Current State of Climate Science in Rhode Island
A Report From the STAB to the EC4

The EC4 science and technical advisory board (STAB!) was charged to prepare a brief synopsis
of the state of knowledge of the following manifestations of climate change in Rhode Island.

1. Sea level rise

2. Warming air temperatures

3. Warming water (marine and fresh) temperatures
4. Storm frequency and intensity

5. Biodiversity (changes in species and habitats)

6. Precipitation and inland flooding

For each theme, we were asked to prepare four PowerPoint slides: Slide 1- A concise
description of the issue or impact; Slide 2- Hard data supporting the existence of the impact;
Slide 3 - The top five to ten ramifications of this manifestation of climate change; and Slide 4:
The best methods to assess vulnerability to this impact.
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Confidence in attribution is higher for events such as more frequent heat waves and less frequent cold
snaps, which are linked to human-caused increases in global temperatures through an understood and
robustly simulated physical mechanism. There is less confidence in the attribution of other types of events,
such as tropical cyclones, that are related to climate change in more complex and less understood ways.
NAS 2016. Attribution of Extreme Weather Events in the Context of Climate Change

Figure 1. Levels of confidence in the scientific record for various manifestations of climate
change. Taken from National Academy of Science Report. 2016. Attribution of Extreme
Weather Events in the Context of Climate Change.
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STAB members formed working teams to prepare the synopses which were then sent out to
scientists in the region for peer review. The PowerPoint collection will be conveyed to the EC4
in May 2016. The major findings for each of the six themes are summarized here.

Our understanding of the effects of climate change, and attribution of changes associated with
anthropogenic components of climate change varies in terms of the spatial scale of the effects,
and temporal variability. Our understanding of how climate changes resulting from natural and
anthropogenic factors affects extreme events (X axis in Figure 1) is greater than our ability to
attribute extreme events to human-induced components of climate change (Y axis in Figure 1).
There is greater confidence in larger scale patterns of sea level rise and air and water
temperature increases. More local manifestations of climate change are less certain (Figure 1).
The placement of the STAB climate change themes is based on our understanding of these
systems.

(1) Sea Level Rise (SLR)

Global sea level changes are sensitive to climate variation (Lambeck et al. 2002). Sea levels
have risen over 9 inches in Rhode Island since 1930 as measured at the Newport tide gauge.
The National Oceanic and Atmospheric Administration (NOAA) maintains two (2) long-term tide
gauges in Rl located at Providence and Newport. The historic rate of sea level rise (SLR) at the
Newport tide gauge from 1930 to 2015 is presently 2.72 mm/year or more than an inch per
decade. Carey et al. (2015) found that SLR at the Newport tide gauge from 1984-2011 was
4.1mm/year. This rate is similar to the mean annual rate of SLR for Newport of 4.8 mm/year for
the period of 1999 to present as determined from the Permanent Service for Mean Sea Level at
Newport (http://www.psmsl.org/data/obtaining/stations/351.php). However, caution is
advisable when citing short-term data sets (less than 30 years) because of inherently large
regression errors and the anomalous sea level increase of about 4 inches during 2009-2010 due
to a slowdown in the Atlantic Meridional Overturning Circulation (Goddard et al. 2015).
Nevertheless, at these present rates, sea levels will likely increase 1 inch between every 5 or 6
years in Rhode Island.
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Figure 1.1 Mean sea level trend at Newport, Rl tide gauge from 1930 to 2015

A recent analysis of global sea levels, correcting for spatial bias in the tide gauge records,
calculates a rate of 1.2 mm/year from 1901-1990 (Hay et al. 2015), but along the U.S. East Coast
the rate was 1.8 mm/year during the same period (Engelhart et al. 2009). Sea level rise is
accelerating globally and in particular the North American Atlantic coastline north of Cape
Hatteras, NC to the Canadian Maritime Provinces. Between 1950-1979 and 1980-2009, the SLR
rate increase along this coastline was 3-4 times higher than the global average (Sallenger et al.
2012). Because of this factor, it is likely that this region, which includes Rhode Island, will see an
additional 8 to 11+ inches above global average SLR by 2100.

The 20" century increase in the rate of global mean sea level rise is attributed to a combination
of natural and anthropogenic radiative forcing (Church et al. 2013). Importantly, SLR has
accelerated significantly to 3.3 mm/year since 1993 when analysis began with satellite altimetry
http://sealevel.colorado.edu/). NOAA is projecting as much as 6.6 feet of SLR by the end of this
century in Rhode Island. In the shorter-term, NOAA predicts upwards of 1 foot by 2035 and 1.9
feet by 2050. This has critical implications for RI, as approximately 6, 13 and 20 square miles of
Rhode Island’s coastal areas will be permanently flooded with 1, 3 and 5 feet of SLR,
respectively, as quantified by Geographic Information System (GIS) analysis.

Rhode Island is now well positioned to conduct state, municipal and private sector vulnerability
analyses with new tools to assess the risk for sea level rise and coastal storm surge inundation
with the development of STORMTOOLS by the University of Rhode Island on behalf of the
Coastal Resources Management Council Shoreline Change Special Area Management Plan. In
addition, within a year there will be a more robust monitoring system established for Rl that
will include more tide gauges, waves and current measurements and high-resolution
monitoring of coastal erosion along the entire coast. This monitoring system will be designed to
provide data directly into StormTools, making it an even more powerful analytical tool
(http://www.beachsamp.org/resources/stormtools/).
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(2) Warming Air Temperatures

Carbon dioxide and other greenhouse gases are slowing the radiation of heat back into the
atmosphere. This is slowly driving up temperatures, especially nighttime lows, as the blanket of
greenhouse gases thickens (IPCC 2013). Current levels of CO, equivalents are just over 400
parts per million, above the pre-industrial level of about 280 ppm (in the year 1850 and before).
It appears that the late 20" and early 21% centuries are likely the warmest period the Earth has
seen in at least 1200 years (NOAA, 2008). The Paris Agreement set a target of "holding the
increase in the global average temperature to well below 2°C above pre-industrial levels and to
pursue efforts to limit the temperature increase to 1.5° C above pre-industrial levels." Current
global averages are around 1°C degree above pre-industrial levels, and rising (see Figure 2.1).
Global temperature changes are less variable than for the contiguous US or Rl where
temperature rise and extremes are more apparent. A series of impacts are expected to be
significantly worse at 2 degrees global mean temperature rise compared to 1.5 degrees
(Schleussner et al. 2016). Much more research in this area is needed, but initial findings have
raised debate about whether this threshold (1.5° C) better characterizes the level at which
"dangerous" climate change is occurring.
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Figure 2.1 The Paris Agreement / goal: staying below 2 degrees C of warming (indicated by red horizontal line). Schleussner et
al. (2016) report significant adverse effects can be anticipated with 1.5 degrees C of warming (indicated by orange horizontal
line). Data downloaded from NOAA National Climate Data Center. The baseline temperature is the average from 1901 to 2000.
The Y axis shows deviations (in degrees F) from this 20th century baseline.
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Surface temperatures warm, especially as sunlight hits dark surfaces like asphalt and dark
roofing. The Urban Heat Island Effect is marked in Rhode Island. Human health risks rise
dramatically in Rl with temperatures over 80 degrees F, based on records of emergency room
admissions (Kingsley et al. 2015). This is due to asthma events and other heat-related cardio-
respiratory problems worsened by ground-level ozone and smog, which are highly temperature
sensitive (Kingsley et al 2015). Between 1950 and 2014 the number of days at TF Green Airport
over 80 degrees has been increasing (Brown University, 2015).

RI Policy should prioritize vulnerable populations. To identify areas of vulnerable sub-
populations, GIS mapping of demographic data to determine areas of expected high risk can be
compared to registries and census data, as well as engagement with communities. The elderly,
children, immigrants and the poor are most vulnerable, as was seen in Chicago 1995, Paris
2009, and Moscow 2013 heat waves. Rhode Island should engage the public to help identify
cost effective and socially equitable solutions

Physical infrastructure is vulnerable, including roads due to increased frequency of freeze-thaw
cycles. Electrical grids, power plants, and rail systems are also sensitive to heat as
temperatures surpass 90 degrees F (GAO. 2014). Increased electrical demand for cooling, and
lower performance in power generation and transmission increase risks of electrical grid failure
at high temperatures. Rl Policy should prioritize vulnerable sectors, in developing policies to
reduce risks to water, waste water, and electric utilities, and engage utility operators like
National Grid and ISO-New England (ISO New England, 2015) to help achieve efficient and
equitable solutions.
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(3) Warming Water (Marine and Fresh) Temperatures

The water in Narragansett Bay is getting warmer. Over the past 50 years, the surface
temperature of the Bay has increased 1.4° to 1.6° C (2.5° to 2.9° F). Winter water temperatures
in the Bay have increased even more, from 1.6° to 2.0° C (2.9° to 3.6° F) (Fulweiler et al. 2015).
Ocean temperatures are increasing world-wide, but temperature increases in the northwestern
Atlantic Ocean are expected to be 2-3 times larger than the global average (Saba et al. 2016).

Warming water temperatures in Narragansett Bay are causing many changes in ecosystem
dynamics, fish, invertebrates, and plankton (Smith, Whitehouse, & Oviatt 2010). Winter and
spring phytoplankton blooms rarely occur anymore due to more intensive grazing by
zooplankton during the winter (Oviatt, Keller & Reed 2002) and this results in benthic (sea floor)
organisms no longer receiving carbon and nutrients from the phytoplankton (Nixon et al. 2009).

Warming water temperatures are causing many changes in the marine fisheries of Rhode
Island. Cold-water iconic fishery species (cod, winter flounder, hake, lobster) are moving north
out of Rl waters (e.g., Fogarty et al. 2007) and warm-water southern species are becoming
more prevalent (scup, butterfish, squid) (Collie, Wood & Jeffries 2008). The fisheries of
Narragansett Bay are changing from being dominated by bottom dwelling fish and
invertebrates to being dominated by fish that occur throughout the water column (Gibson,
RIDEM, 2016).
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Figure 3.1 Changes in the dominant fisheries of Narragansett Bay. Prepared by Mark Gibson RIDEM.

Besides warming, our marine waters are becoming more acidic due to increasing CO,. This may
cause severe impacts to shellfish, especially in their larval life stages (Talmage & Gobler 2010).
A current carbonate chemistry baseline in Narragansett Bay (Wallace et al. 2014) can be used as
in monitoring variability and trends in estuarine pH in future years.

Water temperatures in our freshwater ecosystems are warming. This will have a negative
impact on species of fish that prefer cold water rivers and streams, especially in the
summertime. In 2013, water temperatures in the Wood River exceeded the preferred
temperature (<20° C) for native Brook Trout (Salvelinus fontinalis) for one full month.

Environmental monitoring allows us to measure long-term changes in our ecosystemes. It is
imperative that we continue, and expand, the monitoring of fish, shellfish, invertebrates,
plankton, and water conditions in Narragansett Bay and our offshore waters. Similarly, we need
to continue and expand monitoring of freshwater quality and the fauna of our rivers, streams,
and ponds.
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(4) Storm Frequency and Intensity

Records of tropical cyclones impacting the U.S. are too short to assess long term trends
(Emanual 2006, Reed et al. 2015). While it is premature to conclude that climate change has
had an impact on Atlantic hurricane activity, as yet undetectable changes may be still be
occurring (GFDL 2015).

The physics driving the global climate are complicated thus it is hard to be certain how climate
change will influence the intensity, frequency, and geographical distribution of hurricanes.
Some effects of climate change, like rising sea surface temperatures, are thought to favor
hurricane development and intensification. Other meteorological effects (such as increasing
upper troposphere temperature and vertical wind shear) of climate change are believed to be
unfavorable for hurricane formation (GFDL 2015).

Because neither the observational record nor the governing physics provide a clear indication of
how climate change will impact hurricane activity, modeling studies are used to predict the
potential impacts. These studies predict a global increase in the intensity of (GFDL 2015), a
pole-ward migration in the latitude at which storms reach maximum intensity (Kossin et al.
2013), and increases in tropical rainfall rates (GFDL 2015, IPCC 2012). In the Atlantic basin
modeling studies predict a substantial reduction in the number of tropical storms and
hurricanes (GFDL 2015, Knutson et al. 2008, 2013), the frequency of intense storms (Category 4
and 5) is likely to increase and possible double by the end of the 21st century (GFDL 2015,
Bender et al. 2010, IPCC 2013) (Figure 4.1)

Projected Changes in Atlantic Hurricane Frequency over 215 Century
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Figure 4.1: Projected Changes in Atlantic Hurricane Frequency over the 21st century.

While not as much research has been conducted on extra-tropical storms, for the U.S. East
Coast an increase in both frequency and intensity is expected (IPCC 2013).

The predicted changes in storm activity could change the frequency and intensity of associated
storm surges, high winds, and precipitation events, causing serious implications for both coastal
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and inland communities and infrastructure systems. Important studies on the impacts to water
and wastewater infrastructure have already been commissioned by the state. Additional
research on impacts to transportation, businesses and homes, and public health should be
considered.
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(5) Biodiversity

Climate change is altering the ecology and distribution of plants and animals in Rhode Island.

These changes occur in three primary ways: (1) shifts in the use of space and geographic

distributions; (2) changes in the timing of fruiting, flowering and leaf-out in plants, and timing of

migration and reproduction in animals; and (3) changes in the behavior, ecology, and

physiology of individual species (Bellard et al. 2012).

In southern New England, spring is arriving sooner and plants are flowering earlier (one week

earlier now when compared to the 1850’s; Miller-Rushing and
Primack 2008). For every degree of temperature rise in the spring
and winter, plants flower 3.3 days earlier. For woody plants, leaf-out
is occurring 18 days earlier now than in the 1850’s (Polgar and
Primack 2011). Changes in the timing of leaf-out, flowering, and
fruiting in plants can be very disruptive to plant pollinators and seed
dispersers.

Changes in the timing of annual cycles has been observed in Rhode
Island birds. Based on a 45-year near-continuous record of
monitoring fall migration times for passerine birds in Kingston, Rl,
Smith and Paton (2011) found a 3.0 days/decade delay in the
departure time of 14 species of migratory birds.

Sea level rise will cause changes in coastal habitats that are
important for biodiversity. For example, salt marshes in Rhode
Island, critical habitat for fish and shellfish, will either drown or
migrate landward. In Rhode Island, the rate at which salt marshes

May 1, 2016

\&\070-2090

){—-—-W(‘jk . Higher-Emissions Scenario

- \ P 3
- “\,/\ N\ Lower-Emissions Scenario
VY
b\

ly \

Figure 5.1 Changing climate of
RIl. From Frumhoff et al. 2007

12




increase in elevation through the deposition of organic matter is less than the current rate of
seal level rise (Carey et al. 2015).

Warming sea water temperatures are resulting in shifts of the timing of ecologically significant
events in Narragansett Bay (Oviatt 2004), such as the winter/spring phytoplankton bloom
(Smith et al. 2010). The fish species occurring in Narragansett Bay are changing as waters warm.
Bottom-dwelling fish that prefer cold water such as winter flounder are less common and fish
that swim in the water column and prefer warmer water, for example butterfish and scup, are
becoming more common (Collie et al. 2008).

Increased levels of CO2 and subsequent ocean acidification (Doney et al. 2009), will have both
direct and indirect impacts. For example, shell formation and shell growth of mollusks will be
negatively impacted by ocean acidification (Talmage & Gobler 2009).

Changes in the abundance and annual cycle of animals is expected to have profound effects on
public health. Cyanobacteria blooms, a toxic algae, in aquatic systems are expected to increase
as well as the prevalence of vector-borne diseases of humans that are transmitted by ticks and
mosquitoes.

Changes in climate and subsequent impacts on biodiversity will manifest itself differently
between species. It is expected that some species will be able to adapt well while others may
become extirpated because of they lack the evolutionary ability to adapt at the rate of change
to the predicted conditions. Furthermore, it is unclear how shifts of species distributions will
impact the relationships of flora and fauna (that may remain) this will undoubtedly impact food
webs within ecosystems.

It is imperative that we systematically monitor changes in biodiversity, especially 1) sentinel
habitats such as salt marshes and rare habitats at the fringe of tidal and freshwater systems, 2)
the occurrence of harmful algae or animal vectors of human diseases, and 3) continue long-
term assessment of fish in Narragansett Bay and changes in the species abundance and timing
of avian migrants at the Block Island and Kingston bird banding stations.
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(6) Precipitation and Inland Flooding

Climate change is expected to result in more frequent heavy rains, affecting stream flow in
Northeastern states, with increases in 3-day peak flows contributing to increases in flooding
risks (Demara et al. 2015). Climate change may exacerbate drought conditions and reduce river
and stream 7-day low flow events (Demara et al. 2015). Southern R, Block Island, Jamestown,
and Aquidneck Island depend on shallow ground-water wells and shallow surface reservoirs,
and are vulnerable to drought.
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Figure 6.1 Annual precipitation for Rhode Island for the period 1930-2014. Source: http://www.ncdc.noaa.gov/cag

Rhode Island has experienced a significant increase in both flood frequency and flood severity
over the past 80 years. Rl and throughout most of southern New England has experienced a
doubling of the frequency of flooding and an increase in the magnitude of flood events, (Vallee
& Giuliano 2014) The NWS tracks flood severity by levels of minor, moderate and major.

Intense rainfall events (heaviest 1% of all daily events from 1901 to 2012 in New England) have
increased 71% since 1958 (Walsh et al. 2014). However, this analysis begins with the drought-
prone 1960’s in New England. Rainfall statistics (1895 to 2015) in Kingston RI, show more
interannual and decadal variability in extreme events. The 100 year floods almost always have
major" impacts, but are very low frequency.

Multiple climate change models suggest that Green House Gas (GHG) increases will result in
increased precipitation in Rl (Milley et al. 2008), but observed increases in precipitation in the
Northeastern US are greater than models predict (Peterson et al. 2013). Trends of increasing
20th century precipitation may mask risks related to episodic drought.

Land use changes such as increases in impervious surfaces and obstructions to stream flow
(culverts and bridges) contribute to flooding. Some Rl dams & bridges are at increasing risk of
failure during flood events. Climate change increases the costs associated with infrastructure
upgrades needed to: 1) protect drinking water, 2) address storm-water risks, and 3) reduce
Combined Sewer Overflows

RI should plan to assess vulnerabilities associated with wet and dry extremes. This should
include inland flooding risks to: transportation, infrastructure, businesses and homes, public
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health; and vulnerabilities associated with dry extremes of climate affecting low stream-flow
and ground-water supply.
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