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Why now?

Virginia is a “state” undergoing climate related change on a variety of
temporal and spatial scales. Absent an understanding of both the forces
driving these changes and their complex interactions, we lack the ability to

forecast, and therefore prepare for the impacts of such change.



Virginia by an assortment of numbers

* We are small of footprint - 470
mi west-east by 200 mi north-
south, an area of 35,598 sq. mi.

» Geologically ancient through
geologically young features.

» population approx. 6.5 million.

* Enormous biological diversity
spread along clines of habitat -
these are ecologically and
economically important.

 62% is covered by forest.
« 1,000,000 acres wetlands.

o Agriculture as the leading
economic contributor.

* Home of the one of the largest
ports on the US East Coast and
largest Naval Base in the
World (Norfolk).
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Water - the basis of life (and a very large part of our economy). Virginia is
unusual in that effectively all of the fresh water we use in Virginia originates
In Virginia. We have the opportunity to manage it wisely.



Virginia, and notably the Chesapeake Bay watershed, enjoys an enormous
diversity of native ecosystems - every one subject to climat
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Hampton plans to build
it up with 4 feet of sand.
and 3 breakwaters to
protect against storms,

B MATTHEW STURDEVANT
mishurdevani®dailypress.com | J47-7574

HAMPTON — If a major hurri-
cane swirls inte Hampton,
many people say, the neighbor-
hmdsnearﬂackﬁlue:mlﬂﬂhq
better protected if the Factory
Point peninsula is built up with
sand.

" Factory Point eould serveas s
barrier, or at least an impedi-
ment, to the onslaught of a
gtorm surge, waves and flood-
ing, some say,

«The City Council indicated
-during a recent work session
that it was willing tospend more
than 3 million to rebuild the
peninsula, which has besn on
maps since the 1600s. Starting
‘about &  decade ago, a
3,000-foot-lomg  section of Fac
tory Point has washed away, al-
lowing a wider entrance from
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And sea level rise iIs an acknowledged problem...
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HAMPTON

(ity eyes reinforcng Factory Point

Hurricane impact
Areas of Hampton that
would be under a storm
surge at different

hurricane strengths;

Bl Category 1
B Category 2
[ Category 3
[ Categary 4
Source {ity of Hampton

“the Chesapeake Bay to the Back
River. 1

The council wants to beef up
the peninsula with 4 vertieal
feet of =and and thres break-
witers — barriers designed to
break up waves — just off its
eastern edge, The breakwaters
are expected to help sand fill in
and widen the beach in that
area, The cost is estimated at
#1.5 million for the brealkwaters
and $1.525 million to build up
Factory Point with 4 feet of
sand,

In a report dated Oct, 99, the
City Conneil was given several
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options for rebuilding Factory
Point. Council members dis

oussed the matier last weel,

and city employees are ex-
pected to come up with a plan
for budgeting the improve
ments by December,
The options for beefing up
Polnt range from a
minimalist strategy of adding a
4foot-high, 20-foot-wide
stretch of heach for $1.526 mil-
lion to paying $10.8 million for
10 vertical feel of sediment and

- three breakwaters, according

to a city document.

All these costs are prelimi-
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Go to dailypress.comy
surgemap to see how varlous
categories of hurricanes
would flood Hamptan,

nary, and any project could Be
more expensive in months or
vears, The cost to robuild Fac-

. tory Point doesn't include an-

nual maintenance,

Ifa major hurricane —a Cate-
gory 4 — made a direct. hit on
Hampton, most of the cly |
would be underwater, accord- |
ing to a recent storm-surge map
made by the city’s Geographic
Information Syatem, i

Rebuilding Factory Point is |
one preventive messure that |
Mayor Ross A, HKearney IT |
wants to lake before a major
hurricans hits the city, |

Kearney traveled to New Or- |
leans last week for a conference |
and met city officlals to hoar

Please see FACTORY POINT/BZ |




Impacts of climate change on natural resources
- Important points to consider.

Most species have optimal temperature ranges. At the edges of
these ranges their responses to change can be large and negative.

It Is not just the absolute temperature - it’s the rate of change of
temperature.

What about CO,, the carbon budget and other greenhouse gases?
Where does all the water come from and go to?

Consider rates of change in biological footprints - disturbance
and fragmentation result in a domino like chain of events.

Synchrony and asynchrony in trophic levels - how is this
Influenced by climate change?

Disturbance creates opportunities for invasive species.



Confronting Climate Change
in the U.S. Northeast
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Prepared by the Northeast Climate Impacts
.HEI;LEment Synthesis Team:

Peter C. Frumhoff
James 1. McCarthy
Jerry M. Melillo
Susanne C. Moser
Donald J. Wuebbles

IULY 2007

A repart of the Northeast Cimate knpacts A ssessment

We need a coherent
assessment of
Impacts at natural
resource and
societal levels.

We do not have one.

There are templates
for such a
document, and we
should build upon

them.



Does the North East document provide
Indications on what we might expect in
Virginia? Yes. Species move northward.

CHAPTER FOUR

Impacts on Forests

» The character of the Northeast’s forests may changdf .
the center of suitable habitat for most of the regid streespeclesshlftsnorthward as much as
500 miles by late-century under the higher-emissions Geand 2500 - rniles under
the lower-emissions scenario.

High emissions result in
habitat disappearance.

DiminiShed habitat at higher Many tree species, mcludmgthe hardweoods thpwfe NGge,
elevations create pressures e, hom s iy heeate tre TP Pame aasmgatiion ot msares
on associated species such as Silbie b il “:.:':&211‘:::1::‘1?.:::‘:;1::*::1‘;‘1;":.::::re
hares’ IynX and thrush. losses are projecrete e lower-emissions scenario. This would greatly exacerbate

stresses on the pulp and paper industry in the Northeast, particularly in Maine, where the
forest-ba

iminished spruce/fir habitat, especially at higher elevations, would increase pressure on
iated animal species sucha; the snowshoe hare, Canada lynx, and Bicknell's ¢
of the region’s prized 3 oTTITIPEhr=itishms) p——rTTTTT gpro]ectedunderthe
h|g|1er emissions scenario, suitable habitat for the Bicknell's thrush could be eliminated from

Substantial changes in bird
- the
Ilfe a.re eXpeCted- Substantllalchangesln bird life aree.npected crnsstheNnrtheastduetn rising temperatures,

projected under the higher-emissions scenario, including declmesm the abundance of many
migratory songbirds such as the American goldfinch, song sparrow, and Baltimore ariole.

Northward expansion of fatal =~
pests such as hemlock woolly
adelgid.




A walk through Virginia from the mountains to the ocean shore -
Virginia’s renewable forests and climate change.

(some material source from VA Department of Forestry).

15,800,000 acres - 78% hardwood, 22% softwood

o Planted stands make up 12% of total and 54% of
softwoods.

» Current forest stock is about 1.2 billion tonnes
carbon. It sequesters 6.42 million metric tons of
carbon each year - nearly 20% of VA emissions.

* Long generation time with respect to rate of climate
change (70 years for managed oak, 35 years for
pine) - limited response ability.

» Fragmenting footprint and migratory corridors.

- e Disruption of community structure from mammals
R R S e to birds to insects.

[N THIS 155UE... i oty At . ..
e m  Leaf litter decomposition rates.
S AT e Soils, stabilization and runoff with downstream

watershed impacts.
* Invasive species establishment.



Climate change related impacts on Virginia forests.

Prospects for insect Johnson Grass
and pest outbreaks
(Asian blight, gypsy
moths, southern pine
beetles, hemlock
woolly adelgid)

Invasive species
displacement and
ODO00O00000n0 .
niche loss. o M S o —
Jododooouoodti

Canada Thistle

Autumn Olive
Cogon Grass
Chinese Privet
Purple Loosestrife i
OJO000ooooOdd iy
Kudzu
Multiflora Rose
Johnson Grass

Winged Burning Bush

Mile-A-Minute



Where Things Grow in Virginia
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Increased CO, will not increase
yield.

Increased temperature will not
offer extended growing seasons.

Increased temperature may
damages crop yield - corn is
negative at 90°F, badly damaged at
100°F.

Pest and parasite outbreaks.

Agriculture in Virginia:
The biggest industry iIn
Virginia (20% of jobs),
8,500,000 acres,
$2.5-3 billion/yr in sales.

Frequency of droughts, rainstorms
Increase - water supply rate is
critical, to both production and
groundwater stability.

Topsoil integrity and stability of
crop production may be
compromised.

Livestock impacts.

We have limited ability to mitigate these impacts.



Virginia wetlands.

Definition - Shallow water bodies and
high groundwater environments that are
characterized by permanent or temporary
inundation, soils with hydric properties,
and plants and animals that have adapted
to life in saturated conditions.

The inventory - 1,000,000 acres in total,
750,000 acres non-tidal, 180,000 acres

A wetland along the Chickahominy River in Virginia. with no connection to surface water.

* Very sensitive to water level, but they also assist in maintaining base
surface water and groundwater flow - especially in times of drought.
Water removal for irrigation and municipal use can be problematic.

« Sediment sinks and buffers for flood control.
» Critical habitat, unique communities, wildlife refuges.
* They have nowhere to go - they cannot “migrate”.

« Sources or sinks of greenhouses gases, In particular carbon dioxide (CO,),
methane (CH,), and nitrous oxide (N,O)?



Brackish marshes

Caught in the squeeze! Land is
subsiding on one side and sea
level rise causes gradual
inundation by salt water on the
other.

Marsh stability is controlled by
the balance between accretion
(deposition, associated with
hydrology), erosion and
subsidence.

Plants and the food chains they
support must be more salt
tolerant or change will result.

Add to this possible falling
groundwater levels and.... An
open hypothesis that perhaps
this will exacerbate the already
problematic invasion by
Phragmites?

Graphics: USGS and Bernd Blossey, Cornell

University.



Oysters in Chesapeake Bay (without which no talk can be complete).

[ Virginia landings
[ B Mantand landings

Desmo found in
Chesapeaka Bay
| 1 NSX found in
Chesapeake Bay

* Long term environmental degradation . | ow salinity depresses disease.
of a species that creates its own . U . :
habitat by very small increments - High salinity (?nhances disease.

e Warm over winter temperatures

accreting reefs. lerate di it
accelerate disease in the
Oysters have been challenged for following year.

approximately half a century by two _ _ _
diseases, MSX and Dermo. e Climate change is threatening.



Climate change and Summer Chesapeake Bay
Dissolved Oxygen.

Mean Summer Surface DO - 2006
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Mean Summer Bottom DO - 2006
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Runoff and temperature patterns influence the size of the low D.O. pool.
J0o0o0ddooddoolohalhdbitatndd id tAd bay?1 0 0 U 1 O

A. Cross Section of Chesapeake Bay or Tidal Tributary
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Striped bass in the Chesapeake Bay.

Large apex predatory fish,
managed back to a vibrant stock
by strong fishery limitations in
the 1980’s

Recently we see Micobacterium
species as a cause for concern.

The deep waters were a refuge
and a sometime feeding ground)
for these large fish, but they are
increasingly limited to foraging
in higher temperature shallow
waters.

Are they stressed and does this
increase their susceptibility to
infection?

Images courtesy of Department of
Environmental & Aquatic Health -
VIMS



Sea grasses Iin the Chesapeake Bay -

Critical habitat to early life history stages of many
commercially and ecologically important species.
(data and images courtesy of Dr. Robert J. Orth, VIMS)

Eelgrass in the Chesapeake Bay are already at the southern limit
of their distribution - so they are sensitized to temperature
change.

Eelgrass has been lost in over half of its distributional range since
the 1960s with little or no recovery.

In the remaining areas, over half of the eelgrass has disappeared
sinche tBedmid 1990s, with most loss coming from deeper portions
of the beds.

Other stressors contribute to this loss — declining water clarity,
hurricanes, biological disturbance such as cow-nose rays.

If trends continue, concern that eelgrass could be gone from much
of the Chesapeake Bay in the not-to-distant future.



Bay wide
Distribution
Late 1950s/

1960s




Bay wide
Distribution
2007

This major change
occurred by mid 1970s
(Tropical Storm Agnes)
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Natural resources: a summary so far....

Each system examined to date and herein is in flux as climate
(and more) changes around it.

The opinions on good versus bad impacts are sometimes
mixed, but usually more bad than good.

We can adapt to some impacts, but not others.

The rates of change of climate and biology may not always be
compatible.

Disturbance and fragmentation of communities is to be
expected with domino like effects that include invasive
species.

In many instances we have a poor understanding of the
eventual end points of biological response.

A large “picture” integrated watershed overview is lacking for
Virginia - It IS needed.



But If you don’t care that much about the natural
resources - after all biologists are smart (are they
not?) and they will provide work around answers to
these questions...

then consider (to quote Bill Clinton)

“It’s the economy, stupid!”

Climate change impacts on the Virginia and the
national economy can be profound!



The Ports of Hampton Roads
expect a future of explosive

growth and importance to the
national economy - and with

growth comes increased risk.




Outer Continental Shelf Oil and Gas - not so much iIf as when...

Each and every day, Americans rely on oil and gas
Froam the 1.76 milion acres of the Outer Cortinerital
Sholf (OCS) to haat our homas, power our

aulomobiles. and more. Those dcres afe the sources of
30 percant of domeastic ol production and 21 percant
ammmc mralu.spnuduunn The Gulf s the

producing offshore rogion. it pmvides 27

mﬁd»&wm?&mﬂummmgn
produced domaestically.

i an effort that is by and Erge imvisble fo the
consumer, Minarals Managament Sarvice (MMS)
‘aspeds ol

the 2007-2012 OCS 0‘ and Gas Loasing Program,
which will tako effect on July 1, 2007.
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Each and every day, Americans rely on oil and gas
from the 1.76 million acres of the Outer Continental
Shelf (OCS) to heat our homes, power our
automobiles, and more. Those acres are the source of
30 percent of domestic oil production and 21 percent
of domestic natural gas production. The Gulf is the
most prolific producing offshore region. It provides 27
percent of the oil and 20 percent of the natural gas
produced domestically.




Hurricane Isabel
13:00 Sat September 8, 2003 to 15:00 Fri September 18, 2003 UTC
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Again | ask -
Why here?
Why now?

Again | respond - Absent a thorough understanding of both the forces
driving these changes and their complex interactions, we lack the ability to
forecast, and therefore prepare for the impacts of such change - both

ecologically and economically.
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