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Tha swearity of demaging human-indumd ciimate change depends
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for meversibility, This paper shows that the cdimate dhange that
tabes place due to mcreases 0 crbon dioxide concentration s
largely imeversible for 1,000 years after smisslorn stop. Following
cessation of emissions, removal of atmospheric carbon dioxide
decroases radlathes fartng, but iz largely companaated by shower
loss of heat 1o the ocean, 1o that stmospheric temperatures do not
drop significantly for at least 1,000 yesrs. Among (lustrative
Imevenible Impacts that should be expected f stmasgheric carbon
diouide concentrations incresse from current levels noar 385 parts
per million by volume (ppmy) to 2 peak of 450 -600 ppmy over the
coming century are imeversible dry-season rainfsll reductions in
several reglons comparable to those of the “dust bow |~ era and
Ines orabde e level rise. Thermal expassion of the wanming otean
provides & conservative ower Bmit 10 mesersible giobal aversge
S8 eyl ree of st least 0.4-1.0 m I 2151 century OO concentrs-
Dons excesd 600 ppmy and 0.6-1.9 m for pask O0; [ORCENFIBONS
exgeeding ~1.000 ppew. Additonal contributions from glackers
& Ice shest contributkons to future ses level rise are Uncenzin but
may equal or exceed severnl meters over the next millsnnium or
langes.

dangerou imerterenee | precpitation | e el ree | wRming

wor the 2(th century, the stmosphenic concenirations of key

preenhouse guses ncreased doe o honan sctivities. The
stated objedtive (Anide 2) of the Uniled Natiom Framework
Convention on Climate Change (LNFOCC) i w achieve stabi-
lization of greenhome go concenirations in the stmesphene i
8 low enagh lovel 0 provient “dangorous anthropogendc imtee-
lerence with the dimate sysem.” Many studies have focused on
mnﬁnmdmllnmﬂmuﬂ-hjw the
principles {Article 3) of the specificnlly emphimire
“throsts of seriom of irevenille damage,” undenooring the
importsnce of the longer teem. While some irfevenible climai
changes such s joe sheet collame are posside but highly
uncertam (1, 4), others can now be identified with prester

lemperstune increasss cansed by rising carbon dioxide conosn-
Irations are not expected i decrasse sipnilicanty even if carbon
emisxions were i complelely osase [3-T) (see Fiz. 1) Fobure
carbin diovide emissions in the 218 century will hence kead 1o
siverss climaie changes on both short and long tinse scales that
wiald be exsentlally irreversible (where imeversible is defined
bere &5 & ime scake exceeding the end of the millenniem @ year
300k, note that we do not consider geo-engineaning maasures
that might be whie to remaove gases dlresdy in the smosphere o
o introdiscg sotive cooding o coumteract warming ). For the same
reason, the physical climate changes that are dee to anthrope-

pemic carbon dioyide m the mimosphere iodey wro
npu-:wdmhllrmbm . Sauch climaie changes will lond
o @ menge of demaging impacts in different regions and seciom,
wmg of which ccar prompily in ssocisson with warming, while
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othar build up ander satained warming becauss of the time Ings
of the proousses imvobved, Haere we dlustrate 7 such aspeci of the
irrevermibly altoresd workd that should be axpected. These aspects
are pmong reastm for concers bat are nod comprehenave; ither
pomsiibile dimate ppacts incude Asciic sea joe fetreal, ncrenss
in heavy rainfall and Nooding, permafrost mely, lom of glacien
el mnewwpack with attenidanl changes i waler supply, incromsed
it ity of hurricases, sie. A cosnplete diffiale mpacts foview
= presented elsewhene (B) and s beyond the scope of tis paper.
We loous on llustrative sdverse and irveversible clhmale impacs
for wiich 3 crilenin are met- (i} observed changes are slrendy
oocurrimg and there is evalence lor anthropogenic contribulons
o these chanpes, (@) the phenomenon s bised wpon physical
principles thought i be well understood. and fi@) progections ane
wailabla and are broadly robust scross modidks.

Advances in modeling have led not only to improvements in
comples Armmsphare-Ocean General Circulation Models
CADGOMEs) for projecting 21st comtury climaie, bt also o the
mplementation of Earth Systom Models of Imermadiate Com-
phexity (EMICE) for miilennial time soubes. Thase 1 types of
madals are wsad m this paper o show how differcest peak carbon
dumide concentrations that coulid be attained in the 218t centary
sre expecied o lead 1o substantial and wreversiblo decreases in
dry-season rainfall i 3 number of alreody-dry subtropical srom
nd lwer Bmits to eventusl sea kvl rise of the onder of metern,
implying wnavoidable undation of many small slends and
bow-lying coastal arcas
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Longevity of an Atmeapheric €0y Perturbation. As has long been
koo, the remewal of carbon dicckle [rom the atmospheine
irvilves mudiple processes including raped exchange with the
Lt bicwphiere s Uhe sir{sce bryver of he ooean throuph air-sea
exclisnge ani much slowet el fulkn 1o the oossn nlerior that
s dependent upon the bullering affect of coean chemistty slong

with verical ranspo {9-12). On the vime scalie of 0 millenmiam
middressadd here, the Oy s Inrgely between the nma-
sphere and ihe ocenn snd, muling o REsocialed increases in

wcidiny smd in ooean warming (i an increase in the Revelle or
“haffer” e, see below ). typically « 20% of the added inmnes
of OOk remam n tha ri while: «=RI5 are mmad into the
oogan. Carbon isoiope provide imponant observational
comsiraints on these processes and time consam:. On moltimd-
lenium snad longer tme scales, goochemical and peodopical
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Landscape Scale Carbon Storage: Working
Hypothesis
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Landscape Scale GHG Emissions: Working
Hypothesis
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Landscape Scale GHG Emissions: Working
Hypothesis

200 Multiple stands w/intensified harvest
= New landscape equilibrium storage
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A global meta-analysis of forest bioenergy greenhouse
gas emission accounting studies
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i
-l

Acoumudgied omasnne (e g Gy LOm)

T (yaars)

Fig. 2 Haarfine chores il mr cadsm praviaak wi b com
g hlu-r-:!;l.- aliem sl ven wiih lomell-laed embslom |5 ikl
bypothetin] coe. e refrence point beseline ssmmes 8 e
marii whens forest cadon stocks: brisdly decrease follovad by &
oA ey aampared o8 feetenoe point in time The dyvnamic
bamatli i anwidiman A |H|1"rl‘| wermmfn  wher bl shocks
decrm s compared i busingss = wos sd regoire o longe
s pralk o pe o e



New'Hampshire

vl
T




-
N
[6)]

—_
o
o

~
[¢)]

50t

N
[6)]

'©
<
(&]
o
=
-
9
=
£
L
}
o
2
o
S
o
.
o
]
»n
(&)
©
i
o

Legend

Stored/Offset C (positive):

Forest Stand

3 Sawlogs

2 Pulp

Bl Firewood

Fossil Fuels Offsets (avoided
direct emissions)

Fossil Fuels Offsets
(avoided indirect emissions)

Emitted C (negative):
Sawlogs Indirect

ZZ Pulp Indirect
A Firewood Indirect

1 1

Bioenergy Direct Emissions
Bioenergy Indirect Emissions

1

Non-bioenergy Bioenergy
WTH

Type of Harvest

Bioenergy
non-WTH

From: Mika and Keeton 2012.
Global Change Biology: Bioenergy




Simulation modeling in FVS:

Data:

362 FIA plots from New York, Vermont, New Hampshire and Maine
Randomly selected from 3,306 sites meeting criteria
Representative of age class and stocking distributions for the
Northeast

Scenarios and scheduling:

Bioenergy intensification from Mika and Keeton (2012)
« Mean and 75 percentile
Silvicultural scenarios proportionate to use
« Selection harvest
« Shelterwood
» Clearcut/patch cut
Bioenergy scenarios applied to 25%, 50%, and 100% of landscape
Minimum residual stocking threshold for some scenarios.
Stands randomly selected for “cutting” when they attain harvestable
stocking levels
Regeneration inputs from Nunery and Keeton (2010)



CARBON ACCOUNTING . P Mg

Energy input for
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Aboveground live tree
Aboveground dead tree
Down Dead Wood
Wood Products

c
<)
2
[
©
(&)
@
=)
4
@
>
<

Stored or Emitted (Mg ha'1)
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Non-bioenergy Scenario (Mg ha™)
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How do we minimize CO2 emissions?

Harvesting guidelines to maintain in-situ stocking

* Silvicultural systems w/structural retention

* Reserves to offset emissions from intensive harvesting
* High efficiency energy conversion technologies

* Go small scale, go local!

* Emphasize use for thermal energy not electricity

* For industrial scale energy production emphasize
combined heat and power

* Emphasize substitution for coal over natural gas
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Final Report
January 17, 2012 Sen. Ginny Lyons

Rep. John Malcolm

e Dep. Sec. Chris Recchia
1ee George Nagle
1ce center Adam Sherman
dustry Rocky Bunnell, Paul Cate
Pursuant to No. 37 of the Acts of the 2009 Session nvironmental organizations Tamey Fidel, Robert Turner
“ Uiy Inqustries LWUO LEPIESTHLALLVES UL il JHUUSLL Y UL ULILILY chat pl’OdllCES electricity or heat from biomass
Chris Brooks, Bill Kropelin
*Publications
A representative of the Vermont woodlands association Sam Miller
\
7 A representative of a umversity or college with a focus on biomass Bill Keeton 3
<
1 A representative of the consulting foresters association Ben Machin (2009-2010):;
1 currently vacant
f
1 A representative of the forest guild Ehrhard Frost
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The first meeting was held on Friday. August 5, 2016 (Agenda) Presentation re: Overview of current PSB processes and points of
citizen participation.
For more information please contact Andrea McHugh, PSB staff, andrea. mchugh@vermont.gov,

Public Hearing
The Citizen Participation in PSB Proceedings Working Group (established by Act 174) convened a public hearing on:
Tuesday, October 11, 2016, in Room 11 of the Statehouse in Montpelier, Vermont.
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