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Introduction

Over the last 3 years a formal organizatiahframework haseen developefbr

evaluating the vulnerabilities of species and ecological systems to climate change (Glick
et al., 2011). This framework assumes that the vulneiiabitift species or systesarea
function ofthree main componenisther exposure sensitivity, and adaptive capacity
(Figure 1)

Exposuré an estimate of how much change in climate (or other stressors) a species or
system may be exposed to.

Sensitivityi theextentto whichaspecies or system is likely to be respuadb or
affected by changes in exposure.

Adaptive capacity the ability of a species or systemadapt to andccommodate
changes in exposure to stressors.

Downscaled analyses for the Northeast Region have shown that there is likedy to be
degreeof intraregional variation in how the climate may change over this century (e.qg.,
Hayhoe et al. 2006). Exposures of systems or species will, therefore, also vary
geographically. If the vulnerabilities of ecological resources are to be understood, this
variaion in exposure must be taken into accoiihis report presents information from
the literature describg how the exposussof northeastergpecies and systemsay
changeand vary geographicallyver ths century. This is not intended to be an
exhaustie analysis of future climate change. Rathassés existing data fwovide

expert panel and habitat workgroup members who are assessing vulnerabilities with
background information deschilg likely climate futures. As they build or evaluate
vulnerability assessments for selected habiat®ss the regignvorkgroup membersan
use the figures and tables presented in this repesstshow climatic changes and
exposures may vary within and across the region.

The data have been gathered from two segir¢he Northeast Climate Impaxct

Assessment (NECIApnd the wekbased toolClimateWizard. NECIA (2006) was a

major effort to describe plausible climate futures in the Northeast by statistically
downscalingB Global Circulation Model¢§GCMs)to a 1/8 scale The results were

presented in a project report (NECIA, 2006), several scientific papers (e.g., Hayhoe et al
2006 and 2007), and in an interactive webditgp(//www.northeastclimatedata.oyg/
ClimateWizard is a webased interactive toohttp://www.climatewizard.org/

developed by The Nature Conservancy and the Universities of Washington and Southern
Mississippi.lt uses various combinations of the output of 16 GCMs to statistically
downscale information to a 12km grid scd@eth sources providéne most recent and



thoroughdownscaleanalyses of how the climate may change in the Northeast Region
over the remainder of this century.

The southern boundary of the NECIA study area included the southern states of the
NEAFWA area. Howevelfpr some vaables {emperature, precipitation,
evapotranspiration, soil moisture, snow cover days, drought, runoff, and strearit flow)
excluded the southern portions of Virginia and West Virginia. ClimateWizard was used
to fill this gapin coveragdor the first two variables.

Thetemperature and precipitatiometricsthat can be addressed using ClimateWizard do
not exactly match those that can be derived from the NECIAsgatdior example, the

NECIA upper emissions estimat@sakienovi et al. 2000are based othe AlFi

emissions scenario, while ClimateWizard generally uses the A2 scenario). However, they
are close enough for an acceptable méiclhe purposes of vulnerability assessment
Furthermore, the NECIA analyses cover a wider range of variables (&sumeer

precipitation, growing seasons, stream flow, snow cover, etc.) than are available in
ClimateWizard, which is restricted to temperature and precipitation. We used both
analytical tools to develop a comprehensive appraidabwfrortheastern climatiand
climaterelated parameters will likely change over this century.

The data presented in this report do not include sea level rise estimates for the region.
These will be provided in a separate document.



Exposure Information

The results of both downaling analysetor the northeastern regi@me shown in Table 1
and in Figures 2 througb¥. Table 1 presents the key, biologically relevant findings of
the NECIA studyfor the region Figures 2 through 6 describe how temperature and
precipitation regimeare expected to alter over the next decades assuming low and a high
(or mediumhigh) emissions scenarios. Figures 7 and 8 present NECIA results on how
growing season and plant hardiness zones may alter. Figures 9 and 10 describe
anticipated changes in g@a@ranspiration and soil moisture content. Figures 11 and 12
show projected changes in the characteristics of future snow cover in the region and
Figure 13 projects future drought frequencies. Figures 14 through 19 project future
changes in stream flow, moff and low flow periods over the remainder of the century,
while Figures 20 through 24 use ClimateWizard analyses to project temperature and
precipitation changes for the states of Virginia and West Virginia.
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Figure 1. Vulnerability assessment organizational framew




Table 1. Projected changes in key climate indicators
the periods 2032064 and 2072099(NECIA, 2006)

1961-19940 1035-2064 1070-2099

UNTTS ICIM Bl Al AlFT Bl A? AlFT
Temperature
Annmual C T8 +2.1 +1.5 +19 +19 +4.5 +5.3
Winter (DJF) C -43 +1.1 +1.7 +3.1 +1.7 +3.7 +5.4
Summmer (JTA) o 0.0 +1.6 +1.2 +3.1 +1.4 +4.3 +5e
Precipitation
Annmual cm (M) 10ze +5% +% +3%% +7% +004 +14%%
Winter (DJF) cm (M) 0835 +i% +§% +16%4 +12% +14%  +30%
Summer (JTA) cm (M) 18.03 -1% -1% +3% -1% -2% 0%
Sea Surface 'Ie:l:.l:ueratum-sL
Gulf of Maine C 11.6' +13' L5 - +1.0 a3 -
Gulf STeam C 13.4' S - +1.20 3 -
Terresirial Hydrology
Evaporation mm/'day 1.80 +0.10 - +0.16 +i.16 - +0.20
Faumnoff mm/day 1.14 +0.12 - +0.0% +Hi.21 - +0.18
Soil Modsture %4 zat 55.0 0.4 - +0.02 +1.0 - -0.07
Streamilow
Timing of spring pesk days E4.5 -5 - -8 -11 - -13
flow centroid
Low flow days days 6.5 -14 - -15 26 - 477
(Q=0.0367 m3/s/km2)
T-Day low flow smount LM 100%% -4 - -1 - - -11
Drought Frequency
Shart no. of droughts per 30 years 12.61 +5.12 - +7.19 +3.06 - +000
Mled no. of droughts per 30 years 0.57 +.03 - +0.51 +} 30 - +111
Long no. of droughts per 30 years 003 +.03 - +0.11 +.04 - +0.39
Snow
Total SWE mm 11.0 44 - 55 5.0 - 83
MNumber of snow days days/mnth 532 -1.7 - -11 -2 4 - -38
Crowing Season”
First frost {awiumn) day 295 +1 +16 - +i +2 -
Last frost {spring) day 111 -3 -14 - -16 =13 -
Length of growing season days 184 +12 +27 - +19 +43 -
Spring Indices
First leaf day nge -30 52 -0 -6.7 -15 -15
First bloom day 1288 -AT 6.0 -5.6 -6.3 -15 -16

! Bazed on 55T eutput (s ) Fom HadCME, MIROC, OGCM CCSM, and PCM only
* Time periods restricted by ourpat availabdlity to 2047-20635 and 2082-2009,



Figure2. Projected rean annual temperature and precipitation change aemtissNE RegionFrom
NECIA.
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Figure3. Average Temperature
Change TF) by 20862099
Relative to 1972000 From
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SRES A2 12/16MOD 1961-1979 Days At/Above 90F SRES A2 12/16MOD 2080-2099 Days At/Above 90F

Figure4. Extreme heat days (>%9) Historic and MidHigh EmissiongA2). From NECIA.

SRES A2 12/16MOD 1961-1979 Days At/Under 32F SRES A2 12/16MOD 2080-2099 Days At/Under 32F

45N

Figure5. Freeze Days (Tmin <3B). Historic and MidHigh EmissionsFrom NECIA.
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Figure6. Average

Precipitation: % Change
Relative to 197422000 by
20802099 From NECIA.
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Figure7. Modeled growing season length (days) in 1:98%9 and 208@099 Mid-High
EmissiongA2). From NECIA.
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Figure8. Modeled plant hardiness zones in 194179 and 2082099 Mid-High Emissons (A2).
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Figure9. Projected percent seasonal changes in evapotranspiration. 2
2060 relative to 1940999.B1 emissions scenaribrom NECIA.
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Figure10. Projected percent seasal changes in soil moisture. 2030
2060 relative to 1972999(A1Fi emissions scenaridfrom NECIA.
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Figurell. Number of Snowcoverd days/month (DeEeb).
From NECIA.
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FIGURE 4: The Changing Face of Winter

Historic Area (1961-1990)
B Late-century Area (2070-2099)

Figure 2. Red line encloses area of Northeast that histdyibals had at least a dusting of snowtlwaground for
30 days or more during the winter. White area is that area that will continue to have snow cover by end of «
From NECIA.



Figure B. Frequencies of ShortMedium, and longterm droughts during 1961
1990 and projected for the 30 year period 20Q009. Values are the average of t
HadCM3 and PCM modelgrom NECIA.
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Figure H. Projected Advance in Peak Spring Flé&nom NECIA
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Figure B. Earlier Spring Peak FlovabservedrFrom NECIA.
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Figure B. Projectedaverageseasonal change in rundgfhm/day) 2030
2060 relative to 19741999. A1Fi emissions scenarkerom NECIA.
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Figure I7. Increase in Duration of Summer Low Flow Peridéiom
NECIA.




























