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1. Executive Summary
1.1 Overview and Key Findings

The Commonweal thés Gl obal Warming Solutions Act (
Massachusetts to achieve net zero greenhouse gas

reqguirement all oWw9 9l0eovre lupe niios sli5o% soft o be fAoffset o
which includes carbon sequestration from hatrut ak

purposes of this report, referengelsn ttoh,d e H.amdl s
sectaet sinks, foem&WHiGng 14. 5% (oBEP Ay r2dEs3Nemisagihansset t
téh |l andceecently removes approxi matossyguall %GBHEG Mas:
emi ss,ivd i breeds tlbaenidnlger i mary c,brutibe magkfiatudree odar bon
sequestamatmi sswiolnsf bected by many natur al processe
t heotulmé ktehe | ana sewcit oe odrt mo spihrek | ¢ paarpmeam.i eTThe

repihretr eatfhteerFor est Caothmins Sitawunegd by t he Massachuse
Of fice of Energy and Enwiquoanntmdirétyeld f Afcbsiess @QEBANY h
natur al di sturbances, deforestation, reforestatio
harveosnhi nfpe stateds | andssevecdds aachgeobent batbgenf |l ue
t hefsaectwaf or est composition, structur e, and adaptat
changvai he etsul t g hiethfectmmoboearkasltat edpanot i cutkehaerilry f or
role in hel prnwegltihe aChhimmoe net zero emhssesdpns in
dd nmotdepeci fic policies BHEhAer consideration by

The study -obé®rtstmocdel i ngl adat ¢ eamnido snwasn dt h at
l'imiting forest |I|,osesnstpoobsdiege e Lopapest ra&mdvery
reductihregni ssiformsn ti mber harcyvyawimt arhee tghreeat ¢ ©t pot e
protfeaxrteat bsothocaknsd suppor tl ortrggrom ame tbroenmo MWklr e
specifically

T The statedsexpeeseéed Boeconti nuteersmmrive tngsiarsk ao fl
atmosphericemavbog, on t8& 00 MMECOsfom22M®20 t o 21

This is the equivalent of forests removing 3 t

statewide gross GHG emi ssHowsvewgegrthhe hexeéssB8oO

sink is vulnerable to natur al and human distur
9 Hurri

canes pose the |l argest winmhgl ki ghrediagt drobd
r

[
scenar i oisnigmpeesruilaave atter sequestr-2t MMMEOpees (~1
year) or even tnoett heemiastsnioosmpsher ee (puer .Nweé ar5) MMT C(
segquestradioenprajtesctovcdrt awvit hssumengyéempsacted
forests are not converted to other | and uses.

T Under scwintahr imnisni mdil snatbaates, forest carbon
rates in Massachusetts should persist at curre
MMTC® per year Temowgdyf tmérd which they are expe
|l ess thansel pdMT@@ar by 2100 due to forest agin

T If recent trends in |l and use continue to 2050,
harvesting would reduce net sequest peatpieorn by 2
year) relative to a hypothetical scenari o with
converBaowest ongmaj or dResrtnuarbeamtc efsor est | oss f «

and sol ar dveowdldo preecmtunt f or approxiTmately half
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remaining half is attributable to timber harve
products and | andfills)

T Less -tandumpbtuiivedi ng and sol ar development pr ac
carbon emissions from | and hdondvse rbsyi o2r0 50y, uaph i tl ce
achieving the Commonweal thds profphAecotridi swadtairor
recent trends in building dé&.ddMI oMt i s expec

emi ssheothgeen 20206HMMICBOPe@r, ywhiolar devel opmen
thholl ows siftiomg -2GZG  gr osvsmmekeabnt i cinpatdsd
expected to IBeBMTCOI AMPCBOoper bye2 Mp0o e
sprawli etue d diewmgl| opment patterns could increas
up to THh@e%e potenti al changes in emissions woul
for the impacts of dewlilolp mead ot seox dmicrag d oinn

T Reforestatipdomnaacigdr medest!|ly increase carbon s
i 2050 by a maxi mume oger0.yYeaMTELrO a more achieva
MMTC® per Tywdedandl. carbon removal potential from e
cover is relatively smal/l due to | imitged suita

by 2050 and:x229yMMTOO .

T Forest management presents comphnexkcamadeypffs b

cumul ative carbon removal, sequestration rates
benefits, with effects contMama@agretmenrn dcimpthuarsh an
|l ocal wood producsianhecoalrbonedeqgaeshration th

to a continuation of r eucpentto madmageMiad i t pr acg h c
205@veraging2l ahvi)uZddi I ¥ producbavMTnEegdrod t han
addi twooonda | p riomeudcdinse t i meh e rdainfefienrTeanncneusa |

sequestbreaxtoimen | ess significant by 2100, particu

T Utilizing greater proportions of swoolbdageaee, aae
l and clearing into durable products can reduce
these effects are only substantial with high |
har vesWiitnhg.mi ni mal disturbances, these emissi 0]
MMTC® by 2050 ande ~dy MMICO With high disturba
salvage harvesting, these emissiones kkyuddds®he r
and 90 to 2%e35byMMTIQO® .

1T Active forest management, including-continuing
oriented silvicultural practices, can i mprove
climate dThaesgepractices, parti-oul antgdthe mode
prescriptions, hekspaimpspeei eands dagléeaeustt ur al

increase regeneration opportunities for keysto
untreated areas.

These key findings and the study approach are el a
and 1.3 Summary of Results), including additional
nuancesa,ssampti ons of the findings.

1.2 Summary of Methodol ogy

The analyses presented here were conducted wusing
and dusmemd model s. These models have been calibrated

7



data and the results publ i shesd epmeayv iacudicy eisn dichzee
simulations are initializedow=sirngnappS Geadal dJESi Faolr eSS
maps of forectomprose tgpenci 6§ mul ated ecosystem proc

specific tree establishment, gr owt hr,elcaotnepde tmoaotritoanl,i
and decomposition. Forest management is simulated
and hahrevested carbon is tracked using a carbon al/l
simul ates patterns of forest floasesstandergeisn.r i @GHG cfa
estimated using a spatially expliacit abbbokk eaemisng vy
estimates for multiple | and cover s Ddkesrpiivteed tfhream a
i mportant role as carbon stores, the study does n
tihs i s because of the high ilnevsedi lorfddssdxiobsndd fd chet o
uncer raigmrylibed owlye ound i mpacts of | and use. I n ad
carbon dynamics, thi Beuwttpiwty malthe &donalkprte®cosystem
assess out cenaersb ofnorf omroenst attri butes, including in
capacity and resilience to climate change.

The study arinatleygzreast leadiegllfaamdl disctemnrabdmse t hat bracket

and | ower bounds of plausible forest maonwgrement ,
chandgHdg.lrevetdsspbb@ir bancreataessed il g memen | andveac@®enver si
paired to repmieseindmwmielhd glhcewl s sbbir bamadesamd | and

convewgirenpaired toemiepdiacsr@he agdludogr i ncl udes a
counterfactidfaolr coaeanparriad i Wda hppur ppaenausitadmelisy d f or e st
gr owt h wimahjoourt dainsyt Untbame edsia.med. ,u sneo rheaf rovreessttiantgi ,on
hurri,camsest oqat bbeialkdi ng or Aldleatrs cdeenvaerli copsmeanrte. pur
il lustrative, intended for |l earning, and do not r
the Commonwekaditdine dCobiych hteeamseat aff at EEA, t he N
Department of Conservation and Recreation (DCR),
t hlent egr at e de nSvwciesniaorni ofsour al ternative future fores
occurring wanndde rae ahioswsmmdgqisme ( Table E1). The scenar |
management options that are frequently proposed t
including: | mprioevretde dic | 9 imavtiecul ture practices, est
veasncremded harvesting to meet more of Massac
practices are overlaid onto dynamic | andsca
ring levels of other ecol ogi cabll odwdsptwnrsbances
estation for buitdddngefaode gtr@learbthierhagl.d s®it mel at
r estandbyamemgieasse eth asrpiaons from 2020 to 2100, whil
deeoMearndchange only span 2020 to 2050.

—ToQaao "
S5t TS o
I © B O BN ¢)]
CcCOoO ™~ oo~

(¢

ight I ntegrated Scenarios, th
s on specific drivers of fore
I carbon.t efTmegd vien alau ckkes samaln &
ions of building and sol ar devel opme
Sicmeinlaarri otsoo t he | nt egroautnd ke rS aer airail o ss,c ema r L
t pdroivvi edres ecak e gaiwhsitch-ubandcenari os can be
Ida tved f df uebcbtrs .e x ampl e, we si mul ated a counterfa

t growth d@ndt omr baoncietas bauladll | and use (devel opr

D

e e n
ocu p
ria o]
new i

—+ =S cCc 0O Q

ST 0O T OO0 H—
o0
D~ S =N

©co3g——">5T5

-

1Greenfield Solar refers to solar installation built in
croplands, or grass/ shrub)
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1.3 Summary of Results
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uptake without major shi At bkauidceo ntth enrusagt s toenmtorf&h dae
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the carbon | osses associated with major disturban
ecol ogical consequences and |l ogistical ch-allenges
i nduced flip from carbon sink to saourocne siisnkt egnepncerr
occurring within 10 years post hurricane so | ong
continue to grow. However, the timing of future h
contribution of the | and ®eemossi onshgoatit at €ds 201
i mpact of the modeled 2038 hurricane on net | and
hurricane were to happen earlier or | ater.
Total C accumulated in non-soil forest terrestrial pools since 2020
0 : Scenario
1
: === Counterfactual + Low Disturbance + No Dev/Harv
: Recent Trend Harvest + Low Disturbance
Reserve Emphasis + Low Disturbance
Q, Local Wood Emphasis + Low Disturbance
8 -100+ === (Combined Emphasis + Low Disturbance
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E - Reserve Emphasis + High Disturbance
% === | ocal Wood Emphasis + High Disturbance
g \ == Combined Emphasis + High Disturbance
=
9 -200+ :
©
O : Forest Management Regime
: 3 \ ® Combined Emphasis
I
A | ocal Wood Emphasis
I o\ g
i \ B Recent Trend
-300 : o ¥ -+ Reserve Emphasis
, -
1
2020 2040 2060 2080 2100
year
Figurd@oE2al accumulation of carbooilfroar 2R
(incl ufdamegstinlive and dead wood and harvest
and -ofuor est wood products in use and i altal
carbon removal from the atmosphere (i.e. ¢
across time, these results do wWot viemcl ade
because devel opment was nottstmel adedhp®ss
scenarios include major Rerdridasmed iine 2n038
Massachusettsd net .zero compliance year
Some of the I ntegrated Scenarios envision | arge i
reserves, characterized by passive management wi-t
mani pul ation.tiCanrfeott ypelesest of the stateds for.
We explored the consequences of increasing reseryv
| ocation of new reserves was informed by the expe
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r uniimsadea)newl y aredeecrrnescadss b 0 B a doeuntssbifdee e ser ves
th small net increase of &Nyt eéewicdeaberiastrreisalyv
crease forest carbon stoomé&w wesédvesewi tlb abhsc
havior outside of the reserves, in and out si
|l ess thae. 100 new reserves rewiulh ancobessrten:
crease i n wooditphreond uchte sdee nsacredhar i os woul d under e
rest reserves to increase carbon stores.
Mean Annual Fluxes
Counterfactual + Recent Trend :
Low Disturbance + Harvest + Low fisoTSiEtT&Tnséz
No Dev/Harv Disturbance
I 1 ]
1 1 ]
104 1 !
1 1 1
mlm““"ll e— L L L — ]
: ] [}
Local Wood . : Recent Trend
Emphasis + Low cf T:vbng?sfun:t’))ah:g;s Harvest + High
Disturbance Disturbance Flux
Reforestation &
: : I : Tree Planting
10+ ! —— J l I I Forest Growth
= mEESHE | | wnEnEREER L I Mortality
mmnEne cimsmrm 1 [ led II Emissions
Disturbance
' ' Salvage harvest
1 1 1 Emissions
Harvest
Reserve Emphasis Local Wood Combined Emphasis Emissions
+ High Emphasis + High + High < Net Flux
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Figur MeBB8. annual dar lhdire faltomwoeaygpeBer e i mest ep

2100 for a countedetaelopmestepaaimdrtiyleasteingl
ScenaGi®sn bar s rbeproessaenbtoo r(e neeevcpu esst,blat & ol
aboverzemaeesneinsts,i cabnkdac k disdomtwimel snet fl ux t o

i .e. the annualized difference betweenFeseq
consistency across ti me, t hese resul-drsi wdeon
conversion beceanus ewadse vneolto psmi mul at ed past 20

Di sturbanced0 scenarios includeRedjodashulkin:

2050, Massachusettsd net zero compliance vy

Whil e some stakeholders emphasized the need for m
Massachusettsd residents should take greater resp
prodbehtasr vesting more woodowerallffecwbiehembssdons
economic demand for commercial forestry in Massac
forests to anoChrerehntalny, us@&r vest volumes in the si
7% of the volume of wood produB%sofitt tE@msewmezesr ann
Local Wood mscreesas nhoauravie st w20 % wmaefr rceomts u mp e v.ehs
Even at this higher rate of harvest, Massachusett
the century. I n the near term (i . e. until at | eas
reduce cumul ati veladrilven tot ear Ree e 2t t12d0r.82nds scenar
MMTC®, for | ow and high distiihbantecusgodomesi mbsper
results in @a@pn8BMMTICSl wf additional wood product
and high disturbancdéftregi smgpr o0xis padcrebioyne Tayc.cyreuaals i n
Local Wood scenari o i swistimill@maw dios tRerckeartc el elmudts | ¢
di sturbances throughOthearaldy ¢ s tddeslmemhamwiys hiad ns
associated wiftohr ecsotmnyeuccaré Ithbey riendr ovi ng wood utili:
simul ated i smmpcoveamenatshift to prodecmngr achuctusi g
mass ti mber or wood insulation) and Therse efficien
practices have the potenti al %104 % ebdyu c2e0 %k Raieds t1iOn g
by 2100

Active forest management , where it was simul at ed,
forest composition, structurepl amndeduarde ssx @enwtl e d
silviculture can help ensure the continuity of st
time, including young and ol d fiorgseof hmadbi tmaal aoami
to a changing climate. Model ing of Ppraraedi basvaessi
regime resulted in a more even distribution of fo
increased regenerathkenstanme rtece@i $meaiteofi n natur i
hel ped perpetuate those communities over time rel
to refl eccrti ecdtienmdatsei | vi cul tur al practices included
i mprovemethheandarly interventions in stand develo
Massachusetts due to cost); adjustments to the pa
and ecolimmgiocaarleldy, -speaci ¢ gicospeci es r emosv.alMoadned irnegt e
results from areasieatedvshngvcbcumaueal treatments
species and structural richness and diversity, cl
indicators of resiliewcehretacabisedit eandveas|l tueat a
reserved from harvest.

SNote that these estimates refer to the equivalent wood
wood usédtien

13



I n addition to the effects of natural di sturbance
alternative scenarios of forest | obsgsibhddngthaerd ta
energy devel opment . By 2050, more compact buil din
emi ssions and f or egodetls7aMWileCsét,r aatsisounmifnrgongrleenf i el
devel opment at one third-20R®.r dhe comsdmmndce dsipo mw2
buil ding devel opment c¢8uld dMN:EQQIadDumIMM G sgroaasnifoife |2
devel opment rates twice20B0seEmbsseruord &andmfangon
associated with new greenfield solar devel opment

sol ar capdami t(20iSepdeoxi2nratcWependnnghe availabilit
sources of clean energy generation and the)level

range #atra@3mBMTC®, depending on whether siting patt
based onri tdbiserfwveid 0@ 02®&nd on assumptions about t
production capaci tAc tpueal uenmits sliaonnds aarneda.e mi ssi ons r
expected to be greater when the effects of develo
Reforestation and tree planting are frequently re
sever al challenges, including | and availability ¢
and ensuring tree survivorsheéepbiwothe Ffacasiovecsp:
other stressors. We examined the biophysical pot e
not assess social or economic constraints on i mpl
ri parian ar east,urmalr gliammds agandudt her open space,
devel oped areas, i ncdfway .ngl pagkm, aadt irve hnesf or est
pl anting are expected to have relatl3vwel y6.4mall to
MMTC® by 2050,2%MBITE®3byo2100, with >90% of that

reforestation. Sequestration rates would initialdl
to 0.6 MMBYLO2050 before slowly declining [ ater in
baseline and additional reforestation and tree pl
by 2050

Overall, the study estimates that the | and sector
decades, irresplesdiore difsttihrebdrmnal scenari o consi de

magnitude of the sink varies sigariditchmentll ayr qaenotn gs i
driver ofawearragpd imsné¢qeoeas thomat2i0od i s a&.paMIXCOmat el y !

amondre scenarios that i ndIMIdcC® hurereigecnaanreiso sa nwli t1h4oBu
hurricanes (Figure E1). The impact of | and use on
but also significant and, i mportantly, can be sha
di sturbances and | and cbeeweehanhbe,| ethet dahflemest

50hamebetMMMTEE® an |
e statedbs wood dem
t scenarios6 i mpacts
he ol ar devel opment
tion sOBMMacCM®obysp

management scenarios spadsbyno2e
harvesting to supply more of th
MMTC® by 21001 dirhg Hevel opmen

storage spam.@8MT&E€®gbdyofR20B50, t
range of 1pMMItC@Bo,veand reforesta
2050 84dMKET.E€EOby 2100. This studybés detailed fin
Commonweal th understand the potenti al role of t
mitigation goals under -aste¢eramadi manadgesmenbancen

c
S
an

di |
he
at i

‘Energy productphon ofvsod unracrmmdobirefuo sbisle df s@tloeswnt ri bute to
emi ssiopaeductpowerf ns éevaleioch i s not examined in this repor
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2 . | nt roducti on

The following technical report describes a series
the Commonweal th of Massachusetts wunderstand the

the stateds climate mitigat i oinveanddi satduarpbsaantciea n d gaonad
management scenarios. This study builds on the 20
al. 2020) produced as part of the Massachusetts 2
2020) The original LSRhaxxaemwiedi édned wareyiamg odmo
harveamndngr ebewmiflideilmdg devel opment . Under these scen
accumul ation in forests and wood products was est
MMTC® between 2020 and 2050 ( aveelryarg)i,n gb e5t.we9 nt 03 66. .7
42.6 MMTGEA. 2 to Ml vr MMT&EODs t han a counterfactual

all. While this analysis was useful for the Decar
variation among dscneontariinocso rapnod add e Dévdmalesitmmartham
dynamics i,n stulceh satsatheur ri canes and greenfield sol a
includes these drmi widrderaarlda negesseadfisaei os t o expl ore
certain activities and policy drivers could incre
l evels in the Commonwealth, while accounting for

and climate chaagejfaosdngi fbhoestsecosystem health
The Commonweal thoés Global Warming *S$elquiiresstAet st

to achieve net zEédGHEM ssiDDOBdde Jhe net zero requi
for up tl®9OEWand fssi omwmd fts@&HB@deymoval s, which include
sequestration from naAsuraall eaandde rw odrmkoi Ihgygmshiaanvdess | t th

winded to consider many difficult questions regarc
zero policy including how to set goals for terre
nti t
[

uncertainties, how to accoun for the risk of fut
sequestrradteisgn and how to balance damrborrc as e stt roa te
and ot her forest ecosysf{ee dso,hseenr va2t paslGianzh prh ogs e t i
guestaomnmBorough understandingnecferttms naemgaen redi (G
2020) .

The potential for future natur al di sturbances to
i mportant sour (8ebfll uateéatawAB8ynpt considered in
Here we expand on the LSR to also consider the im
are two of the disturbances posing (bevegtreatesalr
2016; Boose, Chamber.l iTnh,e saen dd i Fsat sutrebra n2c0e0s1 )bot h have
maj or tree mortalidet tesvearntd drne Maxspeacthaud t o i ncr ec
climate(dtbmgril a et &h. adddR4)on to the direct im
maj or disturbances, this repordi satl srob &@xaeni snelsv da die
to alter -délsawedammiessi ons.

As compared to the LSR, this study includes addit
forest management. The silvicultural prescription
harvesting practices are used heprreeswirtihp tmionnosr hnaovde
devel oped to -gmedritecftor ed torma'e @dred cfloirneastter y. ' These
attempt to balance aspects of providing resilienc

SAn Act to Create a Next Generation Roadmap for Me
2021, ¢-128, ammkRnded the GWSA along with other rele
15



adaptive SoNaamasdlotny ot odl f o2(®ls&@ s to climate change ¢
responsliibtitilietfyi e(l d an db yD 6 Ampalteome2n0t2i2n gP & leidk adi.cal f
202 Adaptive caplaicdifttyy irsestohuer ce t o accommodate or ¢
climate changne ne fmfad ctdAdwiptplhti oon strategies includ
transiandnresilience; thenlnactrteearscianpga athnieg hof saf dou
absorb changes, regiestsin@gndlamaegeovand gauti ckl y whil e
rel ationships bet.weheenn itthse sceo npproancetnitcses ar e | mpl e me
they can generatecwbbg, preduct sag thel metsdrauiroali mpo
j obs, anhtdefafveodtds of olme & b a g eavoptdi @mr doalfec tsu.i t e of
prescriptions also reflects regional ecological s
Massachusetts), and focus on regemneratitowmgtaded bre
ecol ogi cal and expected futuretalnmatandenditden
would suppor vigorousstgrreoswstq)rrsameblrdcbeaisaaheEytof
and structural conditions to emulate conditions f
I n addition to examining the effects of changing
potential for increasing total harvest volume so
proportion of the wood consumedtbBnobhhg ptataeace€ur
approximately 7% of the wood it consumes annually
(Littlefield et al. 2024) Demand for new constru
to drive an increase in%huiprdimagi $tgquametheotragedlk
2022) and the construction of new buildings, incl
make up 11% of the gl obal greenhouse gas emi ssion
changing buildmngremdt eroabhb materials (e.g., stee
|l umber) to new timber products (e.g., wood fiber
mitigate some of these emissions (Oliver et al . 2
iomreasing the production of traditional and mass
potential to reduce |l ifecycle emissions from the
consequences of producing more timbetri,mberc| man ket
and i mproved harvesting efficiencies to affect ov

The study also examines the potential for a broad
harvesti nigntoah sminnheenses woul d be permitted Current
protected in forest reserves (Foster et al 2023)
protection of carbon stocks (Erb et al. 2018; Nun
bi oedrisvity and forest structural conditions (Faisor
creation of old forex®2I1s)t,r uehiucrhe i(sAllbackcihngeti mlt.he
2019; D' Amato 2006). However, the development of

reduction in wood consumption threat(eans.t ol ®hikfatge
without any real i mpact on harvesting related emi
possibility, in the increased restatve bBaewmasiogok
were hel di censthatvesting wafs trteedirsasdrbwda eadr eoaut si
Ref or est ateieo np laanstl ismg f r equently advocated as i mpor
sol ut(iDomke et aald. peomdo)jed in the Commonweal thés C
Pl ans, Resilient Lands Initi.BExpaadi agdt Heaht bg 80
cover has the potenti al to i ndoweaeser t ot ladr ¢ eam & smc«

chall whgbsrefortrsé¢eat p(oinasnadlgbaum, et nafl iudd®iOgot )ar eas
suitabl & efror flooregst devel ogmeneteansngdeci esothatr eamte
anflutwowlriemate comMbdi $i 9shedy examines the potential f
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s street and park trees as well as reforest
l e sites.

the original LSR examined the i mpacts of
only assessed two scenarios of housing and oth

sis of ne enewabl e energy LERvelbopmentude
di vergent buil devel opment scemamidgs ttoh atn
(doubling) of greenfield development r a
greenfield sol elfopmerdt ,c oav egr cwwiamg ed rainwde rd e
Massachusetts. d, from 2010 to 2020 nearly 8
the state, with of that occufhe nmaaoa tdafi ns dloare
devel opment is poised to increase uplwatramdt iodl |y a
GWacof sol ar generation capacity, as projected by
Roadmap Study. Here we analyze the |l and carbon im
that goal. Like the LSR, this reportfvwubrg e@aspati
withi-homest | and cover c¢cl asses; her e, we i mprove
t horough | iterat-analyevsewfahtdemebabon density co
| and covers.

pe
er
He
i an
t e
d

O O S

Thi s «atlosdeyv asl usaad nee pwmft etnhé al tradeoffs and
forest resilience and adaptive capacity t
silviculturaMasaspphaasaehtesd aboveground | iv
stocking on forest | and are among the hig
diversity of forest structural conditions
Forests provide morteharc ojsystt gang rsteam i te@s, ¢ an wa
andhetaeg e a variety of silviculturaltémmemaiemtte marsc
of forest cover an otentially strengthen the ha
reducing vul erabi y and i ncrtehaisn ntghe ecsonstemaien:t
mo d e | and st dy, a ite of metrics was iraredtifie
| ands-&aadeter u cctounrpd le y of and species composition

O 0V W”MW~0 >
—
>

v p
n t
u u

X it

For several aspawet exphhnded s$hedyempor al hori zon
germ dywmfamiersrestrial carbon. Whereas the LS
0O, we now include model runs out to 2100 to
turbances and harvest regimes. This is an i
wlover | ong timeframes and the ecosystem res
u y realized for manhaddcaedeser athangéehteg¢i

vel opment) is thoug to be particul ar
hose activities b 2050. As such, t
s ofeland gbven o 2050, whereas e
are given at bot and 2100.

t

e
mp o
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C

<®mMpogoTOTX

f
I

SDUOnmw S nuanNn—

17



3. Met hods

3.1 Study Framewor Kk

We integrated several model i ng approaches to esti
conditions and carbon cycling underchdngeae nadéd wear idc
Forest growth, timber harvesting,d amnd negc alhoegi c al

mechanistic forest | dnddsPmaEple nmvdhd eclh, (i ISANRIsESr i bed i
the outputs from LANDI S, we coupled permanent <cha
devel opment, reforestation) i mwlldtuddrusiun g mitma nr
wood wutilization (e.g., new wood product markets)
tracks carbon throug the production, us e, di scar
I ndi vidual mo d el st aairle hded odwWwDi Send | ateiSgear usi .me step
The models inclsdaleegeéonahasthhaclgcomwondhatl , deve
pl acememtt abi lize to their average whem meriasureas a
we di dn nmoul triupl e replicates of the simul atkens. L
hurricames®sduce svigrniidtiicmmtbet ween simul ations. Bel
explain our approacé plbausiepreseaali ingati on of the.
The effects of forest disturbance and | and use | a

in the context of two groups of scenari os:

(l)ntegratedwleemramiuds i ple drivers of forest chanc
trajectories of | andscape change that would | ogic
Il ntegrated Scenarios are not forecasts or predict
hy pot hetical futures that are plausible and based
(Thompson et al. 2012) - -deBheagseds awanar itdhhe wWearses aacd us
Of fice of Energy and Envi ridrede rstt aalk eAfofl alierrs (@aBBEA)s u
experts.

(2) Focus Wrkemariimséi vi dual driversowvdér fomasge | amd
examined i,witikBodbtaheownfactors held constant. These
understand the specific impacts of alternative bu
reforestation scenarios on terrestriali mcwmatbiommn afs
recent trends in | and cover change and in harvest
I n addition to the I ntegrated @ountrecfusetdu&lcepmo i
devel opment, hurricané&bisocohartreresSagdt sa@alensacemwmari o
the maximum theoretical bi ophywrirfeattepbsenhbi akqaks
and store carbon, assuming continued forest growt
di sturWdnceodirstyurbances and | and use wil/ occur a
accumul ation in this scenaotoaiseabitstacbipohbteg a
scenario is a useful baseline for estimating the
the other scenarios.
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i Land Cover Change 2

/ Forest Ecosystems ="§patial Bookkeeping) / Estimates of carbon)

/~ Scenario Design /Land Cover Change |
Dinamica EGO LANDIS/PnET Model metrics
EEA Carbon storage and
Land/use cover L Solar/building Initial forest :::Eztn Tracks non-forest %[ fluxes from harvest,
change scenarios ammetes development and conditions set from carbon density and tree |3"|d_CUVEF c.hange,
— reforestation, remote sensing and planting. hurricanes, insects,

baselines from land forest inventory data

cover change data.

\ etc. y

N =7

Stakeholders

. X
Ecosystem processes / Estimates of non-
e parametersy|  Forest reserves (e.g. growth) carbon metrics
placement criteria \ / 5 Species cohorts and
oo N o calibrated from long community maps - Structure
term studies at - Patch size

I A | ecoregion level - Composition

Harvest zones Paramaters / “Removed Carbon®,
I il - Gap disturbances Model
DCR - Hurricanes Estimates harvest-, = =
| [ Insects wood product-, and
- Forest management i ’ i
Harvest prescriptions Parameters > 8 disturbance-associated
T carbon storage and
emissions, from US
) \Forest Service data. |
FigurCelr.arching analytical process includi

Scenari o Design box ¢(dgersayg)n roefp rsecseenmtrsi otsh e |
stakehol ders, the research team, and DCR.
l and cover change model ,-dewnhiigrhe du sveist kpealr &altee

simul ate transitions in |l and cover and res
represents the mechanistic model that si mu
forest management. The Spati art $Botolkek esepa tnige

met hods that dppleiséed ctamdomometrics to the
box (orange) represents the harvested wood
carbon removed from thehdaiwesttiomg@sadr cair Htoun!
boxes (green) represeatbhomeoctcbwmas ahdomot|!

Sever al starkde hsod djeercst mat eeengrapgedt $n the creat
management scenarios for this study and more
reserve and harvestingTlhheEhAotvtstatethidmddeeaparitaoes.
from around the sbdane wiVvar eappetosrpeescti Mmvaensa goerme n't
conservation t @rerneadge deing ratndé afspredsts ménadhemen:
scenari os. EEA and the research team hel dinhree
points HWMetsweeneetti ngs. An initial mee tt ii tgopvaatdesh el d
project and the many different aspects of the
held to get feedback on which aspects of forest

i mportant for designing new ressetveshdgsemgnat adda
applying neerw entiemdateecti ve forest management techni
A final meeting was held to get feedback on [ [
Throughout all the meetings, participants offered
including simulating i mprrroovreld Rveofoadr e d d )g@u ri oen n st
ncreasing forest disturbamcdonandnodrtelse bramerft drsc &
be incorporated into t-hefoemetitprodbdss Bethpetosde
management assumptions within tt heex peliogrhet tihne ergar mag ee
i mpacts from varying |l evels of disturbance
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3.2 Study Area

The study a2(®k,a90/ 8k AHE Ilmind area of Massachusetts,
mai nl and, islands, and inland water bodies.
Assessment, and Projection (LCMAP) v1.3 (USGS Ear
(EROS) Center 2022) oCm rmaspoltwt ircemprleasredtc t h
conditions. LCMAP consists of 7 primary | and

modi fied the forest class using the LCMAP seconda
wetl and primary and tree cover secondary as fores
in our simulation of forests. Thus, the wet/|
forested wetlands. We then f urwihtelr sapuagtmeanlt edda ttah eor
|l ocation of reserve areas and greenfield sol

and 3.7). I n the resulting map (Figure 2), forest
the study area. Dextellopegestanidand ¢dheemecl ass

di spersed throughout the Commonwealth, is most
Worcester, and Springfield metro regions.
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Developed - Buildings etc. o
- 24.9&} SE A 519,530 ha

E Developed - Solar 0.2% 3,830 ha } 523,360 ha :

[ cropland 5.7% 119,021 ha

[ ] Grass/shrub 1.6% 33,336 ha

I Forest/Tree Cover 53.9% 1,127,610 ha

- Forest/Tree Cover - Reserves  2.1% } R 44,646 ha } hifezsthe

B water 3.3% 69,803 ha

[:l Non-Forested Wetlands 7.0% 145,447 ha

[ Barren 1.3% 27,007 ha
FigureSRQudy area showing LCMAP Reagnido ncaolv el al
(RPA)rsegbons.

3.3 Simulation of Forest Ecosystem Dyna

The LANDI &ell ul ar forest modeling framework was u
processes (Schell erl leti sals.pa2t0iOa7l)l.y LiANDelrSacti ve mod
future changesbywgetspecspeci earbar fetceéelds bys muhey
processes, including: forest gr-oevplhaainng sdiicstesrsh @
seed source proximity, and climatic and edaphic g
model has been widely wuded mpacrtes eodr d¢h nmbhea patrevrets
climate change on temperate forddt oaagr/ parb|ldymamion
Harvard Forest research team has calibrated and v
Massachusetts and ThewpEmql &an al . 2011; Duveneck a
Liang et al 2018; Graham MaclLean et al . 2021; Li
Within the simulation framework, LANDIS is couple
was used to simulate tree establishment, tree spe
rates (De Bruijn et al. O-Ahvh)g-se pEltmdad hede f produces
aboveground carbon at eachc a b amets t keipo mansds twiatchk st s
Bi omass Community extension. LANDIS/PnET esti mat e
production and heterotrophic respiesatirant swhiedlapa
conditions, e¢.| iBdaapehi canadndCCQcl i mati c parameters var
based on EPA Level |V ecoregions (AEPA Ecoregions
also vary temporally. We used the Soil Survey Geo
Massachussetimate edaphic conhldoltdiomg daepagci,t w)oi (S
Staff, NRCS 2023; Thompson et al. 2011). We furth

21



SSURGO soil types, resulting in

follow the | PCC's Representative
Community Climate System Model (
from the USGS GeoDataPort al (Ston
Environment Model v2 (HADGE) GCM, w
CCSM4 GCM produces comparatively | e
thugh we continue to use the RCP 8.
as in the LSR. This was done to e
Climate Change Assessment, and t
that is cl ose to the median amo
degree of <cha e relative to al

used in the L

Pa
Cir
13) .
was used
treme cha
eael 5, an
stent wi t
r
¢

NDI S
on
I

egional
r Pe8ebtGC
ng jections,
SR.
defined the initial forest extent uwe ng the 20
aract gdroirzeestt hddd md itteiromss of tree speprimasialpyd ag
e WBASMAP Forestmmaigny tsaottiBRMGMAP assigns a USF
ventory and Analysis (FI-Aet erl ogi XeBlurbdddd 2drm 3
e @S xedtsr al signatures derived from t-meténandsat
rest pixel in Massachusetts, there is dm i mput
me areas mapped as forest by LCMAP, Bl GMAP di d
tion, in these cases we used a previous for
t Service (i.e.We Diusveedn etchke ettr eael .d a2t0al 5f)r.om eac
to(ra/l Ipltoteses o>i 2i 54 atmege DuAeNDIoS/thhreETcomput at i
sity of simulating all forests in Massachuse
to allow for more reasonable LANDI S/ PnET sim
e
o]
t

e
S |
t) h e
e

e

spatial graenretsaBpGBAPtioOs 9830 mwi whin the f
mputational costs, though the forest cl ass
bevémandhange simulations. We simulated 32 o0

h meprereadbddn of al |l it eteh ébi vtmeats@®@A & ¢ Aodait mg
orested plots mWeacsounrveedr tiend 2t0Ohle5 torre el astteerm i
ory plots to shecinmdell s sr eplhiorred turséeaeng p
nd age, tree diamewmead/ oandhoompsesfotme iembad ( 2
s on model initialization).

Q_O——héé:—rsg——-nom—ha—r—:—roé
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>

The initial forest composition nominally-tr@epresen
mi-duccessional tree speAccieas rsubcrhunmgs 1r8&%d Jnha prdastda(l t
oalQuEercus rubrandlwhBi hes psne)o,buwi;t L 5% sse-r amount ¢
successioHddlv,edl osmegeeri es, i nA.l usda cncgh asauugha;rh emd)mlcek  (

(Tsuga canadensSiee; ApWWwendi x | Table A1l for initial
simul ated species. Simulated FbAesemgaewt bmwasscbd
same time period and |l ocations, and, while there
over all growth rates seen in LANDI S/ PnET closely
remeasurement data (Figure 3).

®We updated the initial forest condition from what
contemporary plot measurements and finer spatial
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3.4 Simulating Forest Disturbance

Gafcal e Dissturbance

We simulated the i mpacts of a range-2020smmalleet dain
Di sease Detection Surveys (I DS) from the USDA For
program (Forest Service 2022), whi cltamaeps wind, [
di sturbances (Tables 2A and 2B). We estimated the

ibackground distur bancnees 6 efrricens tahned ludS d24 hose dat
gapcale (i.e., emulating the dlolsscloistaersi omfgliendiawni
Oliver and Larson 1996) disturbance regime in LAN
(Thompson et al 2021) . I n consultation with EEA
i mpl emented two intensitiesaodomtaickgatoiuomd afi s¢ wmr b
di sturbance rates as seen in the I DS (no change t
one that slightly increases the area disturbed an
increase in distuchange {uasntpaeldec bdaipsattuer bance, Tabl
background di sturbance scenarios contain both 1lig
range seen in the I DS), where Iight disturbances
per pixhed ,sewidrhe tdi sturbance causing 90% mortal it
current disturbance rates scenarios (i.e., |low di
l ight disturbance applied and the avetriamge. tlor atl hias
version, we apply one randomly selected realizat:i
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database to each future year (so area is not exac
within the rangel nsdleretitni glalh e scenari os, disturbe
severe disturbance increases from 2% to 10% of al
10% through the |l ength of the simulation. This in
removre daweirmmgtehe di stnur2l0e2d droea 8% on average bet wi

and then remains static.tBaskebBSodabnbsetr vedetalksnads,i
di sturbed area by 1 ha per year from the current

held the area static.

Hurricanes

I n thdi Bt ghbance scenari os, we simulated ten diff
extent, and wind speeds of hurricanes from the pa

hurrican262@)L6i29 taken from (Boostk) Ché@amOper bhnd, al
t he HURDAT?2 database from the -;Nraed 9 emta)l (Huanmd ceaa ear

Beven 2015) to inform our hurricane projections,

that occurred2®®Ed.we@inv el OWet hapeedioctabti hettyi mi ng ¢
hurricanes, we set the timing of simulated hurric
occurred in the previous century (e.g. the 1938 h
project potentialatenskgngecen bGrclcmne intensit
hurricane wind speeds by 8% (Bender et al. 2010;

model ed spati al patterns of wind damage caused by
HURRECON and EXROS$S chmodeslesi nformation on hurricane
speed, and |l ocal topography to esti madD&gvwimadedama
2024). We then applied the hurricane damage withi
(Thompson et al. 2016), which allows outputs from
(Table 2A and 2C).

l nsect s

We explicitly simulated the potential i mpacts of

insects, the hemlock woolly adelgid (HWA) and eme
and ash trees, respectively (Tabhei 2A)i nWecthose

separately because their impact on the | andscape

We assumed HWA is present throughout the state at
present in municipalitiesD@ReftbPeparthmentbeen Cbsee
Recreation 2023). We then assumed EbleBarwonugl df osrperseta
the state during the subsequent five years (Figur
species is affecsed bhetmajstirmngealfr apesandbon stor
depleted over a target number of years (10 for as
the cohort HWA and EAB di sofuuirma reqge samhveddaé i onsl ude
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Tabl sudnmary of forest disturbance characte

A. Spati al di stributions and forest impact

Di sturbance Spatial Di st Forest | mps

Severe disturb
Gappcale distuion 2%hef di st ul

) . . S Light distQ¥b:
Wi n fir iremai nin % :
d. € d € ma g 98 bi omass removc¢«
disturbance di sturbance=9(
Ramped-sgape .Seved'eSturbanCremo.vSeedé’abIe 2
) .increasek0%rmfr . :
di sturbance (i .patch statist]i
. | andscape unti
climate change

remains. at 1029
Spread to ash Significant as
2025 followincwithin 10 year

Present in all Significant he
stana@®d9 2i0n within 20 year

20Centhurry et amc
(TumbZe& v et a2a0l2 4

Emerald ash bc
Heml ock wool |y

Hurricanes See Table 2C

B.Di sturbancetparifaonmwe tecesrmraups abbd di st ubdaead eo

aggr eatted strama®mMmsi neect and DS wrevdeayw abetr s

Di sturbar

Par amet e Uni t Me an Std. [LMi nim Maxi mu
Annual di st
patches #/ yea 4, 236 5,888

ha/ye 43,553 64,032 1,652 291, 65
acres
year 107,62:158,22 4,082 720,68

Annual ar ea

C.Hurricane Disturbance. The expected trece

enhankwjdita (EF) cl ass

Enhanced Fuj Species | Tree Mortality (%)

(wind speed, 0-19 2079 86300
-1 101

EFO0O -850 CH:id:]NiofOst 5.510 159200 2832
101 152 2

EF1 -186) gidr‘mNiofOst 122g 2242 4322
152 7

EF2 (113151 giot]’viofosrss 1222 431828 99?8050
2 4

EF3 (11630 (H:it?iofoslrss 3238 Gig 91932
1 1 1

EF4  (210606) naduoods o0 oo 100

*

Range fromsusaseptiodolmostrees for each cat

species, and I|ife history
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FigurMund.ci palities in Massachusetts where
2020 fHpdapke), and the modeled staeewi evep

3.5 Simulating Forest Management

Active Forest Management

We model ed commercial timber harvesting in LANDI S
modul e (Gustafson et al .-def0i0®éd kaicassimmueéadreisp u
vary over time and among uniqguely pareame tagreiased a
Harvest prescriptions determine the forest condit
harvest, the size of the harvest , ,-bwgaed tclodhopér cent
present on the stand i f ie bisonsaeslsecrteendo v eAdd tdewr ihmag
recorded and used within the wood wutilization mod
t he LANDI S/ PnET growth mordedc ek splhardge 4 oash aremctal
siteds growi ng ccroemadsietdi dnisg h(te .agv.a,i lianbi ity and gr ow
harvest prescriptions and harvest regimes are det
The scenarios used two distinct harveetiagteéegpes,
forestry. The conventional forestry practdces use
match the observed rates, spati al di stribution, a
M. G. L. Ch 132 Forest Cutting Pl ans (aFsCHlse)s cfrriobne dJ
in the LSR (see also Kittredge et RBCR WwLQdd ; Mc Do n
i nformation FEP®bdwetd ti mertadliel vyisctudm (or -eraldli hbger eo
and harvests classified as other), and profession
sil vicul tur allhepree spareispctriigpis.ons were generalized r
Ssilviculturaagsesgsaedragpdvenstems) with variations
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(thinning and overstory removals), removal i ntens

of overstory removals), and harvest patch sizes (
Massachusettsd, with many mor e )s mal Ic ofmprl eestte averfdrn
mo d e | harvest prescription included the proportio
of 29 model ed species and eight age classes, retu
patch si ze, mi ni mom affjehaawnwdsprogoatiocated to ea
time step. The prescriptions were not further ref
constraints. Il n most cases, removal intensities w
sounderumtdanding of biomass stocking, species compc
information about removal intensity is available

model ed species was reported in the FLPwestThe tow
l oading site) was | ocated on the cutting plan was
by regional pl anning agency (RPA) develop harvest

1

Appendi X and the LSR for darhareve tx prheatnhad d @wlno gy
Cl i martiee/nctleicbnmad ret fiosr aedsetfriype e faaslr lpy a c thiectetse rt hnaete t

both climate change agamgiltea teindira nared breinteifgatsi dm om o
and into thEGOFQSpuraet i Thees si mulated in this study

fromrticipant sstiak é@hmeledseeropginbdl i shedMasespoAudubeng. ,
2024, NEFF 2023) , and from DCR forestry staff. Th
strategies of COF/CSF for modeling purposes, but
such practices, nor are they intendgditng defriwmae dC
Priority areas for active management employing CO
stakeholder process. Stakeholders and experts wei
|l andscape attributes best suited for edcttilve manag
wei ght among the participants and used these weig
preferred variables included forest areas with mo
|l ower <climate change adaegptoankei laintéya,jsni mrmarse wh u rhr imo
amounts of biomass.

ThE€OF/ CSF prescrippamihsloaatdi ohewere developed by

Parks and Recreation forestry staff and included
Protection and the Divissmodelpe@dskirsptamgeWialk e¢ldi f e.
featuneenodoed mpubuoeimest emensr ots indicating forest r
capacity, and ecosyst(eem goiGTNEIEIMuUuRetyaheakthal ., a

Catanzar o eltheapte.t r2i0cls6é)are descr iSbetdi @ &t 8toe es tdaeftfai |
desi grheeggreescr i ptubseeadseas prioritized wWwiotrh atclh & vien tmar

ocompl emégpnt est dynamics in areas designated for p
Forest Management bel ow). Harvest prescriptions w
regions of Massthchoasrett alg o aalnsd soefh stihace T BO Bt €n
focused on |l ong taetmeottehameshdon ¢ foegramgiend eory.
treatmeadf sreducing the intensi pyacticemovhahls) proh
structural conditions that complemented the surro
and timing of treatmemnegi.M@esynadsfurtahe dinesturmbalnewran
applicable COF/ CthRcpuadedwveteswawerreot feasible to si
i mportant silvicultural practicédaswidt mamatgeenesnd ¢ p
pitcho gk nbeasrpreecnisf i ¢ managemenag e imarneagguel naern tu,n eavnedn a ¢
regeneration were not included).
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Mo d el

ed COF/ CSF included the following silvicultu

1 Eveamged sy:stkEemmsl ating thinnings that create enou
trees vigorous, and disturbances intense enough
diverse tree species.

o Thinint hgn from below and retain the highest |

pr-lear vest basal area (resulting in approxi mat
0 Overstoryicroenpdwdale removal with variants reta
sq ftOwerrst;or yv arreenaonvta)l and 0. 5 OIvPeA s(ttorreyes per
remowianlt evnasrei ant) of the species with the higl
T Unev-aged sysBnmumsat i nagnds poentgur n i nt er vablasgerdoup se
uneven age management along a gradient of intens
0 Group seldBgebdionipmaxiimumm age of 200 year s, ret

i

e species with hig
o 62.5% relative d

Group sel-gedr onipma@iimum age of 120 years, ret
of the | argest trees of species with highest
i mprovement and thinning to 75.0% relative d
unmanaged.

of the | argest trees of th
i mprovement and thinning t

N T

T Early simul at i oinl npprleesncernitpetdi oomsl' y during first 20

O IToSMSTO~ A0 " TWM
S5TO®MI®YO0O0 M3 -

~nw s 0T

c

o Targeted forest idraintdi dariprionwvteamevngnt i ons i n yc
sapling cohorts to keep a diversity of regen
herbivory and drought.

Thin from below to 500 TPA of the species wi:
cohorts <25 years old plus the removal of 95
Target ed oV erisStaoareyOargernsotvoarlyr erteamonvianlg 12 . 5 BA
(described above) plus the removal of 95% of

ry statistics of biomass remavellowry amgeTabhlas
il e Appendix Il includesanfdudt meit a@@®mGEBE on

riapt wesde aises removal and retention prioriti:
r forest conditions necessary fo

ements (i .e.

erage, the COF/ CSF prescriptions are |l ess in
ing less than half (i.e., 41%) of the wood p
s harvests. Therefore, the scraonmaei @seavipdar Cy:
et the volume targets specific to that scena
rio aimed to remove the same amount of wood

sting scenario and to do s.0 FRwer dtohueb|Lleadc alh eWac
sis scenario and the Combined Scenario (i.e.
d to increase the area 460% and 343 %, respec
er , these increases al ohnee twaerrgee tn omo oedn ovuogl hu mnieo,
necessary to substitute the Targeted Forest

se Targeted OSR, to ensure enough area could
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Tabl 8uBmary statistics for the proportion
Climate oriented BathwhedfiTapgeseddbpprescript
removal of 95% of hemlock and ash biomass.

Mean (stdbidmas¥ Pemoved by

0-10 1625285 056/757810( 10-0 125 >17
Prescript yrs yrs yrs yrs yrs1l25 175 yrs

55 47 29 21 20 16 16 17
Thinning (31 (25 (23 (22 (25 (22 (22 (27

8 4 91 86 82 79 77 78 73
Overstory 1 (23 (14 (13 (18 (23 (23 (25 (31
Overstoryi 1 88 100 99 98 99 96 95 91
i ntense (23 (0) (1) (11 (2) (15 (18 (26
Group sel-e¢ 35 35 28 24 24 22 24 23
year rotati (16 (12 (121 (11 (13 (13 (17 (18
Group sel-e(c 42 41 34 33 34 32 33 31
yearmntation (10 (6) 5) (6) (5) (7) (9) (11
Targeted f( 64 6 4 0 0 0 0 0 0
i mprovement (26 (26 (0) (0) (0) (0) (0) (0)
Targeted oy 814 91 8 6 8 2 79 77 78 73
removal (23 (14 (13 (18 (23 (23) 25) (31

Passive Forest Management (Reserves)

To better understand the potential for passive fo
and forest conditions, some scenari we da€tlode exp
resemawesr.acts of any size and current condition,
devel opment, in which management is explicitly 1in
with é6free willé and ,mi ma mail s theinmmta nwii tnh etr f ee r kenfcien i t
t he receWitl dlegprodst i n( Nesvt &€n gé Win d@tl ema&wWi2f3Her sl i ght |

frdmow the state defihescoasexvesf thisitstiusdyds mo

equivalent to how state reAepbvdsnglg, manpabadvistp
sal vage |l ogging), building or solar development,
This applies to the 3.4% of the state already 1in
any newly crseagdsdparetseafvea scenari o.

We sited new reserves within the scenarios based
Stakehol ders and expertsnéwnael datfdedrteme ivmporrtbdrce
each a weight with the constraint that the sum of

average of all the respondentsd weights was then
(Figure 5). We appdbleed cao mtiinnumouus agdtoowh si ze of 10
reserve areas. The expandedcroaserwes apEe mixn dinad fed iy

current fwhriecsit weanadchi eved by prohi bBo8bDnhy8Balrwest
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addi tion he stakehol der cri
t t

to t
ecnegion (west, central, eas

r
)

Tabl Rederve siting criteria and stakehol de

Vari abl e Wei ght s
Core Forest 21. 4%
Adj acency 14. 3%
Connectivity 14. 3%
Adaptati on 14. 3%
Structur al Diversity 7. 1%
Tree Diversity 7. 1%
Stocks 7.1%
Sequestration 7. 1%
Hurricane Prone 7.1%

- High Priority
- Low Priority

|:| Regions (West, Central, East)

Fi gurResberve priority map derived from the
clarity wunsoivnignga wliknndow. A mini mum of 10% of
central, east) must be in a reserve.

30
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Fi gurRee sée.r ve

represents the

33 % Reserves

4 % Reserves

:
J

3!

-“ A

4

arewsthaanal yhedl nt egrated Scena

Emphasis scenari os.

current condi t

on.

The Reserves

3.6 Simulating Wood Ut/
To track carbon emissions and
mortality by forest processes,
records of wood decay,

variant of the state

Forest Service (base

33% for e
and Local

il zation and
storage of woo

di

sturbance,

d
or

Dec
no

h a
harvestingdeMadssaehecsetst s a
l evel Harve€teR, WosddPbypduhbe

eb

d on theCnatt)ondhel eoenbi mat
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met hods all owed us to estimate the fate of harves

froroirekst downed wood and | ogging residue to wood
Al coarse woody debris or downed wood that was p
to decay using exponenti al decay curves with publ
constRBums seetll lal . 2014) . Downed wood biomass was con
mortality, disturbance, harvest, and deforestatio

trees or br anchaegse tcoo hfouwltls )s, p etchiasts r emaimagednohhehe
simul ati ons.

Bi omass removal from harves € wBRshaodesedduwood ph
model . T-8ev RWmRodel tracks harvested wood from mil
and discard fates and has been used fordGaltisforni
carbo inventories (Figure 7; Groom and Tase 2022
parameterlzed the model for southern New Engl and

regional, and national publi shedaticesunénsdotdseaili &f/
use -hiavés, and discard ratios (specified in bullei
approach used in the original Land Sector Report

and includes many siméehdrugpei mariyoprobdaoawéeévand t hi
better estimates processes of recovery (e.g., rec
updated and refined end use categories.

To simulate current trends in wood utilization wi
harvest volumes removed by management area from e
species and age class cohort (what i NDawaiolualplueg sf
with the HWP model and TPO derived ratios, we nee
size classes prior to analyses. As a rough divisi

classesl,asgecohorts between tweragecenoifdednpol7édt
and -abasses greater than 70 years were considered

sale many ot her factors, including grade, influen
usable as sawti mbeAnyorc ophodrettsi nyboeurnfger t han- 20 year
growing stock, alongside aacgmmehorabk hembastd)faoym
Additionall-disforbaheehsgbhnarios with simulated h
hurri cwmed dwood was added to the harvest volumes t
of sawtimber, 10% of pgorlocevtiinmgbesrt,ocakn)d. 0% of non

We then used the most recent southern New Engl and
to calculate the proportions f the harvested vol
species and ForzstclSasTsniec or 29dpb8 tt ihen r emoved wood tF
l eft on the | andscape as logging residue are subj
rates (Russeluesn ngl t h20s4me met hods as for ot her
processes (se above) wobe wmot umef ofohaswveetwds t
HWP model t o be simulated as roundwood sent to th
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Annual harvest, Emitted with Products in Products in Emitted
divided into energy use (MgC) SWDS (MgC) without
timber product capture Y energy
classes (ccf) (MgC) capture
] Y (MgC)
Primary product
. |
ratios | :h:
5 ol N ——
13 - \ RN
Annual output of P o '
is]
primary : S / i | Compost
Pt ]
products (ccf) I @ A H A '
t g ;’ buféed
) < Burned J /s
Conversion ! 8 s <
I 3 W/E 2 .r’ .
factors S copture || Recovered | ! Discarded
I '
Al =il i P -~ -} disposition ratios
Annual output of I8
. e Discarded
primary products 12 P
1
(MgC) | § products
, 7y
|
. |
End use ratios |
|
|
C distributed to :
end uses (MgC) Half-lives of primary products in end use

Fi gurBeas7e.dStoonc k mann etthé.gé€oélkal model wuse:

wood product carbon accounting model (Figu

l eft represent different stages of distrib

centum cubicubfieetf et )10iOntco i nitial end usce

MgC = megagrams of carbon). From here the

end carbon pools (all boxes to the right)

year one, the carbon in a particular end wu

carbon is discardkdf basktdt battbeedhasé). So

where al/l carbon moves from onetspagée.t Das

represent a process that results in an emi

burning of fuelwood), and a dotted |Iine re

energy capture (e. g.ng emoiosds ipamsd ufcrt sm i che csaoy

(SWDS) )

Based on data availability, TPO was used to estim

regi onal estimates of primary product ratios, and

used to estimate end use ratios ahd daspyestédawdo

The process for sourcing these ratios and rates i

O Ti mber pr odiulchte sreatviadsues represent the proport.i
taken off the | and during a harvest that goes
product categories (e.g. hardwood roundwood, h
These propoasted nsn altRO besti mates of volume in
categories from harvests in southeastern New E
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0
e

protdlkese avaloses r e
h of the 64 possibl
i mber may have sever al possi

pri mary prod

t

ede omatNieavss Eammgl and regional es

hat have been updated from Smith e
PO estimates of primary product pr
e
a
s

|l i ke the primary product
to each of the 224 possi
m natiofdMc Keeviemal@9 90 f
Gdh of the wood turned i
markets (e.g., lumber f

—Qo0 s~

mary prihcset vyallnesnd epgesent a |
in each -ehtieysbeboravbeagg (@t h
al -€@avRewerfe omet hiech tlVlBF oaromt hes e

—I WS ZTOM SCTTWTTY TsT0T T T oxm

S5 oo

c Thiesese wvaliues represent the prop
e , wood, |l umber, plywood) that en
d . Standard n(atviR)nvadre/arIeJteasi—rferd)rrfd
€3 oom and .Tase 2022)
fi

ves of discamMttedepvattuessrepresent a meas.
a discarded product is recovered (e.g., recycl
subject to decay, and how quickly the proporti
dump or | amdfeirlolb.i cl enavn raonment | i ke a Il andfil!]l
aid decomposition), not all of the carbon from
some of the carbon wil/l remai nofsiaxedgi dor ¢iSWMDE]
Standard national -@avRewerf e omet &iech tlfBdF @romt hes e
and Tase EﬁﬂZQ}sions from SWDS are reported in C
does not differentiate between methane and CO2

or
ds
rh e

| mproved Wood Utilization

al so simulated a variant of the HWP model wher

wood in which we assumed changes in | ogging and m
|l ongrm wood productsdiandrbaoceasailiffhpgeteihaggongar
wa s

designed with input from regional forestry ex
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how we may be able to i mprove wood wutilization. T
mprovements seek to emulate i mprovements in |l ogg
reduce | ogging and mil |l residues.(dmdygd nlgj ecects i tdas e
cay), while mil!l residues can be t u¥rtmredn iwotood ot
oduct s. I n our improved wood wutilization varian
omass that becomes | oggipopgetéembeuneany sawtfi ombet
d 10%-dgroawinmgh stock. The additional 5% reductior
owing stock wood represents better wood markets
sulation).
al so decreased mil|l coarse woodyclraesssiedsueasndby 5
reduced other mil/ residues by 1%. This decrease
(better milling equipment) which have3%eiem shown
previous studies (Mitchell et heael .avez@@®) proipoaltliy
wood going-tiertno plroomdgued shigfleén dof >65 years) from ap
to ~55% to simulate a chldmrsgd ei.dgamaciaowess, t nenwepr ¢ €
forest aging, and better silvicultural strategies
Al ongside these general changes, we also made two
based on specific disturbances in our scenari os.
t hat may provide the greatest ecdartbhcan ga6i0rs owi taH |i
sawti mber hemlock biomass is turned intbglnueend mass
| aminated ti mberus ewthtiahl ¢t mes soarmeri wood buil di ng ma
since in our recemrtitomemdsti mfwaoddhe Wdhtairlviest ed he ml
term products (e.g., muidhalmy i cWemealsaod viager ¢ aggd ngo
25% to around 74% (75% of sawti mbgmow2hy% cft ogpkl) et
this improledawbod sténari o, assuming we greatly
salvage | ogging.

7 Simulating Land Cover Change

3

We s i md laattdevaetlra n gper djoect a continuation afhdoecent

accommosdcaetnear i osné Wi ludde vmegl o,mmevntgr eemifar!l d

devel opmemd new fooesftorcessvtearti on and tree wasanting
Si muluastiendg t he Dinamica EGO 7. 4. 0 -Fielhlou | ado uatuitnohnoa t
Cerqueira, and Lopes Pennachin 2002). Dinamica is
feedbacks and stochastic procecsfBeisde The MWadE) tsaet
met hod to calculate transition probabilities for

et al 1993). We used LCMAP year 2020 to represen
LCMAP | andcover changal duefprpgenbh20d@®sitoad d2/10001 at
WoE transition probababsetdi eanfiocovecreaohahgendsena
calculating the transition rates for the referenc
mapped beltOweeannd2 2020 needed to be persistent into
change. This helps avoid misclassifying ephemer al
shoreline water | evel fluctuations as permanent |
Esti mates of terrestrial carbon wit hmhnd frerfegt tomoW
and dead tree carbon, and Fbao mdtl iondleudd andi Ic ooeerr
bookkeeping approach was (2W2e0d ,f oMiltchwicrag bToann gl eents i &
derived from a |iteraturée review and detailed in
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Tabl ArBas and rates of |l and c2020 tefhaséhc:
i ,ecrent -hbaeead sl and cover cch0a209B60scenarios f
Original New and Change areAnnual rate «
cover claclass, 20 hecta acrethectdrye acr es/
Barren Devel oped 4,0 10, 0 20 50
Barren Greenfi el 65: 1,6 33 81
Barren Tree Cove 35 86! 18 4 3
Cropland Developed 5, 8 14, 5 29: 72!
Cropland Greenfiel 2,5 6, 3 121 31
Cropland Tree Cove 1, 4 3,5 72 17°
Developed Tree Cove 4., 7 11, 8 2 4 59.
Grass/ Shr Devel oped 3,1 7,7 151 38!
Grass/ Shr Greenfi el 40! 1,0 20 51
Tree Cove Barren 7, 7 19, 0 381 95!
Tree Cove Cropl and 8,9 22,0 4 4\ 110
Tree Cove Developed 28,1 69, 6 1, 4 348
Tree Cove Greenfi el 5,9 14, 6 29" 73
Wet | and* Greenfi el 78 19. 4 10
* Wetl and conversions depicted here are bas-ed <c
mapped wetlands were excluded from solar develc
Tab6.e Biomass carbon density estimate for e
and dead biomass pool s, but not soil carbo
Land Cover Class Source MTCO.e/ha MTCO.e/acre

Highest-Density Development ~Meta-analysis 0 0
. . in Appendix IV:

High Density Development Terrestrial 72.3 178.66
Medium Density Development ~ Carbon in the 136.67 337.72

Developed
Low Density Development Environment 178.47 441.01

2020: 0.00 - 668.30 2020: 0.00 - 1651.40

Tree Cover LANDIS 2050: 0.00 - 680.05 2050: 0.00 - 1680.44

2100: 0.00 - 814.01 2100: 0.00 - 2011.46
Cropland 23.78 58.76
Grass/shrub Land Sector 23.78 58.76
Water Report (tables 0 0
Wetland (non-forested) 5and A3) 6.97 17.22
Barren 0 0
Solar Assumed 0 0
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Bui l Dewnwgl opment

For all scenarios, building development | ocations
analysis of observed greenfiel d2babDl dehgrdacel ppm
per USGS LCMAP and associated spatialompsedi etomrs$.
(2017, 2020). Spatial predictors for building dev
popul ation density, distance to roads, distance t
wetl ands, and flood zonesevEhepmeaa vabj esct atmo nlgu
and is described bel ow.
Alternative building devel opment scenarios are in
greenfield development of buildings and associate
assume a particular amount of t ditianl edkd wsdali mmgmerett,t |
or population growt h; rather, they only reflect p
devel opment (i.e. expansion of development iinto u
variety of facueespoiwetwppimeg@t| acodnomics, popul at.
cultural preferences. Building development in the
mul tipliers used in the Sprawl and Compact scenar
Futures (NELF) dYdamknde aadsmdpannected Communitiesd
(Lambert et al. 2018; Graham MacLean et al 2021;
Tab7.8cenaarn amet er siumuddhtteco new buil ding dev
Greenfi el Devel opmer
.devel opme#t0,5 )
Scenarl(area’ growt mul tiipléat Notes
reference
devel oped
Based o0-202C
Recent t reference ¢
bU|Id|ngi%'§(|;) ha (101.00 excludes sc
devel opm ' devel opment
barren | and
I nformed by
Co_mpapt 13. 7K ha (330'33 ifiConnect ed
buil ding (1R8cent T . .
+2. 6% Communi ties
devel opm devel opmen .
scenari o
5 00 I nformed by
Spr adwlil d82. 5K ha (20 . iYankee
(2Recent Tr :
developm+15. 9% devel o menCosmopollta
P scenario
Baseline ifdc
Counterf scenari o fc
(no gree O ha (0 acre 0.00 clompa[)lson;
devel opm al so e cor

hypot heti caea
devel opment

*Scenarios were used to simulate greenfield buil
all four were evaluated as Building Devel opment
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Solevel opment

Estimates of future greenfjamnldd psadlcahr sq weerst iwtey ,e Dia
observations of greenfi el d210s2d0l280r rdeef veer|éavpanae npta r deubrdi
al. 2023) and their relationship to a suite of sp
site characteristics such as -esclommpoeni ca shmpee ati,c sa nsdu clh
price, popul ation devnesliotpyme natn;d adnids tiannfcrea sttor udcet ur e
di stance to substations, roads, and existing sol a
Evidence statistical met hod to generate patterns
The contribspabnabfpeadhctor var-ofabl artmaphesfdea
in Figure A3 of Appendix V. The r atteheofanstoilcairp adteevd
need27o6GWaopfabyt 050, per analysis behind the Mass
Energy ane@el &£l i (maEA 20@2gh 27 G@Wdmay sh e menn es,toirmat e
dependiirhge avaidtatharl iggurodes of <cl edmrvediemafiyd gener
manageméat can be Thehiagwvad neededvatso ersdaarated @Wpl
the i mpact of several assumptionsutabout future al
T First, we examined total l and requirements usi
intensity, or |l and area required per unit of s
Land Use I ntensitwhichl)slcdbshat ®Mwt with the
Department of EQN®OEReKbsboaakeBRot ent(iDODIERof Sol &
2023) and is originally derived fromsBolinger
which is the current observed | and use intensi
To calculate the current observed | and use int
the average of two difdhbasendt apptroaddl agidean a
based approac-basBdr apbeoache two researchers
satellite imagery from Google Earth to digiti:z
o831 greenfield solar sites Whib& knowndedotdhbet |
area between panels, access roads, and buffer ¢
shading or to install fencing. Due to expect e
first experiment resulted ine@.28 Ba8MWhahMWLtH{t
average of 3.04 ha/ MWseBHormptphe®azdgr evgatc® mbi ne
Forestdéds dataset of greenfield solar sites whi
conducted,/ByabDROERNi versity (Tao et al. 2023),
al. 2023) with the total installed capacity re
report (DOER 2023). We examined sites that we
were cl asiGroimadnaed (1l arge O 1MW)o. Additional
those classified as A0t hero This resulted ir
GWAC for a | and use intensity of 2.44 hal MW. /
from t-lhaedsiatpepr oach (3.04 ha/ MW) with our aggr
to get 2.75 ha/ MW which we used for Tour <currer
account for potenti al gains in efficiency over
ener gy pr odarcito otntbats ceerc raefarsoens 2t.h7e5 htad MW 46 | i
20220050
T Second, we examine different assumptions about
devel opment needed to achieve 27 GW of product
undevel oped | and (figreenfieldo) as opposed to
the alrepeyl dawedl o We simulated different propt
greenfield solar dé6ved¢onfpimend PTapdet 8on & Fi gu
"Thttps:// www.-that ai b schoanpnl Giaabrpoearntdst hpeub | i cat i s

on
38
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high )(mod%r ate (5% W) ,astowell as a counterfactu

(0% i e al | new solar on developed | and) that
compari son.

T Finally, we included twoedi Wherentgreienifnegl patt
permitted on theilSahdeagapeTh€abies8 scenari o f
patterns observed between 2010 and 20 2dn wher e
sites deemed as conser veatrioon n@r iSorl iatri g oitre ctt h e
report (Manion eandlumider3;c orahikdedogDOBORM by

Tabl PaBameters for greenfield solar develo
Area o
Greenf Land U greenfi . ,
propor Sitiny
: Il ntens sol ar :
Scenario % of Criter
capaci ha/ MW developn(See T a
Sbmg (acresl 20220050
hectares

High footpri . Current .Recent --

trends sitirHIgh (6(6 80) 40.6K ('based

Low footprin .Low 1. 4 Recent -

trends sitirl‘OW (3‘(3.60) 14.6K (based

Low footprin .Low 1. 4 Conser v,

conservationl‘OW (3‘(3 60) 14.6K (based

| mpr ovi

Moder at e focModeratz'75 (6 Recent -

recent trend(50%) 2020 to 25. 1K (based

(3.16Y)
2050
| mprovi
Moder at e focModeratg'O;g ,52 25 1K (Conser\w
) o :
conservation(50%) (3.60) based
2050

No greenfi el

devel opment 0 % i 0 )

counterfacteu

baseline for

* Thesenarios were used to simulate high and I o
I ntegrated Scenarios, while al/l Si X scenarios v
A eRmainder of new solar assumed to be in develo
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Tab9e Greenfield solar siti

Exclusion Criteri

Recent
based

usi on

Conserva

based si

Permanently protected | an
Recreational Open Space)

Wetl ands (MassDEP)

Open Water (UIS®&G15ddtCWAR)

Devel oped | and (USGS LCMA
Buildings (50ft buffer
Airport parcel s
Roads (50ft buffer)
Residenti al l ots <= 1c¢
Active rail l i nes
Parking | ots
Cemeteries

Sl opede>gr8ees

Hi ghest 75% oft kRiasukgn st o

Bi oMap Core and Critical

Wetl ands (100ft buffer)

Climaag=ilient sites (> av
connectedness from TNC Re

Prifmar ml and soi l ( NRCS)

X X X X X X X X X X X X

X X X X X X X X X X X X X X X X

X

Not e: Conbasgdtsioning foll owsMitdc es diePr aort ie@rdt oi wniigh dh

Protecti negpoNat rMani ganckdwiatl i 2deBacepteadder

consi dénmQER nEE& oMas sach SMARTe bar

i mo@mnmtaimv e
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hectares
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30,000
25,000
20,000
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10,000

5,000
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ro
e a
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o)
OnoOomc o

Q
(¢

- — — oo~
D

T C CQ

2020 2025 2030 2035 2040 2045 2050
e | 0w Footprint (33 % greenfield and 1.46 ha/MW)
Moderate Footprint (50 % greenfield and improving ha/MWW)

=—High Footprint (67% greenfield and 2.75 haMW)

Fi gurhAer e8a. of greenfield godnrt dmeestdt epmemtt b
Scenari os.

Ref orestat i-Polnanatnidnglr e e
Al t e

nati veamef-ph esdcaetmaorni os were inteadkbdnto est.i
s tprod teinderix plandfi ng forestoamm ut t adfl @aleaind

ghout Massachuseasatntdse.v eT o efdo aur e avegs where rest
of open space troeffor@stiastecipadmusti drme , ( ia.na. whe
arbon gains and forest expansion is greatest
, WwWhere the plantingt o-f€antdiimng ddueavle |torpeeced soappeln
s (e.g. parks) or within the built environme

with reforestation potent-irntbtamwiased)deanteds eaf
whi | epllaamntdi nwgi tpho tternetei al was identified with
. S. Census ur Hare nsruessa2BlbzZ¥Wjagpuhahi eash of t hes
ations, |l and suitable for reforestation or

e land cover, ropami.,aygs @hioteamijleirt yoofdaresagr i c
es that mayinomrmstvrediomp efl) hheesaes o rTeacdbd eof r ef o
Feeap mgr tawrei imf or med by and consistent with

chiHeatl t §§ Soi |(SEEACc tiacAB eRslidn ent L(aBnEA | ni ti ati
as well as in tlCo-P&citomticefti @all i 2OROY)uUr e

- ao>sCc-
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TableReforestation and tree pl aMasd snagc hoyspeotr tt

Opportut Eligi Tree PI Speci fic Cri Avail
Cl ass Land Densit Ar ea
Catego t r éheas ha (ar
(t r eaecsr/e€
Rur al Grass/ SErobpl and
fipar i N A * (LCMAP | andcove 6. 6
buffer (100ft) of inla (164t
Rur al ( MassDEP Hydrog
refores
Land ou Grass/ Shrub or
2020 ceRural N A * (LCMAP | andcove 723
Uur ban agsSpPace 30m riparian bu (178t
prime farmland
79. 0
Tot al reforesta (195
Cultivated Crop
Grassl and/ Her ba
Ur ban Devel oped Open
ripar. (214080) (MassXrh Sl andcov (15'31‘;
buffer 30m (100ft) of '
bodies (MassDEP
Hydrography)
Urban- tUrban 124 ?&;:Lgf’gdlgpfgn 1212
plantinspace (50) outside 30m rip (29 9F
Land wi
2020 Ce 6 2 Parkingildens | fa 28 2
urban aParkin Heal thy Soils A
(25) : ( 6.9)F
parking | ot ana
Local & major r
Street 40 shoul der, sidew 102
(16) median O 6ft; n ( 251k
canopy (MassGI S
. 16.49
Tottarlpeanting a (407
* Modeled as forestt aees, not as individua

Carbon sequestration rates for reforestation area
LANDI S/gPmdEWt h model that was used to simulate exi ¢
We esti mat-&gecsopreegipesni fi ¢ growth rates and used a
esti matleevsetlatcear bon accumul ation forefefesestabopinor

we used forested USDA Forest I nventory and Analys
estimate tree species composition and density for
3.3), and filtered plots to weké&i tedetohé heomiunarme
future growing conditions, and then selected the
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ecoregion For eeampVieabt hiet Yooy both eastern hem
uncertain due to the prevalence of invasive insec
domi nant species in our reforestatdroen tshceernearweorse
fewer than five suitable species present in the F
because either the FIA data have fewer than five
species. To calculate tbhé ghewtbmandnmosepaelti g +a
we represented each ecoregion as a ssm@gdieficelmnet n
sequestration rate was then i mputed using a bookk
within that ecomé¢gisemqueBeamtaom varied by ecoregi
since planting, where it was highest after approx
Tabl eSulmimary statistics of carbon removal r
reforestation across ecoregions and over t
stored in tree biomass is expressed as a n
net emissions. Live carbon densities are ex
Cohor Annuadr bon removal Live carbon
age _ (MTQOZe_/ha) (MTGY ha)
maxi mur mini mumean (st mean (std.

3) 6. 2 1.1 3. 7@810). 37.065.16

10 -9 . -1. 3 -5.3@1. " 57.8§22. 7¢

15 -16. 1.7 8. 7@23. . 91. 31225. 3¢

20 25 . 2.¢ 11.95. 1400 447. 1:

25 21. 3.2 -11. §5B. 2000. ©69. 4¢

30 -34. 5. € -15.@84. 272.486. 5¢

35 21. 14. -12.64. . 336.22. 5¢

40 -18. 65. 9.12 ( 382.889. 0¢

45 2 4. 58. -8.52 ( 412.0980. 51

50 2 2. 45. 6.52 ( 443.094. 5:

55 2 2. 137. 1. 7627 469.687. 7¢

60 17 136. 3.0(0721 497.59 (1«

65 -19. 4 3. -4..20980) . 5200.(a412. 4

70 17 100. 6.12 ( 551.55 (1

75 -18. 12. 6. 365. ° 551.84 (1:

80 -14. 435. 2.47 ( 545.56 (1:
Forrepbanting in urban areas, we modeled the growt|
including in developed open space areas (parks an
environment -qiwsay eandrpaghlfisabiNelwdtys pl anted trees we
all ocabted!| it uirtblaenchaggygor proportion t oatavcaatleagodrey | a

specdeéenisdE40-248& r eheds /based on DCR staff recommendati o
carbon sequestration ratesbhaerterederecvesysroem sesv

[
Massachusetts6é cities (Moody et al . 20T2rlee;based o
Nowak 2020) All trees wer e e/sttri enal/t \eaarnt oo werqg utelsd ef
year ssppbasting, after which net sequestration rate
kgGCG®/ treel/lyear, accounting for tghicae¢/ meat alfoy
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ed stewardship scenarios with | ower mortald.
I mortality and no mortality).

— —

[

ipdmanamch gt seenari os f ddeladw htyh oSsod | csu tAlcit n e
whereby new tree cover is realized o
020 and 2050, <corresponding to fimod
i
r

O Ow’w
o~
5 -

new tree coveredtsatiinomdand itorne & oy
e planting rate follows data repo
6, 156 etxrcd eusddi spaaya r2 st Icaptu@ i 1 & r

: 22) The baseline rate of refores
t h2e0 2200 OLOCMAP ref erence period (329 hal/yr, 813
narios, we used the ambi te oplsanteivned (oifn raedf doirteisc
orestation rat dsa)ndf aro vtehe gcidrmaangg ddansde 1 té hhee
orestatploamantainmgtrates fbantheouvuarceogohmengat ed

aoo—
< OV YD®TNOD
(72}
DT DN~
=S NS WY
O—'VCDQ)I_F
— =0
Q —
g—~owN
o—~o »n N

n
g9
a

RN Bl e T Ea ke
30~

Tabl ePalr2amet ers for r edloaretsitrag i ome rmanrdi d g .e e

CROeVaeIrlzeOd1 Activel Additi on: Tot al
Scenari by ZOpSCReforeste Pl anting Ar ea
% fui tladd ha (acr ha (acr ha (ac
Ma x i mum 50 % 395K 8 24K 12.9K
feasi bl e ( 97K (2 OUB) ( 3 @K)
o 198K 4 12K 61. Ot

* 3 [0)
Ambi t*i ou ¢ 25% (4 83)K (1 BK) ( 1 %K)
7. 9K 1 6K 24 4K

0
Modest 10% ( 1%)K (400K (62K
Baseline”’ 0 % 0 0 0

* These scenarios were udedetle Difmuledtoplemin it ma@n
Il ntegrated Scenarios, while al/l four edPdeamari ings |
Scenari os.

Note: These nuemberesest af-pleantalnaltg tirse eabdads @ liiomealr ai
are assumed iandhtilssedbeoraed @it nPoNA200&r0e f er e n c(e3 2p%e
hal/vyr, 8aln3d accu ryrpelmatnt i ng r at eesa.)( 6, 156 trees/y

3.8 I ntegrated Scenari os

Thentegrated scenarios establish a plausible rang
sequestration and storage in Massachusetts, accou
assessed forest management regimes, ecological di
change The I ntegrated Scenario framework include
management regimes (Table 1 columns) in combinatl
(Table 1 rows), where the | and dicftuedalnecei o¢a&lgi me
di sturbances and | and cover change. The scenario
makers to better understand the potential outcome
di sturbance (natur al and anthropof¢enpcrotwdt nhatmur a
ant hropogenic disturbance regi mes The details of
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Tabl esC 1bdeAAdbW. components of the Integrated Scenar.i
2020 to 2050, whil e a separate set of simul ati ons
change components for the -period 29R0Ooaoh 2489 . ugaé
paticularly high |l evel-3090 uaceércavert ychaogeddyns
The four different forest management regimes vary
t ot al aroelaumeand species harvested), reserve areas,
The di f feleofendcdleovgi cal diudgtuurelsamwade hr efildpatct mi ni ma
di sturbances -iomt ewvi gihf icd d ndait st u ri brepnaccets ,h uirir@ lcuadhiensg f
| awdbver change alternatives represemntveffutchrregeqf

mostly following recent toendsfbsesdd atnec Ffrade th gtt fae | a
Commonweal t hds cleoemmo redidmatdevdeoralcshange with compac
devel opment patternsngmomedefiimbct éonusspkepntebygiti
efforts.

Tabl&8Summary of keyldréegease doo&Eabhlaa i b)s. (A.

management regi mes. B. Levels of ecologica
AForest Wo o d
Management I Forest Harve: Forest Re: Utiliza
Current forestryCurrent fo a. Recen
Recent Tren .
harvesting |l evelreserves b . | mpro
Cli martieent ed for Expand res a. R etcreenn
Reserves Em
harvest | evels 1/ 3 of for b. | mpro
Cli martieent ed forCurrent fo a Recen
Local Wood increased harvesreserves b. I mor o
20% of MA wood ¢ ' P
Cli martieented for a. Recent
CombibBmghas i ncreased harvesEXpand r Sb_ | mprov
20% of r
15% of MA wood ¢
B.Ecol ogi cal Di st GagcaFer e
Di stur bai Il nsect P Hurrican
ngh.EcdD!usglua:zblanCIimate_cr0n90|ng (kCIimate-c}‘
Combination of dintensifieW°0|y adelintensifie
represent-i mgaat h emeral d as
Low Ecol ogi cal D .
Combination of e Ongoing (F
: Recent trewooly adel None
di sturbance re-pr
) emeral d as
i mpact future
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Tabl ec oln3t i /Swendnar y

of keyloWréegeased oBcehmhario

CLand Cove
Change Al : . Reforestg
Bui | dDievgel op Sol ar Develo Tr ePel ant i
UncoordinegSprawl develHigh footprint Baseline
Land Cover-2Xecent ratdevel opment: reforesta
Change greenfield (-Growth to reactrpéeantin
A future v(20R2020 refepr oj enceteedd (based on
|l evel s of period) -Hi gh proportiotrends)
|l oss and | -18% gr owth PV (2/3) by 20E¢
conversiordevel oped ar-High |l and use
20220050 ha/ M. 8 &M@ s
824Kha 203. 9K-4®BKha 100. 3K ac
acres) -Recent -hbaeedssi
CoordinateCompact deveLow footprint &Ambitious
Cover Char-1/3 recent devel opment : reforesta
A futurewvgreenfield (-Growth to reac Reforesta
net defore(20P2020 refepr oj enceteedd trpeantin
future period) -Lower proporti 25% of av
-2. 6% growthgreenfield PV (Il and
devel oped ar-Low | and use i
20220050 ha/ M&B. 6 & M¥es
-137Ka 33. 9K -146Kha 36. 1K acr
-Conservyeatsiton ct
3.9 AssessAdagptFiove a@Beasdiltiyence to CIl i ma
Massachusetts6 forests are vulnerable to stressor
di mi ni shed adapmtniowsitackalp a200rt e x{aimpleeed nat ur al di st
regi mes (e. g.af ffeicrte,t hfel cadbdilnig)y odl| regedewiant em t o
processes such as dgrmawp agk bamdvafferf esazsec ept i bi | ity a
of harvest operations to sctahhe fpyr evan cse amtda ipmwegpsir\
alter patterns and timingchdngegmimer att urne &isd abl i
precipitation patterns can affect the survival of
conditthath sthrackees mor e sfuusncgeapt ii bnlfee ctteinosnsd amads tp alt ehrody
use praotdi ¢@s r oduc ehda vieo rad 9 te rqesdapgsasé etii omer eas e d
richhbhssesugh invade#mng oinre diosmmuenbdndesst ur bance has
suppr es ®e d rtendruaduegithv e.sStoinmeg management may be necess:;
resistance, resilience, and adaptation to future
services, including chonbkoen est@qaulel3rt 2 Oalt higi ntf e(rceamt gu.r, e
for assessing, planning, afe.Sowamasdgiomg eft oFadrf.roadedslt6
Sargis, an2a0laCawaanldrAomat o20a6dhdedlpfmetri cs associ
forest health and resilience used in this study i
1T Regeneration of species fooprmewsomuihaytifes .ogr. ,cr i ti ca

regenerat.i
spruce

on

of
speci es-famd cfointmuinn tspersyucet c.

oak ahdckockocygmmemperici eesj nregé

)

46


https://massgov.sharepoint.com/sites/ENV-Saltonstall-WKGRP-Energy/GWSA/NWL/Forest%20Carbon%20Study/7.%20Final%20Report%20&%20Results/Janowiak

T A |l evel of species richnesd ocaedmhuwegpei ty appr
measured within and across modeled age cl asses

T Proportion of biomass i nadagpetcd ke st o rMg sesca celdu & eot

expected future climate, and
1T Sitaemd | ansicalapepatterns of forest structur al d
Some indicators of forest health and resilience,
assess with the modeling approach used in this st
COF/ CSF prescriptions were depriganerdi,ptsioonshet mbaddr
specific indicators was | imited.

Forest Structure

Forest structure includes the vertical and horizo
down degeétanicbmdi ng trees, shrubs, and ground cov
classified in a variety of ways, somet isniezse sr eolrat e
related to both the sizes of trees and vertical a
trees. The arrangement of forest structur al cond
i mplications for a vaebBetynofudtogybabmtaerand wa
example, different wildlife species depend on dif
di fferent structural stages for different parts o
To assess changes in forest structure in differen
transl|l ate model out put into relevant metrics of f
out put includes bi@amasscohmreadcm s@pante gdiegp. c &lolr ean
structure, while related to tree age, is dependen
relationships to age, such as tree size and the v
which are not represented AhsoheohAdDh&!I PoETheodp
fact hat the process of assessing-enge@eageé ngcagte
from tree height and site index for initial cC ommu
a fashion tbnsimeent nwe establishment.

A variety of algorithms that classified the model
compared. The core approach was to calibrate and
community dataset, for which botrmt cersyt i deattae sweorfe b i
available, at the |l evel of iodliivabhoumdeoasn ul tced |
provide feedback. Ultimately the selected approa
horizont al and verticaliarthegémeernhtof yvdgeétatioop
stages The RUSBoost algorithm (Matlab 2023) was
then predict structural stage from the amount and
provided rmeasudrnasblga ven the i mbalance in actual i n
Sedppenvdfixr additional informati on.

A variety of metrics related to structural cl asse
area, connectivity) and water quality (e.g., prop
classes) are important. | n stihzee cwanst edxete noefd tah inse terxi
could be calcul ated relatively easily and would b
the initial i nput | andscape (see the earlier comp
structur al ceonmanaggeament Saantci vities could not be |
optimize connectivity, metrics related to connect
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exercise. For this component of the analysis, the
grouped together, and the total(raodckdsvamas ea)r,ea i n
culated for each scenario and time step.

M o
o 8]
Z =

est Composition
The proportion of biowmassal aodihéieecatespdif Beri ng

over how to rgup whepd hiees t o use the projected ada
Massachusettsd expected future climate, whether a
ecosystegmsanetwhich age classes to use. While havi
fare better in the futadeptied  mmpeociteantagr & oanes d ed d ¢
generalists, |l i ke red maple; and ot her sapreeci es no
still of critical i mportangswecdans Malsssaaeh useltdlsy d'm
of the proportion of biomass in species expected
deemed unproducti ve. Keystone splecgesoalkrgpbygi eesg
centrathitckooak forests butflarathyasasmiecshs ments prfudkey s
species would havwvsepdowi fhiec..c ofmnruanliltyy,-e ©otl alelri, s h ead gter ¢
have exponentially more biomass than younger tree
i ncreasingnadtdiestswrnrlsamces expectegauvndeéei oai ngabeée o
by age class was al so expected to be important.

priority, which included a combination of expecte
ecol ogical role. Tabl emaAdmagemAppepdi ar Vt yshawbsnig

A series of case studies was developed to explore
communities commonly found in di Weerdewtel ro@pgidons o
definitions of natural communities,atha@ammoombhdche s
community definitions to the forest type variable
bi omass dominance of the i mipteirdnedlicaht chd sa me pp lo@atch.
prowsdeme consistency withmpdxiistailnglagyast eAmse assnd hea't

definitions after the model initialization period
mo d e | initialization period were separated from t
to the comnduennittiyf iwveedr,e iincl uding those related to s
di versity, and age class diversity. Specifically,
keystonedtstpeecdpesci es that defined the community ar
and perpéwenéi omportant. Mean values for those met
events and unharvested areas i mmediately before a
years after, tracking those same eréeamedsaepeasiav
untreated areas. After the treatment, both treat
same natural processes depending on where they we
described earlier, and treatéd ateas| mayvrhavenebeasd
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4 Resul ts

4.1 I ntegrated Scenari o Results

Land Car both@ R2Gul ts

All eight scenarios resulted in net removal of <ca
the cumul ative net ch@ btoeB9 .MIMTXCBr g rFg igrug ef 99m equi v
an annual -a¥%tesbade MMITYTAIM 2050, wunder the high distuU
li vieandscamplelercr e@Biegur ebdaaowbenntbiontgh floirve and dead

car lsdm d kos ,a | c aribmor esa soec kuisn d er Tahlel sscceenmaarriioosr e s ul t ¢
clustered into two groups: those with high |l evels
change (the top four scenarios in Table 1) and th
and | and cover changari(odhei mMlofawmmadbuas stceerse t wo
represeabndhémivssi ons futures from pear epegtinwe s id. e
those outside the forest management deci-sion spac
di sturbance future, the impamaki of IMMIEDBE managem
(fri@m & »72. MMTC®) over the 2020 to 2050 time perio
di sturbance future, the impacts of (fib8&®&to managem
16T IMMTC®) (Table 15).

2020-2050 Cumulative Carbon Removal and Emissions

Combined Emphasis + |

High Disturbance/Development

Local Wood Emphasis + |

High Disturbance/Development

Reserve Emphasis + |

High Disturbance/Development

Recent Trend Harvest + |

High Disturbance/Development

Combined Emphasis + |

Low Disturbance/Development

Local Wood Emphasis + |

Low Disturbance/Development

Reserve Emphasis + |

Low Disturbance/Development

Recent Trend Harvest + |

Low Disturbance/Development

Counterfactual + |

, &
-
&
N

o

o

e |.°
i

~
a |&

g

o
&
N

o

. Reforestation & Tree Planting

. Forest Growth

. Mortality Emissions

. Disturbance Emissions

| Salvage Harvest Emissions
Harvest Emissions

. Building Development Emissions

Solar Development Emissions

<& Net Flux

Low Disturbance + No Dev/Harv 77
-200 0 200
Cumulative C flux MMTCOqe

FigurCuntul ative fl uxes2®Z0 canmd o0 e tfweieme agh
Scenarios and a counterfactual scenario (no
represent cumulative removals (i .e. sequest
emi ssi ons, and white diamontile shewat mesphbeau
transfers between al simul at ed opecslts ldarve a
and harvest resi dues, new f-off @estesandvotode@rlo
in |l andfills T hes ewnhti tteh ed idai niof nedrse nrceep rbeet we er
emi ssiioas the total net flux to the atmosph
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Mean AGC Difference 2020-2050
10 km moving window

Low Disturbance Baseline High Disturbance Baseline

Low Disturbance Reserves i High Disturbance Reservee"”

+Lo<ial Wood g +Loeal Wood &

c"f‘l : *

ﬁ?—f e g
Figurehbhhge in |ive caanhdnbgéeowndybi aifds®)
the I ntegrated Scenariimer.easgesasi 01 nl igwe ema rht
experienced | osses. Maps show average |iv
highlight regional patterns.
Among the I ntegrat ed sSaearbarnicees ,Retsteea vieovEmphasi s Sc

the highest sequéathiya iOIB@MMT CB®as compalrbed t o

MMTC@® f ocomparRaebcleent )T.r eflnhdiss scenari o had a simila
as thei $towr bance RRBEEnNnDBr MMELOFr espectively) but

emi ssions 2(MMT Cé@nd rle0spectively). I n the Reserve En
appr oxi mattheilryd oonfe t he stateés forest | dndni{t399,0138
harvesting and devel opment. However, the volume o



the state was similar to Recent Trends. This was
wherein any decrease in harvesting or devel opment
is a large shift in the spati algedsi sitnr itbhuet itoerr roefs tlr
carbon stocks of forests remai nisncogaWiedrha it 4 hveh enre wrh
defined reserve areas for the Reserve Emphasis sc
an averdagMBeCte/ hac omp BrdeésdMDIC@/ hian t hose same areas

Recent Trends scenari o.

l eSdmmary of caMMIEC®) ffolruxeeasc h( of t he | nt e
22050 model ed Fl arhe rp druit dor.re s(te .Hmir veéisng dev
et c. ) sdierfdmatcstsond,rysnot indirect effect,s r(eed ugc
motral i ft gr,e@one s eqguwehsitcrhatairoen )anc ctohuen tFeodr efsar g
mortal iRyr eotwsmanagement regimes are abbrev

b
2

Reserv. = Reserve Emphasis, LW = Local Wood
Ecological disturbance and | and cover <chang
Di sturtDewed gpmeamdt Hi gh Di st ./ Bre vHalgchp nbe nstt ur b
ScenaRT ReserLW Comb.RT ReserLW Comb.
Low CLow CLow LCLow LCHigh High High High
20220050
Cumul ati  -1560. -161. -133. -141 -69. 72. -39. 49 .
Fl § MMT eQ
Forest ( -253. -254. -278. -270. -296 297 -295. -294.
Forest. 47. 48, 52 51. 44. 44. 49. 47,
mortalidi
Forest 15. 15 . 14. 14. 77. 95 . 6¢ 709.
di stur b
Forest | 32. 2 7. 7 7. 6 2. 2 3. 24. 69. 54.
Forest N A N A N A NA 58. 40. 50 . 44,
harvest
Active 2.¢ 2.¢ 2.¢ 2.¢ 0.« 0.« 0.« 0.«
reforesi
Passive 1 . Y 1 1. . 1. ¢ 1. 1. ¢ 1.
reforesi
Urban ti 4 4 0.0 0.0 0.0 0.(C 0. 0. -0.c¢
pl anti ni
Buildiny 3 .0¢ 3. ¢ 3 3.:. 16 15 14 14
Devel op!
Sol ar 2. ¢ 2. . 2. . 2. ( 8 . 6. ¢ 6. ¢ 6. ¢
Devel opl
2020050 T 3459 97, 149. 133. 229. 227. 258. 247,
Emi ssi on
2020050 T 258. 259 -283. -275. -298. -300. -297. -296.

Removal s
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LanGQover Change2ORelsul t s

The i mpacts of forest | oss to development (buil di
Scenarios align wditdit dmerameghgranuwdpilmdusst{ Trabaec d) .
regi me scenarios with uncoor dia an etde | afn db wiolveeirn g h
devel opment area (2,748 hal/lyr or 6,790 acres/yr)

30 years arednirsesgwlintgd nign8f tom24. 2oMRTCOhe 30 years
(Figurer 2@ ABMMTC®O/ yrwitthdeaMMIC®coming from direct
emi ssiond GaMMTTC@O®8r dmr gone se.qulerstaantiromst, the fo
di sturbance regime scenarios with coordinated | an
devel opment (458 ha/yr or 1,132 acres/yr) that 1is
emi ssions rdandgithMoylT4dCB0 mer t he( BDgvear £ A4)60. 1

MMTC®/ yrw3d.tdh tMMT3CEB coming from di0edttemlsefi MMFICO
from forgone. skequeséstbinghy, despgpivted oppmenftacdcts tsh &
hi gher i-di sherbagbe scenari os 4.t1®07Ttéiche £ mhiisgh em;s tal
because the huoctcuoanesditshtaurhitegrhce scenari os reduce

carbon density of forest thatCosveleahgedpfopobui é&
emi ssions dtorrgiooteu edtitsathiigmer i n the s darmarioos wi
reduced cammletiintcirermsed gr owt h.

Sol ar devel opanudeinstt uirnb atnhcee hsicgghnar i os f ol |l ows recent
its siting and assumes a |l ower rate of electricit
fr@omt7a¢ 2 MMTC® over theFi3duiye a25BY0MMT @@/ ,wi t h

6.7 to 8.el cMMTIOQy from dir etc@. & mfi s risofrosur egsotrread i 10 n

The -liowt urbance scenarios solar siting follows col
rate of electricity production2ptE8é. NMMTcG@&ar e; here

(Figure ati@@)MMIICE/.,yrwi t 2.26. cotrda ng from direct emi s
0.8 from forgo.nel rsetqhueesse rsactceémanr i os with conservat.i
proportion of new solar is placoean cmofpdtraasts woyv ér
pri me soil s.

I f instead of assuming i mmediate emissions from d
devel opment, we assume the woodusintgrtshda hlempgri anbed
Utilization variant of the HWP model , over half o
example, storing some of the removed vegetation i
from building devel odpdaeMTIC@ hfrooru gthh 2 ORBe0c et Tr end s
Di sturbancesoénaheoemédssions with no wood wutiliz
scenarios)di dtnuntha&ndewscenarios with | ess | and col
Utilization to the Recent Trends + Low Disturbanc
emi ssions toxel. BDbmddTE@@ t 80 tMMT.€Qwigihnault 3any wood
utilization (Table 16).

A similar pattern occurs with solar development i
| mproved Wood Utilization timber market. Total e
devel opment in the Recent Trends + High Dbkest ur ban
(8% of the full emi ssions counterpart) (see Table
di sturbance scenarios, the Recent Trends + Low Di
emi ssi on8MMTE@®,1l.lless than half of the no wood wutil
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ABuilding demies ipmesat

Recent Trend Harvest +
High Disturbance/Development

7.8

Reserve Emphasis +

High Disturbance/Development | 7

Combined Emphasis + |
High Disturbance/Development

72

Local Wood Emphasis + |
High Disturbance/Development

73

Recent Trend Harvest +
Low Disturbance/Development

scenario

Reserve Emphasis + |
Low Disturbance/Development

Combined Emphasis + |
Low Disturbance/Development

Local Wood Emphasis + |
Low Disturbance/Development

22.8

21.8

24.

10 20
MMTCO2e

25

Recent Trend Harvest +
High Disturbance/Development

3.8 12.0

Local Wood Emphasis +
High Disturbance/Development

10.3

Combined Emphasis + |

High Disturbance/Development 9.9

Reserve Emphasis +
High Disturbance/Development

9.7

scenario

Recent Trend Harvest + |
Low Disturbance/Development

Local Wood Emphasis + |
Low Disturbance/Development

Reserve Emphasis + |
Low Disturbance/Development

Combined Emphasis + |
Low Disturbance/Development

10 15 20
MMTCO2e

Figuréofial-26R0direcanedmfiesgons

25

Forgone

. Direct

Forgone

. Direct

EeogmeAt rlati
devel opment and B. solar devel opment

n

t h
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Tabl eTdttal -2R6R0emi ssions from building and
utilization versus improved woodHugh!l| Dzatu
scenarios include more | and conversion, w h
conversion.

Buil ding Develop Sol ar Devel opme

( MMT Q ( MMT &0
|l mpro Wood |l mpro Wood
Scenari No wo woodutili No wo wood utili
utiliutilidiffeuwutiliutilidiffe

Rec eTrtend
Har vesHi gh 1&7 7.34 -8.93 813 371 442
Di sturbanc

Reserve En

High Distu 193 687 856 667 3.04 -363
Local Wo o d
Empha+sikig 14.5 6 08 837 68 4 206 388
Di stur banc
Combined E ,; g4 625 834 66 8 2 .88 380

+ High Dis

Rec eTrtend
Har vesltow 380 15 225 26 4 1018 -14 6
Di sturbanc

Reserve En

. 369 1.74 -2 .22 221 098 -123
Low Distur
Local Wood
Emphatsilsow 338 130 -20 8 2 .52 0.89 -1.63
Di sturbanc
Combined E 3,, 373 2.7 201 084 -117
+ Low Di st
The effects of increasing forest mplnanttirrege am veear ¢
fluxes align wi-dthsthebbngb gndupiowgs in the Integ
The HWighurbance regime scenarios with uncoordinat
baseline rates of r ef owidasht gptaisosn vaen o etfroeree sptlaa n toinn g
ha and urban tree plantl&3, 82,¢ ura mam\gi) g5 al ,t6olt9a |lh ao f
MMTC® from 2020 to 2050. dlistawohmtamaset r etgh enef cwre nlaco
coordinated | andudevarcrtilvangefiomest ati on of 19,74
on 41,21226R&, 4DB0omr2@230) to 2050, in addition to t
of 3.2 MMTEIOt hough reforestation constitutes only
tree and forest cover, it yields a much | arger ca
much higher tree densi tei gs9,1%)e monvitnhge 2c.0% rMMTNGQ e d
change scenarios (Figure 16) .
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o -
3 40000+ ® Method
% § . Reforestation
E 200004 - % -2 Urban tree planting
-3
0- T T T T
baseline ambitious baseline ambitious
scenario
FigurRefil6restation and tree planting | and
uncoordinated andgdoweor cdihraatged slcamdar i os. Un
change (associated with the AHigh Disturba
|l evel s of reforestation and toeverpthahigneg/(
ALow Disturbanced integrated scenarios) 4n
planting i.e. occurring on 25% of suitable

Forest Carbon Results to 2100

When we mindelgr&heemdri os out to 2100, retaining har
devel odgmemen | and conversion, the cuiBBl.a&%& ve net
19. MMTC® (Fsh7ame) 18equivalent to idangd@a@dandal aver ac
MMTCL rThe | ow disturbancefdgruxup @anyme &4i.r @2mn u a |
MMTC®/ yr -0 2a2n0d2.0050 tHWMTC®O yr f 2rl 00095 hereas in tl
di sturbance group, thef rnéadld eaNMAaCOT huxf-2aageanon
andl. @25 or -2006BTabl.#&ot7further comparison, in 21
di sturbance scenari os, t he cuimudbat@2s 66.7n estp aenmiisnsg o
55 MMI:eCO compared to the I ow distiu3b@GnonHO6ss52aari os
span of onlyxed4.66 MMTCO

All scenari os,
harvest prescri

pt the two using Red¢emtt edr ends

XcCce
tion (Table 1). On average, thes
h

e

p
carbowmnpeéera as the conventional Re cTeCrOt2 eTrhean d/e rrues
234. 9 MTCO2e/ ha). Therefore, meeting the same tar
harvest area. This expansion of harvested area ma
the Local Wood Emphasis smgeuwnmapt®idddiMMe . vod®200d% of 202
bi omaB8& OMMTCOZe) Where Recent Trhemrdsarhar v ens t3e0d y2
and provided approximately 7% of consumption, the
(less intensely) on 1,079,500 hectares to provide
the scenarios (i.e., theamhact hehptr eshhei pteadnisanve
makes it difficult to precisel-grpansedtharcasbon
prescriptions from the changes in total harvest v
harvesting cenr dtnecrefasteraeh growth (and carbon seql
trees by increasing the available growing space (
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harvesting also | owers |ive carbon stocks and muc
is emitted during pPmorctghsd®y enagr ofro rdd sstp omaadage ment s
those with higher |l evels of timbeirdnchraerdvsese (i . e. ,
gr owthlr ougche mtjurbyut al so i ncteasefibdkme swd loensss n et

carbon sequeisthatso@anahiams with | ower harvest vol |
and Recent Trends). Byo f2 1t0l0e -ohlpivma/tead , hbeme st t pres
bi omass accrual are apparent, and the Local Wood
scenarios show relatively smaller differences in
Emphasis scenaritaoge -diaswturclud mad ysdenari os (Figure 1

2020-2100 Cumulative Carbon Removal and Emissions

Combined Emphasis + |
High Disturbance
Local Wood Emphasis + |
High Disturbance
Reserve Emphasis + |
High Disturbance
Recent Trend Harvest + |
High Disturbance
Combined Emphasis + |
Low Disturbance
Local Wood Emphasis + |
Low Disturbance
Reserve Emphasis + |
Low Disturbance
Recent Trend Harvest + |
Low Disturbance
Counterfactual |
(Low Disturbance + No Harvest)

©-200

©-195

©-228

. Reforestation & Tree Planting
. Forest Growth

. Mortality Emissions

. Disturbance Emissions

D Salvage Harvest Emissions

©-251

©-304

©-304
Harvest Emissions

©-306 < Net Flux

©-301

gt
II..I

©-273

500

O

-1000 -500
Cumulative C flux MMTCO,e

Figur umidl ati ve f | uxesetone efno r2ed2t0 caanrdb @2l 0 O
Il ntegrated Scenarios and a counterfactual
[

represent cumulative removals (i.e. seques
emi ssions, aocnrmdshdhcaewdtien cumul ati ve net f
transfers between all simul ated opecslts larve
wood and harvest resi dues, newoff orest wodd
use amadinlls). For consistency across tim

d conversion because devel

devel odgmemen | a
fi

n
Note that the Hi gh Disturbanced scenari os
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Tabl eSulmfimary of carbog)f fuxesealcMMTGO t he |
the 20AD20® model ed F1 iarhd rp doruit dodr.re s(te .bcar dest
refddeicrtemits sand,rysnot i ndirect effecter ¢duge
motral,i twhi ch ar e ianc ctohuen tFeodr efsar gr owt h .8oen
forest management regimes are abbreviated
Reserve Emphasi s, LW = Local Wood EmPhasius
regi mes are abbreviated as Low Dist. = Low

n
r
d

& C

RT ReserLW Comb.RT ReserLW Comb.

Scena, ow [Low [Low CLow [High High High High

20220100

Cumul at i
Fl ux

( MMT €0

Forest 647. 626. -743. -707. 971. 956. 926. -928.

Forest
mortal.

-300. -305. -304. 303. -250. -227. -195. -199.

160. 162. 151. 154. 8 4. 86 . 92. 91.
Forest

di st
For

For
har

Act
r ef

Pas
r ef
Ur b
pl a
Bui |
Deve

94. 97. 83. 87. 484. 520 400. 442.

t 111. 81. 224. 181. 4 3. 52. 146. 116.

<® O

N A NA NA NA 114. 75. 96. 8 4.

—

-15. -15.2z -15. -15. 0. 0 0. 0 0. ( 0. (

>S9 O w o —
e B S O B 7 N ) B

- Q 5
TS ST oo n

N A N A -NA N A N A N A N A N A

Sol ar
Develop

20220100 -~
Emi ssi on

20220100 -~
Removal s

20220100
Mean An
Net Fl u

20220025
Mean An
Net Fl u

2095100
Mean An
Net Fl u

N A N A N A N A NA NA NA N A

366. 341. 459. 424. 726. 734 737. 73

667. 646. -763. -728. 977. -962. -932. -934.
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AB)p.e nldni xp aTrathil ceuilAatrur hanncteh es cheemgahr i o, hu
variations in wetremiessobdssyrebnontltudi
| owi ng t he -dhiusrtru rchaannecse isnc eenaacrhi oosf, tthr
e remaininndifgdiregstl ,evred sulotfi mggquest

ol
ot h
ceditstyrbanoet beediawwi osbahoet eehamwi o:

@fntheingsh ty disturbance results in more of the
nattwrldalt ymdral ances sequestration. I n particul
emi ss

r

i
0
a
r

< 73

mortality, are greater than those

ar
ned

ions from natur al mortality, but scen
e associated with that hasrcveensatriinogs., A
emiscailendifstamb@gaage and model ed i nse
om ha

fr
(Figure 19). Note, however, that the resu
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influenced by LANDI S/ PnET model mechanisms and as
represermtuppowdleld esti mate of future forest proces
estimates increases further along in the simulat:i
Mean Annual Fluxes
Counterfactual + Recent Trend .
Low Disturbance + Harvest + Low fisc‘:nwlgismlgnhaansc::
No Dev/Harv Disturbance
| 1 1
1 ] 1
101 | !
I I
“lll‘l“ll'lll‘ -l----llllllllll
: I 1
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scenario (TablEod8t h&sgur es abidtse rwe sucseenda rtihoces |wintgh
cover dlaregdi.Owreeg al9), the Local Wood Emphasis sce
stored carbon from harvest, as was the intent of
emi ssions from har vedsitsitnugr.b a nnc e2 OL500c,a It hvéo oldo WEmp h a s i
73.25 M8MTE€Oored in a combination of products in u:
l ogging resi dwahsSien02 hedMT @O seendi i nt o the at mosphe
shotregrm wood product production, use, and disposal
l ogging residue decay. By the end of theecentury,
stored and 155.ebmli tMMTACO Comparatively, the Recent
had 32. 4% MMT&€Oed and .2 le @i7t tMMdaIr CiOn 2050 ahodr @tl. 4¢€
and 77.00e MWMMICtOt ed i n 2100.

The HWighurbance scenari os were mor e c¢ ehmprlreixc amiet h
creating pulses of additional harvested wood prod
(Fi gWyr.e For example, in 2050 the Recent Trends + }
MMTC® (52%) more carbon stored in harvested wood
t han t-chiestlwomwbance Recentanlik2e n2d8s M&bTUGRBE%)p anrotr e
harvesting emi sdiiecnartbhaarc et teotumaveempdaraf. tBhe centu
t he Recent Trends + High Distuxbdié8é&)sdemsariso oh a d
only 1. 2% MMMWO fewer emissions, |likely due to dif
di fferences in salvaged wood as compared to harve
foll owed a similar pattern to Recent Tréede)] sbut
of harvest.

Tabl eTdiB8al stored anMMEO®DpDLedlstmaibatned wi t h
wood products, assuming Recent Trends in w

2050 t+ 2050 tc¢ 2100 t«¢ 2100 't «

Scenariogiored emitted stored (emitted

Rec eTrtend H:

+ High Dist 49. 31 33.35 58.63 75. 73
Reserve Emp

Hi gh Distur 41.15 27.59 53.88 66. 33
Local BMopohda ‘ |
+ High Dist 82.00 60. 11 115. 6 141. 1
Combi ned EHr

Hi gh Distur 67.60 48. 31 94. 76 114. 91

Rec eTrtend H:

+ Low Distu 32.49 21.07 71. 46 77.00
Reserve Emp
Low Disturb 27.02 18.10 49. 36 56. 39
Local BMopohda :
+ Low Distu 73.25 51.02 141. 61 155. 5.
Combi ned EHr

60. 04 40. 45 115. 2. 125. 6

Low Disturb
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The I mproved Wood Utilizati
scenarios with the Recent Trends in Wood Utilizat
wood intémommgeroducts and a TeklrgFag@Pen Fomi exiaammpd e
t he -diosw ur bance Recent Trends in harvesting scenar
Utilization HWP variant (Figuftet6®dl)fewsul hadvesnt id
emi ssions than its Recent Trenzf. HEPmcobant grpahe
Wood Utilization variaat(0L86%ulfedernefi 83i MMICDoTr
Emphasis scenar o0, 1B.9%0 fMMWECO emi ssions for the Lo
scenari o, %e 4(51 8PMT CfOe wer emi ssions for th Combi ne
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Tabl eTd®9al stored anMMEO®pbLedlscamaibaotned wi t h
wood products, assuming I mproved Wood Ut |l
Scenario 2050 t 2_050 t¢c 2100 t 2_100 t o«
stored emitted stored (emitted

Recelnrtend Hz«

+ High Dist 119. 2¢ 54. 34 145. 67 139. 22
Reserve Emp c
Hi gh Distur 90. 61 40. 78 114.0¢ 104. 914
Local Bwopohda : ~
+ High Dist 149. 11 72.42 201. 52 182. 4¢€
Combi ned EHr -
Hi gh Distur 126. 0¢ 59.97 168. 2¢ 152. 06€
Recelrtend He
+ Low Distu 35. 88 17.68 82.92 65.55
Reserve Emp
Low Disturb 30.39 14. 73 59. 41 46. 34
Local BMopohda :
+ Low Distu 82. 64 41.62 166. 9C 130. 3C
Combi ned EHr

67.50 32.99 135. 7z 105. 12

Low Disturb

The HWighurbance scenarios had pronouncwhdem educti o
simul ating | mprov,edduWoaoado Uthiel iszhatfitonf rom 25% sal va

Trends in wood wutilization HWP scenario, to 75% s
utilization HWP variant (Figure 21). However, the
sal vage | ageg ngn riensculeases in salvage harvesting e
increase in salvage harvesti m@anemi i crss oarsd aredu
sidegsi de. I n 2050, the I mproved Wood Utilization v
MMTC® more salvage harvesti ng .ee nfieswse ro ndsi satnudr b2a8n. c9e6
emi ssions in the Recent TrendsdMMTEB8PgkhBNgeuli bamee¢
emi ssions), £6 mb4 eMdBRC®age harvestingeenfieswseirons a
di sturbance emissions in the Reserve3s. 6ESmpMpTsCG +
change in net emisseimorse) , sald.amgd& MMTO@sting emi ssi
MMTC® fewer disturbance emissions in the Local Wo
scena4s.i®9 (MMTCOB ange in net emissicomod)y,e armad vhg.e08

harvesting emissi ops faemnwde r2 2d.i 2522 uMMTaCh@ e emi ssi ons i
Emphasis + High Di<=sltddb Mdd é@stc eennairsisol §{ngurien22050
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dashed Iine represents 2nm0tbs0O tahmed ht ahl
stored carbon and emitted carbon t

rends conti nMBMdCPmoone2d48abvawgehhé&ai7vedting

124 Mol COf ewer di sturbance emissions in the Recent
scena56 . odMTC@®change in net evwMTC®Bimomrs) ,sadd.alg®e

harvest.i
Emphasi s
MMT C®@®mor

ng emi MMTLCOS eavred &1 .s33r bance emissions in
+ High Dig8t7tuMMac®ehacngearnonét emissions
e salvage harvesti MMTEDIF esveonsianhdr b@abces8

emi ssitomes Laocal Wood Emphasis +-48i.#MNTC@®sEetr bance

emi ssi on
f ewer di
MMT C®net

s) MMaAE®mbOelBal vage harvest iMMT®@ON ssions
sturbance emissions in the Combd2eldl Empha
emi ssions) (Figure 21).

6 3

«
R



2020-2050 Cumulative Carbon Removal and Emissions
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Net Flu
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-1000 -500 0 500
Cumulative C flux MMTCO e
Figur utal ative fluxes of carbon between 20
and 2100 (bottom panel) for the | mproved Wo
Il ntegrated Scenarios. Green bars to theateb
blue bars to the right represent cumul ati ve
net flux to the atmosphere. Carbon transfer
includiomgesitn |l i ve and dead wewdfandshaawmdstr
oudf orest wood products in use and in | andf
effects of |l and cover change, and the A@AHiIigh
2038 and 2054.
Each of the different harvesting scenarios produc
products -@madt sthdorom)g. Due t o these differences, the
amounts of the wood product demandiffdrerMansts gcrheussseu
on wood production outside of the state. Most of
amount of wood products as the Recent Trends in h
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l'imit the amount of | eakage dfi ghad)rev eTsat icnagl ctuol aotuet st
l eakage or the additional production in each scen
products created in the Recent Trends with the to
scenari os This di ffer enceprroedpurcets ednetnsa ntdh et haadtd ictai no
within the scenario, or the potenti al |l eakage in

By20500homc &b od @mndbi ned sprremdaundoerdeo opdr odubtse t he
Recent dcemaslim t he Recewndr iTartihdef HWMPe Reserves En
produced 5 .42 eMMI CWwood products than the Recent T
(Figurlen 2220)nt rast, the Local Wood Emphaesinsorsecenar i
ducts by 2050, potentially alleviating some of
ide of the Commbinswtewad hdncd nsaeadrariigdh, the pr o
t | |l ess, where the Reservegrbrddpultedi sl 1+ OHi gh
er pr odRiecctesn tt hTarne ntdhse Har vest + Hi gh Di st
ends variant of the HWP model (Figure 22
urbance scenar ieo mormaedpaeoduxa.s79 MMTCO

The I mproved Wood Utilization variant of the HWP
scenari os, par t-hemnud iacdrye whahvaeowestl ogging is part
i n t hdei sltour bance Recent Trends itnheh alrnvpersotviendg Vgocoedn &
Utilization HWP variand mersalpgreaduant .by 2MMICOt har
Trends HWR Fv a@gnuireemea2 2.)o.cal Wood Emphasis scenari o wi
Utilization HWP variante megwel tparbedautrcetd 8b 8 72 WM CtOh a |
Recent Trends Harvest with Recedits tTurebnadnsc eHVWPc evraarrii
applying the I mproved Wood UtilizaticomokHWP prvardiuan
for the Recent Trend Harvest + High Disturbance s
tilization HWP vari amtmaorees ugrnaedudtns 1f2dr. 0t9h eM
[ + High Disturbance by 2050 than the Rece
[ i RendentMoTsrte mds tHhWP awdadriitda on all pro
itional salvage | ogging efforts
n the scenariosd6 harvested wood

e
d
i
e same22patterns (Figure
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o

T e Resenve LocalWood Combined ’ Emphasis + Emphasis+ Emphasis +
Havest Emphasis Emphasis Emphasis High High High High
Disturbance Distubance Distwbance Disturbance
. RTHWP (MMICO2¢) 4492 3950 108.29 8764 7150 6047 12429 101.47
. WU HWP (MMTCO2¢) 4749 4149 11379 9208 15326 117.43 198.59 166.73
400.00
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300.00
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oo Recent
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Total HWP Produced by 2100
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o

Reserve Local Wood Combined Emphasis + Emphasis+ Emphasis +

mu Emphasis ~ Emphasis  Emphasis “’:‘“:: High High " High
Distrbance Disturbance Distubance Disturbance
. RTHWP (MMTCO2e) 123.90 9179 256.34 208.03 1577 104.98 2278 18213
. WU HWP {MMTCO2¢e) 131.17 9% 61 269.94 219.02 249.92 19472 342.49 285.78
i gur 8um2of all wood products created from
bottom panel) for the Recent Trends (RT H
tilization Harvested Wood Products (I WU H
ntregq ed Scenari os.
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4. 2 FOIcamRreisal t s

To soli ampacft splexmd iosn f orest and terresarial carbor
count ersfcaecntauhael k c Ist dhé andt hsea compare it to a scenat
included. For exampl e, tcoo vgeura novle af yg etgisarneurh@d d to no f
that iakluldaesndd useas!| ogi ctaol bphreotc eisnscel suodleosg it chael
processes (i.e., dédoolecdi galosvdindtatmidmbh @ veyh ¢ cbeust s t

not | halwadder cha@ahgedifferentwnbmt B@isinid mieadte

| amtdbver qsheaengleab.IlWe Zd4p)hasi ze t hat t heatians btohne accu

counterfact aakkotscreaali 9t5$,bu p s tsiceeynaapasi soennt i al t o
gauge the impact and magnitude of the Focus Scena
Using this spmuoubatcté, aweounterfactual scenario to
bi ophysical potential for Massachusettsd existing
carbon between 2020 and 2050 in the absence of | a
di stur.Wandeesthis counterfactual scleln7®d/MTC@E .car bon
I nsamul ation that includes a continuation of rece
and timber harshestimcgneand shambances, 4c8&8rbon stoc
MMTC® between 2020 and 2050. The difference betwe
trends in29aviddl Cues ebyi 8050 n av OMMJ €00 fp elrd ayneda r
represents the additional theoretical carbon sequ
provide. I nf ot @eenwordends in | and use continue t
devel opment and harvesting wouldermanert nfedor sefgule
building and sol arsfdev alpppmecntmaacdourhtal f of t hi s
remaining half is attributable to timber harvest.:
products amdi $ acadhas frieslyaateisvel y modest potenti al i n
of NWL carbon sequestrdtnicd if dirfeglt nMIVETACOy st e ms ) , not
enough to fully od fefetaltlhewdb eMMTeECO dual emi ssi ons
Massachusetts Net Zero emissions |imit (EEA 2022)
Building Devel opment Resul ts

I'n additionTrendsBesReaoaertmsnew t hree alternative
Scenarios and estimated the impact on terrestrial
Counterfactual (no development) scenario with no
(Table 7), withdianlgl fsocreensatr ieocso siynsctlgumpdgoamecs, i nc
di sturbances, and recent trends harvesting. As su
carbon emissions associated with the | andecéearin
forest clearing for building development occurred
the | and remained forest). The spatial distribut:i
is shown in Figure 23, and wlndtsisdm nasr eangditavinl ei rc aki
25.
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Sprawl
Development

Recent Trends
Development

Compact
Development

Fi gwr38patial distribution of greenfield bu
and Compact Devel opment were used the Inte
the Focus Scenarios. Data has bekG monwion d e\
showing bbewaewved opmequare kil ometer

The Recent Trends scenario
in the02®W00 eference period.
(20.3%) from 2020 to 20560amd
MMTC@® (60.y4 ), 4wirtorm Wir ect 2.4
tu
[

replicates the annual

In this scenmnario, || iv
db-gt toat wanl d ebmi osndai VM) s W aasb
rogn d mgy gaome. sequestra
al (no development) s
n seque260baAtion of 17

Compared to the Counterfac
of 19.81leMMag@® a reduction
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Spraw! Building Development - 22.7 151.5) 27.9

Forgone

22
gRecentTrends Building Development 4 11.4 26 14.0 o
Compact Building Development 4 3.8 094.7
0 10 20 30
MMTCO2e

Figur€utdl ative emissions from building de
Buil ding Focus Scenar i os(,dairnkca guddai ynpgr gdo nree cftc
sequestration (i.e., carbon that debtoreésthaws

by new gbeéehfi elgd devielghhppmegrrtay

We al so developed Sprawl and Compact scenarios to
| ower building development rates in the future. T
rate of greenfield building devell opmedntarreas wlyt i2r0p
The Compact scenario reduces the recent trends r a
2.6% growth in developed area by 2050. I n the Spr
MMTC® (17.5%) from 2020 iton L 0Gadbdawtg ttoowtnadl be minsass s )
was7. BAMTC@® O08MMTC®/ yr ) 2.Widom @i rect B%S.Mdrsosn dmws gaomde

seqguestration. I'n the Compact scenarime, (22oR26&d) ca
from 2020 to 2050 andamnotbét @wn dé sh ionrmaVMMANCHBN &S 4.

(0O6MMTC®/ yr ) ,8fwiotmh d3 r ect e9hiroan drog gome G.equestrat
Compared to the Counterfactual (no development) s
|l oss of 33 20&hMME@COhe Compact scenari ogzer.esMults in
change from recent trends to sprawl building deve
MMTC® or 0. 44/ MMTCO@® eduction in seX0u50twhaitlieo na bceh an
from recent trends to compact buil ding deevedropmen
0.29 MMTGO) gain irmrtweenedtbrddt i ofrheb Spr awl and Cor
Building Focus Scenarios are both components of t
previously.
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% —— Compact Building Development
Counterfactual (no development)

-90 4
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2020 2030 2040 2050
FiguréAc26mul ation of carbon from 2020and b2e
ground biomass) in the Building Devel opmen
cumul ative carbon removal from the atmosph
scenarios include recent trends harvest, [
l and conversion from building devel opment
devel opment) scenario, includes pbéecenbl bge
di sturbance.
Sol ar Devel opment Resul ts
We assessed five alternative greenfield solar dev
on terrestrial carbon by comparing each scenario
with no new development f or buiScdennagrsi oosr dsioflfaerr. iTn
proportion of solar development occurring on gree
land), the | and use intensity (LUI) of solar deve
greenfield siting ecrsicteeraird o(sTdelxe ep)t. fholrl tthle Coun
Massachanet cPadO0edol ameeadapaicGWand all scenarios
same forest ecoandtemcdphamdegape di sturbances an
harvesting.diBhe idpmatiioml of sol ar devel mpment wunder
Figures 26 and 27, and emissions and |ive carbon
29.
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Moderate Footprint Solar

Recent Trends Siting
High Footprint Solar
Recent Trends Siting

Low Footprint Solar

Moderate Footprint Solar - ‘Aj 5& REchar Trands Siting
Conservation Siting : —

e

Low Footprint Solar
Conservation Siting

o
s — Y
< 5 —— Highways

Figur8pab6ial distribution of new greenfiel
other scenari os, Recent Trends Solar contii
greenfield development andnthospdoéd mdedh
capabytg2050. The High Footprint Recent Tr
Siting are used in the Integrated Scenario
Scenari os. Data has been smoot hveidn gf owi nvdiosw
hectares of new greenfield solar per squar
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Fi g®RrrfArea of new greenfield solar devel opm
converted between 2020 to 2050. The Integr
Trends Siting and Low Footprint Conservat.i
fam t he Developed class results from | and
(e.g. Developed to Barren to Solar). Wetl a
|l and cover dat a, -nhaopweevde rwe tMaasnsdDsE Pver e excl u
deevl opment .

The High Footprint and Recent Trends Siting scena

assumes that 66% of new solar capacity is built o

reflecting recent trends (see Tadmhes®dl)ar |de uvenlisp e
beasred bgt ownd bi oma.sNEVWT Cgee r(EAMMMTCO / yr )0,. f9wioimh 1

(a
direct emi2zséfromsfandone sequestration. Liaxwee carbo
(18.2%) from 2020 to 2050. Compared to the Recen
27 WMWnticipgdt,ed hiresedscenari o resuleedreprasetossngf
10. 38% decrease in seqB@e650ration between 2020
The Low Footprint and Recent Trends Siting scenar
assumes a |linear decrease to 33% of total capacit
siting criteria reflecting recentmitgeinarmrs (fsreem Tadl
(abeavred bgt ownd bi omasbMMT.@0(5eMMIT.C®/ yr ), fwiotmh 3. 6
direct emi 96romsfandof@e sequestration. Lisx»e carbo
(20. 0%) from 2020 to 2050. Compared to the Recent
GWacanticipgt,ed hiesedcenari o resubet,s riemrea slemsts nogf al
decrease in sequest2r0btdi.on bet ween 2020
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r€uth8l ati ve emissions from solar devel
s Scenari os, including direct emi ssi on
. carbon that would have been sequest
nfield solladigtéeveglrapment

Q~—~TT
-~ -0 —
®oCcc

h d Conservation Siti g scenar.i
33% of total capacity being
Table 9)sollar thadBdobBelowr i o,
.11 eMMWOORf 2o0m direct emissi ol

stration. Lixe (Q®&r 26m) ifmomeDe

Low Footprint
inear decrease
ing criteria (s
und bi oRdRM) Cae
from forgone seq
50 Compared to he Recent Trendsacaoehnarpat éwhi
6d this scenario resulsxedriepraestonossengfaO06a58Md
guestration2b®&2®ween 2020

an n
t o i
ee
¢ e
ue
t

W S NOQ o H

t and Recent Trends Siting s
om 2.75 ha/ MW in 2020 to 1. 4
I be greentiikehd dewvehbpmeand
enarioranadtmgi cwn d sdiomma  s)o mve
, fwiotmh dé r®ct le.f8rsoan d g gamdek

e car bgen (ilMcrrédgsdd obmy 29DR.03 t MM O
ds scenar hg@ngtgwhi Rt ¢ aehsi eseabtc ehniatr
refpreseht MMDC@ 5. 14% decrease i

rin
r
|

ed in a

N~ W o0w—<H0Q

oderate Footopri a
ases |linearly f

tal capacity wi
n this scenario, toaal bgioewndnki édMadhs sowvare

M d Conservation Siting sc
e
0
I
B (IMMT C®/ yr ) ,0 wirtohm 5d.i rectl . é3miosnsif omgoard
e
h
I

n
2.75 ha/ MW in 2020 to 1. 4

n
r
I be green 1igeddi tdewvied opsneea t-

t
om
I

tration. Live car bgen (ilPcrRédgsdd obmy 29D2.09 t MMR2O
Recent Trends scenarhc@antwihi pht, e oehsi esie astc ehniatr
d in a |lessrefpr2s2hhtMMpC@ 3. 49% decrease i
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