Climate Change in New Jersey: Trends in Temperature and

Background

There is good evidence that as a result of ever increasing carbon dioxide
(CO,) emissions to the atmosphere from human activity, the Earth’s
surface has warmed by over 1.3 degrees Fahrenheit (0.7 degrees Celsius)
during the past century.! These increased temperatures have contributed
to an overall rise in sea level. Continued GHG emissions at or above
current rates are expected to cause further warming and induce many
changes in the global climate system during the 21st century that will

very likely be larger than those observed during the 20th century.?

In July 2007, the Northeast Climate Impacts Assessment (NECIA)
released a report detailing the projected impacts of climate change on the
Northeast Region of the United States.® This research echoed the global
findings of the United Nations Intergovernmental Panel on Climate
Change’s (IPCC) Fourth Assessment Report and also pointed out that
states in the Northeastern United States are especially vulnerable to the
impacts of climate change and that the potential ecological, economic
and public health impacts to New Jersey may be devastating.

Precipitation and runoff are likely to increase in the Northeast (and
Midwest) in both the winter and spring. According to the State Climatolo-
gist, New Jersey is getting wetter.* The additional atmospheric moisture
contributes to more overall precipitation in some areas, especially in
much of the Northeast. Such areas, where total precipitation is expected
to increase the most, would also experience the largest increase in heavy
precipitation events. For the Northeast, projections indicate spring runoff
will advance by up to 14 days. Earlier runoff produces lower late-summer
streamflows, which stress human and environmental systems through
less water availability and higher water temperatures. Over the last 50
years, the Northeast has experienced snow pack reductions, and obser-
vations indicate a transition to more rain and less snow in both the

Northeast and the Western regions of the country.

Sea level rise is documented throughout the world, and it is a trustworthy
indicator of the Earth’s heat balance.® Although there are local and
regional influences on sea level that are not related to climate change,

Sea Level

such as geological subsidence (which exists in New Jersey), globally, the
sea level rises for two main reasons: ice melting on land and the expan-
sion of the ocean as it warms.

Other factors also can influence regional and local temperature and

climate besides greenhouse gas emissions. One significant factor is
increasing urbanization. The large expanses of asphalt and concrete
associated with urban and suburban sprawl and the resulting decreased
coverage of the land by forests, fields and other open space, are exerting a
warming effect. This effect is especially pronounced in densely populated

urban areas, which can exhibit what is called a heat island effect.

In New Jersey, long-term data document a significant increase in average
temperature, a significant increase in precipitation, and a significant rise in

sea level that are consistent with observed and predicted global trends.

Status and Trends: Temperature

The Office of the New Jersey State Climatologist has gathered and quality-
checked New Jersey statewide temperature and precipitation records
going back to 1895, and has made these data available on-line.® These
data, as summarized and charted by the Department, show a statistically
significant rise in average statewide temperature over the last 113 years.
Although there is much variation from year to year, overall both the nor-
mally cooler season (November through March) and the normally warmer
season (May through September) are warmer now than formerly. The rise
in temperature appears to be especially pronounced during the November
through March period. See the three “Average yearly statewide tempera-

ture...” figures on page 2.

One important aspect of temperature is the effect it has on heating and
cooling needs. This effect is often estimated by translating temperature
readings into heating degree days or cooling degree days. Heating degree
days are calculated as the difference between a day’s average tempera-
ture and 65°F, if that day’s average was below 65°F. Cooling degrees are
the difference between a day’s average temperature and 65°F if the
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average temperature was above 65°F.” More heating and cooling degree days
generally translate to more energy expenditure for heating and cooling, AVEELE Rl flzi‘ifnvg’éﬁ’ﬁffug‘mg#’e BT TS
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Yearly total heating and cooling degree days were calculated by the Depart-
ment based on yearly average temperatures for each month?® as provided by
the State Climatologist. These values are plotted by year in the figures “Yearly
total cooling degree days..” and “Yearly total heating degree days..” below.

. Yearly total cooling degree days; New Jersey
Average yearly statewide temperature; New Jersey
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Itis clear from both temperature and heating and cooling degree data as shown
above that both winters and summers have become warmer in New Jersey
during the period. It appears that there has been relatively more warming during
winter. The trend in summer temperatures indicates there is a likelihood of
several more days above 90° F each year; the winter trend shows that on
average there are nearly 14 fewer days per year when the temperature can be
expected to reach 32°F or lower than there were 100 years ago. See the chart
“Number of Days with Minimum Temperature Lower than 32° F” below.

Number of Days with Minimum Temperature Below 32° F

Average Number of Days per Year, All Reporting Stations

Status and Trends: Precipitation

Yearly average precipitation data are also available from the State Climatolo-
gist. These data show a statistically significant® increasing trend. The best-
fitting linear regression of these data indicates that, on average, there are
nearly four more inches total precipitation each year now than in 1895. As with
temperature, there is a pronounced year-to-year variation. See the chart
“Precipitation; yearly totals, New Jersey.” below.

Precipitation; yearly totals, New Jersey
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Status and Trends: Precipitation

Tide gauge data made available by the National Oceanic and Atmospheric
Administration (NOAA)° show that the sea level at the New Jersey coast sites
of Atlantic City, Cape May, and Sandy Hook has risen at a rate of approxi-
mately 4 mm/y since recording began in the early- to mid-1900s. Recent
research completed for the Department shows that the preanthropogenic sea-
level rise in New Jersey was approximately 2 mm/y, due to geological factors.*
This suggests that the anthropogenic contribution to the recent higher rate of
rise is approximately 2 mm/y, approximately one-half of the total observed rate
of rise, which is in line with recent estimates of the global rate. Some of the
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anthropogenic rise is believed due to land subsidence caused by groundwater

withdrawal; this is believed to be especially significant at the Atlantic City site.

See the figures “Atlantic City, NJ”, “Cape May, NJ”, and “Sandy Hook, NJ”
below. Each shows the best-fitting linear sea level trend line and the yearly
average rate of increase as determined by NOAA. Values shown represent
the deviation from the mean sea level for the 1983 through 2001 period.

Atlantic City, NJ 3.9 +-0.18 mmiyr

[ Monthly mean sea level with the Source: NOAA
average seasonal cycle removed
— Linear trend

— Upper 05% confidence interval

{— Lower 05% confidence interval

Meters

Cape May, NJ 4.06 +/- 0.74 mmlyr

Wrthly mean sea level with the Source: NOAA
average seasonal cycle removed
(—— Linear trend

{—— Upper 95°% confidenc interval

[~ Lower 85°% confidence interval
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Sandy Hook, NJ 3.90 +- 0.26 mmiyr

[ Whrthly mean sea level with the Hatraeo NORR,
average seasonal cycle removed

— Linsartrend

— Upper 5% confidence imerval

[~ Lower 85% confidence interval

Outlook and Implications

Rising temperatures are expected to have human health impacts, including
increased heat stress, increased levels of ground-level ozone, accelerated
secondary fine particle formation, and possibly facilitate the northern spread of
insects carrying diseases such as West Nile virus, particularly in the winter
season. Heat stress is of special concern for vulnerable urban populations
such as the elderly and urban poor. Climate models predict an increase in the
number of days per year with temperatures above 90° F in the New York City
metro area, with a potentially significant impact on human health due to heat
stress.?? By the 2020s, climate change could result in an increase in summer
heat-related mortality of 55% and a more than doubling in mortality by the

2050s.13

Natural ecosystems in New Jersey will also be impacted by warmer tempera-
tures and associated changes in the water cycle. These changes could lead
to loss of critical habitat and further stresses on some already threatened and
endangered species, impacts on water supply and agriculture, more intense
rain events, more frequent periods of extended dryness, and continued in-
creases in fires, pest, disease pathogens, and invasive weed species.*

Sea level rise is a major concern for New Jersey. Sea level
in the Northeast region is projected to rise more than the
global average.’® The State is especially vulnerable to
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significant impacts due to geologic subsidence, the topography of its coast-
line, current coastal erosion, and a high density of coastal development.® A
sea levelrise in line with median projections would threaten the majority of
New Jersey’s coastline. These effects will be magnified during storm events,
increasing the severity of storm-related flooding in coastal and bay areas.
Atlantic City is predicted to experience floods as severe as those that today
happen only once a century every year or two by the end of the century.'” In
addition, if the recent measures showing a dramatic increased rate of melting
of the Greenland ice sheet'®!° are substantiated by further data, and if the
melting continues at this rate or accelerates further, the rate of sea level rise
throughout the world will increase significantly, and the severity and frequency
of coastal flooding in New Jersey will be even greater.

Currently, responses to rising sea levels and increasing erosion along the NJ
coast have been the construction of sea walls and bulkheads, raising land
elevation with beach nourishment projects, and the building of jetties to
capture sand. All of these approaches are expensive, and the costs can be
expected to increase as sea level rises further. The additional impact of
anticipated more intense storms and floods when coupled with higher sea
levels will likely compound the growth in costs. (See the report, Beach

Replenishment, in this Environmental Trends series.)

More Information

More information on climate change and its causes and effects, and on
efforts to reduce greenhouse gas emissions in New Jersey, can be
obtained from New Jersey’s website on global warming, http://
www.state.nj.us/globalwarming/index.shtml, and linked documents and
sites. The U.S. Environmental Protection Agency also has much informa-
tion on climate change available. See http://www.epa.gov/climatechange/.
New Jersey temperature and other climate data are available from the
New Jersey State Climatologist; see http://climate.rutgers.edu/stateclim.
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