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Climate change and 
agriculture in the Northeast

In October 2012, Hurricane Sandy
ravaged the east coast, causing billions of
dollars in damage. Fortunately for farm-
ers in the northeast, most of the summer
crops had already been harvested but
localized damage occurred: flooding in
fields, electric outages, and beehives
washed away. 

While super storms like Sandy are not
common occurrences, climate change is
expected to bring about similar — and
more frequent — extreme precipitation
events that will likely have detrimental
impacts to agricultural production
through flooding, crop damage, soil ero-
sion, and delayed plantings and harvests.
While scientists warn that no single
weather event can be attributed to cli-
mate change, a trend of more frequent
severe storms can. And since the mid-
1900s, the northeastern U.S. has experi-
enced more extreme precipitation events
than any other region in the country
(Hayhoe et al., 2007). 

The impacts of a changing climate on
agriculture in Pennsylvania and the

northeast do not stop at severe weather
events. For example, shorter, warmer
winters may mean more intense insect
pest invasions during the following grow-
ing season, and fruit farmers may experi-
ence early fruit tree blooms, only to be
damaged by a subsequent frost. Hotter
summers, drought conditions, and water
stress may combine to harm animal and
crop production. Data show that the
average annual temperature across the
northeast is on the rise (Kunkel et al.,
2013). As these changes occur, farmers
may also identify some new possibilities
for their production. For example, earlier
springs and longer growing seasons may
mean that farmers are able to introduce
new varieties and even increase yields
(Wolfe et al., 2011).

The difficulty with climate change is
its variability and unpredictability. While
scientists have robustly documented that
changes in the climate are occurring, they

also readily admit that a great deal of
uncertainty still exists. How quickly will
temperature increase? Does a tipping
point exist when changes will accelerate
very quickly? What does the future look
like in 20, 50, or 100 years? 

What is clear is that change is happen-
ing and many witnesses are observing and
responding to these changes. In the last
issue of Passages, Mike Finewood wrote
specifically about farmers and scientists
and the different ways they understand
these changes as outcomes of climate
change. Although scientists are seen as
the experts, farmers also hold invaluable
knowledge that is crucial to productively
adapt to climate change. To confront the
challenge of climate change, these groups
must work together. 

Efforts across the Northeast are begin-
ning to combine multiple sets of knowl-
edge to proactively adapt to changes in
the climate. PASA, for example, is taking
an active role in assisting farmers to
develop strategies for adapting to climate
change. Using a grant though the EPA
Environmental Justice Program, PASA is
conducting field days where farmers and
scientists come together to share knowl-
edge and experiences on key adaptation
strategies like building soil health. The
U.S. government is also working to bring
together the knowledge of farmers, uni-
versity researchers and extension agents,
and non-profit organizations. In 2013,
the U.S. Department of Agriculture
(USDA) launched their Regional 
Climate Hubs. The USDA Northeast
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Interseeding a cover crop into a cornfield. Photo credit: Chris Houser (2013).



11

Climate Hub works in collaboration with
land-grant universities, state and federal
agencies, non-profit and private partners,
farmers, and foresters to identify and
develop tools and outreach programs that
relevantly and appropriately assist land
managers to make informed decisions to
adapt to and mitigate the effects of cli-
mate change. 

As the USDA Northeast Climate 
Hub has engaged in this work, it has
come across innovative regional efforts.
Sometimes the ideas begin with farmers
and other times within the university,
but at some point, they always benefit
from collaboration and cooperation. The
following examples highlight the ways
that different experts — farmers,
researchers, extension agents, etc. — are
working together to confront changes in
the climate. 

Maintaining soil health 
through cover cropping

As heavy rainfall events and moderate
droughts become the norm, the negative
impacts from weather on farm productiv-
ity are occurring more frequently. For
farmers in the northeast, the increased
frequency of intense rains often causes
concern about soil erosion. Numerous
practices exist that can help minimize soil
loss and also aid in improving soil qual-
ity. One option is cover cropping, which
has been rapidly increasing in popularity
across the northeast. In addition to pro-
tecting the soil, cover cropping can help
dairy and livestock producers grow more
feed, keep fertility nutrients on the farm
and out of ground and surface waters,
and increase the soil’s water-holding
potential which can pay dividends during
years when summer droughts occur. 

Conventional farmers, who recognize
the benefits of reducing tillage and plant-
ing cover crops, typically rely on herbi-
cides to chemically control cover crops
prior to the establishment of their next
crop. Organic farmers, avoiding the use
synthetic herbicides, often rely on tillage
to destroy their cover crops and to con-
trol weeds that might be present in fields
prior to new crop establishment. But
tillage comes with numerous and consid-
erable costs such as tractor fuel, replace-
ment parts, time, and soil quality. 

While several strategies exist for
organic farmers to reduce tillage on their

farms, the interseeder, a high clearance
no-till drill that allows cover crops to be
planted into standing annual crops (usu-
ally corn), is one that has received exten-
sive attention from Penn State
University. The interseeded cover crop is
typically drilled when a corn crop has 4-
6 leaf collars, which is early enough to
allow the cover crop to become estab-
lished well enough that it can survive the
nearly two months of heavy shade prior
to corn maturation, but not so early that
the cover crop becomes competitive with
the corn. 

Several benefits can be realized from
interseeding. A cover crop can be estab-
lished and can produce biomass even
before the grain crop is harvested. There-
fore, the tillage that typically occurs after
grain harvest but prior to cover crop
planting is eliminated. In addition, in
short season regions or during those years
when grain harvests are delayed, drilling a
cover crop after grain harvest may be
impractical, so interseeding addresses
that problem as well. Together with
farmers, and supported by a USDA/
NIFA Organic Agriculture Research and
Extension Initiative grant, Penn State
researchers and extension educators have
just completed the first of several years of
on-farm and experiment station research
to evaluate the potential for interseeding
on organic grain farms. Across several
certified organic farms in central Penn-
sylvania, experiments are being con-

ducted to identify the best way to manage
grain crops and interseed cover crops. 

Though many citizens across the
country are increasingly accepting that
changes in the climate are occurring,
many farmers are concerned about the
economic impacts of adapting to these
changes. While these concerns are valid,
examples like the interseeder experiment
demonstrate that some adaptation strate-
gies can be developed that are both eco-
nomically and environmentally
beneficial. Although the results of the
experiment are not yet established, the
team of farmers, researchers, and exten-
sion educators are looking for solutions
so that farmers can simultaneously pur-
sue a bountiful grain harvest and improve
soil health.

Innovative Mobile 
Wooden High Tunnels

Another important way that farmers
reduce risks associated with variable
weather is with high tunnels. The passive
solar structures are designed to extend the
growing season and protect crops from
potentially damaging conditions like
temperature fluctuations, precipitation,
frost, wind, insect pests, and disease.
Typically, high tunnels have been simple,
plastic-covered, tubular steel structures
that can be costly or difficult to vent or
move. Understanding the benefits and
shortcomings of these traditional high

Cover crop emerging in a corn field, 28 days after annual ryegrass, red clover, and radish
seed were interseeded in a cornfield. Photo credit: Ron Hoover (2015).
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tunnels, farmers, researchers, and the
USDA are joining forces to improve the
design of high tunnels.

In Sangerville, Maine, for example, an
innovative mobile wooden high tunnel
has been installed at Stutzman’s Farm.
The tunnel’s framework is constructed of
locally-milled Maine cedar, which is cost
effective and supportive of the local econ-
omy. The design includes wheels for
mobility and the structure is arch-shaped,
helping it to shed snow and ice effec-
tively. The shape also allows crops to be
planted very close to the inside edge to
maximize the growing space. In the
colder months, a double layer of polyeth-
ylene film is inflated for insulation using
a low powered fan, the only equipment
in the high tunnel that requires electric-
ity. Both sidewalls have doors that can be
opened for ventilation and farm equip-
ment. The high tunnel temperature is
managed passively with solar gas cylin-

ders, which open both the skylights and
the side door louver vents. 

Innovative as the high tunnel is, it
would not have come to fruition without
the partnership that has been established.
Sunny Stutzman of Sunny Skies Design,
in collaboration with University of
Maine’s Advanced Engineered Wood
Composites Center, designed the high
tunnel. Their efforts were contracted by
the Piscataquis County Soil and Water
Conservation District that received funds
for the project through a USDA Natural
Resources Conservation Innovation
grant. The high tunnel was tested over a
two-year period of farm trials at the
Stutzman’s and tested for structural
integrity by the University of Maine’s
Advanced Structures Composites Center. 

While this particular high tunnel
design is currently in the pipeline to
make more widely available to farmers,
studies elsewhere have shown the benefits
of high tunnels. For example, Demchak
(2009) documented that cultivating red
raspberries in high tunnels in Pennsylva-
nia increased yields of marketable berries

by 2–3 times. In Maine, as the Stutz-
mans, the University of Maine, the Pis-
cataquis County Soil and Water
Conservation District, and the USDA
have come together, they have designed a
wooden high tunnel that is a model for
farmers across the northeast hoping to
reduce their risk to weather events. The
conservation district is now working to
identify a manufacturer that can produce
seasonal high tunnels based on this pro-
totype model, and thereby bolster both
the agriculture and the wood products
industries in Maine.

Water conservation 
with farm smart sensors 

If, as scientific predictions indicate,
average temperatures tick upward in the
northeast and drought conditions
become more frequent during the grow-
ing season, water stress will likely present
another concern for many farmers.
Researchers from the University of Mary-
land are developing and implementing
wireless sensor technologies to assist
farmers to make better water manage-
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ment and environmental decisions with a
changing climate. With funding from
USDA grants, Dr. John Lea-Cox, Profes-
sor and Extension Specialist in the
Departments of Plant Science and Land-
scape Architecture, leads a team of
researchers focused on providing real-
time information for farmers to make
more informed decisions about their own
practices. 

According to Lea-Cox, “we use sen-
sors to measure changes in soil moisture.
Once this information is captured, we
use computer software to provide intu-
itive graphs, alerts, irrigation scheduling
and other tools for each farm site via the
internet — directly to anyone who has
access to the website.” The importance of
Lea-Cox’s approach is that it provides
specific information for farmers’ individ-
ual landscapes. 

The information that the online tool
provides to farmers has been effective in
assisting farmers to make water manage-
ment decisions. Using automated soil
moisture monitoring, Waverly Farm, a
wholesale nursery in Maryland, adjusted
its water application to reflect actual soil
moisture and as a result, reduced the
number of times irrigation needed to be
applied by over one-half (Faulring,
2014). Sensor technology alerts farmers
only when soil moisture drops below a

certain level when irrigation is needed.
Lea-Cox explains that without the kind
of precision that the sensor technology
provides, “sometimes, we totally miscal-
culate how much water it takes to replen-
ish water in the root zone — and that is
how we lose most of our water.” The
benefits of incorporating such informa-
tion into decision-making can be sub-
stantial. Lea-Cox estimates that the
potential water savings reach between
40–70%, helping farmers save time,
money, and energy, all the while adapt-
ing to potential effects of the changing
climate. 

Proactive Agriculture 
in a changing climate

Together farmers, scientists, non-
profits, state and federal agencies, local
governments, and citizens can come
together to ensure that agriculture adapts
to climate change in innovative and pro-
ductive ways. These types of efforts to
proactively respond to a changing climate
is sometimes called climate-smart agricul-
ture, or agriculture that sustainably
increases productivity while adapting to
climate change and mitigating green-
house gas emissions (Lipper et al., 2014).
Cover crops, innovative high tunnels,
and farm smart sensors are only a glimpse
into the impressive efforts that are under-

way. Solutions related to dairy and poul-
try management, flooding and frost,
insect pest and pathogen invasions, and
drought conditions are undergoing
experimentation by farmers and being
pursued by researchers. 

Not everyone may agree on the best
adaptation practices all the time, but as
opposed to rigid guidelines, a whole suite
of options are being developed that will
allow individuals to pick and choose
what best works for them. But being
proactive in ways that have both an eco-
nomic and environmental outlook will
determine agriculture’s success in
responding to changes in climate. With
collaboration and cooperation, the
northeast can meet the challenge to
maintain and improve production. The
biggest risk is not climate change itself; it
is being passive as these changes occur. ■
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A few efforts to proactively respond to a changing climate include cover crops, innova-
tive high tunnels (as pictured here) and farm smart sensors.




