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Agriculture cannot remain constant in the face of climate change and thus must
change as climate changes. The question, therefore, is when and how this change will
occur, and what options decision makers ranging from policy makers to producers will
have to meet this challenge. But before we answer this question, we need to know the
bio-physical factors that link agriculture to climate.

Agriculture is the art and science of matching the biological requirements of crops
(plants and animals) to the physical characteristics of land. Farming is about minimizing
mismatches between crops and environment to optimize agricultural performance, and
abrupt changes in the amount and distribution of rainfall and temperature will widen
mismatches and lower performance.

It is important to note that reduced yields associated with climate change will not
necessarily be caused by diminished land quality, but will primarily be a consequence of
mismatches between crops and land characteristics currently cultivated on a given parcel
of land. In fact climate change may transform land now too dry or cold into prime
agricultural land to expand the land area suitable for food production. The issue therefore
is to have in hand, effective methods to match crop requirements to changing land
characteristics in a timely and cost-effective manner.

There are three ways to match crops to suitable agro-environments. The first and
most frequently used method is by trial-and-error. Our ancestors carried seeds of their
favorite crops as they migrated to new unoccupied lands, and preserved seeds of those
plants that performed well in the new location. Some wise farmers saved seeds from the
best performing plants, and were able to improve farm productivity by repeating this
process for many plant generations. The early Hawaiians were able to produce over a
hundred taro varieties through this process. But the Hawaiians had centuries to complete
this task and taro is no longer the primary food stable in Hawaii. The trial-and-error
method of matching crops and crop varieties to locations with suitable growing
conditions is too slow and costly. With climate change already upon us, we no longer
have the luxury of time and resources to conduct endless trial-and-error field trials.



There is second and better way to find crops that will do well on your land. This
method called matching by analogy depends on assuming that crops that perform well on
land similar (analogous) in soil and climate to your land will perform well on your land.
This approach is possible in the U.S. and Hawaii because the entire country has been or is
in the process of being inventoried and mapped in detail according to soil type and
climate. This system of inventorying our land resources on the basis of soil and climate
was developed by the Natural Resource Conservation Service of USDA (USDA Staff,
1999). Using this method, one can search for crops that are suitable for a particular
location in Hawaii by looking for analogous soils in Botswana, Guam, India or Panama
and see what crops perform well there. In 1974, the University of Hawaii conducted a
10-year project to test the applicability of the approach on an international scale and
showed that test crops not only performed well in similar soils and climates in Brazil,
Indonesia, Cameroon, Philippines and Hawaii, but responded to similar management
practices to attain high grain yields (Silva, 1985). The limitation of matching crops to
land characteristics by analogy is its exclusion of crops that have never been grown in
that particular type of environment. We need a method that enables growers to evaluate
the profitability of growing the widest possible range of crops on their land quickly and at
prices they can afford.

This brings us to the third methods of identifying crops to replace those that have
become unprofitable from the effects of climate change. It is worth repeating that a crop
or crop variety that performs poorly in one location can regain its yield potential in
another location where its biological requirements are more adequately met. Climate
change does not require us to abandon or discard existing crops and crop varieties, but
requires finding new environments for them. In Hawaii this may mean growing Kapoho
papaya in Mountain View. Does this also imply that Mississippi soybean can be
transferred to Minnesota with global warming? Unfortunately Mississippi and Minnesota
differ in day length and photoperiod sensitive soybean that performs well in the southern
U.S. will not do well in the northern states. But should climate change shift moisture
from Mississippi to Arizona, it should be possible to transfer photoperiod sensitive crops
between the two states.

Mismatches between crops and land characteristics caused by climate change will
not only cause yields to decline but most probably will also cause yield variances to
increase. Every grower's goal is to produce high yields and profit, and to avoid high
yield variances, or feast to famine fluctuations in yield and profit. High yield variance
adds risk and uncertainty to farming and is sufficient in it self to cause farmers to
abandon farming. Random, uncontrollable meteorological factors introduce risk and
uncertainty to farming and compel decision to gamble with nature.

Gambling is a risky game of probabilities. Thus, to determine how a crop will
perform in a new climate requires many years of testing to expose hidden dangers which
one or two years of on-farm trials cannot reveal. Since the risk of crop failure and
income loss resides in the tails of probability distributions, climate change requires
scientists to develop tools capable of generating whole probability distributions of
production outcomes.



Whole probability distribution cannot be generated by conducting trial-and-error
experiments or by searching for crops in analogous environments. Whole probability
distributions can only be generated by systems analysis and simulations using dynamic,
process-based models. There are too many factors that influence means and variances of
crop yield and profit, and there are insufficient resources and time to conduct experiments
to explore even a fraction of the range of outcomes.

In the next three to four decades, the world must double production with a new
kind of agriculture to feed, cloth and house a global population that will increase not only
in size but in aspirations. It will be challenging enough just to double production, but we
are now being asked to do so without compromising the stability and resiliency of the
ecosystem, and to complicate matters even more, this increased production will now need
to be achieved in the context of uncertain global climate change. It is not surprising then,
that there is now widespread agreement that business as usual will not do and a new kind
of agriculture will need to be created to meet the challenge of food security for all.

In 1983 the College of Tropical Agriculture and Human Resources of the
University of Hawaii established a project called the International Benchmark Sites
Network for Agrotechnology Technology Transfer (IBSNAT) project with federal funds
to produce a software called Decision Support System for Agrotechnology Transfer
(DSSAT) capable of predicting the growth, development and yield of the major food
cereal, grain legume and root crops anywhere in the world using historical weather data
to drive the model.

DSSAT generates whole probability distributions of outcomes based on simulated
crop yields taking into account daily, seasonal and annual weather variations over many
decades. This ability to generate and display means and variances of production
outcomes enables users to analyze risk and seek alternative crops and/or crop
management strategies to maintain high yields and minimize risk. DSSAT not only
generate information on crop yields, days to maturity, crop responses to rate and timing
of inputs, but enables users to compute cost of production and perform economic
analysis.

The capability of DSSAT is illustrated by the attached paper (Ogoshi et al.,
1998)), which describes the authors’ response to a request to assess the economic
feasibility of producing soybean on land formerly used to grow sugar cane. To simulate
performance in different locations of the land area, DSSAT needed input information on
soil, weather and soybean varieties. Since no soybean study had been conducted in the
area, DSSAT was asked to determine the best variety based on yields obtained at multiple
locations, planted at 12 different date, at several different planting densities. A typical
task DSSAT would be asked to perform might be to evaluate 4 varieties at 6 locations at
12 (monthly) planting dates and 4 population densities for 30 consecutive years. DSSAT
can complete this task in a few hours, but a trial-and-error field experiment would
involve installing 34,560 field plots over a 30 year period.



As powerful as DSSAT is today, climate change adds a new dimension to the task
of matching crops to land and compels DSSAT to look for help to remain relevant and
useful. DSSAT now operates on the assumption that historical weather data mimics
means and variance of current weather. Climate change will invalidate this assumption.

DDSAT is a product of agricultural scientists and economists. It now needs the
help of atmospheric scientists to develop climate models that can generate means and
variances of weather conditions that apply to a given parcel of land. Our capacity to
match crops to land will depend on the climate forecasting capability of atmospheric
science.
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