1,64 1.59 1.62 1.82 2.04 1.97 1.21 1.24 1.22 
1970/71 1.95 2.09 2.04 1.60 1.72 1.65 1.90 1.94 1.93 1.53 1.42 1.47 
1971/72 1.73 2.03 1.94 1.35 1.48 1.43 1.71 2.08 1.99 1.34 1.36 1.35 
1972/73 1.68 1.88 1.82 1.19 1.37 1.30 1.85 2.05 1.99 0.91 0.97 0.95 
1973/74 1.79 1.99 1.94 1.31 1.64 1.53 2.06 2.15 2.13 1.14 1.24 1.21 
1974/75 1.62 2.07 1.97 1.17 1.45 1.35 2.26 2.43 2,40 1.20 1.39 1.32 
1975/76 1.94 2.24 2.18 1.42 1.60 1.53 2.07 2.41 2.35 1.12 1.33 1.26 
19/6/77 1.87 2.20 2.16 1.26 1.75 1.60 2.17 2.68 2.61 1.28 1.45 1.39 
1977/78 1.76 2.54 2.45 1.37 1.83 1.70 2.11 2.90 2.81 1.07 1.36 1.27 

Sources: 	Philippines, Ministry of Agriculture, National Policy Staff. The basic data are from the Bureau of
 
Agricultural Economics.
 

Notes: 	The crop year is from July 1 to June 30. The first semester crop is harvested between July 1 and
 
December 31. The second semester crop is harvested between January 1 and June 30.
 



Table 9--Lowland paddy production, by semester, irrigation status, and type of variety, 1957/58-1977/78
 

First Semester 
 Second Semester
 
Irrigated Rainfed 
 Irrigated Rainfed
Tradi- Tradi- Tradi-
 Tradi-


Crop Year tional Modern Total tional Modern Total tional Modern Total tional Modern 
 Total
 

(1,000 metric tons)
 

1957/58 928 ... 928 1,478 ... 1,478 83 ... 83 289 ... 289
1958/59 1,075 ... 1,075 1,608 ... 1,608 129 ... 129 288 
 ... 288
1959/60 1,124 ... 1,124 1,534 ... 1,534 400 ... 400 142 ... 1421960/61 1,034 ... 1,034 1,650 ... 1,650 415 ... 415 190 190
1961/62 1,038 ... 1,038 1,722 ... 1,722 471 
 ... 471 155 ... 155

1962/63 1,206 ... 1,206 1,663 ... 1,663 382 ... 382 149 ... 149
1963/64 1,085 ... 1,085 1,637 
 ... 1,637 441 ... 441 187 ...
1964/65 1,123 ... 1,123 1,726 ... 1,726 455 

187
 
... 455 189 ... 189

1965/66 1,273 ... 1,273 1,758 ... 1,758 460 ... 460 143 
 143
1966/67 1,035 239 1,274 1,421 146 1,567 410 
 188 598 247 
 48 295

196//68 758 502 1,260 1,102 241 1,343 633 378 1,011 
 459 91 550
1968/69 714 925 1,639 885 358 1,243 
 208 698 906 170 136 306
 
1969/70 659 1,008 1,667 1,003 536 1,589 320 
 774 1,094 262 198 460
1970/71 573 1,143 1,716 
 792 654 1,446 364 851 1,215 309 283 592
1971/72 381 1,068 1,449 621 860 1,482 231 
 938 1,169 322 366 688

1972/73 382 951 1,333 533 837 1,371 
 259 751 1,011 165 193 359
1973/74 338 1,420 1,758 487 1,153 1,639 227 
 1,030 1,257 206 350 556

1974/75 288 1,309 1,597 463 1,073 1,535 280 1,156 1,437 
 255 451 705

1975/76 335 1,529 1,864 602 1,162 
 1,764 238 1,268 1,506 199 487 
 686
1976/77 217 1,669 1,886 434 1,344 1,778 191 1,416 
 1,607 231 527 758
1977/78 185 2,001 2,186 452 1,489 
 1,941 148 1,600 1,748 143 413 
 556
 

Sources: Philippines, Ministry of Agriculture, National Policy Staff. The basic data 
are from the Bureau of
 
Agricultural Economics.
 

Note: The crop year is from July 1 to June 30. The first semester crop is harvested between July 1 and December
 
31. The second semester crop is harvested between January 1 and June 30.
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Table 10--Annual growth rates of area, yield, and production of
 
paddy, 1958/59-1977/78
 

Area Yield Production
Period 


(percent)
 

1958/59 - 1977/78 0.4 3.1 3.5
 

1958/59 - 1965/66 -,').6 2.5 
 1.9 

1965/66 - 1970/71 0.1 5.1 5.2 

1970/71 - 1977/78 1.5 2.4 3.9 

Notes: The years given are the middle years of a three-year period. 
Annual growth rates were computed with three-year averages to
 

reduce the effect of yearly fluctuations.
 

Table 11--Impact of irrigation and modern varieties on lowland paddy 
yields, 1966/67-1978/79 

Crop Year 

Percentage Yield Increase 
Due to Irrigation, 

By Variety 
Modern Traditional All 

Percentage Yield Increase 
Due to Modern Varieties, 

By Irrigation Status 
Irrigated Rainfed All 

1966/67 52 21 27 30 4 25
 

1967/68 52 30 38 23 5 24
 
3 22
1968/69 59 49 56 10 

-3 14
1969/70 44 24 36 14 

1970/71 25 22 25 5 2 9 

1971/72 42 27 40 19 7 20 

1972/73 52 57 58 12 15 22 

1973/74 33 50 41 8 21 23 
21 30
1974/75 55 59 60 18 

14 25
1975/76 54 50 56 17 


1976/77 45 59 53 20 29 39
 

1977/78 58 45 65 44 32 54
 

1978/79 56 46 61 36 27 46
 

Note: The crop year is from July 1 to June 30.
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Table 12--Modern variety area and production as a percentage of total
 
lowland paddy area and production, 1966/67-1978/79
 

Irrigpted Rainfed Total
 
Crop Year Area Production Area Production Area Production
 

(percent)
 

1966/67 19 23 10 10 14 17
 
1967/68 34 39 17 18 25 29
 
1968/69 62 64 31 32 47 52
 
1969/70 61 65 39 38 50 53
 
1970/71 67 68 45 46 57 59
 
1971/72 73 77 55 57 63 68
 
1972/73 70 73 56 60 63 67
 
1973/74 80 81 64 68 72 76
 
1974/75 79 81 64 68 70 76
 
1975/76 81 83 64 67 72 76
 
1976/77 86 88 68 74 77 82
 
1977/78 88 91 71 76 79 86
 
1978/79 90 92 76 80 82 87
 

Note: The crop year is from July 1 to June 30.
 

Table 13--Fertilizer consumption, 1969-78
 

Total Nutrients
 
Year Fertilizer Nitrogen Phosphorous Potassium
 

(1,000 metric tons)
 

1969 540.6 116.2 27.3 53.5
 
1970 434.0 91.1 21.7 43.4
 
1971 473.1 99.4 23.7 37.8
 
1972 563.0 118.2 28.2 45.0
 
1973 676.9 151.9 51.0 55.6
 
19/4 138.4 117.4 47.8 60.1
 
1975 577.8 132.8 38.6 49.7
 
1976 644.9 152.7 38.3 50.7
 
1977 686.6 174.2 40.4 45.9
 
1978 791.5 205.4 49.8 56.6
 

Source: Philippines, Fertilizer and Pesticide Authority.
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Table 14--Ratio of fertilizer prices to rice prices, 1970/71-1978/79
 

Fertilizer Price Nitrogen Price
 

Crop Year Rice Price a/ Rice Price b/
 

(pesos per kilogram)
 

1970/71 1.25 3.27
 
2.21
0.93
1971/72 

2.60
1.04
1972/73 

2.11
0.74
1973/74 

3.95
1.40
1974/75 

4.76
1.71
1975/76 

4.06
1976/77 	 1.44 

4.01
1.56
1977/78 

4.01
1.59
1978/79 


Note: The crop year is from July 1 to June 30. 

a/ 	Average retail price of urea, ammophos, ammosul, and com

plete fertilizer divided by farm price of paddy.
 

b/	Average retail price of nitrogen divided by farm price
 

of paddy.
 



Table 15--Response functions by variety, season, and irrigation status with optimum nitrogen and
 

yie1d at three ratios of the prices of nitrogen and paddy
 

Price Ratio 4:1V/ Price Ratio 6:1k/ Price Ratio 8:1b/
 

Response Optimum Paddy Optimum Paddy Optimum Paddy

Condition Functiona/ Nitrogen Yield Nitrogen Yield Nitrogen 
 Yield
 

(kilograms per hectare)
 

Modern varieties
 

Irrigated, 2 
dry season Y = 1,900 + 18N - 0.06 N 117 3,180 100 3,100 83 2,980 

Irrigated, 2 
wet season Y = 2,200 + 18N - 0.10 N 70 2,970 60 2,920 50 2,850 

Rainfed, 
wet season Y = 1,900 + 15N - 0.11 2 50 2,375 41 2,330 32 2,265 

Traditional Varieties
 

Irrigated, 
 2
dry season Y = 1,900 + 11N - 0.13 N 27 2,100 19 2,060 
 12 2,010
 

Irrigated, 
 2
 wet season Y = 2,200 + 11N 
- 0.13 N 27 2,400 19 2,360 12 2,310
 

Rainfed,
 
wet season Y = 1,900 + 9N  0.16 N2 16 2,000 9 1,970 3 
 1,925
 

Sources: Adapted from Cristina C. David and Randolph Barker, "Modern Rice Varieties and Fertilizer
Consumption, in Economic Consequences of the New Rice Technology (Los Baios: 
International
Rice Research Institute, 1978), pp. 175-212; and Thomas H. Wickham, Randolph Barker,

and Mark W. Rosegrant, "Complementarities Among Irrigation, Fertilizer, and Modern Rice
Varieties," in Economic Consequences of the New Rice Technology (Los Baios: Interna
tional Rice Research Institute, 1978), pp. 221-232.
 

a/ Y is paddy and N is nitrogen.
 

b/ This is the price ratio for nitrogen to paddy.
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Table 16--Response functions for modern varieties
 

Estimated
 
Managed Inputs and 	 Response Dry-Sea;o Wet-Seaso
 

Function Function- ! FunctionV
Environmental Variables 


b

Intercept 	 1,079.83= 2,485.0 2,197.0
 

Nitrogen (kilograms per
 
hectare) 20.60 
 16.20
 

Nitrogenradiation-l-tim s solar	 0.9-b- ... ...
 

Nitrogen squared -0.06b/ -0.06 -0.06
 

Stress daysd /  110.68,Y -91.60 -47.80
 

Phosphorous (kilograms
 
per hectare) 3.81k / 
 ......
 

Weeding 	dummy 1./ 160.11-Y
 

2- /Weeding 	 dummy 297.94k/ ...... 

Insect-damage index
 
(percent infestation) -7.87-Y ......
 

......
Insecticide 	 1.472 / 


28.40 b / ......
Percent 	clay 


Nitrogen times stress -0.3P / -0.39 -0.39 

b / 
Solar radiat'on tim..s stress -8.95,


......
R2 	adjusted 0.72 


Source: 	Mark Rusegrant, "The Impact of Irrigation on the Yield of
 
Modern Varieties," Department of Agriculture Economics Paper
 
No. 76-28, International Rice Research Institute, Los Banos,
 
1976.
 

a/ 	These figures are computed by setting independent variables other
 

than nitrogen and stress days at seasonal mean values.
 

b/ This figure is significant 	at the 0.01 level.
 

c/ This is solar radiation measured in kilocalories per square centi
meter from 45 days before the harvest to the harvest. 

d/ These days occur from 60 days after transplanting to 20 days before 

the harvest. 

e/ This is one application of herbicide. 

f/ This is one application of herbicide plus one hand w2eding. 

9/ This figure is significant at the 0.05 level. 



Table 17--Mean stress days, optimum nitrogen use, and expected paddy yield at four levels of
 
irrigation performance and three rates of seepage and percolation, with modern varieties
 
and a price ratio of nitrogen and paddy of 6:1
 

Low Seepage Moderate Seepage High Seepage
 
a.. Percolation and Percolation 
 and Percolation
Distribution Mean Mean 
 Mean
 

of Irriga- Stress Optimum Expected Stress Optimum Expected Stress Optimum Expected

tion Flows Days Nitrogen Yield Days Nitrogen Yield Days Nitrogen Yield
 

(kilograms per hectare)
 

Dry season
 

Ideal 0 122 4,100 0 122 4,100 
 0 122 4,100
 
Good 2.6 113 3,700 4.9 106 3,340 9.6 90 - 2,640

Average 5.2 105 3,300 
 9.7 90 2,630 15.1 73 1,850

Poor 9.0 92 2,730 15.0 73 1,870 18.8 61 1,350
 

Wet season
 

Ideal a/ 0 85 3,140 0 85 3,140 0 85 3,140
 
Average- 1.6 80 2,980 
 2.1 78 2,930 7.9 59 2,390

Rainfed 5.1 68 2,640 7.5 61 2,420 16.8 30 
 1,630
 

Note: The figures in this table are based on 100 simulated seasons with four planting dates each
 

season.
 

a/ The results are virtually the same for good and poor performance irrigation in the wet season.
 



Table 18--National Irrigation Administration estimates of area irrigated, 1968/69-1977/78
 

National Systems Communal Systems Pump Systems Total
 
Ser- Wet Dry Ser- Wet Dry Ser- Wet Dry Ser- Wet Dry
 
vice Sea- Sea- vice Sea- Sea- vice Sea- Sea- vice Sea- Sea-


Crop Year Area son son Area son son Area son son Area son son
 

(1,000 hectares)
 

1968/69 363.3 266.9 101.9 ... ... ... ... ... ...
 
1969/70 401.9 286.9 104.4 ... ... ... ... ... ......
 
1970/71 407.2 290.0 125.4 ... .. ... ... ... ... ...
 
1971/72 410.6 296.0 133.2 ... ... ... ... ... ...... .
 
1972/73 41/.6 280.0 130.0 ... ... ... ... ....
 
1973/74 368.9 336.5 159.5 ... ... ... ... ......
 
1974/75 399.7 332.5 176.7 ... ... ... ... ... .. . . ... ...
 
1975/76 ... ... ... ... ... ...... ...... ... .. . . 
1976/77... ...... . 

1911/78 466.1 345.3 258.9 610.7 451:96-/ 316.3iP 150.3 I05.2 / 737-b / 1,227.1 902.4 648.9 

Note: The crop year is from July 1 to June 30.
 

a/ Estimated as 74 percent of service area, from the national systems ratio.
 

b/ Estimated from a ropping intensity of 1.70, from Bureau of Agricultural Economics data.
 



Table 19--Milled rice: supply and use, 1969/70-1979/80; and projections to 1989/90
 

Domestic Use
 

Year 
Beginning 

Stock 
Produc-
tiona/ Imports 

Total 
Supply Exports Seed 

Feed and 
Waste Food 

Food Per 
Capita 

(kilograms) 

1969/70 
1970/71 
1971/72 
1972/73 
1973/74 
1974/75 
1975/76 
1976/77 
1977/78 
1978/79 
1979/80 

939 
840 
632 
698 
445 
947 
962 
893 
981 

1,156 
1,447 

3,192 
3,259 
3,111 
2,715 
3,468 
3,538 
3,881 
4,100 
4,412 
4,643 
4,878 

0 
18 

633 
238 
311 
238 
71 
24 
7 
0 
0 

4,131 
4,117 
4,376 
3,651 
4,224 
4,723 
4,914 
5,017 
5,400 
5,799 
6,325 

1 
0 
0 
0 
0 
0 
0 
0 

46 
36 

236 

93 
101 
115 
176 
163 
169 
152 
163 
167 
171 
175 

221 
229 
215 
185 
232 
237 
279 
295 
317 
334 
350 

2,976 
3,155 
3,348 
2,845 
2,882 
3,355 
3,590 
3,578 
3,714 
3,784 
4,013 

82.0 
84.5 
87.2 
72.1 
71.1 
80.5 
83.8 
81.3 
82.0 
81.3 
83.9 

1984/85 
Projec
tion A_/ 1,200 5,371 0 6,571 116 175 390 4,680 85.1 
Projec
tion Bc/ 1,200 5,545 0 5,745 0 185 400 4,960 90.2 

1989/90 
Projec
tionA_/ 1,400 6,043 58 7,501 0 175 440 5,486 87.3 
Projec
tion BC/ 1,400 6,485 0 7,885 0 190 475 5,820 92.6 

Source: The basic data for the figures through 1979/80 are from Philippines, Bureau of Agricultural
Economics; the National Grains Authority; and Philippines, Ministry of Agriculture, National 
Policy Staff. 

a/ The milling rate was 0.61 through 1971/72. It increased 0.005 each year through 1979/80, and is fixed
 
thereafter at 0.65.
 

b/ Projection A is made with the assumption that real 
food prices are constant.

c/ 	Projection B is made with the assumption that the demand for food will increase 6 percent over what it
 

would be if real prices were constant.
 



Table 20--Paddy area, yield, and production, 1976/77-1978/79, and projections to 1989/90
 

Area Yield Production
 
Irri- Irri- Irri-


Year gated Rainfed 'Upland Total gated Rainfed Upland Total gated Rainfed Upland Total
 

(1,000 hectares) 	 (metric tons per hectare) (1,000 metric tons)
 

1976/77 1,489 1,658 401 3,548 2.34 1.53 1.06 1.82 3,493 2,536 427 6,456
 
1977/78 1,515 1,581 413 3,509 2.60 1.58 1.12 1.96 3,934 2,497 464 6,895
 
1978/79 1,466 1,581 422 3,469 2.75 1.71 1.10 2.07 4,026 2,707 465 7,198
 

Average 1,490 1,607 412 3,509 2.56 1.61 1.10 1.95 3,818 2,580 452 6,850
 

1984/85
 
Projec
tion a/ 1,720 1,480 350 3,550 3.10 1.72 1.10 2.32 5,332 2,546 385 8,263
 

Projec-,

tion LB/ 1,910 1,385 350 3,645 3.04 1.69 1.10 2.34 5,806 2,340 383 8,531
 

1989/90
 
Projec
tion Aa/ 1,880 1,400 300 3,580 3.42 1.82 1.10 2.60 6,430 2,548 330 9,297
 

Projec
tion BY/2,220 1,240 300 3,760 3.35 1.79 1.10 2.65 7,432 2,215 330 9,977
 

Source: The data for 1976/77 through 1978/79 are from Philippines, Bureau of Agricultural Economics.
 

a/ 	Projection A is made with the assumption that real prices are constant.
 

b/ 	Projection B is made with the assumption that the demand for rice will increase 6 percent
 
over what it would be if real prices were constant.
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Table 21--Elasticity values used for projections
 

El asticity Value
 

Price elasticity of demand for rice -0.40
 
Income elasticity of demand for rice 0.20
 
Fertilizer demand elasticity with respect to paddy price 0.75
 
Fertilizer demand elasticity with respect to fertilizer
 

price -0.50
 
Yield elasticity with respect to paddy price
 

Irrigated 0.20
 
Rainfed 0.15
 

Yield elasticity with respect to fertilizer price
 
Irrigated -0.10
 
Rainfed -0.05
 

Yield elasticity with respect to fertilizer use
 
Irrigated 0.20
 
Rainfed 0.10
 

Area elasticity with respedt to rainfed paddy price 0.10
 

Sources: The rice demand elasticities were derived from James G.
 
Snell, "Elasticities of Demand for Cereals in the Philip
pines: Estimation, Interpretation, and Use" (mimeographed);

Ramon L. Nasol, "Demand Analysis for Rice in the Philip
pines," Philippine Journal of Agriculture and Economic De
velopment 1 (1971): 1-13; 7andaYTe, An Eonomic Analy-sis
of Reserve Stock Program for Rice inthe Philippines," 1973
 
(mimeographed); and Philippines, Ministry of Agriculture,

Policy Analysis Staff, "Philippine Food Consumption Trends
 
and Prospects for the 1980s," Quezon City, January 1980.
 
The yield and fertilizer demand elasticities were derived
 
from Cristina C. David and Randolph Barker, "Modern Rice 
Varieties and Fertilizer Consumption," in Economic Conse
quences of the New Rice Technology (Los Baoios: Internation
a Rice Research Institute, 1978), pp. 175-212; Randolph
 
Barker, Eugenia Bennagen, and Yujiro Hayami, "New Rice Tech
nology and Policy Alternatives for Food Self-Sufficiency,"
 
in Economic Consequences of the New Rice Technology (Los

Ba ios: International Ric-R ar-cT -fInitute, 1978), pp.
 
337-362; Mark W. Rosegrant, "Choice of Technology, Produc
tion, and Income for Philippine Rice Farmers: Agricultural

Policy and Farmer Decision Making" (Ph.D. dissertation, Uni
versity of Michigan, 1978); and Robert W. Herdt and Mark W.
 
Rosegrant, "The Impact of Price and Income Support Policies 
on Small Rice Farmers in the Philippines," Philippine Review 
of Business and Economics 25 (1978): 1-36. The area 
ticity is derived from Jerome F. Sison, Somsak Prakongtana
pan, and Yujiro Hayami, "Structural Changes in Rice Supply
Relations: Philippines and Thailand," in Economic Conse
qeeof the New Rice Technology (Los Ba'os: Internation
a-Rice Te searcl-Tns1tute, 1918), pp. 31-48; and Mahar 
Mangahas, Aida E. Recto, and Vernon W. Ruttan, Production
 
and Market Relationships for Rice and Corn in the Philip
pie, International Rice Research Institute Technical Bul
letin9 (Los Banos: IRRI, 1965).
 

Note: The elasticity values here were moderate or representative

values from a range of different estimates.
 



Table 22--Projected demand for fertilizer and annual cost of a 10 percent fertilizer subsidy,
 

1984/85, 1989/90
 

Projection Aa/  Projection BL/
 

Non-Rice Fertilizer Demand Non-Rice Fertilizer Demand Annual
 
Fertil- for Lowland Rice Total Fertil- for Lowland Rice Total Subsi- Cost
 
izer De- Irri- Fertil- izer Irri- Fertil- dy on of
 

Crop mand gated Rain- izer Demand gated Rain- izer Fertil- Sub-

Year Total C/ fed Total Demand Total9/ e/ feds/ Tctal Demand izerf/ sidyi/
 

(1,000 met- (kilograms per (1,000 met- (kilograms per (1,000 met- ($/met- ($ mil
ric tons) hectare) ric tons) hectare) ric tons) ric ton) lion)
 

1979/80. / 586 94 63 251 837 
 ... ... ... .. ... ...
 

1984/85 712 120 80 325 1,037 113 75 320 23.50
740 1,060 24.9
 

1989/90 
 867 153 102 430 1,297 902 143 96 437 1,339 23.50 31.5
 

a/ Projection A is made with the assumption that real prices are constant and is based on growth
 
rates from 1969/70 to 1979/80.
 

b/ Projection B is made with the assumption that the demand for food will increase 6 percent over
 
what it would be if prices were constant.
 

c/ The figures are assumed to be 50 percent higher than the demand on rainfed land. See the summary

of field survey data in Mark W. Rosegrant, "Choice of Technology, Production, and Income for
 
Philippine Rice Farmers: Agricultural Policy and Farmer Decision Making" (Ph.D. dissertation,
 
University of Michigan, 1978).
 

d/ 	These figures are 4 percent above Projection B, from elasticity of fertilizer demand with respect
 
to fertilizer price for non-rice crops of -0.4.
 

e/ These figures are 6.25 percent below Projection A, from elasticities of fertilizer demand on rice in
 
Table 21.
 

f/ Each of these figures is 10 percent of weighted average price of six types of fertilizer in
 

1980.
 

./ These figures are in constant 1980 dollars.
 

h/ These are estimates, not projections.
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