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The Saint Johns River drainage basin
has experienced significant change
over the past century as the basin was
altered to make way for agricultural,
residential, industrial, and commercial
centers. In addition to population
growth (seven million people are
predicted to live in the basin by 2020;
a doubling of 2008 numbers), the
basin is expected to experience
substantial impacts over coming

decades brought on by climate change.

Climatic changes already have begun
across Florida. Sea-level rise is
changing Florida’s natural coastal
ecosystems and presenting everyday
challenges to maintenance of drainage
systems, recreational beaches, coastal
highways, and emergency
preparations.

To better understand the impacts of
climate change specific to the Saint
Johns River drainage basin, we
obtained data from global climate
models that have been adjusted to
local scales. We used three different
models to provide us with a range of
potential future conditions. Potential
changes to the climate and ecology of
the region include the following:

High certainty:
* Up to 4° F warmer by 2035-45

* Increased water demand by trees
and crops

* Sealevel rise continues to
accelerate, inundating low lying
areas

* Sea water intrusion into
freshwater aquifers continues to
increase

* Altered plant and animal species
distributions, life cycles, and
interactions result in local
extirpations and extinctions

* Some exotic species expand their
distribution

Medium certainty:
* Up to 8° F warmer by 2075-2085

* (Greater increase in summer
temperature than winter
temperature

* Drought conditions become more
common

* Hurricanes become stronger,
leading to more damage to
infrastructure and natural systems

e Wildfire becomes more common
and/or severe

Low certainty:

* Sub-tropical evergreen and
broadleaf woodlands and forest
decline while shrublands and
savannah increase



INTRODUCTION

The Saint Johns River winds 310 miles
through twelve counties in eastern
Florida and is the state’s primary
commercial and recreational
waterway. The drainage basin
encompasses large population centers,
including Orlando and Jacksonville, as
well as the “wildlands” of the Ocala
National Forest and Lake George State
Forest.

During the 20t century, the Saint Johns
River was altered to make way for
agricultural and residential centers,
and suffered severe pollution and
habitat modification. It was named one
of 14 American Heritage Rivers in
1998, but was included on a list of
America's Ten Most Endangered Rivers
in 2008. Major restoration efforts are
underway.

Climatic changes already have begun
across Florida and are likely to
increase in the coming decades.
Besides a general warming, with
summers exhibiting greater change
than winters, the greatest challenges
are likely to be posed by rising sea
levels, more frequent droughts, and
more intense storms.

Climate change presents us with a
serious challenge as we plan for the
future. Our current planning strategies
- at all scales (local, regional, and
national) - rely on historical data as a
basis for anticipating future conditions.
Yet due to climate change and its
associated impacts, the future no
longer is expected to resemble the
past.

This report provides community
members and decision-makers along
the St. Johns River with local climate
change projections presented in a way
that can help them make educated
long-term planning decisions. The
climate change model outputs in this
report were provided by the USDA
Forest Service Pacific Northwest
Research Station and mapped by
scientists at the Geos Institute.

Many impacts of climate change are
inevitable due to levels of greenhouse
gas emissions already in the
atmosphere. Preparing for these
impacts and taking steps to improve
our ability to cope with them is called
“adaptation.” Reducing greenhouse gas
emissions or capturing them from the
atmosphere to prevent even more
severe impacts is called “mitigation”
(see box below). Taking steps to both
adapt and mitigate are prudent actions
to manage the risks posed by climate
change.

RESPONSES TO CLIMATE CHANGE

MITIGATION — Reducing the amount of
greenhouse gases in the atmosphere in
order to prevent rapid and irreversible
climate change. Irreversible climate
change occurs when positive feedbacks
kick in to such an extent that emissions
reductions no longer are effective.

ADAPTATION - Planning for climate
change by reducing the extent of
impacts and our vulnerability to those
impacts.



MODELS AND THEIR LIMITATIONS

To determine what conditions we
might expect in the future,
climatologists created models based
on physical, chemical, and biological
processes that form the earth’s
climate system. These models vary in
their level of detail and assumptions,
making output and future scenarios
variable. Differences among models
stem from differences in assumptions
regarding what variables (and how
many) are important to include in
models to best represent conditions
we care about. Taken as a group,
however, climate models present a
range of likely future conditions.

The Intergovernmental Panel on
Climate Change (IPCC) uses numerous
models to make global climate
projections. The models are developed
by different institutions and countries
and have slightly different inputs or
assumptions. From these models, the
MAPSS Team (Mapped Atmosphere-
Plant-Soil System) at the USFS Pacific
Northwest Research Station chose
three global climate models that
represent a range of projections for
temperature and other climate
variables. These three models are
Hadley (HadCM, from the UK), MIROC
(from Japan), and CSIRO (from
Australia). Specific inputs to these
models include such variables as
greenhouse gas emissions, air and
ocean currents, ice and snow cover,
plant growth, particulate matter, and
many others.! The three models
chosen included specific variables,

HIGH CERTAINTY:

Higher temperatures — Greater
concentrations of greenhouse gases trap
more heat. Measured warming tracks
model projections.

Rising sea level - Sea level rise has been
well documented and is accelerating in
recent decades. Continued rise is expected
even if emissions are reduced.

Shifting distributions of plants &

animals — Many species are limited in
extent or number by climatic conditions
that are expected to change.

MEDIUM CERTAINTY:

More severe storms — Changes to storm
patterns will be regionally variable.

Changes in precipitation - Current
models show wide disagreement on
precipitation patterns, but the model
projections converge in some locations.

Wildfire patterns — The relationship
among fire, temperature, and available
moisture has been well documented, but
other components also play a role (such as
vegetation, below).

LOW CERTAINTY:

Changes in vegetation - Vegetation
may take decades or centuries to keep pace
with changes in climate.

such as water vapor, that were needed
in order to run a functional vegetation
model called MC1.2



Most climate models project the
future climate at global scales.
Managers and decision makers,
however, need information about how
climate change will impact the local
area. The MAPSS Team adjusted
global model output to local and
regional scales (8km). This process
increases the precision of the
projections, but not the accuracy; they
are still associated with high
uncertainty and variation.

Model outputs were converted to local
scales using local data on historic
temperature and precipitation
patterns. The climate model output
was applied to the vegetation model,
which provided data on what
vegetation future climate might
support and biomass consumed by
wildfire. Other projections provided in
this report were retrieved from the
scientific literature and are based on a
variety of different methods specific to
each study.

The utility of the model results
presented in this report is to help
communities picture what the
conditions and landscape might look
like in the future and the magnitude
and direction of change. Some model
outputs have greater certainty than
others (see box on previous page).
Information is provided here to
explore the types of potential changes,
but actual conditions may be quite
different, especially if greenhouse gas
emissions rates change substantially.

Uncertainty associated with
projections of future condition should
not be used as a reason to delay action
on climate change. The likelihood that
future climatic conditions will
resemble historic conditions is very

low. Managers and policy makers
are encouraged to begin to plan for
an era of change, even if the precise
trajectory or rate of such change is
uncertain.

WHY MAKE CHANGES IF THE FUTURE IS
UNCERTAIN?

While the models agree that average
temperature will increase, projections for other
factors are highly variable. Why would we invest
time and resources into planning for such
uncertainty? There are 3 main reasons:

#1 — Planning for continued historic conditions
sets us up for failure. Our current planning
mechanisms use history to plan for the future.
Yet no climate models predict continued historic
conditions. Relying on continued historical
conditions for a community’s needs, such as
water for residents, flood safety, or length of
growing season for crops, likely will lead to
failure.

#2 — We plan for uncertain conditions on a
regular basis, and don’t even realize it. Climate
change is no different. We harvest timber based
on models of tree growth and plan new
freeways based on projections of population
growth. Planning based on the best available
information—with adjustments as we gain new
information—is the most effective way to move
forward when the future is uncertain.

#3 — Taking action makes the community more
resilient and vibrant, regardless of the actual
trajectory of climate change. Residents of the
Saint Johns River drainage basin have a
wonderful quality of life, but that quality could
be diminished. The area already has struggled
with rapid population growth, poor water
quality, and declining water resources. Adopting
strategies that address these issues in relation
to climate change will only make the community
stronger.



GLOBAL CLIMATE CHANGE

Leading scientists agree that
the evidence is
“unequivocal” that the
Earth’s atmosphere and
oceans are warming, and
that this warming is due
primarily to human
activities including the
emission of CO2, methane,
and other greenhouse gases,
along with deforestation.
Average global air
temperature already has
increased 1.4° F and is
expected to increase 3.5 -
11.5° F within the next

century (Figure 1). 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100
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The emission scenario used

in this assessment is the
“business-as-usual”
trajectory (A2) that assumes
that most nations will fail to
act to lower emissions. If the
U.S. and other key nations

Figure 1. The last 1,000 years in global average
temperatures, in comparison to projected
temperatures through 2100. Drastic cuts in
greenhouse gas emissions (best case scenario) would
lead to an increase of about 2° C by 2100, while the
drastically and immediately current emission trajectory (business-as-usual) will
cut emissions, some of the lead to an increase closer to 4.5° C and maybe as
more severe long term high as 6° C (adapted from IPCC 2007°).

impacts can be avoided.

will allow residents along the St. Johns
River to reduce the negative impacts
of climate change and, it is hoped,
maintain their quality-of-life as
climate change progresses.

Due to climate system inertia,
stabilization of atmospheric gases at
historic levels will take many decades.
Reducing atmospheric greenhouse gas
concentration (called “mitigation”) is

Vital to prevent the EaI‘th'S Climate Throughout this report we present
system from reaching certain tipping mid- and late-century model

pOintS that will lead to sudden and outputs- Mid_century proiections
irrevocable changes. In addition to are highly likely, due to impacts
emissions reductions, planning for from greenhouse gases already
inevitable changes triggered by released. Late-century projections
greenhouse gases already present in are less certain and depend on

the atmosphere (called “adaptation”) future emissions.



CLIMATE PROJECTIONS FOR THE SAINT JOHNS RIVER DRAINAGE BASIN

Variables modeled using HADCM,
CSIRO, MIROC, and the vegetation
model (MC1) include temperature,
precipitation, vegetation type and
distribution, and wildfire. These
variables were calculated based on
historical data for making baseline
comparisons, and were projected out
to 2100.

These projections represent a likely
range of possible future conditions for
the Saint Johns River drainage basin
(Figure 2). As climate change plays
out, we may be able to make more

Spring Hill
B

"y

Tampa

o

argo

LI

Figure 2. This report
comprises projections for
the counties through which
the St. Johns River flows
from Okeechobee County in
the south to its mouth in
Duval County.

Ocala
]

m Harbor

St. Petersburg
L]

Bradenton
]

Sarasota
]

Jacksonville Project Area
Upper and Lower St. Johns Watersheds

certain projections. We also may
experience surprises and unforeseen
chains of cause-and-effect that could
not have been anticipated today.

Climate change projections are
provided here in three different
formats - as overall averages, as
graphs that show change over time,
and as maps displaying averages
across defined years. We focus
specifically on climate and vegetation
variables for the historical period
(1961-1990) and for two future
periods (2035-45 and 2075-85).

Jacksonville
[

Palm Coast
]

Daytona Beach

Port Orange
| |

Deltona
]

Orlando
a

Kissimmee
[ |

Melbourne

R Palm Bay
n

1\

NORTH
0 20 mi

S|

0 20 km

Port St. Lucie
]

GEOS

INSTITUTE



TEMPERATURE

The projections from all three models
agree, with high certainty, on a
warmer future for the Saint Johns
River drainage basin. Projections
indicate an average increase of 2-4° F
by 2035-2045 and 5-8° F by 2075-
2085 (Table 1; Fig. 3). The projected

increase for summer tends to be
higher than winter, with summer
temperatures increasing 1-2° F more,
on average, than winter temperature.

Table 1. Projected increase in average temperature in the St Johns River drainage
basin, from three different global climate models. Future projected temperature is
shown as change in degrees Fahrenheit, as compared to historic averages (1961-1990).

Season Historic 2035-45 2075-85

Annual 70.4°F +2.4103.6°F +4.5t07.7°F
Summer (June-Aug) 80.8° F +2.5t04.7°F +5.2t09.1°F
Winter (Dec-Feb) 58.6° F +1.6t04.5°F +3.4t06.5°F

Figure 3. Average annual temperature for the Saint Johns River drainage basin, based
on historic data and model projections from three global climate models.
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Figure 4. Average monthly historic (1961-90) temperature compared to a range of
future projected temperatures from 3 different climate models (HadCM, CSIRO, and
MIROC), for 2 different time periods (2035-45 and 2075-85).
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Figure 5. Historic (1961-1990) and projected temperatures (2035-45 and 2075-85) for
the Saint Johns River drainage basin, in degrees Fahrenheit.
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Figure 6. Projected temperature CHANGE from historic (1961-1990) to two future time
periods (2035-45 and 2075-85) for the Saint Johns River drainage basin, in degrees

Fahrenheit.
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PRECIPITATION

Projections for future precipitation century in the summer, but with

vary among the three models, with a warmer temperatures and higher
range from much drier (MIROC model evaporation, soil moisture is not likely
- see Fig. 7) to about the same as to increase. As a result, under all three
historic patterns (CSIRO and HadCM models’ projected conditions, an
models). One model (CSIRO - see Fig. increase in drought conditions can be
11) shows wetter conditions mid- expected.

Figure 7. Average annual precipitation across the Saint Johns River drainage basin,
depicting historical data (black line — 1961-1990) and three global climate models
projected out to 2100.
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Table 2. Average historical (1961-1990) precipitation in the St Johns River drainage
basin, in inches, and changes in projected precipitation for two time periods (2035-45
and 2075-85) based on projections from three global climate models.

Time period Average annual precipitation
(% change from historic)
Historic 50.6 in.
2035-45 32.5t059.8in. (-36% to +18%)
2075-85 20.7 to 54.6 in. (-59% to - 8%)

13



Figure 8. Projected monthly change in precipitation, in inches, for two different time
periods (2035-45 and 2075-85) as compared to historic (1961-1990) monthly averages.
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Figure 9. Historic (1961-1990) and projected (2035-45 and 2075-85) precipitation for the
Saint Johns River drainage basin, in inches.
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Figure 10. Projected precipitation CHANGE from historic (1961-1990) to two future time
periods (2035-45 and 2075-85) for the Saint Johns River drainage basin, in inches.
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SEA LEVEL RISE AND SEVERE WEATHER

Global temperature and sea level are
strongly correlated. Over the past
several hundred millennia, sea level
has been both higher (about +50 feet)
and lower (about -420 feet) than it is
today. Following the last Ice Age
(about 18,000 years ago) sea level
rose 10 to 16 inches per decade for
about 12,000 years.*

However, since approximately 6,000
years ago through about 200 years
ago, sea level has remained relatively
stable.> Sea level around Florida
tracked this global trend, exhibiting
only a very slow rise over the past
several thousand years. While
geologically recent, this apparent
stability in sea level—beginning
around the time agriculture expanded
and larger-scale civilizations were
first established—allowed a seaward
expansion of both natural and human
coastal environments.

Modern records indicate that sea level
has been rising since the mid-19th
century, and that the rate of increase
has been accelerating in recent years.
Rates have increased from 0.2 inches
per decade in the late 19t century to
1.2 inches per decade over the last 15
years.

The scientific evidence strongly
indicates that global sea level is likely

Climate Change Causes of
Sea Level Rise

Thermal Expansion of the ocean from
the warming of ocean water accounted
for 13-31% of the 1961-2003 observed
rate of sea level rise. Since then, the
rate of ocean thermal expansion has
slowed slightly, but sea level has
continued to rise.

Ice Sheet and Glacial Melt from
mountain glaciers and the Greenland
and Antarctic Ice Sheets accounted for
about 55% of 1961-2003 observed sea
level rise. Since 1993 the rate of ice
sheet loss has accelerated three times
as fast as loss of mountain glaciers and
ice caps —if it continues, melting of ice
sheets will dominate sea level rise in
the 21st century.

to continue rising at an increasing
rate. Recent reports suggest that by
2100 global sea level is likely to rise
by 2.5 - 6.5 feet.> Because periodicice
sheet collapse may punctuate the
increase in global sea level, the rise in
sea level may occur in rapid pulses
rather than gradual increments.
Finally, there is widespread consensus
that substantial long-term sea level
rise will continue for centuries to
come.”
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Regional Projections

Several studies indicate that sea level
rise will be particularly problematic
for both coasts of the United States as
aresult of the altered global mass
distribution. Our coasts may
experience 20% greater sea level rise
than the global average.8 By some
estimates, southern Florida can expect
a 0.5 to 2 footrise in sea level by 2060,
with rates of increase reaching 2.2 to
6.3 inches/decade by that time.?

Inundation - Approximately 5,000 sq.
miles of land in Florida are under 5
feet in elevation. These lands likely
would be inundated during spring
high water with a 2 to 2.5 foot rise in
sea level.10

Metropolitan Jacksonville itself might
experience an expansion of the tidal
flow of sea water further up Saint
Johns River, as well as coastal
recession around Mill Cove (Figs 12a
and 12b). Extensive inundation is
projected in New Berlin, Blount Island,
Fort George Island, Timucaun
Ecological and Historic Preserve, the
North Beach, Atlantic Highlands, and
Jacksonville Beach strip. Outside the
Jacksonville area, it is evident that
some impact likely will be
experienced further upstream (Figs
12c-12h).

Water Supply Vulnerabilities - It is
noteworthy that underground
aquifers are the source of fully 90% of
the water for metropolitan Florida;
these aquifers are susceptible to salt

18

water intrusion.!! Additionally, most
of the state, including Tampa and
Orlando, is served by the Floridian
Aquifer. Although this aquifer is the
largest and deepest in the
Southeastern U.S,, it is brackish and
not potable in Southern Florida.

The reliance of metropolitan areas on
the aquifer means these communities
face serious problems should sea level
rise substantially. A 5-ft. rise in sea
level could result in sea water
intrusion 164 feet to 0.6 miles
towards freshwater aquifers.12

Severe Weather - As global average
temperatures increase, Atlantic
hurricane intensity likely also will
increase,?> with the potential for
twice as many category 4 and 5
hurricanes by the end of the century.13
The result is expected to be storms
with higher wind speeds, rainfall
intensity, and storm surge height and
strength.

Combined with rising sea level, there
is substantial potential for the Saint
Johns River drainage basin to
experience increasingly more serious
storm impacts. Sea level rise and the
associated loss of beaches and coastal
vegetation, in addition to stronger
storms, are all expected to contribute
to the risk to coastal areas. In densely
populated areas, the economic and
social consequences could be quite
high.



Figure 12. Images of current and projected inundation with a 2 meter
(approximately 6 foot) sea level rise. From: http://flood.firetree.net/?11=43.3251,-
101.6015&z=13&m=7.
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VEGETATION and WILDFIRE

We used the MC1 model to gain
insight into how the vegetation of the
region might change over the next
century. The MC1 vegetation model
provides projections for climate
conditions that support specific types
of dominant vegetation (Figure 12),
and for average annual biomass
consumed by wildfire (Figure 13).

The MC1 vegetation model makes
vegetation projections based on the
effects of anticipated changes in
growing conditions on predominant
native vegetation community types.
However, it does not take into
consideration the changes in
vegetation caused by historic or future
land use (i.e. agriculture and
development) or introduced species
(i.e. non-native grasses).

While vegetation models are currently
not reliable enough for predicting
where, specifically, certain species of
plants will or will not occur, their
utility lies in the insight they provide
about the potential direction and
magnitude of native vegetation change
that we might see as growing
conditions change.

The current MC1 designation of
Subtropical Evergreen Broadleaf Forest
coincides with the associations of Pine
flatwoods (longleaf, slash and pond
pines, with a saw palmetto and shrub
understory), and Longleaf pine and
Xerophytic oak forests and sand pine
scrub forests. MC1 projections for
changes in growing conditions suggest
areduction in conditions suitable for
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Subtropical Evergreen Woodland
throughout the region.

The projections suggest that growing
conditions will be most suitable for
Tropical Evergreen Broadleaf Forest -
a vegetation community that currently
does not to exist within the
continental U.S. Obviously, this shift in
growing conditions suggests a
substantial disruption in native plant
communities within the Saint Johns
River drainage basin.

Two of the three models project a
decrease in wildfire (Figure 13) in the
southern parts of the area, with
greater wildfire in the north. The
other model (MIROC), projects greater
wildfire throughout the region.
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Figure 12. The MC1 model shows suitable growing conditions for native types of
vegetation, but not actual vegetation or non-native vegetation. Land-use changes, such
as agriculture or housing, also are not reflected in this output. Actual vegetation in the
future will depend not only on climate conditions, but also on land use, non-native
species, and response time needed for natural changes from one vegetation type to
another (new forest types do not occur overnight, for example, as they may need
decades or centuries to become established).

MIROC
2075-2085

Sl e




Figure 13. Average annual biomass consumed by wildfire in the Saint Johns River
drainage basin, shown for the historic period (1960-1991) and projected for two future
periods (2035-45 and 2075-85), using three global climate models.
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WILDLIFE AND CONNECTIVITY

Wildlife already is responding to
climate change on a global scalel4
- by dispersing to new areas,
changing reproductive timing,
reducing body size, or other
responses. The world’s wildlife is
expected to continue to respond
to future change.

In Florida, warmer temperatures,
changes in seasonal rainfall and
wildfire patterns, increased storm
severity, salt water intrusion into
freshwater aquifers, and
inundation of low lying habitats
(e.g., coastal wetlands,
mangroves, and salt marshes) will
impact wildlife communities.
Designated protected areas that
currently act as refuges may no longer
support habitat suitable for many
native wildlife species.

In order to persist, many species will
need to colonize new areas. However,
some species are more able than
others to disperse. The long and
narrow geography of the state
contributes to the complexity because
east-west roads and developments
easily cut off dispersal corridors for
species moving northward.

Many challenges that Florida’s wildlife
currently face will become more
difficult as climate change exacerbates
existing issues (e.g., habitat
fragmentation, poor water quality,
limited water availability, and invasive
species). Conflict over land protection
increasingly will plague land use
planning, and direct human-wildlife
conflicts could become even more
frequent.
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In order to maintain wildlife
populations as the climate changes,
wildlife managers recommend
maintaining and increasing habitat
connectivity and corridors as much as
possible. This approach requires a
level of collaboration and
communication across land
ownership that currently is non-
existent.

Consideration of facilitated dispersal
(translocation) is recommended for
species with limited abilities and
opportunities for natural dispersal.
Facilitated dispersal will need to be
very carefully evaluated and planned,
as there are many potentially
undesirable consequences. In
addition, cost and failure rate often
are high.

Finally, aggressive control of
undesirable invasive and weedy
species, especially those not native to
the area, will be needed to allow more
desirable native species an
opportunity to disperse and become
established in new areas.



The purpose of this report is to
provide up-to-date climate projections
for the Saint Johns River drainage
basin at a scale that can be used in
community planning efforts. By
providing the information that local
managers, decision-makers and
community members need to support
day-to-day decisions and long-term
plans, we hope to spur proactive
climate change adaptation planning.

Many of the impacts of climate change
already are occurring and will
continue to accelerate throughout the
next few decades, regardless of future
emissions. For instance, projections
for the time period of 2035-2045 are
highly likely to become reality based
on the amount of greenhouse gases
already in the atmosphere.

Whether future changes to global
climate are limited to this level or
accelerate beyond the mid-century
projections will depend on the
extent to which the U.S. and other
Kkey nations lower emissions
drastically and immediately.

The projections provided in this
report are intended to form the
foundation for city, county, and
regional adaptation planning for
climate change. Our ClimateWise®
program strives to build co-beneficial
planning strategies that are science-
based, developed by local community
members, and designed to increase
the resilience of both human and
natural communities in a cohesive
manner.

This process takes place through a
series of facilitated workshops
involving participants who are experts
in the following sectors: natural
(terrestrial and aquatic ecosystems),
built (infrastructure), human (health,
emergency response, etc.), economic
(agriculture, business, etc.) and
cultural (Native American tribal
customs and rights, immigrant
communities and customs, etc.).

Projection reports such as this
generally represent the first stage in
the ClimateWise® process. Our
program is designed to begin and
facilitate a planning process in local
communities that helps them first
identify the primary risks and
challenges they will confront as a
result of climate change, and then
assists with the development of
strategies to help minimize the
threats, prepare for threats that
cannot be minimized, and position the
community to take advantage of any
opportunities that may arise.

During the local planning process,
local stakeholders, community
leaders, and experts identify the risks,
develop solutions, and identify
barriers to be overcome and
opportunities likely to arise. The
result - recommendations are
developed that provide as many
benefits as possible and allow
communities to maintain their quality
of life as they confront the threats.

Please contact Tonya Graham at the Geos
Institute for more information or to become
involved in this process. (ph: 541-482-4459
or email: tonya@geosinstitute.org).
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