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ABSTRACT

The New England area is an important contributor
to the national supply of dairy products and food
crops such as apples, grapes, potatoes, sweet corn,
onions, cabbage, and maple syrup. In upstate New
York alone the cash receipts from the sale of farm
products approach $3 billion on an annual basis.
The agriculture sector of the New England
economy will be particularly sensitive to climate
change, and there will be both winners and losers
within the farming community. The social and
political consequences of this will reach well be-
yond the farm gate because of the impact on sup-
ply and price of agricultural commodities, and the
impact on local economies and land use.

Some crops, and the New England farmers pro-
ducing them, will benefit from warmer tempera-
tures, longer growing seasons, and the positive
direct effect of increased atmospheric carbon diox-
ide on yield. In contrast, the competitive position
of those farmers producing crops well-adapted to
the existing climate could be weakened, or their
enterprises may completely collapse, if their crops
do not respond well to shifts in climate, and adap-
tation strategies fail. The dairy industry is likely to
suffer adverse consequences from warmer sum-
mer temperatures because milk production by
dairy cattle is very sensitive to heat stress.

Reaping the potential benefits while minimizing
the potential negative consequences of climate
change will require diversion of agricultural re-
search dollars to climate change issues, shifts in
crops and varieties grown, and increases in water,
fertilizer, pesticides, and other farm inputs. In
some cases, substantial capital investment by
farmers, and taxpayer investment in regional in-
frastructure (e.g., development of water resources
for irrigation) may be necessary just to maintain
the status quo.

See Appendix V for authors” affiliations and addresses.

Assuming a best-case climate change scenario—a
“benign” warming, with no major shifts in precipi-
tation patterns or increase in catastrophic weather
events—the agricultural industry in New England
should be able to adapt, but the transition during
the next century could be very stressful both eco-
nomically and politically for the region.

INTRODUCTION

The economic value of agriculture in New En-
gland is often underestimated, even by many resi-
dents of the region who are not directly involved
with this industry. In upstate New York alone the
total farm cash receipts approach $3 billion on an
annual basis. Many are surprised to learn that
New York ranks within the top three in the nation
for production of apples, grapes, sweet corn, snap
beans, cabbage, milk, cottage cheese, and several
other commodities. Maine has long had important
potato, egg production, and other agriculture-
related industries. The Vermont maple syrup in-
dustry is internationally recognized. The New
England area as a whole provides a significant
proportion of the total U.S. supply of dairy and
maple syrup products. In addition, small family
farms throughout New England are vital to the
economy of rural areas, and they fill an important
market niche for fresh, high quality, affordable
local produce.

Key questions regarding New England agriculture
and climate change are:

® Could the beneficial effects of increasing
atmospheric carbon dioxide (CO,) on plants
(the so-called “CO, fertilization effect”) coun-
teract some of the negative effects of climate
change?

® What types of adaptations and policies will be
necessary to take advantage of the opportuni-
ties and minimize the negative impacts of
climate change on New England agriculture?

® What will the cost of these adaptations and
policies be?
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® Who will be the likely winners and losers
within our region?

® What will be the likely impact of climate
change on New England agriculture relative to
other areas?

® Will climate change help or hinder our efforts
to maintain an affordable food supply for the
region, the nation, and for an increasing world
population?

To date, there has been no comprehensive quan-
titative analysis of potential climate change im-
pacts on New England agriculture. However,
some findings from studies focused on impacts at
the national and international scale are relevant
here. Also, basic information on the regional agri-
cultural economy, and information on crop and
livestock responses to temperature and green-
house gases, can be utilized in developing a quali-
tative assessment for the New England area. We
will first review some fundamental aspects of
what we know and don’t know about how crops
respond to temperature and increases in atmo-
spheric carbon dioxide (CO,).

TEMPERATURE EFFECTS
ON CROPS

Most plant processes related to growth and yield
are highly temperature dependent. We can iden-
tify an optimum temperature range for maximum
yield for any one crop. Crop species are often clas-
sified as warm- or cool-season types. Most of the
crops for which the New England area currently
holds a strong competitive market position at the
national level are cool-season species well adapted
to our mild summers and cool spring and fall tem-
peratures.

The optimum growth temperature frequently cor-
responds to the optimum temperature for photo-
synthesis , the process by which plants absorb CO,
from the atmosphere and convert it to sugars used
for energy and growth. Temperature also affects
the rate of plant development. Higher tempera-
tures speed annual crops through their develop-
mental phases. This shortens the life cycle of deter-
minate species like grain crops, which only set
seed once and then stop producing. For a variety
currently being grown in a climate near its opti-
mum, a temperature increase of several degrees
could reduce photosynthesis and shorten the
growing period. Both of these effects will tend to
reduce yields. Brief high temperature events at
critical stages can severely reduce the quality of
some cool season vegetable and fruit crops, and

thereby reduce marketable yields even when total
productivity is not affected.

The particular crop varieties currently being
grown in major production areas are usually those
best-adapted to the current climate. A significant
increase in growing season temperatures will re-
quire shifts to new varieties that are more heat
tolerant, do not mature too quickly, and have a
higher temperature optimum for photosynthesis.
Developing such varieties should be possible for
many crop species, but there are limits to what can
be accomplished through plant breeding and mod-
ern genetic engineering approaches. In many cases
traditional crops will have to be abandoned for
new crops better suited to the new environment.
On the positive side, for farmers in cool regions
such as New England, a “benign” warming (no
major shifts in precipitation patterns and no in-
crease in frequency of catastrophic weather
events) will lengthen the growing season and
should expand the list of crop species and varieties
that can be grown successfully.

TEMPERATURE EFFECTS
ON LIVESTOCK

Farm animals are directly affected by temperature
and vary in their optimum temperature range.
Dairy cattle perform best in cool climates (tem-
peratures between 40 and 75 °F), and are particu-
larly sensitive to heat stress (Bray and Bucklin
1996). High relative humidity (RH) exacerbates the
negative effect from high temperatures. For ex-
ample, at 80% RH heat stress in dairy cattle can
begin at temperatures as low as 73 °F and stress
becomes severe at 93 °F. Heat stress can have a
carryover effect on milk production and reproduc-
tion for up to 150 days. Renovation or new con-
struction of controlled environment facilities to
house farm animals is costly and will not be a
viable option for many New England dairy farm-
ers. Climate change will also affect livestock pro-
duction indirectly by its impact on the availability
and price of animal feed, such as corn silage.

CARBON DIOXIDE (CO,)
EFFECTS ON PLANTS

The debate over whether CO, and other green-
house gases are warming the planet continues, but
few question the fact that atmospheric CO, is in-
creasing exponentially and will likely double (to
700 parts per million (ppm)) within the next cen-
tury. We can be relatively certain that agriculture
in the future will be affected by the direct effects of
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CO, on crops and weed species, whether or not we
have a concomitant change in climate. Elevated
CO, levels have a potential beneficial effect on the
Earth’s plant life because plants take up CO, via
photosynthesis and use it to produce sugars and
grow. The magnitude of this “CO, fertilization
effect” varies with crop species and other environ-
mental conditions such as temperature and avail-
ability of water and plant nutrients (see reviews:
Wolfe 1994; Wolfe and Erickson 1993).

Most of our information regarding the yield re-
sponse to CO, is based on experiments where
plants were well supplied with water and nutri-
ents, temperatures were near optimum, and pres-
sure from weeds, disease and insect pests were
nonexistent. Under such optimum conditions, a
doubling of CO, (e.g., from 350 to 700 ppm) typi-
cally increases the yield of most crops by 20 - 35%
(Kimball, 1983). While this describes the average,
there are reports in the literature of lower yield
responses in some slow-growing winter veg-
etables such as cabbage, and reports of higher
yield responses in some fast-growing indetermi-
nate species such as cotton and citrus.

Corn, an important crop in New England, is some-
what unique in that it shows very little growth
stimulation with a doubling of CO, concentration
even under optimum conditions. This is because it
has a rather unique mechanism of photosynthesis.
Some pasture grasses, weed species, and a small
number of other crop plants (sorghum, millet,
sugarcane) are similar to corn in their photosyn-
thetic biochemistry, and so also do not benefit
much from elevated CO.,.

It is possible that the beneficial effects from el-
evated CO, may compensate in some cases for
negative yield responses to increasing tempera-
tures. However, New England farmers in this situ-
ation could still be out-competed by farmers in
more northern, cooler regions whose crops get the
full benefit from higher CO, without the negative
effects from high temperature stress.

Within the non-stress temperature range, the ben-
eficial effects from elevated CO, tend to increase as
temperatures increase. However, when tempera-
tures become so high as to adversely affect flower-
ing and pollination (e.g., >100 °F) the CO, benefits
on yield become negligible.

Plant response to CO, at low temperatures will
have important implications for high latitude re-
gions such as New England where, even with a
global warming, plants will be subjected to sub-
optimal temperatures during early and late por-
tions of the growing season. The specific low tem-
perature threshold for realization of a positive CO,
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effect varies, but for most crops the beneficial ef-
fects on photosynthesis become minimal at tem-
peratures below about 55 °F. A recent study (Boese
et al., 1997) found that for some selected crop spe-
cies, such as beans and cucumber, elevated CO,
provides some protection from chilling injury at
temperatures between 40 and 45 °F.

Obtaining maximum benefit from an increase in
atmospheric CO, is likely to require an increase in
chemical inputs by farmers. Weed species can
benefit just as much as cash crops from the CO,
fertilization effect, and therefore growers may
need to use more herbicides to control weeds in
the future. Warmer temperatures in high latitude
areas such as New England may allow more in-
sects to overwinter in these areas, leading to
greater pest pressure in the spring and increased
pesticide use. Plants grown at high CO, tend to
use water and nitrogen fertilizer more efficiently
on a per unit leaf area basis, but when the increase
in plant size due to high CO, is greater than the
increase in efficiency, more water and fertilizer
may be necessary.

MODEL PROJECTIONS
OF CLIMATE CHANGE IMPACT
ON AGRICULTURE

Scientists have attempted to address the issue of
climate change impact on agriculture by linking
together climate, crop growth, and economic-food
trade computer models. These multi-layered mod-
els are extremely complex and contain numerous
assumptions about the physical, biological, and
socioeconomic systems they attempt to simulate.
Nevertheless, they represent the most comprehen-
sive analyses we have at present. They can be use-
ful to policymakers at both the regional and na-
tional level provided there is an educated appre-
ciation for the level of uncertainty inherent in their
projections.

A comparison of impacts on U.S. agriculture for
selected regions, based on a simulation analysis by
Adams et al. (1995), is shown in Table 1. They con-
sidered climate uncertainties by comparing results
from three different general circulation models
(GCMs), those from the NASA Goddard Institute
for Space Studies (GISS), the Geophysical Fluid
Dynamics Laboratory (GDFL) and the UK Meteo-
rological Office (UKMO). These GCMs vary in the
severity and spatial distribution of their predicted
changes in temperature and precipitation. The
UKMO model predicts the greatest increases in
temperature and, not surprisingly, the greatest
effect on regional economic welfare.
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The results in Table 1 indicate that the greatest
negative effects on economic welfare tend to occur
in southern, warm regions of the U.S. In general
these negative effects are small relative to the base
economy, but it should be noted that the yield
forecasts used to create Table 1 are optimistic in
that they assume a substantial CO, fertilization
effect. The model is quite sensitive to this CO,
effect assumption. For example, in simulations for
the Northeast where no benefit from CO, was
assumed, the negative impact from climate change
more than doubled, with a percent change in eco-
nomic welfare of -1.67, -2.91, and -14.86% for the
GISS, GDFL, and UKMO models, respectively.

Table 1. Model projections of climate change ef-
fects on regional economic welfare (percent
change from base) assuming current (1990) tech-
nology and positive CO, fertilization effects on
yield. From Adams et al. (1995).

Climate Model

Geographic Region GISS GFDL-QFlux UKMO

Mountain +16.27 +1.18 +44.83
Northern Plains +2.38 +10.32 +7.11
Pacific +1.94 +1.57 -2.15
Lake States +0.89 +3.23 -4.11
Northeast -0.45 -0.35 -5.05
Southeast -0.61 -0.70 -5.08
Appalachian -0.69 -0.81 -5.21
Corn Belt -0.90 -0.38 -3.50
Delta -0.93 -0.44 -2.38
Southern Plains -1.14 -0.63 -4.94

Although these computer projections can be a
useful tool for policymakers, it is important that
the results of such simulations not be take too
literally. For example, the data for the Northeast
region in Table 1 may not be particularly relevant
to the situation for New England for several rea-
sons. First, “Northeast” as defined by Adams et al.
(1995) included Pennsylvania and New Jersey, as
well as all of New York and the rest of New En-
gland. Second, the yield simulations are based
entirely on crop models for wheat, maize (field
corn), and soybeans. It is questionable whether
these results have relevance for horticultural crops
such as apples, grapes, potatoes, and cabbage that
dominate the New England agricultural economy.
The lack of reliable crop models for many impor-
tant high value crops is a shortcoming of our cur-
rent knowledge base. Finally, heat stress effects on
milk production by dairy cattle, a very important
consideration for the New England area, is not
quantified in data in Table 1.

CAN FARMERS ADAPT
TO CLIMATE CHANGE?

The U.S. and many other developed nations have
a strong agricultural research base, abundant natu-
ral resources for flexibility in cropping patterns,
and capital available to pay for adaptations and
buffer negative economic effects during transition.
For this reason many are optimistic that farmers in
regions such as New England will be able to take
advantage of opportunities and minimize negative
effects associated with climate change.

Adapting to climate change will be costly, how-
ever. Costs at the farm level will include such
things as increased use of water, fertilizer and
pesticides to maximize beneficial effects of higher
CO,, and investment in new farm equipment and
storage facilities as shifts are made to new crop
varieties and new crops. (Imagine the costs, for
example, for an apple grower to change varieties,
or for a dairy farmer to switch to tomato produc-
tion). Costs at the regional and national level will
include substantial diversion of agricultural re-
search dollars to climate change issues, and major
infrastructure investments, such as construction of
new dams and reservoirs to meet increased crop
water requirements. Environmental costs associ-
ated with agricultural expansion into some regions
could include increased soil erosion, increased risk
of ground and surface water pollution, depletion
of water resources, and loss of wildlife habitat.

Developed as well as developing nations must be
prepared to deal with the citizens in those regions
negatively impacted by climate change. Regard-
less of capital availability, agricultural economies
in some areas will collapse due to factors such as
excessively high temperatures, severe pest pres-
sure, lack of locally adapted varieties, or poor
markets for adapted crops. As climatic zones shift,
there will be some cases where those zones with
the best climate for crops will not have good soils
or available water.

It would be wise to begin examining national poli-
cies for their ability to handle these climate change
issues. The Council for Agricultural Science and
Technology report on preparing the U.S. for cli-
mate change (CAST, 1992) emphasized the need
for climate change-related agricultural research,
and suggested modifying existing policies to en-
courage more flexible land use, more prudent use
of water resources, and freer trade.
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CONCLUDING REMARKS

The three major uncertainties regarding impacts of
climate change on agriculture are: (1) the magni-
tude of regional changes in temperature and pre-
cipitation; (2) the magnitude of the beneficial ef-
fects of higher CO, on crop yields; and (3) the abil-
ity of farmers to adapt to climate change. If we
lean toward the optimistic in our assumptions
regarding all three of these uncertainties (e.g., a
“benign warming”, significant yield increases with
a CO, doubling for most crops, and considerable
capacity for adaptation by farmers), the New En-
gland agriculture industry should be able to sur-
vive a climate change, and may even benefit rela-
tive to some other regions of the U.S.. However,
even with an optimistic set of assumptions, we can
be relatively certain that the transition will be very
stressful both economically and politically for the
region. While some components of the agriculture
industry will benefit, others will lose. Some farm
families may go completely out of business when
adaptation strategies fail. There could also be envi-
ronmental costs associated with adaptation such
as expansion of agriculture into fragile ecosys-
tems, the need to develop new water resources,
and increased use of chemical inputs by farmers.

Adapting to climate change with minimal eco-
nomig, social, and political upheaval will require a
coordinated effort at regional, national, and inter-
national levels to deal with the many serious con-
sequences of climate change on agriculture.
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