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with low transferability of technology from other environments, the difference in the 9t of a testing and

breeding program (g2-g1) will be wider (i.e. spillins as measured by the value of g1 will be lower). The

level of production when breeding becomes more profitable than testing will therefore be lower (less

than 460,000 tons according to Table 14). because cultivars specific to the environment must be

developed to obtain the higher rates of production increase.

If we consider the second scenario of CIMMYT as a potential source of direct spillins. ceteris

paribus. it becomes very difficult to justify a local breeding program in most of the megaenvironments

including ME4A and ME48 based on the yield alone. Given that this scenario does hold in reality, the

results have important implications for the efficient design of wheat research programs in developing

countries. A strong testing program seems to be the most profitable alternative if CIMMYT is considered

as a potential source of direct technology transfer. This is because of the wide adaptability of CIMMYT's

technology across different environments. In fact, CIMMYT cultivars were found to have an absolute

yield advantage over the cultivars developed by national programs in all megaenvironments except ME3

and ME6. This finding is also supported by the emplrical evidence that suggests that about two-thirds of

all the released varieties in the developing world In the 1966-90 period were directly or indirectly

transferred CIMMYT cultivars.

3.3 Economic Analysis of Wheat Improvement Research Programs in Developing Countries

The model developed In previous section (Equation 9) is used to calculate the NPV of current

level of investments devoted to wheat Improvement research by 71 research programs in 35 developing

countries. The analysis is based on the following assumptions. 1) Past research costs are sunk costs.

2) The size of mandate area, number of researchers and costs per researcher (in real 1992 dollars) are

assumed to remain constant over the period of analysis. Thus, the analysis assumes the scenario where

the research programs have to make decisions on whether the continuation of current level of research

investments on wheat improvement research with the current size of wheat area is economically efficient

or not. 3) The time pattern of yield Increments are assumed to be as depicted in model 1 (Equations 4

and 5) ~.e. the locally developed cultivars enjoy yield Increments higher than imported ones throughout

the period of analysis). 4) The decisions by a research program are made independently assuming that

they will not affect the global technology transfer pool. Also, it is assumed that the estimated global

research spillins will be continued in the future.

The program specific data collected by the CIMMYT survey (1993) was used for the size of

wheat area in the geographic region and the number of FTE researchers in the program.36 The cost

36 In many developing countries that responded to the survey, there Is considerable overlap In the
geographic mandates of different research programs. Also, the number of researchers for a given
geographic region are not adjusted to include other researchers working for the same mandate area in
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per researcher were based on Pardey et al. (1991) estimates of expenditure per researcher.37 The

parameter values for 9t' nr r, and at used in the analysis correspond to the baseline scenario given in

Table 9. Since most of the developing countries analyzed import wheat, the variable Pt was determined

based on the real import price (c.i.f. Rotterdam). This may overestimate the returns to research of some

of the wheat exporting or self-sufficient developing countries (such as Argentina and India).

The research program is defined in terms of geographic area for a given wheat type (spring

bread, spring durum, winter bread and winter durum) which may include one or more sub-environments

in terms of other agroclimatic factors such as maturity, altitude and moisture regimes. To the extent that

the values of parameters 9t and nr differ across these sub-environments, the analysis based on this

definition of a research program may over- or under estimate the results.

Results of the Economic Analysis

The results of the cost-benefit analysis in Table 15 indicate whether the current investments of 71

wheat Improvement programs, If continued In the future, will be economically efficient or not. The

research programs are classified Into three groups based on the NPV decision criterion. Group I

consists of 20 research programs In 18 countries across sub-saharan Africa, West Asia and North Africa

and Latin America, that are earning negative NPV to their current Investments in wheat research. For the

breeding programs earning positive NPV, the NPV of alternative Investment in a testing program (with

1/3 of the current numbers of researchers) was also calculated. Group II consists of 11 programs in 9

countries across all regions whose NPV of current investments Is less than the alternative investment in a

testing program; and, Group ill includes 40 research programs In 9 countries across West Asia, Asia and

Latin America earning maximum NPV (compared to the alternative of a testing program).

The results Indicate that more than 40% of the research programs (31 in Groups I & II) in

deVeloping countries are overinvesting in wheat improvement research in the projected scenario. It is

the Universities, private sector, or other research stations. To the extent that the research done by the
other programs affects the yield gains realized in the geographic region, the size of a research team is
underestirnated.

37 Parctey et aI. (1991) express the 1981-85 estimates in 1980 PPP dollars. The purchasing power
parity (PPP) exchange rate used by Parctey et al. leads to a higher cost per scientist. This is because
the cost of goods and services is generally lower in these countries than in the U.S.. Since we are
interested in the profitability of investments of individual research program, rather than comparison
across countries, research expenditures expressed at the official exchange rate were felt to be more
representative of the true costs. The following approach was used to estimate the cost per researcher at
OER (1992 US dollars): (1) The PPP dollar estimates for each country for the most recent year available
(as given in Parcteyand Roseboom 1989) were converted to local currency units (LCU); (2) These
figures were then Inflated to 1992 using the Individual country's consumer price Index based on the
assumption that costs per researcher in LCU have remained constant in real terms; (3) The projected
costs in LCU were then converted to US dollars using the 1992 official exchange rate (OER).

·.
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not surprising, that, the research programs earning the most profitable returns (Group III) are in major

wheat producing countries of West Asia (Turkey). Asia (India, China and Pakistan) and Latin America

(Brazil and Mexico).38 Interestingly, only two out of ten wheat research programs in sub-Saharan

Africa are earning the most profitale returns on their current investments.

The unprofitable level of investment for research programs in Group I can be explained by the

large size of research program relative to the small production in the mandate region as reflected in the

large number of scientists per million tons of wheat produced.39 The 11 research programs in Group

II are Inefficient because they are concentrating on wheat breeding research rather than relying on

testing Imported varieties and selecting the best for local ecosystems.

4. SYNTHESIS OF MAJOR FINDINGS AND IMPUCATIONS

4.1 Synthesis of Major Findings

The Green Revolution in Asia In the late sixties and the seventies induced a large Increase in

wheat research In developing countries. Today. national wheat research programs In deVeloping

countries are employing more than 1.200 FTE researchers and devoting more than hundred million

dollars per year on wheat Improvement research ~.e. variety development). Overall the intensity of

wheat Improvement research (as measured by number of researchers or expenditures per ton of wheat

produced) In developing countries Is comparable or higher than those In Industrialized countries.

One of the Indicators of the Increasing Intensity of wheat Improvement research Is the doubling

In the number of new varieties released per year from 1965 to 1990. However. about two-third of the

varieties released in developing countries were either directly Introduced CIMMYT cultivars (45%) or

38 For some of these programs the benefits of wheat improvement research are overestimated in at
least three respects: (1) the assumption of 0.3%/year yield difference between a testing and breeding
program underestimates the research spAlins for many of the spring bread wheat programs in the
irrigated and high rainfall regions (e.g. programs In Pakistan. Mexico and India); (2) the production is
valued at the Import price which is higher than the f.o.b. (export) price. For many countries that export
wheat (viz. Argentina) or are self sufficient In wheat (such as India. Pakistan) the benefitS are thus
overestimated; (3) in large countries that have several wheat breeding programs (Viz. India. Turkey.
China. Brazil) with overtapping mandate area, benefits to IndMdual research program are overestimated
as the adoption ceiling (al0) is assumed to be 100% of the reported area in the mandate region.

39 These results show that area of wheat production is a critical factor in the economic efficiency of
wheat research. This point can also be made with respect to congruence analysis. According to the
congruence principle, the effICient allocation of research to different regions calls for the value of the
marginal product of research to be equalized. this gives the congruence rule of efficiency that requires
equating the ratios of research expenditures In each region with the value of economic units affected by
research. Although, the efficiency of wheat research programs Is based on the NPV criterion and each
program Is Judged Independently, the results of the analysis· I.e. that research programs with high ratio
of research expenditures to the units of wheat production In the mandate region are inefficient (Group I)
- are In accordance with the congruence analysis.
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than 50 percent) indicates that direct international transfer of varieties is of strategic importance In wheat

improvement research in developing countries.

The dramatic increase in the size of crop improvement programs in many developing countries

over the past thirty years, in general, has been justified on the grounds of genotype by environment (G x

E) interactions (or location specificity) that provides an advantage to developing locally adapted varieties

(Evenson et al. 1979). Results of ISWYN data analysis suggest that G x E interactions are strong in

wheat cultivars from different NARSs. However, G x E interactions were not evident in comparison of

CIMMYT cultivars and cultivars developed by NARSs.

These results reveal that the direct transfer of wheat varieties from CIMMYT can be a potential

substitute for local breeding research in many environments and should be considered in designing

national and regional wheat improvement programs. This can be done by carefully assessing the costs

and benefits of all the investme.nt alternatives, Including the alternative of only having a testing program

to test and directly Introduce varieties developed by CIMMYT or other prOgrams. If a local breeding

program is assumed to generate a 6 percent yield advantage In 20 years (the average for all

environments but excluding CtMMYT varieties), the results of the cost-benefit analysis indicate that the

threshold level of wheat production to justify a testing program is 0.15 million tons and for a breeding

program to be more than a testing program is 0.78 million tons.

The use of this cost-benefit framework in analyzing Individual wheat improvement programs has

provided some generic gUidelines for Increasing the efficiency of investments in public sector wheat

research programs in developing countries. ·The striking result of this analysis was that 31 out of 71

research programs were found to be Investing more than the justifiable levels of expenditures on wheat

Improvement research. Although this finding Is confined to wheat improvement research, it challenges

the conventional wisdom of underlnvestment in agricultural research in the Third World.

The finding of 'overinvestment'in wheat improvement research is based on the fact that many

research programs are Investing in wheat breeding research when a testing research program would

suffice (that is to say, for these programs the NPV of testing program is > NPV of breeding program >

0). In other words, wheat improvement programs In developing countries are placing too much

emphasis on wheat breeding and too little attention on developing an efficient capacity to test and select

imprOVed varieties from the global research system. This has resulted in duplication of research effort

and Inflated the size of rnany wheat research programs in developing countries.

Two major conclusions from this study challenge conventional wisdom: that wheat research

spillovers are larger than previously reported and there is 'overinvestment' in wheat research. The

research and policy implications of these results are discussed below.
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4.2 Imolications for the Evaluation of Research Investments

The results of this study challenges the underinvestment hypothesis and the policy prescription

of increasing investments in agricultural research in developing countries in the case of wheat breeding.

The results of this study also have the following implications for the research evaluation literature.

1. Analytical Framework: The ex-post rate of return studies evaluate research investments as a free

standing research projects based on the criterion of NPV > O. The evidence of rate of returns greater

than the opportunity cost of capital (OCC) O.e. NPV > 0 when evaluated at OCC) is therefore interpreted

to Imply that investments In research should be increased to drive down the rate of return. However,

this study has shown that even if research programs are earning high rates of return to their investment,

they are not necessarily earning the most profitable retum. If types of research programs are

considered as mutually exclusive. then Investment decisions should be based on the maximum NPV

criterion to yield efficient allocation of scarce resources.

2. Need for more studies for small countries: This study has found that the research programs

earning the highest levels of returns were located In large wheat producing countries with a long history

of successful wheat research programs (India, Pakistan, China, Turkey, Brazil, Mexico). This conforms

with the large number of rate of return studies for these countries. But most of the studies of retums to

wheat research have focused on large wheat-producing countries that are known a priori to be

"winners-. Studies of retums to wheat research In small countries and environments within countries are

generally not available. In the few avaUabie case studies. the reported rate of returns are modest.40

There Is a need to evaluate agricultural research In small countries. different commodities, and types of

research, to update and validate the underinvestment hypothesis.

3. Need for more studies for post-Green Revolution period: Most of the studies on return to wheat

research were done for the late sixties and the seventies O.e. the so called Green Revolution period).

when returns to research were unusually high because of the development and diffusion of high-yielding

wheat varieties. However, In the post-Green ReVolution era. yield Improvements have been more·modest

as the newer generations of modem varieties replace earlier generations of modem varieties in the

farmers' fields. Therefore, the retums to wheat research today may not be as high as those reported in

earlier studles.41 Thus there is a need for more ex-post or ex-ante studies of retums to resources

Invested in wheat Improvement research In developing countries for the post-Green Revolution era.

40 For example. IRR of 11-12 percent in case of Colombia as reported by Hertford et al. (1977).

41 For example, In Pakistan the IRR exceeded 50% for 1967-81 (Nagy 1984) but fell to about 16
27% In the post Green Revolution period (Byer1ee 1993). Although, the rates of return are still high, they
nonetheless Indicate the declining trend In returns to wheat research In a large wheat producing country
like Pakistan.

.'
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4. Need to estimate direct spillins and incorporate them in research evaluation: Because of the

location-specificity argument, spillovers in crop research were usually assumed to be indirect in nature

(Le. exchange of germplasm for parent materials, exchange of breeding methods, scientific information,

etc.). Research spillovers are therefore modeled as positive externalities that affects only the resear~h

production function of other research programs. The theoretical argument for underinvestment rests on

this basic premise (Ruttan 1982). However, if direct research spillins are possible. as shown by this

study, then research spillins will not only affect research productivity but also the choice of the research

strategy. The study therefore suggests the need for estimating research spillins (in terms of yield

advantages) and incorporating these estimates In the research evaluation framework.

4.3 Implications for Research Managers

The results of this study indicate that two-thirds of the wheat improvement research programs in

developing countries are overinvesting In research. This overinvestment is caused by many Institutional,

bureaucratic and political factors that Inflate the size of wheat research programs in terms of the number

of scientists, duplication of wheat research programs and paying too little attention to Importing

technology from the global research system. However, because of the severe budget constraints of the

1990s, the Justification for agricultural research will Increasingly have to be based on hard economic

realities. To efficiently utilize available research resources, funding for wheat research should be based

on the following considerations:

1. Environmental zonation: The establishment of crop improvement programs should be based on

environmental rather than political boundaries. For e.g., instead of India pursuing 47 wheat

research programs (Jain and Byertee 1993) with at least one in each state where wheat Is

grown, It might develop one major program for each of the nine major agro-climatlc zones

(Tandon and Sethi 1988).

2. Appropriate research strategy: For a given environment, the appropriate type of a wheat

research program (testing or breeding) needs to be carefully determined based on the

availability of research spillins from other national programs and international centers.

3. The NPV decision criterion: The decision ex ante to establish a research program or to change

an existing research program by adding new components to it (viz. local crossing and earty

generation selection components to the existing testing program) should be based on the

alternative with the highest NPV. For example. if both testing and breeding research alternatives

are earning a positive NPV but the NPV of a breeding program Is less than that of a testing

program. then Investments In a breeding program engaged in local crosses and selections (In

addition to testing Imported materials) would Imply waste of resources (given the resource

constraints).
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This framework is useful for research administrators faced with the decision ex ante of whether

and what type of crop improvement research program is optimal for an environment. For research

programs that have been already established and are earning negative returns (such as the 20 research

programs in Group I), it is suggested that they should either -

• reduce the size of their wheat improvement research programs;42

• change the type of research program (from breeding to testing);

• consolidate state and provincial research programs into regional programs;

• consolidate research programs of different commodities (for example, wheat can be

combined with other crops in one testing program); or,

• participate in inter-regional collaborative research programs.

However, because of institutional rigidities it will be difficult for NARSs to change their wheat research

strategies in a short period of time. But, in many countries, human resources can be transferred from

wheat improvement to other areas of research that are more profitable. This will increase the overall

efficiency of resources devoted to agricultural research.

Since the NPV of alternative levels of research capability change with the availability and type of

research spillins over time, it Is essential that research managers periodically review the research

commitments and reallocate research resources on the basis of new information about the potential

research payoffs of other alternatives. Since the efficiency of research resources will depend on the

magnitude of research spillins, research managers should examine the crops in terms of transferability

potentials. Crops with the potential for direct spillins should be less researched than those whose

results are more location-specific. Similarty, for a given commodity, types of research with smaller

possibilities of direct spillins will be more intensively studied. For example, for a crop such as wheat,

some NARS should probably reallocate resources from plant breeding to crop management and natural

resource management research which are likely to be more location-specific (Maredia et at 1993).

The results of this study reveal the danger of applying 'rules of thumb' (such as spending 2

percent of agricultural GOP on research and each NARS should have a minimum of 250 scientists) in

designing a national research system. Decisions on resource allocations to agriCUltural research must

be made on a commodity-by-commodity basis through the use of some kind of a cost-benefit analysis

that takes the following factors Into account: environmental diversity, research spillins, research costs

42 For example, our calculations based on the cost-benefit model suggest that the spring bread
wheat Improvement programs in Burundi, Uganda, Nigeria, Kenya, Tanzania, zambia, Lebanon,
Guatemala, Ecuador, Colombia. and Paraguay would have to be reduced by at least half to make them
economically Justifiable. In some of these spring bread programs, current levels of wheat production
cannot justify even one FTE scientist on wheat Improvement research (e.g. Burundi, Uganda, Lebanon,
Ecuador, Guatemala, etc).
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(scientists needed to carry out research, their salaries, operating expenses, etc.), research lag and the

size of the mandate region.

4.4 Implications for the CGIAR and Donors

In the late 1980s and early 1990s public expenditures on agricultural research in the CGIAR

system came under increasing scrutiny. In addition, donors started to question the relative emphasis

that should be devoted to commodity versus environmental research in the CGIAR system. Even though

the donor support was declining in real terms between 1990-92, five new centers were added to the

CGIAR system during this period. The net result of this expansion is that the CGIAR is under severe

financial stress. The budgets of the commodity-focused centers (CIMMYT, IRRI, CIP) have been quietly

sliced and It is proving increasingly difficult for the CGIAR to implement its expansion plan (Eicher 1994).

With the world recession and shifting domestic priorities, donor support for both the CGIAR and

NARSs In developing countries has declined in recent years. This study has demonstrated the

comparative advantage of CIMMYT In breeding research and Its strategic role in the direct and indirect

transfer of ImprOVed materials to developing countries. Cultivars developed by CIMMYT out-performed

cultivars developed by NARS In most of the megaenvironments in the Third World. This superior

performance of CIMMYT developed cultivars Is also supported by the empirical fact that two-third of all

released varieties In developing countries in the period 1965-90, originated from CIMMYT crosses or

CIMMYT materials that were used as one of the parents In NARS crosses. However, because of a

reduction IIi Its budget, CIMMYT has been forced to reduce the size of its senior staff by 42 percent

over the past five years (1988-93). Thus. It is Important that the CGIAR management examine this Issue

and take the hard decision to protect the real budgets of the proven commodity centers such as

CIMMYT to ensure that they have the capacity to generate a steady source of research spillovers for

developing countries.

The main findings of this study about the international transferability of wheat varieties and the

fact that many NARSs are over-Investing in wheat breeding research have important implications for

donors. First, the confirmation of economies of scale in wheat breeding research sends a powerful

signal to donors that they should invest enough resources in CIMMYT to allow it to maintain Its global

comparative advantage in wheat breeding and the free diffusion of germplasm to developing countries.

Second, donors should support and encourage many NARSs, especially those with a small area under

wheat cultivation, to Import technology from the global research system rather than duplicating wheat

breeding programs. Third, donors should encourage NARSs to consolidate uneconomic wheat research

programs, Increase their participation in regional research programs, and improve their capacity to

import Improved varieties from CIMMYT and other foreign research programs.
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APPENDIX B

ESTIMATION OF MILL'S RATIO

For econometric purposes, the ISWYN data can be characterized as Incomplete panel data.
This Is because of the following two reasons:

1. The locations used as trial sites change every year. The number of locations In each trial, varies
from 55 to 72. Thus, some locations may appear In all the eight ISWYN sets analyzed, some in
only one set, and some In more than one set. The incomplete location data can be, however,
be characterized as randomly missing because there Is no clear pattem in the selection
procedure of a location in a given year.

2. The set of cultivars also varies from year to year. Each ISWYN data set was comprised of fifty
cultivars (except one which comprised only forty). Thus, a given cultivar may appear in only
one data set, more than one data set, or in all the eight sets that were analyzed. Cultivar
attrition can be attributed to the fact that old cultivars are replaced by better yielding cultlvars
developed by CIMMYT or national research programs. Thus, cultivars are missing In a given
year for reasons of self-selection. The Incomplete cultivar data can, therefore, be characterized
as non-randomly missing data.

Since the probability of cultlvar attrition Is correlated with experimental response, the traditional
statistical techniques for panel data will provide biased and Inconsistent estimators (Hsiao 1986). To
correct for the selection bias, Hsiao (1986) suggests that the structural model should be estimated by
adding a new variable known as the Inverse Mill's ratio (r).

The inverse Mill's ratio for all the cultlvars In a given year was estimated using the Heckman's
two-stage method (1979). Heckman's two-stage method Is as follows. For a given year, t, an indicator
variable dlt is defined for all cuitivars observed in period t and t-l as: dlt = 1 if cultivar I Is observed in
that period and dlt = 0 if It Is not observed; In other words if attrition occurs. We assume that whether
the cultlvar lis observed or not In time period t, Is a function of its previous year's performance relative
to other cultivars and Its past history. Specifically, dit = 1 if the latent variable

(B.l)

(B.2)

where, boIs the constant term and bl and b2 are the coefficients of variables that affect the probability
of obserVIl1g cultlvar I In period t. Variable Ylt-l measures the relative yield of cultlvar i in period t-l, and
variable xtt measures the number of years a cultlvar has been planted In the past trials. The elt are
normally distributed error terms.

The probabHlties of retention and attrition of cuitlvar I In period t are therefore the problt
functions given, respectively, by

Prob(d; =1) • • (bO + bl Yit-l + b2 xit)

Prob(d; • 0) • 1 -. (bO + bl Yit-l b2 x;t>

where. (.) Is the standard normal distribution function.

FollOWIng Heckman's (1979) two stage procedure, the b coefficients were estimated from a
problt analysis of the qualitative variable dl as a function of the observed YI and xl' The Newton
Raphson's numerical iteration method of scoring was used to calculate the b coefficients. The estimated
coefficients were then used to evaluate the probability density function q, (.) and distribution function. (.)
to calculate the inverse MOl's ratiO, r
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(B.3)

These steps were repeated for each time period. The MUl's ratios, rlt, were combined across all years
(except ISWYN 16) in which they were planted to form the vector R. This vector consisted of 317
observations, each corresponding to an entry In a given ISWYN. Tlius, rlt are entry specific values for
each ISWYN.

The variable rlt is then used in the model where the yield variable is regressed on the
environmental, technological, interaction and inverse MUl's ratio term. (R) using the ordinary least squares
(OLS) method. Heckman (1979) showed that this method yields consistent estimators of the parameters
of Equation 1.
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APPENDIX C

AVERAGE YIELDS OF WHEAT CULTIVARS FROM DIFFERENT ORIGINS
IN DIFFERENT ENVIRONMENTS

Table C.1: Average yields -of wheat cultivars from different origins. based on the regression coefficients
of equation 1

LOCATION ENVIRONMENT

ORIGIN 1 2 3 4A 4B SA 6

T ME1 47698 3481 2210 3405 2528 1665 3733
E ME2 4537 3670a 2107 3472 2599 1454 3781
C ME3 4262 3529 261e8 3211 2592 1600 3957
H ME4A 4703 3444 2051 3ngS 2391 14n 3697
N ME4B 4283 3569 2326 3445 2874a 1470 3900
o MESA 4176 3145 2397 3107 2546 1631a 3622
L ME6 4181 3275 2202 3272 2604 1367 395e8
0
G CIM1 5296 4160 2602 3799 3065 1654 3865
Y CIM2 4996 3900 2478 3674 2890 1638 3825

Note: CIM1: indicates CIMMYT cultivars released In Mexico. CIM2: Indicates CIMMYT cultivars either
released In another country or not released anywhere. Technology from ME 1 to 7 represent
non-eIMMYT cultivars bred and selected for respective megaenvlronment.

a Denotes arithmetic mean
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LONG-TERM TREND PRICES FOR WHEAT

C.I.f. and f.o.b. Prices for wheat from 1969-1993 were deflated by the U.S. consumer price i.ndex
(all items) to obtain real-price series In 1992 dollars. A Iog-ilnear trend was fitted to these price series
resulting in the following trend equation.

c.l.f. prices:

Pt = 2177 - 1018 log T
(330)

R2 = 0.29

f.o.b. Prices:

Pt = 2248 - 1073 log T
(279)

R2 = 0.39

where, Pt Is the real price In 1992 dollars and T Is the number of years since 1900.

Using these equations the respective trend prices were calculated for each year In 1992 dollars.
Using the same equation, the prices were projected for the years 1994-2042. These are reported at five
year Intervals, beginning from 1995, In Table 0.1.

54



Table 0.1: Real price trends for wheat. 1969-2040

·.,

Year
1969
1970
1971
1972
1973
1974
1975
1976
19n
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1995
2000
2005
2010
2015
2020
2025
2030
2035
2040

Current Price
----c~[[-----to~b-

65 66
65 55
67 62
76 70

153 140
210 180
177 149
161 133
126 103
147 128
186 160
213 177
210 177
187 161
185 158
180 153
169 137
148 117
141 114
176 146
190 164
164 137
156 129
188 151
193 140

Real Price8

(1992 US$)
----c~[[-----to~6-

214 217
208 175
207 191
223 206
399 365
460 395
354 299
309 255
228 186
246 214
2n 238
278 231
251 211
219 189
214 183
203 173
192 156
173 137
161 130
193 160
198 171
165 138
157 130
188 151
192 139

Trend Price
(1992 US$)

----c~[[-----r.o~6-

306 275
299 268
293 261
287 255
281 248
275 242
269 236
263 229
257 223
251 217
246 211
240 206
235 200
229 194
224 188
219 183
213 177
208 172
203 166
198 161
193 156
188 151
183 146
178 140
174 135
169 130
164 125
142 102
120 79
99 57
80 36
61 17
43 13
26 13
12 13

Source: USDA, Wheat Situation and Outlook Report; USDA, World Grain Situation and Outlook Report.
c.l.f. price tor U.S. No.2 Hard Winter, 13.5% (Rotterdam); t.o.b. price for U.S. Hard Red Winter No.2,
~.S. Gulf Ports).

Deflated by the U.S. producer price Index.
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ESTIMATION OF THE RATE OF DIFFUSION OF VARIETAL TECHNOLOGY

rhe parameter cxt was estimated using the following logistic equation.

Aor· --....-...,.....,..
1 + e -(a+bt)

for t = 1.2•...•nd (E.1)

where. nd

A
a.b

is the adoption lag (time required for the technology to diffuse In A% of total
area)
Is the adoption ceiling rate
are the parameters of the logistic function.

The estimates of cxt were based on the following assumptions of the parameters of equation E.1: nd =
10; A = 1; cx1 = 0.05; cx10 = 0.99

On the basis of these assumptions. equation E.1 was solved for parameters a and b. Their
estimates are: a = -3.78; b = 0.84. Given the parameter values of a and b the estimated rate of
adoption In the ten years following the first release of a variety by the research program Is given in Table
E.1.

Table E.1: Parameter Values for Or

Yea"s

1
2
3
4
5
6
7
8
9
10

0.05
0.11
0.22
0.39
0.60
0.78
0.89
0.95
0.98
0.99

a refers to years after the first release of
variety
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