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Abstract

The Texas Coastal Bend Regional Climate Change Vulnerability Assessment identified potential changes caused by a
changing climate and environment in the Coastal Bend area. It assessed how current changes in climate stability could
have future effects on sea level, storms, hydrology, geomorphology, natural habitats and species, land use, economy,
human health, infrastructure and cultural resources. The assessment identified the stressors that are adding pressures to
the ecosystems and humans in the Coastal Bend area. It also used multiple future scenarios of climate change to identify
the impacts and vulnerabilities of the different sectors that represent relevant coastal environments and communities in
the study area. To understand the regional needs, stakeholders of the Coastal Bend area provided additional input at a
workshop regarding aspects that they considered relevant about their vulnerabilities and opportunities for building
resiliency. The study concludes with a series of recommendations for reducing vulnerabilities and promoting natural and
community resiliency. It is expected that it will contribute in the identification of action items to be added to the revised
Comprehensive Conservation and Management Plan of the Coastal Bend Bays and Estuaries to inform adaptation

strategies for the region.



Overview of Drivers & Stressors
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Introduction

Predictions of climate change suggest that sea level rise
(SLR), storm intensity and surge, drought, rainfall and
hydrology, and acidification will be impacting our coastal zones
during this century. With all these possibilities for the future,
conserving and maintaining the valuable biodiversity and
communities in the Coastal Bend area is more crucial than
ever. The failure in designing and implementing effective
avoidance, mitigation, minimization and adaptation strategies
will result in large costs for addressing the climate change
problem to the public and the Coastal Bend Bays & Estuaries
Program (CBBEP).

Over the next century, the climate in Texas is expected to
experience additional changes. For example, based on
projections made by the Intergovernmental Panel on Climate
Change (IPCC) and results from the United Kingdom Hadley
Centrebs c¢ | i ma HadCMA)p d mddel that accounts for
both greenhouse and aerosols, by 2100 temperatures in Texas
could increase by about 1.7 °C in spring and about 2.2 °C in
other seasons. Texas emits more carbon dioxide into the
atmosphere than any other state in the United States.
Additionally, if Texas were a country, it would be the seventh-
largest carbon dioxide polluter in the world (U.S. Environmental
Protection Agency 2016). Texas's high carbon dioxide output
and large energy consumption is primarily a result of
large coal-burning power plants and gas-guzzling vehicles
(low miles per gallon). A warmer and drier climate would lead
to greater evaporation, as much as a 35% decrease in stream
flow, and less water for recharging groundwater aquifers (Ward
2011) Climate change could also drop yields in agriculture. In
Texas, acres farmed and production of corn and sorghum are
expected to decline (McCarl 2011). Climate change projections
for the extent and density of forested areas in east Texas vary
greatly, stating that they could change little or decline by 50-
70%. Hotter, drier weather could increase wildfires and the
susceptibility of pine forests to pine bark beetles and other
pests, which would reduce forests and expand grasslands and
arid scrublands.

The study area of this assessment encompasses six coastal
counties of the Texas Coastal Bend. The counties included
are, from north to south: Refugio, Aransas, San Patricio,
Nueces, Kleberg and Kenedy. The area covered has 1.6
million ha, and it includes five of the major bays of the central
Texas coast: Copano, Aransas, Corpus Christi, Upper Laguna
Madre and Baffin; and three major population areas: the
Aransas Pass-Rockport-Fulton corridor (~6383 ha); the cities
around Corpus Christi Bay area that include Corpus Christi,
Portland, Ingleside and Port Aransas (~50,000 ha); and
Kingsville (~3582 ha). The estuarine areas of the Coastal Bend
area are composed of a barrier island system that provide
protection to a variety of aquatic habitats, including salt and
freshwater marsh wetlands, seagrass beds, oyster reefs and
tidal flats. The range of black mangrove in Texas continues to
expand along the southern and central coasts, but it rarely
constitutes the dominant vegetation, except for the large
patches in Harbor Island (across from Port Aransas). The
upland environments consist of coastal grassland, dune

vegetation, shrub and other woody vegetation, such as live oak
forest (around the Rockport Peninsula), and agricultural land.
The largest freshwater flow is provided by the Nueces River
that meets the estuarine environments at the Nueces River
delta and estuary, which are major ecological components of
Corpus Christi Bay system. The main industries and employers
in this area are comprised of the Port of Corpus Christi, 9
petroleum refineries in Nueces County, the Naval Air Base, the
campuses of Texas A&M University-Corpus Christi and Texas
A&M University-Kingsville, and a number of manufacturing
plants. Coastal tourism constitutes the main services industry
of the Coastal Bend area, with recreational fishing, beach
activities and bird watching being its main economic
components.

The study area for this Climate Change Vulnerability
Assessment is within the program area of the CBBEP. The
CBBEP was established in 1994 as one of 28 National Estuary
Programs. The CBBEP is a non-regulatory, voluntary
partnership effort working with industry, environmental groups,
bay users, local governments and resource managers to
improve the health of Coastal Bend area in Texas. The CBBEP
works to implement their Comprehensive Conservation and
Management Plan (CCMP; Texas Natural Resource
Conservation Commission 1998), which is organized around
seven priority issues that will be impacted by a changing
climate and environment. The CBBEP is revising its CCMP to
align with the Envi ronment al Pr o tEBA)
Climate Ready Estuaries Program initiative. This initiative
works to help the National Estuary Programs to address
climate change in watersheds and coastal areas by
coordinating with other federal agencies and external partners
that work on coastal adaptation efforts.

The Texas Coastal Bend area is already experiencing the
effects of some of these stressors of climate change.
Scenarios and findings from the SLR model used by The
Nature Conservancy (TNC) in 2013 suggest that sea level rise
could increase by at least one meter by the year 2100. Rising
marine water poses a variety of threats to coastal communities,
including water-related goods and services that are essential to
human well-being. Exacerbating this acceleration of climate
change, coastal communities are at even greater risk as their
natural buffers such as coastal wetlands and dunes are lost.
Mangroves, marshes, seagrass, oyster reefs and coral reefs
are already under enormous human pressure and their ability
to be resilient is now in question. Rising seas, increased storm
intensity, warming temperature and acidifying waters will
further compromise the ability of coastal ecosystems to provide
ongoing critical ecosystem services for communities. Negative
changes in freshwater quality also have direct and indirect
implication on human and ecological communities that provide
other numerous benefits to coastal communities. For example,
salt water intrusion can impact drinking water and change
habitats; rising sea level can increase water depth which
inhibits light from reaching seagrasses and causes major
declines in this important local resource.

! http://www.cbbep.org
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This assessment aims to inform planners,
managers, decision makers, scientists and general
public on the potential impacts of several climate
change stressors and the vulnerabilities of coastal
habitats, species, infrastructure, economy and
health in the Coastal Bend area in Texas. This
project intends to identify essential aspects of the
vulnerability in the Coastal Bend area, and some
opportunities to enhance adaptation to these
stressors. The report synthesizes existing climate
change data, models, and future scenarios.
Additionally this project has developed key
partnerships with local scientists, managers and
decision-ma k er s . We hosted
workshop to disseminate preliminary results to the
community and gather input on building coastal
resilience. We hope that this assessment report
will support the CBBEP in reviewing action items
within the CCMP to inform adaptation strategies
for the region.

051 2

- — km

0 5 10 20
e \liles

Figurel.The study area encompasses the coastal counties of the Coastal Benc
in Texas. There are 6 counties in this assessment: Refugio, Aransas, San
Nueces, Kleberg, and Kenedy counties. Inset shows ecological regions in Texa:
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Climate change contextd past evidence of climate change

Climate
Separating Human and Natural Influences on Climate

Climate is naturally variable; over the past millennia the Earth o0 v . . . . .
has experienced a medieval warm period (~900 7 1200 A.D.),
the Little Ice Age (~ 1500 i 1850 A.D.), and again is warming
(Figure 2; Mann et al. 2008).
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influences climate which in turn is driven by solar radiation’ Air Chemistry

(Figure 3). Solar radiation is absorbed, reflected, and re-

radiated back to space by Earthd s s uandl atmasphere. Even though climate is inherently variable, natural factors

Absorbed energy causes the Earth to warm and heat radiated alone cannot account for the recent change in the climate
system (Figure 4). For the past half century, an increase in

Natural Human Enhanced i
Gree b noalEttact Greenhiotsa Effact greenhouse gas (GHG) concentrations has enhanced the

greenhouse effect allowing more heat to be trapped in the
Morienl‘\gastp escapes Less rt,t%a::;((:pes : : Earth-atmosphere system, likely driving the increase in global
rﬂ ‘ temperature presently observed (IPCC 2013a). The EPA
announced that carbon dioxide accounted for 82% of all United
States (U.S.) GHG emissions in 2013. While carbon dioxide is
found naturally in the atmosphere, the concentrations have
drastically increased due to human emissions such as fossil
fuel combustion, land use change, and chemical reactions.
From Figure 5, we see that for the last 800,000 years, carbon
dioxide concentrations have fluctuated between 180 to 300
ppm (parts per million). Presently, carbon dioxide is at
unprecedented concentrations of 402 ppm (February 2016) at
the National Ocean and Atmospheric Administration (NOAA)
Mauna Loa Observatory in Hawaii*.

- S

Figure 3 Representation of the natural greenhouse gas effect (left)
how increased emissions of heat trapping gases increase:
greenhouse gas effect (right). Figure source: William Elder, Nation¢

Service.

® http://www.nasa.gov/moon
2 http://www3.epa.gov/climatechange/science/causes.htmi 4 http://www.esrl.noaa.gov/gmd/ccgg/trends/
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Temperature

Past trends provide strong support for the direct correlation
between carbon dioxide concentrations and temperature
variations (Figure 5; National Research Council 2010). Carbon
dioxide and other greenhouse gases trap and re-emit heat into
Eart hos Wil bighernconcentrations of GHG in the

CO, concentration, ppm

.
wdd / ‘0D

Antarctic temperature, °C
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800 000 600, 000 400 000 200 000 0
Years before present

Figure 5. Data from ice cores have been used to reconstrt
Antarctic temperatures and atmospheric CO2 concentratic
over the past 800,000 years. The current CO2 concentration (|
star) 5 from atmospheric measurementSigure sourceNational
Research CounciD20.

atmosphere, less heat escapes to space causing Earth to
warm. Thi s is termed the @ Humgas
effect (Figure 3). Since 1895 there has been a 0.72 7 1.06 °C
(1.371 1.9 °F) increase in U.S. temperatures with a majority of
this increase taking place after the 1970s (National Climate
Assessment 2014). This rapid increase in temperature has
resulted in 2014 being the warmest year on record with 7 of the
10 warmest years in the U.S. occurring since 1998 (U.S.
Environmental Protection Agency 2014)

Change In sea surface temperature (°F):

B oo F——

4 Insufficient
data

+ = statistically significant trend

enh

Gl obal warming is not I 1 m2al4 d
global ocean temperatures were the warmest on record. Sea
surface temperature has increased at a rate of 0.072 °C (0.13
°F) per decade since 1901 (Figure 6). In all Texas bays, winter
water temperature has been increasing since 1993 (Tolan et
al. 2009). According to the latest assessment report by the
IPCC (5" Assessment Report), by the end of the 21 century
most of the energy absorbed by the ocean will be constrained
to the uppermost 2000 m. Due to the long time-scales of heat
transfer, ocean warming will continue even if GHG emissions
are decreased (IPCC 2013a).

Water Chemistry

The ocean is also directly affected by carbon dioxide
emissions. The ocean absorbs roughly 25% of the CO, we
emit into the atmosphere, altering the water chemistry (Figure
7). CO, causes the seawater to become more acidic as CO;
readily binds to water molecules producing carbonic acid
(H2.CO3) which then dissociates to bicarbonate (HCOg),
carbonate (COs?), and hydrogen (H+) ions. The increase of
hydrogen ions to ocean water drives ocean acidification.
Seawater pH has dropped by 0.1 in the past 200 years. Since
pH is measured on a logarithmic scale, this translates to a 30%

425 8.33
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400 Seawater pCO; (natm) . 8.28
~Seawater pH
375 +-8.23
o~
S350 8185
325+ 183
300 8.08

275 A i T ¥ i ¥ 8.03
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Year

Figure 7. Correlation between atmospheric carbon diox
concentrations (red), seawater carbalioxide levels (blue), and t
pH of seawater at NOAA observation stations in Hawaii. F
source: NOAA Pacific Marine Environmental Program: C

increase in acidity®. This rate of acidification has not been
observed in over 300 million years (Honisch et al. 2012).

In addition to acidification, higher levels of CO, in seawater
also reduces the saturation state of calcium carbonate
minerals (Bryant 2015). Lower saturation states can either
leach out these minerals from calcifying organisms or the
organisms will have to devote more energy to calcification.

Figure 6. The map depicts the chage in sea surface temperature
changebetween 1901 and 2012. o6t | O1 dabé¢ a&vYo:
square on the map means the trend is statistically significkigure
sourceU.S.Environmental Protection Agency 2014.

> http://www.nrdc.org/oceans/acidification/default.asp

Coastal Bend Regional Climate Change Vulnerability Assessment Paged



Climate change stressors

Modern day society lives under the assumed presence of a
stable climate. Homes are built on the premise that they are
outside a flood zone, crops are sowed with the expectation that
rain will fall, and economies take for granted every "good
season". However the security of a stable climate is being
tested as we have seen from recent stressors such as SLR,
precipitation change, and increased storm severity (IPCC
2013a). The following discussion will introduce stressors that
may impact the structure on which society depends.

Sea Level Rise

As water temperatures increase, so does sea level as water
molecules expand as they are warmed. This phenomenon is
known as thermal expansion. But thermal expansion is only
one factor contributing to SLR due to climate change. As

8774770 Rockport, Texas 5.27 +/- 0.48 mm/yr

0.60

are at risk of being lost. Additionally, the rate of mean SLR is
projected to increase compared to the current rate, resulting in
a mean sea level up to 2 m above 1992 levels by 2100 (Parris
et al. 2012), which will only exacerbate the aforementioned
issues.

Storm Severity & Frequency

Large uncertainties exist when trying to model the relationship
between storm severity and frequency and global warming.
Global climate models that project weather patterns such as
precipitation and air temperature are not able to project such
localized events. Some studies suggest that thunderstorms are
likely to increase due to increased surface temperatures which
result in the increased ability of the atmosphere to hold water,
as well as, increasing evaporation rates (Trapp et al. 2007;
Diffenbaugh et al. 2013). The past decade has resulted in

significantly higher numbers of extreme

storm events (thunderstorms, winter storms,

— Linear Mean Sea Level Trend

— Upper 95% Confidence Interval
— Lower 95% Confidence Interval
__Monthly mean sea level with the

0451

0.30 -

0.15

0.00

Meters
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hurricanes), but it is unclear if this trend will
continue as temperatures increase (Walsh
et al. 2014).

Since the 1970s, there has been an
increasing trend in tropical storm severity
and power dissipation index, a measure that
combines intensity, lifetime and frequency
of storms in a season (Biasutti et al. 2011;
Geophysical Fluid Dynamics Laboratory
2015). The occurrence rate of Atlantic
hurricanes has slightly increased in the past

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990

Figure8. Mean sea level trend from 1937 to 2014 at NCB¥&tion8774770 in Rockport,

Texas. Figure sourceOR\A Tides & Currents

surface temperatures increase, polar ice sheets and glaciers
melt, adding additional water to the ocean. With rising sea
levels, low lying areas will become permanently inundated,
changing the landscape and
displacing societal development in
coastal areas.

2000 2010 2020

3 decades with 0.13 hurricanes/year (Figure
9). Projecting this rate to 2100 suggests an
additional 11 hurricanes occurring per
season over the baseline in 2012". Despite
the fact that storm intensity and frequency has increased in
recent decades, it is inconclusive if the change is natural or
human-induced. The existing knowledge that hurricanes are

Atlantic Hurricanes (1980-2012): Simulated vs. Observed

Correlation = 0.73; Linear trends: +0.18 storms/yr (model) and +0.13 storms/yr (observed)

Global mean sea level has been A16- I
rising at a rate of 1.7 mm per year < 14 [ [ m—m Model
since 1900 (Church and White © 12— | @@ Observed
2011), but local trends of the Texas %h 10

coast suggest a higher rate of 271 7 i s [

mm per year or about 1-2 inches per s

decade® (Figure 8). The rate at 5 6

which SLR occurs will determine the T 4

ability of coastal ecosystems and E 2'_

communities to adapt to the 0_' A

change. Coastal habitats such as 1980
salt marshes may be able to migrate
landward as SLR occurs. However,
coastal habitats that are backed by
development or inhospitable habitat

1985

6 http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml
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2000 2005 2010

Figure9. Simulated vs. observed Atlantic hurricane counts (&) for 19862012 Figure source:
Geophysical Fluid Dynamics Laboratory 2015.

! http://www.gfdl.noaa.govhlobatwarmingand-hurricanes
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only likely to form in areas of relatively high sea surface
temperature (SST; Gray 1979), has created the causal
relationship between increasing SST by global warming and
increasing hurricane formation. While the relationship is not
scientifically proven, it should draw some concern.

Rainfall

Rainfall is naturally variable across the U.S. There is a
relationship between SST and precipitation where an increase
in SST is likely to lead to an increase in precipitation (Biasutti
et al. 2011). Based on high emission scenarios; northern
latitudes of the U.S. will see an increase in annual rainfall while
southern states are likely to see a decrease in annual rainfall
(Walsh et al. 2014). However, since 1991, the southern great
plains (Texas, Oklahoma, and Kansas) have seen an increase
in precipitation (8%; Shafer et al. 2014). As air temperatures
increase, the amount of moisture the atmosphere can hold also
increases. This means that there is more water available to
come down as precipitation. The general consensus is that
there will be an increase in heavy precipitation events and a
reduction in moderate and low precipitation (Allan and Soden
2008), increasing the likelihood of damaging floods.

Change in Maximum Number of Consecutive Dry Days

Change (%)

Drought

Extreme rainfall events will become more frequent, but the dry
days between those events will potentially increase leading to
longer dry seasons (Figure 10). Longer dry seasons will put
more pressure on groundwater sources, further depleting
Texas aquifers. Additionally, less water will flow into coastal
bays and estuaries, increasing salinity and decreasing
sediment deposits that replenish marshes and barrier islands.

Saltwater Intrusion

Decreased freshwater flow to coastal areas will promote
saltwater intrusion. Normally, saltwater does not enter coastal
aquifers at unsafe quantities as the supply of freshwater
maintains a gradient. As freshwater sources are diverted from
aquifers (aquifer cannot recharge due to reduced precipitation,
or groundwater is pumped from aquifers) the water table
balance is shifted, allowing more saltwater to enter coastal
areas causing aquifers to become brackish (U.S. Geological
Survey 2013). SLR and increased storm surge could also lead
to surface water supplies (i.e. lakes, rivers, reservoirs) to
become more saline.

Landform Changes

Coastal shorelines are dynamic
systems that are influenced by
SLR, storm frequency and severity,
subsidence, and sediment
transport. Texas is fringed by a
system of barrier islands that
protect the mainland from wave
action and storm energy. Barrier
islands also provide critical habitat
for a number of species, and are
integral for coastal economies.
Most barrier islands are either
important tourist attractions or
critical nature reserves. Sea level
rise and storm severity threaten
barrier islands by compromising the
protective dune system that lies on
the seaward side, causing the
island (sediments) to migrate
landward. So, not only does climate
change impose serious threats to
the fragile island communities, but
also to the mainland as it loses the
first line of defense against storms
and erosional forces. Texas shores
are already retreating at an average

&~ -
20 -15 -10 -5 0 5 10 15 20

Figurel0. The map depicts change in the number of conseeutiry days (days receiving less than 0.04 ir
of precipitation) at the end of this century (202099) relative to the end of last century (192000) unde
the highest scenario considered in this report, RCP 8.5. Stippling indicates areas where @rangmnsistel
among at least 80% of the 25 models used in this analysis. Figure source: National Climate Assessi
(Walsh et al. 2014)

of 0.7 m (2.3 ft) per year due to
erosion (Texas General Land Office
2015). Furthermore, this shoreline
retreat is occurring along 80% of
Texas coastline (Paine et al. 2014).

Coastal Bend Regional Climate Change Vulnerability Assessment

Page6



Wildfires

Climate change is projected to increase the dry season,
leading to more severe droughts. In 2011, Texas experienced
its driest year on record fueling catastrophic wildfires across
the state. By fall 2011, over 1,214,000 ha (3 million acres) had
burned due to wildfire®. As mentioned earlier, as air
temperature increases so does the a t mo s p takility éodhald
moisture. Likewise, as air temperature increases, so does the
rate of evaporation, heightening dry conditions. With drought
conditions and air temperature likely to continue to increase,
there are increased potentials of wildfires. Wildfires also
indirectly impact human health by increasing particulate matter
in the air, exacerbating respiratory health conditions (Melillo et
al. 2014).

8 http://lwww.texasmonthly.com/articles/trialby-fire/
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Climate change scenarios

There is always uncertainty when predicting future events.
Forecasts for temperatures, precipitation, storms, and even the
winner of a football game can prove to be incorrect. This is
also true when trying to predict the future of global climate and
the impacts of a changing world. Due to this uncertainty,
groups of scientists, like the IPCC and the U.S. Global Change
Research Program (USGCRP), have collectively reviewed
existing literature on climate change and formed scenarios that
project future climate based on differing levels of action taken
by humans.

Overtime, IPCC has utilized three sets of scenarios. In 1992
the first generation of scenarios was developed, called 1S92. In
2000 the IPCC published the second generation of scenarios
referred to as Special Report on Emission Scenarios (SRES).
SRES was used in the 3" and 4" Assessment Report (TAR
and 4AR, respectively), and thus much climate change
research has been based on these scenarios. This scenario
family projects GHG emissions based on narrative storylines

a) Sequential approach

Emissions & socio-

2Conomic scenarios
1 (lAMs)

l

radiative forcing (the driver of global warming) was first
developed, allowing for climate scenarios and socioeconomic
scenarios to be developed concurrently (Figure 11; Moss et al.
2010).

There are 4 RCP scenarios: RCP 2.6, RCP 4.5, RCP 6.0, RCP
8.5, ranging from low to high radiative forcing. Radiative forcing
(RF) is the change of energy in the Eart hés
measured in watts per square meter. In terms of GHG
emissions, a low RF value would result from low emissions.
RCPs range from severely reduced emissions resulting from
mitigation (RCP26) t o fAbusiness as
rates continue to increase (RCP8.5). The RCP scenarios
project that global warming will continue, with a 1.67 i 2.78 °C
(3-5 °F) increase for lower emission scenarios and 2.78 7 5.56
°C (571 10 °F) for higher emission scenarios (IPCC 2013a). It is
likely that even if all greenhouse gas emissions were somehow
stopped today, or decrease as in the U.S. between 2007 i
2013 by 11% (Feng et al. 2015), global warming would still
occur due to past emissions (Solomon et al. 2008).

b) Parallel approach

Representative concentration
pathways (RCPs) and levels
of radiative forcing

/' """--.
h-.

2 Radiative forcing

Climate, atmospheric
& C-cycle projections

Emissions & socio-
£Conomic scenarios

| 2 (CMs) d (IAN)
Climate projections
3 [ Ms] 4 ...!P_‘I.r-""
Impacts, adaptation
= : vulnerability (1AV) &
Imgta::;sr,‘ :tri:&?tgﬂn 3 mitigation analysis
4 (IAV)

Figure 1. Approaches tothe development of scenarios in relation to climate change. a) linear or sequential approach (SI
and b) parallel approach (RCP). Figure source: Wayne 2013.

that include the demographic, social, economic, technological,
and environmental developments. SRES development
consisted of first determining socioeconomic scenarios, then
climate projections were then able to be formulated. This
process is linear in development, meaning research was
passed from one research community to the next (social
scientists to climate modelers) resulting in a slow, lengthy
process.

To address the efficiency issues of SRES, the IPCC recently
adopted a new set of scenarios used in the 5" Assessment
Report (AR5), called the Representative Concentration
Pathways (RCP; IPCC 2013a). In contrast to SRES, RCP

This assessment used three scenarios to illustrate the range of
potential impacts of climate change. Since SRES has been
around longer, more literature exists using these scenarios as
a guideline for developing potential impacts of climate change.
For instance, the Parris et al. (2012) report developed global
SLR scenarios and is in reference to SRES scenarios, as well
as, the Third National Climate Assessment (NCA; Melillo et al.
2014) that USGCRP produces. However, to safeguard the
assessment from being obsolete over time, RCP scenarios
were used by relating the two scenario families. In order to
combine the scenario families, literature was reviewed and
analogous scenarios between the two families were created
based on similar temperature anomalies by 2100 (Table 1).

at mos

usual

scenario devel opment utilized a fdAparallelo process i n which
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Tablel. Scenario families related based on the median temperature anomalies by 2100 (adapted from Rogelj et al. 2012).

since pre-industrial °C °C (°F)

Peaks mid-century
then declines
~550

Population growth

CO; concentration (ppm)*

Scenarios

Low Mid High
= RCP (IPCC 2013a) 4.5 6.0 8.5
g
o Example literature Rogelj et al. 2012 Rogelj et al. 2012 Watson et al. 2015
e
3
n SRES (IPCC 2000) Bl B2 A2

Temperature anomaly by 2100 2.5 (4.5) 3.0 (5.4) 5.0 (9.0)

Continuously growing at
higher rate than B2
>850

Continuously growing

~625

IPCC formulates global estimates of SLR but does not account
for the potential impacts of future sea ice melt (IPCC 2007).
The exact manner in which arctic sea ice melts and its impact
on SLR are widely debated topics. Because of this, IPCC SLR
scenarios may grossly underestimate the potential future risks
from SLR. U.S. studies, including the Gulf Coast Vulnerability
Assessment (GVCA; Watson et al. 2015), use the SLR
scenarios developed by Parris et al. (2012), as it does include
impacts of future sea ice melt. In order to be directly
comparable to studies in the same geographic region, such as
Parris et al. (2012; U.S.) or GCVA (2015; Gulf coast of U.S.),
the assessment used 0.5m, 1.2m, and 2m SLR by 2100.

Three scenarios were chosen because they characterize
increasing levels of risk associated with climate change and
adequately prepare a community for potential future
impacts. RCP 2.6 was not chosen because it illustrates
the option of net negative carbon dioxide emissions by
the end of the century and does not have an equivalent
SRES scenario. It reflects a small climate shift, mainly
driven by the level of emissions that has already
transpired. This scenario, while possible, does not
illustrate the potential negative impacts of a changing
climate. RCP4.5, RCP6.0, and RCP8.5 illustrate
incremental change that may take place due to
increasing levels of carbon emissions. Table 1 shows the
associated environmental changes associated with each
scenario.

K ha
w o~
1 1

Mean Annual Air Temperature (C)

1848

Local Trends and Forecasts for Climate Drivers and
Stressors

Average Air Temperature

Air temperature has been continuously monitored in the
Coastal Bend area at the Corpus Christi International Airport
(CCIA) by NOAA since 1948. Monthly summaries of climatic
data were obtained from the National Climatic Data Center
(NCDC) and aggregated to get mean annual air temperature
for the region (Figure 12)°.

Since 1948 air temperature has had an increasing trend of
0.006 °C (0.01 °F) per year with an average of 22.78 °C (72.1
°F) annually (1948-2014). However, when focused on only the

1878 1288 1908 2008

Year

1958 1988

Figure 12 Annual mean air temperatures derived from monthly average at C
Christi International Airport (CCIA). The average air temperature from-202¢
(dashed line) i22.78 °C{2.1°H. An increasing annual trend in temperature (n=
is observed (blue line; p<0.05). Data obtained from National Climatic Data

? http://www.ncdc.noaa.gov/dataaccess
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past 30 years (1984-2014), the trend increases 600% to 0.03
°C (0.06 °F) per year. If the trend persists, a one degree
increase in temperature will occur approximately every 33
years.

An annual increase in air temperature of 0.03 °C from 2014
would lead to an increase of 2.58 °C (5.16 °F) by 2100. IPCC
projects that air temperature increases will range from 2.5 °C
to 50 °C by 2100 from preindustrial levels. Global
temperatures have already increased by 0.72 i 1.06 °C since
preindustrial levels, suggesting that the rate of increasing air
temperature will be unprecedented. Since a warming of at least
0.72 °C has already been detected, the Coastal Bend area is
on target for future air temperatures correlating to the
intermediate scenario (approximately a 3 °C increase).
Moreover, Biasutti et al. (2012) projects that by the end of the
century (2075-2099), the coolest summers will be as hot as or
hotter than any summer experienced in the last century.

Days per Year Over 90 Degrees

The number of days over 32.2 °C (90 °F) per year has steadily
increased over the past century with less than 10 days per
yeari n t h e tol¥® ddayDirs 2014 (Figure 13). To prevent
data artifacts produced by different observer groups prior to
1948, the number of days over 90°F was analyzed from 1948
to the most current full year, 2014 (when NOAA started
monitoring at CCIA). From 1948 to 2014, the number of days
over 32.2 °C increased by 2 days every 5 years. At this rate,
which is likely to be a low estimate of rate of increase in air
temperatures, 34 more days over 32.2 °C will occur per year
by 2100. Comparing mid-century decade averages (1948-
1958) to the most recent decade available (2004-2014), there
is an approximate increase of 25 hot days.

100 1

MNumber of Days over S0F

1 T T T
1890 1820 1850 1820
Year

The American Climate Prospectus10 (ACP) projects that by the
end of the century, under an intermediate scenario (RCP 6.0),
there will be over 100 days per year that are 95 °F (35 °C) or
hotter in Texas (a ~150% increase). Since this projection is for
the entire state, we can assume that the hotter regions of the
state will see even more extreme heat days. For reference,
there currently around 42 days per year that are over 35 °C
(1981-2010).

Figure B. Historical number of days over 90°F (32.2°C) at Corpus !
International Airport (CCIA) from 1893 through 2014. Red line indicates
the year that NOAA National Climatic Data Center (NCDC) started co
data at CCIA. Annual data was collecfedm COOP and obtained frc

National Climatic Data Center (NCDC 2015).

10 http://climateprospectus.org/
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Coastal Water Temperature

Summer water temperatures were gathered from water quality
station data housed by The Conrad Blucher Institute for
Surveying and Science (CBIl) at Texas A&M University -
Corpus Christi'!. The stations chosen were in open estuarine
water to decrease the influence of temperature due to land-
based inputs (Figure 14). Over the past 8 years there has not
been a significant change in summer water temperatures in the
CBBEP area.
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Since the dataset from the water quality stations is less than a
decade in length, literature was reviewed to assess long-term
trends in water temperature. Lluch-Cote et al. (2013) analyzed
SST datasets from N OA A &NEDC in waters surrounding
Mexico from 1910 to 2011. They found that the western Gulf of
Mexico has been warming for more than 3 decades (Figure
15). SST is likely to continue increasing in the Gulf of Mexico
due to increasing surface air temperatures. The high scenario
projects up to a 2.0 °C increase in the top 100 meters of ocean
water by 2100 (IPCC 2013a).

Laguana Madre

A Water quality stations
[ ] county boundary

Figure 8. Average summer water temperatures (June, July, August) from 2008 to 2015 at water quality monitoring stations in CE

{GFGA2Y L5Qa FNBY . .TIbt{
from Texas A&M Corpus Christi Conrad Blucher Institute

1 hitp://www.chi.tamucc.edu/
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Long-term acidification of the coastal bend estuaries has been energy intensive for calcifying marine organisms (shellfish,
corals, plankton, echinoderms) to maintain their skeletons. If
acidification continues, these organisms may start to dissolve.

Ocean chemistry changes as more CO, is emitted in the
atmosphere. The ocean absorbs atmospheric CO, causing the
pH to decrease and carbonate concentrations to decrease. By
2100, global-mean surface pH may decrease by 0.145 to 0.31
for low to high emission scenarios, respectively (IPCC 2013a).
Currently global pH is around 8.1 so a decrease of 0.31 (pH ¢
7.8) corresponds to a 100% increase in acidity.

Rainfall
Figure 15.Longterm analysis of SST in wasesurrounding Mexic Rainfall in the central Texas coast has been highly variable
Western Gulf oMexico(f) has been warming for more than 3 decax with the highest amount of rainfall occurring in 1991 (35.7 cm)
Figure source: LlueBiota et al. 2013 and the lowest in 1917 (13.6 cm). Recently, 2011 has had the

lowest total annual precipitation of 30 cm (Figure 17) which

observed sincethe1 96 06 s ( Hu; Figdre 18)l Huetal0 1 5 coinc?des _With one of Texaso
(2015) investigated estuarine carbonate chemistry by utilizing a recordkeeping began in 1895 (Combs 2012). Areas of the

long-term dataset provided by Texas Commission on CBBEPhave 12 een in fabnormally dry
Environmental Quality (TCEQ). They found that most of the over the past year™, which will only worsen due to climate
bays in the CBBEP area are suffering from long-term change.

acidification and decreasing alkalinity. With both water

parameters decreasing, it will become increasingly more Due to high variability, there is not a perceptible trend in

precipitation in the area. For instance, when comparing the last
century with the past half century, opposite linear trends are
observed (Figure 17).

Figure Z. Total annual precipitatiorat Corpus Christi Internatior
Airport. 100 year trend (top) compared to 50 year trend (bottom). |
source:NOAA National Climatic Data Center

Figure B. Total alkalinity change in Texas Bays from 1960s to 201(

greener colors show a decrease in alkalinity which corresponds to a de

AY | 6FGSNI o2ReQa ForaftAate G2 ySd P
http://droughtmonitor.unl.edu/Home/StateDroughtMonitor.aspx?T
X

|
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