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1 DISCUSSION

The complex interrelationship between global
climate change and agricultural production will
become one of the most significant policy issues, in
both developed and developing countries, in the first
decades of the 21st century. Global and regional
climate change will modify both agricultural
production capacity and its location. And the
intensity of agricultural production will contribute
to environmental change at both the regional and
global levels.

The best single source currently available for
evaluating the impact of climate change on
agriculture is the recent book by Martin L. Parry,
Climate Change and World Agriculture.1 Parry
notes that two major types of adjustments may be
anticipated at the farm and the regional level.
These are changes in land use and changes in farm
management.2 But there is almost no discussion by
Parry, or in the climate change literature more
generally, of the capacity of the agricultural
research system to "invent around" the new
temperature and rainfall regimes associated with
global warming. Yet the historical record suggests
that modest investments in agricultural research
have enabled societies characterized by vastly
different resource endowments to achieve relatively
rapid growth in agricultural production. In our
book Agricultural Development and in other
writings, Yujiro Hayami and I have developed and
tested, against the experience of both developed and
developing countries, an "induced technical change"
model, in which the direction of technical change is
induced by changes in relative resource
endowments.3 Countries with comparable levels of
land per worker have been able to achieve widely
different levels of output per hectare and per worker
(Figure 1). It is clear that changes in relative
resource endowments have, in the past, had a

pervasive impact on the adoption of technical
innovations by farmers, on the supply of the
industrial inputs in which technology is embodied,
and on the direction of research efforts by
agricultural scientists and technologists in both
public- and private-sector institutions. This induced
behavior must be more explicitly built into the
interactive models if we are to build more credible
models to estimate the impacts of climate change.

The fact that the agricultural research system
has in the past been reasonably successful, at least
in the presently developed countries, in responding
to growth in demand and to changes in resource
endowments cannot, of course, be taken as
assurance that it will be able to do so in the future.4

Its capacity to do so will depend both on the rate of
climate change and on the level of investment in
agricultural research. We now have in place an
effective system of international agricultural
research centers (IARCs) funded by a donors
consortium, the Consultative Group for
International Agricultural Research (CGIAR). In
spite of the high rates of return generated by the
CGIAR institute, there were, beginning in the mid
1980s, growing signs of "aid-weariness" on the part
of the donor countries. A more serious concern,
however, is the limited national agricultural
research capacity in the poorest developing
countries.6 Even Brazil, which was remarkably
successful in strengthening its national agricultural
research capacity in the 1970s, has experienced
substantial erosion of that capacity since the mid
1980s. And biological technology, needed to make
the location- specific technical changes needed to
adapt to climate change, will not be available.

The capacity of agricultural research systems,
even in the most highly developed countries, to
respond to the effects of global warming will depend
on the rate at which climate change occurs. We are
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FIGURE 1 Agricultural Output

on the edge of a transition from an older Mendelian-
based biological technology to a new molecular-
based biological technology. At a conference held at
the University of Minnesota in July of 1989, a group
of leading agricultural scientists attempted to assess
relative contributions of the "old" and "new"
biotechnology to agricultural production over the
next several decades.

Several conclusions are particularly relevant to
the issue of global warming.6

• Advances in conventional technology will
remain the primury source of growth in crop
and animal production over the next quarter
century. Almost all increases in agricultural
production in the future must come from
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further intensification of agricultural
production on land that is presently devoted
to crop and livestock production. Until well
into the second decade of the next century,
the necessary gains in crop and animal
productivity will continue to be generated by
improvements resulting from conventional
plant and animal breeding and from more
intensive and efficient use of technical inputs
including chemical fertilizers, pest control
chemicals, and higher-quality animal feeds.

Advances in conventional technology will,
however, be inadequate to sustain the
demands that will be placed on agriculture as
we move into the second decade of the next
century and beyond. Advances in crop yields,
particularly in wheat and rice, have largely
accrued as a result of efforts by plant
breeders to (1) change plant architecture to
facilitate increases in plant populations per
hectare and (2) increase the ratio of grain to
straw rather than to increase total dry
matter production. Advances in animal feed
efficiency have come about through
decreasing the proportion of feed consumed
that is devoted to animal maintenance and
increasing the proportion used to produce
usable animal products. There are severe
physiological constraints to continued
improvement along these conventional paths.
These constraints are most severe in those
areas that have already achieved the highest
levels of productivity — areas in western
Europe, North America, and parts of eastern
Asia.

Advances in basic science, particularly in
molecular biology and biochemistry, are
opening new possibilities for supplementing
traditional sources of plant and animal
productivity growth. The possibilities range
from the transfer of growth hormones into
fish to conversion of lignocellulose into edible
plant and animal products. The realization
of these possibilities will require a
reorganization in the performance of agricul-
tural research. An increasing share of the
new knowledge generated by research will
reach producers in the form of proprietary
products or services. This means that the
incentives exist to draw substantially more

private-sector resources into agricultural
research. Within the public sector, research
organizations will have to move increasingly
from a "little science" to a "big science" mode
of organization. The capacity of national and
international agricultural research systems
to successfully negotiate the transition from
the old to the new biological technology wiil
be of critical importance in determining the
impact of climate change on agricultural
production as we move beyond the first
quarter of the next century.
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