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SMTS.1 Figure TS.3/SPM.2 Observed Impacts of
Climate Change: Methodology and Line of
Sight to Chapters and Papers

Figure TS.3/SPM.2 displays a synthesis of observed regional and global
impacts of climate change on ecosystems (TS.3a/SPM.2a) and human
systems (TS.3b/SPM.2b). Regional assessments are primarily based on
the expert assessments in the regional chapters (Chapters 9-15) and
cross-chapter papers (CCPs 1-7). The global assessment is provided
by the ecosystem sectoral chapters (Chapters 2 and 3) and observed
impacts on human systems by Chapters 4-8 and CCP2. In Figure TS.3/
SPM.2 confidence is provided in attribution of the observed impacts to
climate change as defined in AR5 Chapter 18 and Cross-Chapter Box
(CCB) ATTRIB in WGII AR6 Chapter 1.

Panel a — ecosystems

Observed impacts on ‘changes in ecosystem structure’, on ‘species
range shifts’ and on ‘changes in timing (phenology)’ were assessed
separately for terrestrial, freshwater and ocean ecosystems. Here,
the observation of an impact (i.e. whether detected or not) and the
confidence with which the observation can be attributed to climate
change are shown. In panel (a), global assessments often focus on
large studies, multi-species, meta-analyses and large reviews. For that
reason they can reach higher confidence than regional studies, which
often use smaller studies that have limited data in order to provide
regional examples. References to the underlying evidences in chapters
and cross-chapter papers are provided in Table SMTS.1.

Panel b — human systems

Observed impacts have been assessed within the three overarching
categories ‘water scarcity and food production’ (including water
scarcity, agriculture/crop production, animal and livestock health and
productivity and fisheries yields and aquaculture production), ‘health
and well-being’ (including infectious diseases, heat, malnutrition
and other diseases, mental health as well as displacement) and
‘cities, settlements and infrastructure’ (including inland flooding and
associated damages, flood/storm induced damages in coastal areas,
damages to infrastructure and damages to key economic sectors).
Here, not only confidence levels are shown but also the direction of
observed impacts, i.e. whether increasing adverse impacts or adverse
and positive impacts have been observed within a region. In panel
(b) the global assessment is the overall global outcome. Exclusively
positive impacts have not been observed in any of the categories.
References to the underlying evidences in chapter and cross-chapter
papers are provided in Table SMTS.2.

An additional, more detailed synthetic assessment of observed
impacts is provided in WGII AR6 Chapter 16, Figure 16.2 (see also
SM16.7, Table SM16.7.2). Figure 16.2 is both more precise (splitting
attribution) and more generic (including weather sensitivity and
climate attribution, whereas Figure TS.3/SPM.2 just focuses on impact
attribution). It separates the identification of weather sensitivity
(observed influence of fluctuations in the climate-related systems on
natural, human or managed systems) (also listed in Table SM16.7.3)
from impact attribution (observed impact of long-term changes in the
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climate-related system on natural, human or managed systems) (also
listed in Table SM16.7.2) and climate attribution (observed impacts of
anthropogenic climate forcing on climate-related systems, generally
provided by WGI) (also listed in Table SM16.7.1). Figure TS.3/SPM.2
focuses on impact attribution, sometimes also based on a combination
of weather sensitivity and climate attribution. Some thematic
and regional chapters include additional attribution assessments
sometimes without this specific separation; this additional information
is also reflected in Figure TS.3/SPM.2.
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SMTS.2 Impacts and Risks from Climate Change Assessed in Burning Embers

SMTS.2.1 Assessment of Burning Embers for Regional and Global Risk Assessments

In addition to the burning embers for the global Reasons for Concern (TS.All.3), the WGII assessment also presents similar graphic illustrations
of the impact and risk assessments of specific chapters and cross-chapter papers {Figure SPM.3, Figure TS.4}. The sources for these assessments
are listed in Table SMTS.3.

Table SMTS.3 | Impacts and risks from climate change assessed in burning embers {Figure SPM.3, Figure TS.4}

Group Key risk Scope Sources
Terrestrial and . . . - _— —_— I . .
. Loss of species erodes ecosystem integrity, functioning, provisioning of services (including climate regulation, 2.5.4,Table 2.5,
Freshwater Biodiversity loss - ) .
food and water) and resilience to extreme events and future climate change. Figure 2.11, Table SM2.5
Ecosystems
Tree mortali Tree mortality that exceeds natural levels degrades habitat for plant and animal species, increases carbon 2.5.4,Table 2.5,
El emissions, and reduces provision of water and other services for people. Figure 2.11, Table SM2.5
Increasing risk of large-scale changes in ecosystem structure; ecosystem structural change with most
. . . ; . 2.5.4,Table 2.5,
Structure change information derived for tropical forest, boreal forest, savannas and tundra for both observations and future .
o Figure 2.1, Table SM2.5
projections
Wildfire increase Increasing risk of wildfire that exceeds natural levels, damaging ecosystems, increasing illnesses and death of 2.5.4,Table 2.5,
people, and increasing carbon emissions Figure 2.11, Table SM2.5
Increasing risk of ecosystem carbon losses from tipping points of loss of tropical forest and Arctic permafrost 2.5.4,Table 2.5,
Carbon loss . . . . !
that could substantially raise the atmospheric carbon dioxide level Figure 2.11, Table SM2.5
Ocean Figure SM3.1, SROCC
Ecosvstems Warm-water corals Increasing risks to biodiversity, structure and functioning 5.3.7, SROCC Figure 5.16,
! SROCC SM5.3
Figure SM3.1, SROCC
Kelp forests Increasing risks to biodiversity, structure and functioning 5.3.7, SROCC Figure 5.16,
SROCC SM5.3
Figure SM3.1, SROCC
Seagrass meadows Increasing risks to biodiversity, structure and functioning 5.3.7, SROCC Figure 5.16,
SROCC SM5.3
Figure SM3.1, SROCC
) ) Increasing risks to biodiversity, structure and functioning in the upper part of the ocean with depth <200 m 'ou .
Epipelagic from the surface where there is enough sunlight to allow photosynthesis >-3.7, SROCC Figure 5.16,
e PR SROCC SM5.2
Figure SM3.1, SROCC
Rocky shores Increasing risks to biodiversity, structure and functioning 5.3.7, SROCC Figure 5.16,
SROCC SM5.3
Figure SM3.1, SROCC
Salt marshes Increasing risks to biodiversity, structure and functioning 5.3.7, SROCC Figure 5.16,
SROCC SM5.3
Health Heat-relate.d morbidity
and mortality
Ozone-related mortality
Temperature thresholds at which health risks change. Adaptation under SSP1, SSP2 and SSP3 significantly .
Malaria . L 7.3.1, Figure 7.9
alters the warming thresholds at which risks accelerate.
Dengue and other
diseases carried by
Aedes spp.
Food production from
Regional: cro| spfisheries and Loss of food production from crops, fisheries and livestock systems 92,98, Figure 3.6,
Africa i P 9 G Table 9.2, Table SM9.1
livestock systems
Local or global extinction of species and reduction
Biodiversity and or irreversible loss of ecosystems and their 9.2, 9.6, Figure 9.6,
ecosystems services, including freshwater, land and Table 9.2, Table SM9.1
ocean ecosystems
Mortality and morbidit
fr:mahlet:tznndr::‘::clti;gs Mortality and morbidity from increased heat and infectious diseases and infectious diseases (including 9.2,9.10, Figure 9.6,
diseases vector-borne and diarrhoeal diseases) Table 9.2, Table SM9.1
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Group Key risk Scope Sources
. . . . . . . N 11.6, Figure 11.6,
Regional: Loss and degradation of | Loss and degradation of tropical shallow coral reefs in Australia and associated biodiversity and ecosystem Table 11.14 SM11.2
Australasia coral reefs service values due to ocean warming and marine heatwaves ) -
9 Table SM11.2b
A . . . . . . 11.6, Figure 11.6,
Cascading impacts on Cascading, compounding and aggregate impacts on cities, settlements, infrastructure, supply chains and Table 11.14 SM11.2
cities and settlements services due to extreme events ) -
Table SM11.2i
Regional: Coastal flooding 13.10.2.4, Figure 13.28,
Eu?o o ' to people and Level of risks due to coastal flooding with low to medium adaptation (keeping coastal protection as it is now) Figure 13.32, SM13.10,
P infrastructures Table SM13.30
Heat stress, mortali 13.10.2.1, Figure 13.28,
o Y Risk to human mortality and heat stress due to heat extremes and increase in average temperature Figure 13.29, SM13.10,
and morbidity
Table SM13.25
Water scarcity to people 13.10.23, Figure 13.28,
in southeast:yrn EEro pe Risks of water scarcity with low adaptation Figure 13.31, SM13.10,
. Table SM13.29
Sea ice ecosystems are rapidly transforming, resulting in an unprecedented accumulation of cascading effects
that impact almost every sector of environment and society. Increasing light penetration initiates earlier
seasonal primary production, and albedo an increased warming, earlier growing season for ice algae and
. hytoplankton biomass, and changes in health and habitat of sea ice fauna, mega-fauna and fish species. )
Regional: Sea ice ecosystems from p. yiop . g. . . . 9 o P ) CCP6.3.1, Figure CCP6.5,
R . Biophysical changes cascade to socioeconomic and cultural systems by impacting safe travel in ice, subsistence
Arctic sea ice change . ) . . . . . o SMCCP6.5
hunting, changing economic opportunities and potential for Arctic maritime trade—all of which will lead to
additional impacts, risks, and transformations, some of which may be inevitable and irreversible. At current
levels of warming, sea ice in the Arctic is already showing clear signs of transformation and reduction in
extent, and thickness combined with increased mobility are expected to continue.
Risk transition analysis was focused on cod and pollock species in the Bering Sea under scenarios that
include status quo ecosystem-based measures including a limit on total groundfish yields. These fisheries
Fisheries catch for represent the largest (Pollock, Gadus chalcogrammus) and one of the most valuable (Pacific cod, Gadus CCP6.3.1, Figure CCP6.5,
Pollock and Pacific cod macrocephalus) fisheries in the USA. Warming temperatures and change in sea ice, circulation and shifts SMCCP6.5
in trophic pathways to less-energy-efficient food chains were used to drive changes in survival (predation),
growth and recruitment, and subsequent catch, under future scenarios.
Infrastructure is at risk from a variety of climate change hazards including sea level rise, storm surge,
permafrost thaw and coastal erosion, among others. Impacts have already been observed for sewage systems,
municipal buildings, roadways, pipelines, railways, ice roads and local trails between communities. Evaluation .
Costs and losses for key . P . g ) ¥ PIp Y . . ) CCP6.3.1, Figure CCP6.5,
. of risk transitions for infrastructure was based on observed and projected risks from relevant climate hazards
infrastructure . . ) ) : . ) . S SMCCP6.5
to relevant Arctic infrastructure. Consideration of potential adaptation options available, including limits to
adaptation (i.e., relocation, available technologies, potential for new technologies, existing building codes),
were considered during expert evaluation.
Regional: Sea ice dependent See ‘Sea ice ecosystems from sea ice change’ for the Arctic (above). In the Antarctic, sea ice change is more CCP6.3.1, Figure CCP6.5,
Antarctic ecosystems variable than in the Arctic, and future projections are less certain. SMCCP6.5
Regional physical and biological changes in Antarctic waters are expected to result in net declines in krill
o R R & e posie es n CCP6.3.1, Figure CCP6.5,
Krill fisheries habitat and growth potential, although one study does indicate a potential increase; however, significant SMCCP6S
regional declines may not be detected until later in the century. '
As global warming levels are rising, hydrological, agricultural and ecological drought intensity and duration CCPA3A CCPAZE
Regional: Water quality and are increasing, runoff, streamflow, groundwater recharge and water quality are decreasing and in the . ure‘ C‘C‘P4 " .
Mediterranean | availability south-Mediterranean, aridity is expanding. This in turn increasingly affects water management, including SSICCM 2a. '

hydropower production and cooling capacity.

Health and well-being

The population exposed to heat stress risks is escalating with rising global warming levels, resulting in
increasing morbidity and mortality and cooling demand. The epidemic potential of dengue and other diseases
is projected to increase.

CCP4.3.5, CCP4.3.6,
Figure CCP4.8,
SMCCP4.2f

Delayed impacts of sea
level rise

The Mediterranean region is characterized by a high exposure to sea level rise, including people, infrastructure,
ecosystems and the cultural heritage sites. Stabilizing global warming at about 2°C commits sea level rise for
millennia, ultimately drowning key coastal low-lying areas of the Mediterranean where people currently live.

CCP4.3.2, CCP4.3.6,
Figure CCP4.8,
SMCCP4.2h

Regional:
North America

Viability of
tourism-related
activities

Overall economic viability of tourism activities are assessed by evaluating the reduction in season length for
tourism activities: Nordic skiing and snowmobiling, alpine skiing, beach tourism and coral reef snorkelling, and
parks and protected areas visitation. Many of these activities have adaptation limits by 2°C.

14.5.7,14.5.8,146.1,
Figure 14.10, SM14.4

Costs and damages
related to maintenance
and reconstruction of
transportation infra-
structure

The focus of this assessment was on road (including ice roads in the Arctic) and rail and transportation
infrastructure such as bridges, airstrips, pipelines and port facilities. Near-term impacts expected to be incremental.
With low adaptation, risks will be high before 4°C and cold amount to hundreds of billions in needed repairs.

14.5.7,145.8.1,146.1,
Box 14.5, Figure 14.10,
SM14.4

Lyme disease

Temperature has contributed to the emergence of tick populations, their range and recent geographic spread, which

are the main vector of Lyme disease. Risks are assessed for a SSP2 scenario with moderate challenges to adaptation.

14.5.6.4,14.6.1,
Figure 7.9, 7.3.1

TSSM-12




Technical Summary Supplementary Material

allpjim

ojydouiseled 4o sysu pue
Speo| [an} 3dNpal ued
uoissaiddns auiy [eanjeuun
1O Seale uj uing 0} sall}

3]qeJauNA aiow ale
suoipuod yieay bunsixe-aid
UHM JO SuoiIpuod buiny|
paysuanodui ul 3jdoad

alypjim wouy

yaeap pue ssau|l ‘sbewep
0} pasodxa aiow aie
S31B[NWNIIE BYOWS IBYM
seaJe Jo seale auoid-aiy ul
aAl| oym ajdoad ‘ainsodxa

|10s pue uopelaban
Jo Ryipue aseanul
pinom ya1ym ‘abueyd

9|doad jo y1eap pue ‘sassau
‘abewep Auadoid aseanul pue
"“oeqpasy buidiojulal-yjas e

ur abueyp ajew| ajeqiadexs

15nqou) 'aduapuod ybiH

9Npai ||IM UoIINASIP
1e}geY JO SWIO0} JAY0 pue
‘Uoijeysalofap ‘uoisuedxa
|eanynoube bupnpay

sapads ulensd ‘suofIpuod
ajew] dydads A1an ul
PanjoAd aAeY Sa1ads uleLa)

1e1igey ‘UoiIeIS3I0)eP
‘pasodxa ale saads
|ewiue pue jued ||y

abueyp Jo sajes ‘sapads

© JO SHWI| 3dues3|0}

3y} puokag ob jeyy
uoneydidaid ur sabueyd 1o
aInjesadws) ul saseasnu|

4 (wuawa.be pajubi Ajjeinjeu buimoyje ‘eIpun} 11y pue Jsalojurel
asea.nul uonejuawbely arewp diuabodoiyjue PINOM DIYM ‘SUOISSILD
OV4'T€ST ybiy ‘aouapine 3snqol) 10 Bujuing paquosaid |eardosy Apejnonued ‘Aubajul |eqo|9 aseanul alyp|im
s B pue ‘uonepeibap Aq pasned ‘yybnoip uogued aseasnul ‘Aybajul
Ty aouaplyuod ybiy ‘aIn)siow |10s pue wa)sAs023 Jo uonepeidap
‘Uuo1NIISAP JelIqeyY JO 4o fianas paseanul wa)shsoda apesbap 'Ajenow
uonelabian [enjeu uresns 0} 9|qndadsns isow ale alel , ,
SULIO} JAY10 ‘dIIp|IM 0} pue ‘uonendpaid 991} AAISUBIXA Asned ued
djay pue suoniubi uewny U3¢ SeY UYP|IM BIBYM
aInsodxa S91eqIadexe pasea.ap ‘Jeay pasealnu] S[9A9] [BANJRU SPIIXD
9Npal ||IM 153104 |e310q P[0 4o 19Mm Ajjewou a1
Ajp19135 uonE)S3I0NBP Ajlenuelsgns 1eyy aiyp|im
pue |eaidouy up Apejndryed ey} swialsAsoda pue sawolg ,
) pasodxa ale yue3 uo
uoneysalofep bunnpay
seale pajeaban ||y
suolend[d
1e1Igey 3I0W JAES [|IM B3le yb1y 1e Apenoiued ‘elgey
papazoid |eqolb Huiseasoul saly|iqeded ainsodxa 3|qexns Jo asueseaddesip
‘fiAsuu0d 1eigey | [esiadsip paiwi| aAey saads 9]eqIadEX? SadAds '9]e19]0} Jouued Sapads
s urejutew djay ued sease Jewiue J3jjews pue sjue(d aAISeAUl woyy uonnadwiod 1ey] suoleulquiod
€16 wn wzw — |B2131ID JBY30 IO SIOPLLI0D Auew ‘sbuel d1ydeiboah pue ‘uonn|jod Jajem a1ewi| mau ‘sanijigeded 0LIBUADS SUOISSIWS 153yb1y ay1 edo suondunxe saads
TV P P! JO UoNeAIBSUOD ‘2InsodXd |[BWS B 0} JIWBPUD BIe pue Jie ‘uonejuswbely |esiadsip paadxa 1ey) 13pun %G 01 dn Jo uonduNX3 sl [ewIue pue jueld

uomI3s
pue
191dey)

uonedyRUSPI YU

£3) u1 3d>uapyuo)

Jyst4 bupnpai oy
|enuaiod 1saybiy yum
suondo uoneydepy

219A3s Buiaq ysu siy} 03
3INQLIU0D p|NOM ey}
suonipuod Ayjiqesaunp

EYETEN
Buiaq ysu siy} 0}
31NqL1IU0D pINOM ey}
suonipuod ainsodx3

3I9A3s Buiaq dsu sy}
0} 3}Nq113UOd PjNOM
1By} suonIpuod piezey

S9JIAIDS 119y} pue swd)sAsodd Ia)emysaly pue [eL)salad) iz Jardey)

woym 0}

pue ‘3J3A3S PaJapIsuod aq
pinom jey} duanbasuo)

uoifai
d1ydesboan

siv)deyd IO
94V ul paynuspl
se sl Aay|

TSSM-13

{FZ'9LINS 31qeL v" L 9LINS} 3]Ge1 3y) JO pua 3y) 1e 310U
3y} 995 ‘ABojopoy1aW Sy} 104 "2I9ASS 3L PN0 3SH SIY} 1Ry} JUBWIBPN[ BY} Ul 9IUSPIJUOD BY} JO JUBLUSSISSE U pue sl 3y Buinpai Joj [enualod 1saybiy ays buiaey se sioyine Aq paipuapl suondo uoneldepe ayy sapiaoid 31 ‘uoilippe u|
"913A3S BUIS 514 Y} 01 3INQLIUOD PINOM ey} SUCLIPUOD AMjIGRISUINA pue insodxe ‘piezey ayy pue ‘(21aAs Ajjeinuaiod se ysii A3y e Jo uomuyap 3y} Buiaaw Agaiayl) SW02IN0 9I3AIS B 3INHISUOD PINOM JBy} 3SH BY3 JO S3DUINDAsU0 3y Jo
uondudsap e sapiroid ajqel ay} sk A3 Y} Jo ainjeu ay} o} Uolippe U] “Hodal [[DA By SS0Ide Woly sialdeyd Jo sioyine Aq palpIuspl Sysi A3y Jo UOD3|BS e Sis| 3|qel Siy) “uolbai pue wiaishs Ag abueyd ajewp jo sysu A3y | #°SLINS a1qeL

si913dey) |1IDM Aq payipuap| uoibay pue walsAs Aq sysiy A9y Jo sjieraq £°S1INS



Technical Summary Supplementary Material

uoIeI0)sal
wa)sAso0da pue ‘(spiezey

159yB1y

swiayshs

djay 10} D, < pue sjaal
12102 1o} Buiwiem adepns
ueaw [eqo]B D5’ 1< Yum

SIABM]E3Y dULIEW pUB
Buiuiiem 0y anp (sasseibeas
pue djay ‘sjes0d “69) sapads

91BWI[-UOU JAY10 JO aInynoLew pue b EIE] pajenosse A|peoiq ing sapads bulwioy-1elqey
€TV (uawoaibe Buiuwiioy-1enqey ‘jeuonepunoy SalenIse
uondnpal) Juswabeuew ‘ainnoenbe uo sduspuadap ©35 1B3U SpUe|S] J9a34 Ul ‘swa)shs usamiaq pue JO $50] 01 BNp SIAIBS
TTrE b1y ‘axuapine wnipaul) uo Juapuadap swlsAsodd Buipnpul
pue uonajoid auLew [e321205 19yMm pue ‘sabues | Apejmdiued ‘suoibal [eiseod A|leuoibai Aie sanjep wi3)sAs03a |e)seod
VTYE 0uapHu0d YbIH |EISEOD Ul SUO[JBWLIOJSURL) | ‘UBDO [e)Se0)
‘elbnyjal Jo uonedlnup! ,53123ds Jo pua wiem ayy ur uonejndod Buiseasnu ‘swalsAs pajeuiwop -pny \des woi (uomsajold auLew o} ysiy
ybnoayy padnpai aq 1e15ayb1y si Aujigessunp pue -sebje 01 Yiys s1owoid P! ) (Ut
aUI[210ys ‘PO0J ‘BW0dUI)
Rew ysu [er0] dwos 0} JUADIYNS Sanemyeay
SIS WAISAS0 JO 507
aulew jo fHuanbaiy :
pue ajes buiwiep
20D dusydsouwne
pue Bujuuem jo sajes
Abojoiq Buiwiem adepns abesane J19)ea1b je Juaxa pue
Ayjesow pajeai-buiydes|q
2113ypufs Jo uonnjons 12906 JO D6G" L < YUM B3NS ymoub yaai ul uononpal
pareadas wouy abesanod 9S1-[3A3] BAS pue UonedyIpI
pajsisse ‘Mmoj} auab Buiwodag ysu 0} anqLIU0d pUE $3550] BAISUBIXD IO
|40 Ul BUIIP J0 s1aya pue ‘Buiydea|q
paisisse ay1| saibojouydal Im sassadoid Aleuopnjons ‘Bujwiiem axepns abelane
Bunuaiadxs Joay JaLueg juanbaiy woyy Ajepow Spuejst
(uaurza.be buibiaws Ajqissod pue 10 uoneuwp2e [eaibojoishyd 1806 40 J0G L < YUM swayshsoda
€16 18310 3y} I| SWISAS02d 0] anp Buiwiem adepns [eWS ‘seas
ybiy 'a2uapina JsNGO.) | UOILI0]SDI [RI0D ‘(SI0SSRLIS eln Jdepe o} s|eiod Jo 120 0] payaloid sysu 991 |BI0D JBJEM-ULIEM
Tt 3OS YIIM ‘ssa11s 1eay abesane |eqolb Jo J,6° 1< |eaidongns
uapluod ybry Aisp d)ewip-uou JBYo Jo | Ayjiqeu| ‘spezey a)ewd-uou 91935 (s1eak G Aians duo 10 uonepeibap pue sso]
[ana]-buiydealq 03 pasodxe UHM ‘sw1sAs0d3 Jaall [e10d pue |edidos]
uondnpal) Juswabeuew 1amo| pue sainjesaduwis) uey) ajow yam Jad H,8
U3¢ aney suolbal _ 13]EM-ULIBM S,p[IOM 3U) JO
pue uoipdajoid suLew |qeLIeA Y)IM SUoed0| Ul < syaap bunesy saibaq
) ' ’ : ueado |[e ur swayshsods %06—0L J0 uonepeifap 31N
ybnoiyy padnpai aq suondadxa yum ‘Ajjeqo|b "9'1) awn) Aan0dal Jaal
191 [210D JaJeM-ULIBA
Rew ys11 [e20] dwos |e102 paiinbai buipasdxe
ssau)s 1eay [anal-bulydes|q
91935 Jo fouanbaiy ay|
S9IIAIDS J19Y) pue swia)sAsoda |e3seod pue ueadQ :¢ Jardey)
s[ana] [eduolsiy Buipaadxa
A|lenuelsgns ainjesadway
SaIJIAIDE UBWINY WOJY paseanul ‘eipuny 21121y abueyd ajewip
suopubl pue suofipuod ul ‘uoneaban saup a1eqadexa Ajjenueisqns
sainjesadwsa} buizaalj-mojaq ’
Jawem o0} ainsodxa aanpal pasodxa 150w 1ey) abueyp ajewip PINOM 1By} SUOISSIWUS JUBLIND
sasinbal 1solyewnad jsosjew.ad
p[nod seaie 3soujeusad ale seale eipun} WIBYIN0S suabodoiyiue jo 1eay J0 s3pedap 1o sieah 0}
(90uapING winipaw BIpUN] JIPIY ‘DIP|IM pue |ealoq pue
vEST ul 1npnIIseLUl 18Y10 210W 3y} PUB UOIILISAI0PP £q pasned anypjim jua[eainba pouad poys e
‘Juawaaibe ybiy) 1ybnoup 01 ajqudadsns : : 211y pue 50| uogued wa)shsod]
N A4 pue speos bupnpal [ea1douy Jo seaue ‘pasodxa paseanul ‘Ayjigerien uogued buises|al ‘ysoiyewnad
20UBPIUO WNIPIY ale A3y} os ‘suoipuod sjsalojulel
‘a1p|im pue Jybnoip 0} ale Seale eipuny 22Uy |enuue-1a3u1 ybiy jo JO SeaJe aAISUR]Xa Jo Huimey)
pIwNY ‘J9M Ui PIAJOAS |eardouy

uomIas
pue
191dey)

uonedyIuUdPI YsHU
K9 u1 d>uapyuo)

sisalojulel Jo ainsodxa
20NPai [|IM 311} §0 ash pue
uonelsalolep Hupnpay

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

aey sisaiojules |edidol|

219135 Buiaq ysu siy) 03
9)NqI1U0d PINOM ey}
suonipuod Aujiqesaujnp

pue sysaiof [edidouy ||y

EYETER
Buiaq ysi sy} o}
3INQLIU0D pInoM ey}
suoiHpuod ainsodx3y

seale uj uonendpaid
Mo| pue abueyd ajew
slusbodouyiue jo Jeay
Aq pasne> ybnoup
‘Isa10} [ed1douy uj

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

10 puejsselb 0} 15aiojulel
|eaidouy jo uonoely Jofew jo
uois1aAu0d jo syutod buiddip

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-14



Technical Summary Supplementary Material

TSSM-15

S}201s Bunjiys sano
juswabeuew anndepe
Buurejutew uj ajo1 e
Keyd ued osje syuswaaibe

uiajoud Jojy poojeas

U0 Juapuadap SaIUNWWOd
1o} suopedydwi pjnod se
“Juediubis aq pinod (1au1pul
pue 1alip y1oq) Juswikojdwa
150] JO SWLIB) Ul SANIUNWIWOD
[e1SE0D IO} Ssuonedljdu)

SueadQ uelpu|
pue dij1oed InUBY 3y} Joj

plezey
U} 91LQIAIEXD SAARM]EAY
auLIeW dsud)ul pue
juanbaly alo| “AAidnpold

S'vdOY

J19pun suoibai |eriojenba awos
ur 0012 Aq 9%05< aulpap
pInod ppaiA Aiaysiy ‘swiiofal

seas
Pasopua-Iwas

spiaik

€9€ (ruswoaaube wnipaw |BUOIIRUIBIU| "S32INOS *SaLIaysly [eLasnpul Jo Krewd syaye pue ‘daap Juswabeuew Juasqy dwodul Sa1BYSly uo s)deduwil
, , papipaid ssewoliq ysty ul pue seas Jjays
TrvE 9IUBPINS WNIPIU) pooy pue uawkojdws fineded aandepe Js1ea1b SUID5D basnDUI-BUILLIEM 3y} WoJj sjuaLInu Jo pue ura104d 4o} poojess uo T 0] aNp SPOOYI[aAI|
‘epeee DUIPILUOD WNIPBY JO UONBIIISISAIP wouy asie Aew sapijenbaul me_“ﬁ_“ﬁ ”_3 p .m e J3jsuel) $32NPaJ UWN|0d 1uel[a1 sease ul Apejnoned M;M.”u__tmg_ pue uawhojdwa
PIn0> se ‘syst1 adnpal pue 1130 Inq ‘S|qeIaulNA i AlEq0) 131eM 3y} JO uonedlels ‘spooyl|anl| pue juswholdws e ‘f11nd3s pooy 01 ys1y
paadxs ale sabuey) ‘Uea0 |eqo|9
p|nod juswabeuew s3] 84e SaLaYsly [eLasnpu| pajeposse-buiusem | ‘Aundas pooy Joj saduanbasuod
SaLIaYsly SAdepe pue | pooj pue SpoOYI[aAI| ‘Suodul pue suonnquisip yum ‘piaIA sauaysiy paonpal
(fiojeddnue) aandeold 10} sauRysty uo Apdaulp saads sylys buiwiepy | pue Auaonpoad sauaysly Jamo
puadap 1ey) sanunwwod
|eiseod ul 1saybiy ag 03
uoijedlIpe
SJ991 210D J91eM-WIEM uapuadap sa12ads sI [9A3)] fimuad 8y} jo
Uea20 woy sppedul pide o3 ue sapnie 1ezey ay) pajedipul eje us 3y} Aq G'8dDY JapUN 319N3S
suonesado ysi|ays auoid ale swaysAs buljjamdn 'P pmiBe| piezeq aip paiapul E12p | pus 3t A9 P
yb1y-03-piwi Je ysajeald 9|qe|teay "uoijeusbAxoap 3q 0} paadxa ysu ‘sebje ysiy||ays
(uawaaibe UO UOI}EIIJIPIDE UBRDO JO aun)-fiepunog uislse3 ' )
GETTYE , sl ainsodx3 ‘uonedlyipe pue buiwiem ‘uonedyipne Buikyidies pue ysiyjjays Jo4 Buipnpui ‘sapads
wnipau 'auapIng s1a}y3 ayy ednpal Aew "uofedIIpIDE B3O JO UBDO [E1SEO)
TYE U0 JO S)BYa Y} 0} Ue0 UBIMIAG | "aebje pal Snoaled|ed pue S|elod Buikyes jo |eainins
15nqou) asuapluod ybi SUONUBAIDIUI B[RIS-|[eWS 10943 3} 0} BXE)} AWOS JO
pasodxa aq ||Im exe} jo suonpessul dnsibisuks | Bulpjing-jai ‘ysiyjays Buipnpul pue yimolb padnpay
pue suonesapisuod ubissq Aujiqesauna sy s1equadexa
abue Jajealb e 'saseald lenuajod yum ‘uonedyipe | ‘saads buikyd|ed jo aduepunge
Ok umouy 31 uoeuabixosp 20D Judydsouwie sy ueado si plezey Asy ayL ue ymmoib padnpay
pue Buiwem 207 0] 213y | piezey Asx ay pue y pasnp:
eixodAy ayequadexs
J3Yuny 0} UMOUY SI YIIYM
‘sI9)eM [e1se0d Jo Bulpeo
JuaLINU Ja3ealb uj ynsal
SI9JeM [E}SR0D
s1a1em dixodAy Wb1w uoneydpaid sauaysty buiaye
SPOOYI[3AI| 4O} SBLIBYSI) pue ‘seas
6TrE Jo peauds pue 92uaLINI0 awauxa Jo Aaeay jo pue jenqey buinpal ‘spo-aip
(uawaa.be uo Juspuadap suoibai ul PasojuR-Iwas eixodAy
TV ay) buibeuew 1oy |00} fouanbauy paseanul xiw sapads buisned Yarem dixodAy
ybuy 'aduapina 3snqo.) eixodAy buiussiom ‘fanoe 'seas J|ays 0} anp saLdYsly pue
‘LTYE £9y e SI 592105 [eLIISALR) 0} s1a3em pajeusbAxo 0 ,S3U0Z peap, [euoseas
auapluod ybiy uewny woyy buipeo| JusLinu Buipnpu 1e3qey sapads 0] sty
Ve woJy swalshs [eiseod 0} 3o Auige sy bunjuy Mau Jo duabiaws pue
Aq parequadexe Aujiqesaun ‘SI9)eM Ueado
syndul jusiinu Buibeueyy ‘uofjedliiens sadueyud uoneinp paseanul ‘uoisuedxl T

uonIas
pue
191dey)

uonedYHUIP! s

Koy u1 @duapyuo)

st Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

219A3s Bu1aq YsH siy} 0

3)Nq113U0D PjNOM ey}

suonipuod Ayjiqessunp

EYETEY
Buiaq ysi sy} 0}

2INQLIU0D pInoMm ey}

suoi}ipuod ainsodx3

0s|e pue ‘sago.iw Huowe
Ajjeadss ‘wsijoqelsw
2100J3e JO Sa1el By}
saseanul bululepy

219135 Buiaq dsu sy}
0} 3)NQLIIUOD pjnoMm
Y} SUOI}IPUOD piezeH

woym o0y
pue ‘219A3S palapisuod aq
pinom ey sxuanbasuo)

uoibai
d1ydesboan

s1a1deyd |IDM
94V ul payiuapl
se ysi Aay|




Technical Summary Supplementary Material

Ananonpoud ydols

ur sabueyp oy buidepe
S3LIAYSI} [eDIBWWOD pue
'510S53.1)S deW|>-Uou
91eIA3||B 'SPOOYI[3AI| pue

swa1sAsoda
uo spedw punodwod jo

abewep
9ABM pUE UOISOJD [EISE0D
U0 3511 [9A3] B3S pUE SSO]

SUOI}IPUOD Mous/ad! Ul sabueyd
woJy Anful pue ‘sapunwwod
JO UOI}EXO[3I ‘SPOOYI[aAI|

spooyjan|

(uawsaube | s13Ip Ul YIys ‘aanpnaseyul | sysu ayy buiseanur ‘buiuiem |euoiypel} Jo ssof Buipnpul
901 B3S J0 173)40 pajesbajul J1121y [BUOILIPEL] JO
orzys ybiy '83uapIAS 1snqo.) [B30] Ul JUSWISIAUI Y Buiseasnul aie ‘wsunoy saniunwwod snouabipu| Joy UedQ dIY
'SaLIaYS!y [euonipes) 550] pue swa)sAsoda
aouapluod ybiy ‘sani[iqeded andsal pue sauaysi) ‘wnajonad $32UaNbasuod YUM ‘asii [aA3)
pue Bununy ‘janes) ajes 2121y Jo uonepesbaq
pue YdJeas padueyus ‘buiddiys ‘Buipnpul BUBNDaI SSaUYILL PUE ©35 0] pue 3| LIS |RUOSEDS JO
‘Bunisedaioy 831 awi}-|eal 'S3ILIAIIE [BIDIBLIWOD) PP PPIR P uordNpal 0} anp gam pooy ay}
JUB]XD 32| BBS Ul UOIIINPaY
pue panoidwi sapnppul ’ T 01 sabueyd pue 1eliqey Jo ss07
sanjunWwod snousbipu
pue |ed0] Joj suondo
ainpniselyul anjea-ybiy pue
S31INJU3Y BUIWOD 43N0 3SH sani bulpnpul ‘ssniunwwiod
uoIsos S3UI[210YS 3UO)SaW
s|an) eas se ajelql|inba uewny juddefpe pue ‘sjgal
pue bupooj} 01 adusl|isal pue JuawIpas-}os ul
0] 15E0) 3Y) MOJ|e 0} SpuE(s! a1 [B10D pUB S310YS JUSWIP3S-1J0S
SE9TYE Bupnpai pue sjejiqey [elseod J191empunolb Jo uonesiuljes saysiewy|es 1e}qey [e1Se0d
13pJ0 Ul ‘saulfaioys pue suoifai eyjap ‘sand Buipnpu ‘swalsks |e1seod jo
'STYE (quswaa.be Buipeibap bunissuibus JO pue ‘saulja10ys pue saydeaq J0 550| 0] 3np asu
JUBWIP3S 1JOS WO} Jeailal |BISROD UONEAS[3-MO| fuoeded aandepe Buipaadxe
YTvE by 'aduapina snqo) auljaioys pue sjuswdojanap JUBWIIP3S-1OS Ul UOISOID Apues |9A3] e3S pue Buipooyy
pabeuew pue sainseaw Apemiuied ‘suoiba [eiseod 9511 [9A3] B3S WOy Ja1empunolh
TTre oUBPHUOD YbIH [e1se0d ‘sayeaq Ajjenadss J0 ‘sjuana buiddopano Buipnpui WoJ} SaNIUNWWOod
anIaj04d ‘uonerdepe ul aundnasespul anjea-ybiy JO UOIESIUI[eS PUB UOISOId
VTYE 'S310Y$ JUBLIP3S-1J0S 01 aAem pue buipooj} jo 'UB3d0 |eISE0) |e15E0 0} YSIy
paseq-wajsAsoda spusjq pue uonejndod Buiseasnu ‘Buipool4 ainnuiselul
udde[pe SaUNWWOd pue Ruanss pue fouanbaiy ayy
1ey) Juswiabeuew ’ A9y Jo sso| pue ‘puey Jo ssoj
sa1}d ul Ayisuap Buiseanul Buiseainui asi [9A3] eI
3U0Z |e1SE0D BAIIROI] 'SJUBAS SWIAIIXD WOLY 3| JO
$50| apn|oul sedusnbasuo)
sjana| d1ydou) usamiaq
Isned ‘(ysty
I3WWOD JO
sbba “69) sainjesadway
191eM-W0110q 0} puodsal
spunoib yadap
1ey) swsiuebio uey) f131205 0} SIUIBS WRISASOID
Buiumeds ur Apejndrued 1€ SaAl| 1y} jo Wed puads
sajel Jayse} 1e Abojouayd panwi| buipiroid saunwwod
‘spJezey ajew||d-uou 1ey) sapads pue swa)sAsods
Buibueyp ase ainjesadws) [2AOU 3PNUI PINOM XSl
22Npal pue ‘sainniys abe d1Ypuaq Yum 1518316 SI Yjsi so1doay ayp SDINIRS WRIsAs08
(uowaaibe sueado apnine|-ybiy 92epNs 0} puodsal jeyy 219185 "sayyewsiw diydosy
pue zIs 3sIBAIP Ulelulew ‘saydrewsiw d1ydou) Jo4 Jo premajod
cyese ybiy ‘aouapine wnipaui) pue -piw o} puedxa uopuejdoifyd ay pue suoiseAul sapads ‘sajeds
‘s1aumeds d1ydeiboab *SPOOY|I[3AI] pUB BWOdU o} Ajurew 1ng walshs0ds ‘Ausianipolq
dUBPYUOd YbIH S13]eM 3DBHNS JaULIBA swsiuebiQ ‘sabpa abuel |euoibal 1e Ais1aAIpolq suLlew
uo aunssaid saLaysly salaysty uo duapuadap ‘Ue0 [eqO|D aulew [euoiBai 01 31y

uomIas
pue
191dey)

uonedyIuUdPI YsHU
£3) u1 3d>uapluo)

2onpal 0} Juswabeuew
paseq-wa1sAs0ds
Jo uonejuawa|duw|

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

yb1y pue uondwnsuod
yst ybiy yum suoifial uy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

(buipesj) premajod 1e
saads Ayuie-swiem
10} Aujigens 1exiqey
Buiseanur ‘sypuow
191002 Buunp Ajjepadsa
‘ued20 Jaddn ayy jo
1US]U0D Je3Y pasealdul
pue Buiwiem [euoibay

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

Jo uonesiuabowoy o0} buipes)
ABojouayd u sabueyd pue
sabuel sapads jo uoisuedxy

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-16



Technical Summary Supplementary Material

palapisuod
Aujigessuina pue
aInsodxa JI auaplL0d

190D 3DUBINSUI 0] SS3IL
paseainu] ‘SuolIpuod
paleja.-uole|eyul

ows 1o} aIedy}jeay

0} $sa20e panoidu|

Auadoud Joy

1302 3DUBINSUI JO UISAY
‘Bjows

0} aInsodxa Aq pajequadexs

seale auoid-aiy

uosesas

auypim

aup|im wouy Auadoid 0y

472 "9JIAPE UOIIeNJeAD a1y buo Jo/pue Jayieam £q padaye teak Jad ajdoad jo |eqo|D
wnipayy *(uoje piezey SuonIpuod yjeay bunsixs-aid ur buinij suonejndog abewep pue a)1| Jo 5507
pue sbuiutem Aj1es jo auy jo Aysusqu ybiy Jaquinu uj aseanu [enuelsgng
0] anp sabueyd Joj) *2U1p|Im 0] ainsodxad
uoisinoid Joj siomiau
oUBPHU0D YbiIH - |euosiad pione 0} sbujuiem
suofeslunwiwod bulpnpul
Aj1ea 01 ssadde Jo e
‘sanseawl Juswabeuew
a1yp|im panoidu|
J19A0D 3dUBINSUI O:
Lo Kuadoud Joy
$SD28 PIsealnu| ‘sal|Ide)
1903 3DURINSUI JO DUISAY
paIapisuod uoneyues fHuabiaws : fousnbayy ybiy
'spooj} buimoy|o4 pue
Aujiqesauina pue 1o uoisinoud panoidwi Y1m Jojpue apnyjubew
Burinp aseasip jo pooyay| Buipooyy Buipooyy
aInsodxa JI 82uaplL0d *3DIAPE U0I1eNIeAD sure|d lenuelsqns Aq sainseaw
472 paseasul o} buipes| 191 Aq padaye seak Jad |eqo|9 J9A1 wouy Auadoad 0y
wnipayy (uoje piezey pue sbuiuiem Apes jo suone|ndog uondajoud pooyy Jo
aduewsanob uoneyues a|doad uoljiw g | ueyy a0l abewep pue ay1| Jo s507
0 anp sabueyp Joj) uoisinoud Joj sxuomIau sjauueyp Janl o fpeded
1004 "spoo|} 0] ainsodxa
aouaplyuod ybiy suoneslunwiwod buipnpul Buipaadxa Smo|} JaALl Yeaqd
|euosiad pioae o} sbujuiem
‘sanseawl Juswabeuew
Aj1ea 01 ssadde Jo e
pooy} panoidu|
Bupyew-uoispap
Ul 82U3p/U0I MO| pue
suoipafoid ajewn)d [euoibas
2In)n} ul sanuIedUN
puewsap
WoJy dSLIE PNOD Jalle| (1e9A 1ad uosiad Jad sareMysaI)
InoIABY3( JAWNSUOD pue fupgejiene 193W 0} palinbai Junowe Buryuup 1o ainynoube
Y[ "aun}dNASelul I31em ' ’ JO (W 0001 uey) ssa)) Audieds
'Ly auapyuod ybiy | aimpniselyul uswabeuew 131em padnpai o} auoud uey} samo| Ajjerueisqns |eqo| 10} puewsp bunssw
1o uonejuswa|dwi pue J31em puoayp, bupusuadxs
J191em panoidw) seale ul buinl| suonejndod saljddns sa3em buipinoid 1ou saijddns Ja1emysai{
Buiuue|d ajenbapeul 1o a|doad uol|jiq | 1970
SMO} J3ALI UB3W [enuuy
aueusanob ayeudoiddeul
‘U1]23M JO S|aA3| MO| 0}
anp Jajemysaiy Alddns pue
1035 ‘abeuew o} Ayjige mo
191eM i Jordeyd
swoo|q [ebje
njwiey pue suaboyled SJUeUIWeIU0D
Inyey p # suaboyied |eigodiw Joy ybnoip L
JO UOND313P UONEO| JO UONRNWNIIEOI] pue
s1eliqey a|geyins buisea.nul aebje pue buipooy} ||ejutel
CT9E 10} s1osuas buidojansp ainsodxa ‘suaboyied
sl [9A3)] as Aq pajeqiadexs |njw.ey pue susboyyed Aneay ‘sabins wioys SIS WR)SAS0DD
‘(z 191deyd) ‘swayshs buiutem Ajea auliew Jo peaids ‘swoojq | suolbai [e}seod ’
9q Aew ‘pue| woyy uonnjjod [e1qo.diw Jo uonesayjoid | ‘SanemIeaY Se YINS ‘SLUSAd pue yeay uewny
SSANTII-9DD ouapHU0d YbiH pue Bunoyuow panoidui |ebje [njwuey jo fouanbaiy uo sndoj
u3LINU 0] pasodxa ale 10} SUONIPUOD 3|qeInoA.) d1eWID /I3Y1E3M WX Bundaye saseasip
'8TYE 1o} fypeded pue [spow pue 1ua)xa [ediydesbosb | ‘sueado |eqo|n
yd1ym pue ‘uondwnsuod Buife|dsip sease Jo Juaixa ‘3511 [9A3] B3S ‘BIXOUR palejai-ia1em Jo ysiy
‘LTYE annpipaid buidojanap Ul 3sealdu| 0} anp yyjeay :

uonIas
pue
191dey)

uonedYHUIP! s

Koy u1 @duapyuo)

'S91}IAIIR paseq-pue|
wouy uonnjjod Juatinu
Bupnpai sapnpui suondo

st Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

poojeas ybiy jo seale ul

219A3s Bu1aq YsH siy} 0
9INQLIIUO0D PINOM Jey)
suonipuod Ajjiqessujnp

3y} U1 asealdul [eqo|

EYEVER
Buiaq ysu siys 0}
9)NqLIU0d p|nom Jey}
suoi}ipuod ainsodx3

‘uopyediipe ‘Hujuiiem
UB320 3pNJaUI spiezey Aay

219135 Buiaq dsu sy}
0} 3)NQLIIUOD pjnoMm
Y} SUORIPUOD piezeH

uewny pue Awouods ‘wsLno}
‘Buluoisinoid pooy uo spedu

woym o0y
pue ‘219A3S palapisuod aq
pinom ey sxuanbasuo)

uoibai
d1ydesboan

s1a1deyd |IDM
94V ul payiuapl
se ysi Aay|

TSSM-17



Technical Summary Supplementary Material

*9|doad

seaJe ueqn ul Aejndied
‘dueusanoh Jood pue PIju0d
IAID U1IM Seale pue :sauoz
pooy} ul buial| spjoyasnoy

seale ueqgin

3WODUI-MO] 10} PO} SUODUI-MO] ‘SPOOYI[SAI| s9L1unod Bununis pooypjiyd ui aseasnu 1584UN |IAD
9SIDAIP 0} SS3L ASLUI 1o} uonpnpoud einynoube 251 DU DOO awodul-moj u 1ybnolp Jo ‘uondnisip [0S pue 1saiun pue sau3unod uondnisip |enos
. (iuawaaube wnipaw EEIVERS)] uo A[a1 1eY} SaLIUN0D pue 1o sdon wﬂmw Mmm ﬂ :M Buipooyj se yans syuana D 0} bulpes| Ajjenusaiod “0od AWOodUI-MO| PpUE 3S31UN [IAID JO YSU
o w N._.m 'aduspiAe wnipaw) | ulelb |euofeuldlul asealdul s1aanpoud Japjoy|lews 8,_, L \_> wors >m__ 0 [wa.Xa ajewl|) ‘suoibal 3y} uo 1289 ajeuorodoidsip josuoibas | Buipeased yum aberioys
2EELE 20UBPLUO WNIPIY ‘DUB|Isal pue !pooy Jo odsuely pue apes ._wbu__._“ru ‘ M 0 %w 4 19)seqpealq Jofew ssone yum ‘sdoud sjdeys Joy sayids auo.d-pooj} Pas} pue pooy d1uoIyd
Ayanpoud [eanynopbe | panwi ‘Loddns [epos panwi| : Lt suonipuod 1ybnoup pue ao1d ur buynsas sabeioys 10 pue ul 10 /pue Wi3}-Hoys
uo yoseasas Joddns yum ‘Ausnod jussisiad 183y Jawwns peaidsapipm paaj pue pooj peaidsapim Apepnoied
01 saDljod u Buinij esoyy sejnoied nq ‘leqo|9
ul ‘pooy uo juads Ajpbue)
SI 9UIODUI 3SOYM 350U}
1o} 1aybiy st Ayjiqessunp
uoninujew
pue fndas pooy
0 pajeal sysiy |
spanpoud waysAsods Jayjo pue aiqy ‘pood :g Jardey)
Swa)sAs0da Jajemysaly
S9Ipoq Jajemysaly
|B20] 123UU0) pue abiejud |essadsip 1ybnoup 03 auoud suoibal
uo Juapuadap swayshsods Swa)sAs0da Jajemuysal) Swa)sAs0da Jajemuysal)
[X2% 0UapPHU0d YbIH 0} ‘asn pue| uewny Jo sapads 1o} Ayeded Buniw| ul swayshsoda Jayemysaly |eqo|
1 suonipuod 1ybnoip ul sapads Jo ssoj [enueisqns ur Aysianipoiq pasnpay
|eAowal Jo ‘Juswabeuew adedspue| pajuawbely Jo uorpodoud abieq
ul 9seanul [enuelsqns
adedspue| anpy
SHI0MIBU UoNNGLISIP
Rypuaje Hudedw
uoidnpoid
sa2unos Ajddns Buipooyy paseanu] ‘suonels 9|doad
AB13ua Jo sadunos a|buls speduw
£B13u3 Jo uonedIISIBAIP abeiols Aianeq Jo saljddns Jamod [ewsayy jo buijood Jo s1aquinu abie| Bundaye
ey ouapyu0od Ybiy uo aduelja1 ybiy ‘buipooj} |eqo|o |ed16ojoupAy o3 anp
‘anpniseyur Ab1aus AB1aud aAeUIBYE JO DB Budnpai sainjesadway saijddns Abaus 01 uondnisip
0} auo.d seale uj s}asse saljddns AB1aua padnpay
JO DUBI|IS3I paseasdu| 191eM paseanu| juanbayy Jojpue peaidsapip
ainpnaselyul Abisug
uamodoipAy bundaye
SMOJ} WEeaL}s padnpay
Bununy
euonipe) 1o sapads dedw)
suonIpuod |euoRIpe: 1o} 52l (& ’ (uaydsohn Buipnjour)
9beInodsIp 1ey sjans| Auapi [eanynd yum a19ydsohn 1oy
921 pUB MOUS ‘I91eMm 0} 181em Ul sabueyd
vy 0uapHu0d YbIH 0} pabueyd smojjweans pajenosse £|daap Japeleyd suoibai pjod
syul| fnuapi [eanynd 0} anp aInnd jo
‘[9ARI} JO SUBSW [euOl}IpeL) |EIUBWUILOIAUD JO SSOT fjjeadsa)
Buons yum suonejndogd spadse panjen jo sso7
Hoddns 1ey} sjans) |eqo|9

uondas
pue

191dey)

uonedyIuUdPI YsHU
£3) u1 3d>uapluo)

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

MOJ3q padnpai 1 eas

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-18



Technical Summary Supplementary Material

uoijejndod awodul-mo|
10} Ss322€ POOJ ASLAU] 0}
yoddns |epos ‘a3ud pooy
40 A)ji1ejoA 3y} BsIwIUIW

sadud

SHNYy pue sajgelabian
'SPO0} Pa2INOS-|eWIUE

1yBramiano Jo Ayisaqo

Rusiangp

(uawza.be yoddns |e0os paywi| yum Jejnoiued ui ‘sadud pooy Kiejaip 03 ssad2e Jo $s0|
pInOM ey} SIAISS pooj 3|nejon Aq paldaye Buipnjpul ‘uonuinujew o}
vzrs ybiy 'aduspine wnipauw) ‘fuanod Jusisisiad ui asoyy pue Ajigejieae pooy |eqo|9 paleas-abueyd-ajewp
uonewlojul alewn) ale 9|doad swodul-mo| Buipes| pooj paseq [ea1ad aiow
DUIPIYU0D WP 10 13yb1y s Aujigessuinp 109}4e P|NOM 1By} SYPoYS 0} anp ‘Aysaqo Buipnpur
'ss0| uondnpoud Jo Jaquinu abie pue Aysianip Aieaip payiwi] i
newp Jsyo Aue Jo uonuINueW Jo sty
JEMESTIT] . ,
spooy} 1ybnoup 1esy
pInoMm Jey) sainseaw
uoneldepe jueis|o} ssans
sa|e1aban
pue s)nuy se yans spooy uonuINUeW JO SIBALIP
9SUBP JUBLIINU JUBLIND Buikpapun bunueyus fassaqo
Jo adualjisas/Auandnpoid sdnoib pasijeuibiew ‘SHnJy pue sajge1abian 52 uoiINU pue
Buipnjpul ‘uonuinujew Jo swioy
9seanu| 'spjoyasnoy J3Y30 pue U3IP|IYd ‘USWOM Buipnpui sdos Auew ui 15110 bue Bunsem Bununts Anjenb dou u sebueyd
vzLs Juawaaibe wnipaus awodul-moj Jo} Loddns ‘sa1uNWIWod snouabipuj uorisodwod pue Aysuap o p ’ Bun pajejau-ainiesadus) pue
aInsodxa [eqo|D 0 buipes| ‘uawom ueubaid |eqo|n
'S EYS 'a2UapINS 1sNqoY |e1>0S pue pooyI|aAl ‘lood uequn ay} ‘Aape sy} JuaLINU Ja}|e ‘saunjesadwa) e uaipiiup Ut Ateinoned -20) 01 anp Ajigejiene
pling pue swajshs apN|oul 3|geI3U|NA JS0W 18ybiy se yons sabueyd P wwﬂ_.“u :.o _mc_o r nu JUdLINUODIW pue
Buiwey Aysianip ‘bunes ay1 1nq ‘suonejndod ||y 21301GE B30 YUM ne| iy yieay 01 sty
pue y1|eay pauasiop
Ayyjeay arowoud yeyy 1ay3abo} ‘suorjenuaduod
sawweiboid uonerdepe 20D duaydsowne Jaybiy
pajesbajul apinold
yiesy
Kieyaip pue fyages
Pooj 01 pajejai sysiy °l|
$3141Un0d
w Ajpnnpadsas
111J9p-PO0) BWOIUI-MO|
sayp1ed puejul
0§ woly sswod anyded
: pooj | [eqoi6 Jo %SZ
Yslj pueju Jo %ey '9|doad
SYSU [eUOILANU pue Apsuayul (sanemieay 10} S3LIBYSI} pUB|UI UO JUBI[3) pue 9%/g
uol|jiw gg1 0} utzioud [ewiue fundas |euoniynu pue
(uawaasbe wmpaw | Aundes pooy buneiodiodul 'SwI01S ‘sauojdkd ‘spoojy) suoifal pue sarunuwwod uf Bunuasaidas
Kieyaip |y Jo fouajeninba ayy ’ pooy Buidaye ‘sausysly
78S '9IUBPING WNIPAUI) uonesnuoud abesn SJUIAS BWAIIXD pue 9|doad asoyy jo uopLInujew 's9113UN0d
apinoud ysiy puejuj “Aundes puejul 4o} 1jju0d abesn
20USPIUOD WNIPB 131eM Uo 3dueUIA0D eUONLIN bUE Uondwnsuos sabueyp uoneydpaid se pue Aundasul pooy ul aseasnul uedLyy
|eUOI}RU pUE |07 euohianu p W asea.nul ||Im ainsodxy abue| A|enusiod oy buipes) pue ueisy
uewny 19311p 10} SaLIBYSIY
S3LIBYSI) PueUI Ul BUIPAQ AWODU-MO|
pue|ul uo jueljas Apuaind
Jejnoed ug
S3141UN0D BWODUI-MO| Ul ”
nq ‘leqo;s

uoiIas
pue
191dey)

uonedYHUIP! s

K9y u1 @duapyuo)

s Bupnpai Joy
|enuajod 3saybiy yum
suonjdo uoneydepy

9|doad jo s1aquinu abieq

219A3s Bu1aq YsH siy} 0
2INqLIIU0D pjnom ey}
suonipuod Ajiqesauin

EYEVER
Buiaq ysu siys 0}
91NqLU0d pinom Jey}
suoi}ipuod ainsodx3

219nas bulag dysu siyx
0} 9}Nq113UOD PjNOM

Y} SUOIIPUOD piezeH

woym o0}

pue ‘313A3s paJapisuod aq

pinom 1ey) a>uanbasuo)

uoibai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se ysu £ay

TSSM-19



Technical Summary Supplementary Material

s|os] Apiuny

Buibueyd
sjewjue
padnpai Apealb yum pajdnod :
sa12ads 20159, a|ned Asenoied Ripwny 119y} Aq pasayns
(ruswaaibe wnipaw (apaed Apejndned) sjewiue Sasealnul
abueyp 1sjem o) ssadde "P03IS3AI| UO A[SAISURIXD yb1y yum ainyessdwsy ssal1s Jeay buiseanu
€T1S'TSS 'a0UapING WnipaL) pajesnsawop jo Aeded aunjesadwa} : ’
95eA.DUI 'S|PWIUE IO} Aja11eyy saidony prwny ayy yb1y suiquiod 1eyy spouad Aq papaye Ajsnouss
IUBPHUOD WNIPI annonpoudal pue Ayjiuay | abue| papadxe
6u1j0od Jo apeys apinoid ul sanunwiwod bujuwiey 196uoj pue wuanbayy alo siadaay Yoo1seAl| JO
‘uondnpoud :spooy|anl] Jo ss07 Yum suoibas
Spooy![salf 01 Xsty
pue soidosy
piwny
Jiom peaids pue
suolbay piwny ‘104 ul 10| skep sasealnul
Joopino buisiwiuiw oy siadaay Ayisuarui spiezey arewnd Aupiwny pue
noge| jeanynoube ul saseanu| ainjesadwa)
(1uawaaibe wnipauw saulyoew pue Abojouyay 30158AI| 1noge] [esnynoLbe Se $sa1)s 1eay 1siow 0} Kupiwny ybry yum aInjesadwsa) paseanul
's1eonpoud pooy ajeds-jlews | abie| papadxs
vzLs 'aduapINe Wnipau) 3]0Wa 0) 553278 pue Jo |enuew uo AjpAIsuaIxe pasodxa A|Buiseanul aq aunjesadws) yby suiquiod ue sisifeorsed Anoge L SUOIoL 0] anp siainoge|
USPLUOD WNIPBY Juswdo[aAs( "awodul Jo Ajpa1eyy saidony prwny ayy | fim sataunod [eaidosy Jood | 1eyy spousad Juanbaiy atop P 1 % w ) |eanynaube o} sysu
wuey Joy sa1douy piwny uj pue sdidon
$324n0S 3AljeUIR} e dpinoid u AjrenonJed ‘siayiom pooy[aAl| pue yjesH
spooyI[aAl| [eanyndube o sso7 piuny
0} spooyijanl| Ajisiang p|al} pue siainoge| [enuejy
10135 DIAIBS
wa1sAs023 pue pooj ayx
u ajdoad jo pooyjaal|
0] pajejal sysly
anpnaselul
fiayes pooy
abewep 1sanle 311wl 10
P 4 sapads pau
a2npai 0} saibojouyday ' Jpue suoibal
anenbe pajsaniey woyj
159Mey anosdwi pue auoid-pooj}
ssau||l [eunsajulonseh
1U3]U0D 3INJSIOW BINPaI o 9ARY PIYM
Ayiqess s1wouods pue suIx03odAw se yons
1ey1 suoiipuod uodsuesy UOIe|NWNIIEOIG JUBUIWEIUOD S3141UN0d
Ayunwwod buoddns pue spunoduwiod 31xo} ‘AyAne
pue abel0)s pooy SUOIJRIIURDUOD paseasnul pue ‘woo|q |ebje awodul- uoleuuweIu0d
(uawaa.be (K345 1awnsuod) syonpoud uabouyyed aseasnul pjnom
v'zls 'suonIpuod Jodsuely pue 70D duaydsowse |njuuiey ‘suaboyed jo Mo| pue jueinjjod Jo bujuosiod
ybiy "aduspine wnipauw) Buiodxa sialsantey | eyl suolpuod abeioys pue
LS abeios ‘suone|nbal A1ajes pue Aupiwny Jaybiy 9duajenasd paseanul ybnoayy S3LIBYSI) U0 poo} paleja.-a1ewi|d 0}
uapLyu0od Ybiy 3|eds-1abue ‘uleb Jlwouods | uondnpoid pood B1BYMas|e
pooj panoidw| ‘syeaiqino ‘ainesadwa) ul saseanu| OO} JO LOIRUIEIUOD 9duspuadap anp A1ajes pooy Jo sso7
Jlews pue uondwnsuod awoy sabepioys Aieyaip 0} anp
SNJIA |eunsajulonseb pue juenjjod Jo Buuosiod pooq ybiy yum
10} SJ9)SBAIRY B[EIS-|[PWS | SPOOj dijenbe palsaniey uo
uonediydonna oy buipes)| S314JUN0d
92Ue|[3J Paseanul ‘swoo|q
asouy} “Ba ‘swalshs dienbe i uelsy pue
|ebje |njuuiey jo Adixoy :
ul sindui pajenosse-pue| |eaidoy jo
pue uapidul paseanu|
ul uononpay Seale |e1se0d
ur ApejninJed
q ‘feqo|9

uondas
pue

191dey)

uonesyuspl ysu
K9 u1 d>uapyuo)

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suoiypuod Ayjiqesaujnp

EYETEN
Buiaq ysu siy3 0}
2INQL1IUOD pINOM ey}
suonipuod ainsodx3

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

woym 03

pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-20



Technical Summary Supplementary Material

Kessadau
3 |[IM UO[}IE dAI3||0D

(kepoy

©3s ay} woly uoisinoid
pooy [eqo|b padnpal 0} anp

3|doad uoljiw noge fwndasur pooy paseanur $92In053)
pue buipjing A&peded ‘|jim | 00 Inoge) i 1 PO0s P ootz spues|
G Jaydey) eomiod 1o [¢9p 12016 € Jn sanleusal|e aandnpoid ou s32.n0sal dnenbe jo Aq uolfjig 9 @sn Jo aseanap ous :m. s3enbe Jo Juswanow
ur31vid _ 0 1€3p q 9ABY PUE ‘UOHLINU PUB | "USIOM ||IM uoiteuabAxosp | uonNquIsIp pue aduepunge anjen payafoid) syuswanow lfews p 3y} woyy buisue
(1uawaaibe wnipaw ‘sajeas a|diynw Je suornde suoibal |e1se0d
DNIAOW Xog 3WOdUI 10} S3LBYSIY U0 pue uonedlyippe ‘Builiem Bundayje uoneusbhxosp payaafoid 01 anp spooyijanl| Jo PIuod Aiepunogsuen)
'a0UapING WnIpaul) pue ‘sawweiboid ‘sapijod |eidon
1Rdey) juapuadap Ajpbie| a1e oym |eqo|b se aseanu pue uonedyIpIe Ueado $507°(001Z Aq §'8dDY 4opun) pue ‘suoijejndod
2OUSPIUOD WNIPa)y | O WY BY) Ul SUONUBAIBIUI ‘3WOdUI-MO|
-$501) ‘spueys! [[ews Buipnpul M S|9A3] ainsodx] 40 spaya dnsibisufs pue saads Jo 9,0t Huiso| suoibai 1uapuadap-sauaysly
'6'6'T8 yonoip 212wl bulbueyd 'S3L1JUN0J BIODUI-MO] JO ‘Bulwiem Jarem Jayun. edidosy yum * a9 Ul 9193 3sou 10} pooyianl] jo
6'G 78S 0} puodsai o} fypede [l 1-MO] § ! ) yung [ea1dos Ym ‘001z Aq %St 1nq ‘eqopo } POOYI[RAI] 4
suoibai |eyseod wouy ajdoad 01 dn asea.nap 0} paydafoid sso| 1abuny Jo ysiy
puedxa Ajjenuelsqns ued :
10} 159yb1y s1 Aujigessuinp $32.n0sa. auliew Buial| jo
Juswabeuew saaysy
lenuajod ygied |euonen
sapl|spue|/butpooly
wouy spedwi 3dnpal 0} SJUBAS JuanbaluI B19N8S
a|gelAun £jjeaiwouoda
JUBWUOIIAUR P|iNg BY} JO 10} Apremipied ‘A1an0dal ain)noenbe
sa|eds |euoibal pue awod3q Aew suonejueld du
uondepe pue (Ansaiojoibe pue uoneydepe Joj Joddns [BISE0D pUE AU
1eqo|b uo sapads dnenbe ab.e| pue bulpjoy|lews ylog
"69) swaysAs Huiddon |UORNIASUI JUSDIYNSUI YUM sa]els pueys Apreimoned ‘uononpoud
(uswaalbe patjisuaiul buiwodaq JO 1elIgRY 3]geNNS pue ‘uopnpoud ainynoenbe Jo
£€6'G JUBI|IS] ‘BdUBINSUI Wiey | Seale Ul pue ‘SpooyI[aAl| sy} Buik|-mo| | pooj 150 uo Aja1 1ey)
b1y 'a2uapins 1snqo.) SWLI0}S pUe Sl [aA3)] BS 22uepunge ‘uonnquisip S3LIBYSI} Ul UOIINPaI JO }|NSal
7’86 T8 'suonje|ndod pajdaye Joj wisuno} pue synpoid pue ‘suoibai 950U} pUe SaIUNWIWIOd
auaplyuod ybiy Ynm aseainul [|1m ainsodx3 spedwn ‘vonendpaid © Se ‘S91|uNWWod [e}Seod
JO UOIEIOJ3. B1EI|IDB) onenbe uo Ajabue buifjal |e1se0) [e15E0D pUE pUElS!
pasayje ‘sainesadwa) [eanu Ajuiew ul ainpniselul
uoiaj01d [e3seod djuabolq s3]doag snouabipuy Jo} 0] 50| SWOdU| pue
19ybiy ‘asu [an9] eas pidey J0 sso| pue spedwi '
asealnul ‘saiads Jual|isal pue seaje |ens ul 1saybiy sabepioys pooy Jo iy
awodu| ‘sabeyioys pooq
Jo ainyndenbe 0} suoibas si Ajigesauna [e1seod
Buif|-mo| paidajje 1aAu0)
SPOOYI|9AI| dAIEUIBYE
J13}40 0} sidnpoud sdnoib pasijeuibiew splezey
3123} JO UaIP|Iyd Jo. 13410 pue ualp|iyd ‘Usom ajew!|d asay} o} pasodxa
Ppa1ajje Jo ualpjiyd 1o} Yo p Pty 1ewi]> 3saly) 01 p aBueyp ajewp o)
sanunyoddo [euonesnpa ‘syasse [eulbiew yum 9|doad a|qesaulna jo anD saBUBl> Uoneldnaid S} UNWWOd soidon-lwas | sanunwwod snoudbipu)
s (1uawaaibe wnipaw anoudwi ‘spjoyasnoy s19onpoud ‘sanunwwiod | sisquinu Jaealb o} buipes| v:m mw_:;m_w a.uc w. wc_m: [BANI Ul SP|OY3SNOY SWOIUI-MO| pue soidouy ut Buipnpul ‘saiunwwod
. m N._.m 'adU3pING WNIpaLL) awodul-moj 1o} Loddns snouabipu| ‘Aiap|e ayr 'S311)UN0Y BWIOJUI-3|PPIW cM .mw_._mu_”h_,_ cmym o.o. pue s1npoid pooj 8eds-||ews | S3LIUN0D AWOD ainjndenbe pue buiysy
£6s'es IUBPYUOD WINIPI |BI20S pUE pooy||a. 'S91JUN0D AWODUI-3|PPIW pue -moj ui Ajuewnd _u.m 6ol .mmgh_m « ﬂw>_“ Jo uoneibiw peaidsapim pue -ul-wnipaw ‘Buuiey 1apjoy|jews
pling pue swajsAs pue -moj ul Ajjeadsa ‘sjpna] Auanod ybiy HONOIP 52 1pNS =} spooyl[anl| [eanJ jo asdejj0) pue -mo ul Spooy|anl| 03 3ty

uonIas
pue
19deyd

uonedYHUIP! s

Koy u1 @duapyuo)

Buiw.ey Aysiaaip 1eyy
sawweiboud uonerdepe
pajeiBayul apinoid

st Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

5192npo.d pooy ajeds-||lews
10} 12yb1y s Ayjigessuinp

219A3s Bu1aq YsH siy} 0
9INQLIIUO0D PINOM Jey)
suonipuod Ajjiqessujnp

AjaAnejal pue soweuhp
uone|ndod panupuo)

EYEVER
Buiaq ysu siys 0}
9)NqLIU0d p|nom Jey}
suoi}ipuod ainsodx3

CIIENNC] wcw:_uwt QIO

219135 Buiaq dsu sy}
0} 3)NQLIIUOD pjnoMm
Y} SUOI}IPUOD piezeH

woym o0}
pue ‘313A3s paIapIsuod aq
pinom jeyj adusnbasuo)

uoibai
d1ydesboan

s1a1deyd |IDM
94V ul payiuapl
se ysi Aay|

TSSM-21



SUOISSIWa DHO
Bupnpai uo sndoj Aj9|os
s19onpoud ajeds-|jews pue pooj jo
swialshs 1ey; sapijod pajejas
saabnyai ‘ualp|iyd ‘usaiom uoi1es||in pue ssaxne
(Juswaasbe | pooy pue Spooyl|aAl| 3|qeIn sdnoib uonebiw-ajewi
VELs ‘safyoulw snoibijal pue ‘fyjenb uasiom Jo aioubi
ybuy 'aduspina 3snqo.) uoddns yiym saydeosdde 3|eJau|NA 10} uonLInujew |eqo|9 wouj uonUInuew
‘TELS o1uyss ‘sdnolb snouabipul Jey} (uondnpoud sjanyoiq
auaplyuod ybiy uoneldepe wa)sAsods pue Ayuundasul pooy pasea.nu| pue fundasul
'Sp|OYasNOY BUIODUI-MO| "6r8) abueyd ajewp o1
paseq-fiunwuia oddng 10} 153yb1y Ajigessun, 91e[21 suoisap Ad1jo poo} paseaioul o3
} 35941y AjigesaulnA paiej 1sD3p Mljod anp Buiag-om
pue yjeay o3 sty
sysu
paieja.-foijod-ajew) A
uonediydonna “69) SYIYs
(uoneotydon ) i uonebiyw seb asnoyusaih
swaisAs dnenbe sabueyd asn puej |e1se0d Aunonpoid Aewnd pue swaisAs dnenbe ul
(uaurza.be pue Buluoisinoid pooy se seale [e}se0d
ojul synduj [e1salR] JO | pue (uoie)salojap anolbuew uonnquisip ‘Abojousyd uonensanbas uoged ul
€6'G'SGE yb1y 'aduspine wnipauw) 2Nns SIAIRS Wa)sAs0da Jo Ajjeradsa
Juawabeuew ‘sjeyqey "£°3) uoled1yIpOW JeYqeY Buneasn uoneuabAxoap uordNpaJ pue saulpPap
dUBPHU0d YbIH s50] ‘s193u1bud WaysAsods ul 1eqo|n
>luabolq Jo uonensasald |e1se0d ybnouyy paseasdul ) Kusianipoiq o ysiy
suondNpal ‘suonduNXe sadads
Jayuny aq ||im Ajiqesaulnp ‘Bulwiem Jarem Jayung
Ansaioj0.ibe *ABojodsoibe
‘a1ny|ndLibe uoreAasuod fapeded uonebiiw
B9 'spooyanl| pue Bupamoyy se yans syuana seb asnoyuaalb pue ‘spnpoid seale
POOUIISA P papesbap Ajybiy ’ 1 S€ 4ans 53 4 pue sonp SwaysAs [eL1salIR}
uondnpouid pooy se |e2160jolq ul syIys pue wia1sAs023 Jay10 pue aiqly apniel-ybiy
(uawaa.be wnipaw fpeaule si j10s 1o siojeuljjod ul siojeul|jod pue yijeay
||9M se uoljessanbas uoneydnaid ur Ayjigetien ‘sdo1d jo uondnpoud bupnpas pue seale
vOLS'EY'S '9IUBPING WNIPa) Ma} 63 ‘moj Apeaie sadines ]10S Se UdNS SAdIAIBS
uoged |10S se yans 1912316 ‘saulp|IM alow Ajjenuajod ‘yyeay j1os poddns puejfip
IUBPIUOD WNIPI wa)sAs02d asaym seale Bujuorsinoid wayshsods
S3IAIBS WYsAs0da pue ‘syybnoup Jalloy asned 1ey) swsiueBiooniw pue Ajlenadsa
ursaybuy si Aujigqessunp Ul 3UI3P 3IBAIS JO KsIY
Kusianipoiq poddns yiym ued Bujuuem [enueisgns Janew djuebio |10s ‘siojeul|jod ‘leqo|
saypeoidde uonejdepe uo spedwi anehan
walsAsod9 poddng
S3DIIS
wid)sAs029 01 SYSIY Al

Technical Summary Supplementary Material

EYETEN
Buiaq ysu siy3 0}
2INQL1IUOD pINOM ey}
suonipuod ainsodx3

uoi9s dsu bupnpal Joy
pue

219A3s bulaq ysii siy1 0}
9INqL3U0d pnoMm ey}
suoipuod Aujiqessujnp

219nas bulag ysu siyx woym 03
0} 2INQLIIUOD P|NOM  pUE ‘2IDA3S PAIIPISUOD 3q
1By} SUOIIPUOD pIeZEH  PInom ey} 3duanbasuo)

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

uoifai
d1ydesboan

uonedRUIP! s

£3y u1 3du3pyU0) enuaiod 3sayby ym

191dey) suondo uoneydepy

TSSM-22



Technical Summary Supplementary Material

(€°€'9 uondas)

uordNPal ysU pooyy
Buipinoid Joy aAndaye
1502 pue 3|qIxa|} diow g
UD INNIISEIUI USAID
(z€'7'9 uondas)

19 ‘'wa)shs abeulelp
uegin ajqeurelsns
‘Juswabeuew Ja1eMWI0lS

(z€'T9 uondas) suonn|os
abeulelp uf JuswWlSaAUL AR

(Z°€7°9 uondas) sjjem
ooy} pue syuswUeqd
Se Uans ainpniiselul Jo

Jae| pue J4sjem uiejal

Jey) seale ojul seale
UeQN JO JUBWYIROIDUD
Aq yroq pajeqiadexa s

(T€'79 uonas)
aduapisqns puej [enuajod
pue asu [9A9] e3S
wiay-buo| Aq pajeqiadexs
le UDIYM ‘SpoOjj [BIAN}

(2°£°7°9 U0I123S) SBUOZ |LISLOD
UOI}RA33-MO| Ul pa}edo| 350y}
Ajlenadsa ‘sand [eIseod ulyIm

Swols

(uawaalbe se (ons swayshs ueqin ‘uone|ndod ueqn [e1seod jo |e15e0>
[£p)) Buipooy4 ‘suoibai |e1se0d pue |eiand 0} bunnguyuod ysu yby Apepnopued ‘suane 21935 pue buipooj}
by *aduapina snqo) 39|qeJBUINA OJUN XSI | SUOIJBILUSDUOD PIsea.dUl pue ul yysu Jaybiy
'€'9'79 sauopfo [eaidosy pue pooj} woyy sed1ds pue (sjued o ' wouy abewep Jo ysu 18
'9auapHU0d YbiH pasnpai ybnoayy panoidui 'S128)J3 99A3| WEBIISUMOP nq ‘leqo|9
e yum susaned SJUBAS JYIBIM BIBNIS 1amod pue ‘syiomiau Jodsuesy aInjoniselyul uegqun
3q Ue SIY1-513)eMpo0|} ‘ainpnaseljul anndalold
uonesiuequn pajdafoid pue woJj (Z'€'7°9 UoiAS) ‘sbuip|ing “69) ainyaniseljul
pue -wuo}s a1e|nbas pue Jo adueusjutew Ajso)
‘so1ydesbowap buibueyd uoneydidaid awanxs jo ueqin A3y o1 abeweq
uoi1re104d pooj} adueyu
‘amoib uonejndod Aq Ausuayul pue fHuanbaiy
0} 3 abuods ui 63
UBALIP ‘seale uequn ul ul asealnul [enuelsqng
'suolyn|os paseq-ainjeu
KpenonJed ‘ainsodxa
‘suonyejndod a|qesaujna
ul saseanu; abieq
3dnpai 0} (dSY)
uoi}I9}014 [e120S 3Andepy
'swayshs buiuiem Aeg
(1°€'€79 uondas) (L°€'7°9 uondas)
Buiuaaib ueqin yoe| uojelodens ueqin
padnpal pue ases|al
ur bugueid a8 1eay djuabodouyue
(1'€'7'9 U0 'saInydNI)S UegIn Jo
(1'€'7°9 uomdas) (1'6-7°9 UoRas) 1edy 1ONS UBqUn §
fpudape Ajjenadss ) fypeded jeay paseasoul
01 ainsodxa yim suonednddo (1°€'7°9 uoias) Apiwny
‘sa1|1n ybnouy) syuspisal pue sainesadws) buis! (1°€'2°9 uonoas) 1eay
pue buisnoy s1enbapeu| pue 1e3y awanxs Jo
UO 53115 JIWOU0ID S537 U33M}3Q UONR[SLI0) 01 bunoA sy Jo Aujigesaupna (L'€'z'9 uon
(1°€°7'9 uondas) 2INJXIW € JO UONRIIUDUOD)
‘suone|ndod Dol UeYL ‘uonyendod Apape ul Ayjepow -296) sand
(uswaa.be ‘swashs yjeay d1gnd (1°€'2°9 uo2as)
9|qelau|nA Jsou o} alow Aq ainessdway pue sysu yeay paseanu| [eaidosy pue 1e3Y pasea.nul
€979 ybuy 'aduaping 1snqo.) ul spuswianosduil senbapeut 'S1D9Y43 puelsi 1eay
swaysAs yijeay d1yqnd o3 Jle 2eNS UBSW [ENUUE : ‘abueyd d1esadwsay ul woJy uonejndod o3 ysiy
‘aduaplyuod ybiy pue ‘Buiuoinipuod Jie Jo 1503 uegin £q pajeqiadexs
ss92€ Japeouq ‘sbulp|ing S35EA.DUI UONESIUBGIN )W pue uonesiuegn ysu saybiy
Buiseanul pue uonensuad 'SJUDAD 183U WIIXD JO
ul buruonipuod adeds ‘suiaped woJy SJuans Aypiquow pue 1nq [eqo|9

padueyu (|"€'€'9 UOHIIS)
suap.eb Aunwwod !sjoo.
uaalb !s1502 ABIaus Jamo|
‘Bupeys ‘uoneiahan
‘sa|eds |eneds ajdnjnw

1e f1auaaib uequn "6
'suorn|os paseq-ainjeN

mos ‘Auanod juasisiad oy
lenuajod ‘suonejndod burabe
woyy sd1ydesbowsp buibueyd

uonesiueqin pajafoid

pue ‘soiydeibowap
Buibueyd ‘yimoib
uone|ndod Aq uanup

(£'2°9 uondaS) ‘sease uegun
ur ApejnonJed ‘aansodxa

uj saseanul abieq

uoijeanp pue fouanbaiy
Ul 9seanul [enuelsgns

Kyjevow ‘ssans 1eay pasealdu|

uonIas
pue
19deyd

uonedYHUIP! s

Koy u1 @duapyuo)

st Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

219A3s Bu1aq YsH siy} 0
9INQLIIUO0D PINOM Jey)
suoipuod Ayjigesaujnp

©as oy} g suawis11as pue sai) :aded Jaxdey)-sso) ‘aunpdnaysesyul £33 pue syuawaes ‘sani) 9 Jardey)

EYEVER
Buiaq ysu siys 0}
9)NqLIU0d p|nom Jey}
suoi}ipuod ainsodx3

219nas bulaq dysu siyp
0} 9}Nq113UOD PjNOM

Y} SUOI}IPUOD piezeH

woym o0}
pue ‘313A3s paIapIsuod aq
pinom jeyj adusnbasuo)

uoibai
d1ydesboan

s1a1deyd |IDM
94V ul payiuapl
se ysi Aay|

TSSM-23



Technical Summary Supplementary Material

(Z'€£7€'9 UoIIIAS) SHyauaq
uoneydepe asiwixew

pue Jaew axended
2npaJ 0} |enuajod
uonisodap ueinjjod ybiy
pue suoissiwa uabia|je
MO 'suolissiwa (DOA)
punoduwod d1ueb.o 3|iejon

(v"€'7°9 uondas) 61-AIN0D
woyy sapijod JayRYs-ul-Aes
pue seaJe ueqin-xa

(€79 UonIaS) [0U0D
SUOISSIL 10}
suone|nbas yeam yum
pauiquod Abiaua Jo}

(7'€7°9 uondas)
SUOIBJIUBUOD G ZINd Ul
9sealdul paydadxe ajedipul
suonIpuod [e160j010a}aW
Jo fouanbauy 1oy suoidafold
“241yp[Im pue sybnoip wouy
Buisue sysu punoduwod
9I9A3S 10} [B1URI04

ainsodxa
auozo >uaydsodoi pue
(S'TNd) 1e1ewep uwr g7 s

elsy 1se3 pue

MO| Y1IM SI3LLIeq pale1ahan SUOISSIWD 1583 3|pPIN
(puowaaibe wnipaw ‘puimdn woyy syueinjjod jo puewsp pue sussed Japew ajejndiued wouy buisue
10 S3J} Ul asealnu| (Buiuing ssewolq pue ) 3y} ‘elsy yinos
€979 '9IUBPING WNIPAUI) uondanpe ‘Auanod juisisiad uonesiueqn payafoid ‘suoje|ndod uequn sjqesaujna u aunsodxa uonnjjod
‘syuawanoidwi ‘1SNP UMO|QPUIM ‘S)Sa10} ‘eduy ul
aouapluod ybiy 1o} [enuajod ‘ssau|! ‘so1ydesbowsp buibueyd SpJEMO} SA1IPIGIOW-0) pue 11e wouy SYSU yieay
fujenb aie yum syyausg-0d "6'9) 21uaboiq pue pa1edo| sand
Kiojendsal 01 s|qesaujna ‘tpmolb uonejndod Aq sassau||l pajejai-Aiorelidsas
ul Bunnsal sjo.1u0d (592n0s [e1RUBPISAI pue ul ‘leqo|n
suonejndod buiabe o UDALIP ‘Seale uequn ui } woly syuana Alpigiow
SUOISSIWa DHO paseasnul [eI243WWOD pue ‘jany jo
BunoA jo uoiuodoid ybiH Apenonued ‘ainsodxe pue Ayijeniow pasealdu|
pue ‘suoie|nfal suolssIwa Buiuing Joopul ‘saLnsnpul
ul saseanul abie
19115 “69 ‘s|ouod 9b1e| ‘uonessuab Jamod
uonnjjod Jie ui JusWISIAUI 21129]9 ‘uoljeliodsuesy
‘san1d buidojansp "6'9) 21usbodoiyjue
Aipides ur Ayjenb Jie jo woyy syuenjjod jo
Bunoyuow padueyug SUOISSIWR Paseaunu|
e (€°€'7°9 uondas)
(€°€'7°9 uondas)
SYSU [euolippe 0}
Ysu 3ybnoup 0} pasodxa aq
21NqLIU0D (3SN Jo1eMm
(€°€'7°9 UoaS) suoihal os|e Aew 1eyy sajedo| Aq
Jo susaned buibueyd
US9M]B( S3DIN0SBI Jajem $32.N0Sal Jajem papiodul (€'€7'9 uondas) Jarempunoib
pue ‘sa11d 0} uoijelBiw
J0 Jyauaq [ennw Buug o} uo juapuadap Ajbuiseanul DRI painjjod Buisn usym syst
SUOIJBUL0JB|3) [B1D0S pue (€7€'7'9 uoIIS) 3Je SJUBWBINAS so55301d ,“*ozmm_:um __: U3|eay [eIUBILOIIAUD Paseaiu| (e1jensny
|ea1sAyd |eiyauaq alo|y Juswabeurw 22in0sal Jjem *(£7€°7°9 U0IaS) ™ 6o m.ﬁ : m:m_ ‘(€'€'7'9 uonas) sybnoip ‘esu4y yinos
(uawaa.be '9]qe|leAe Jaiem jo Aujenb ENBEITEN R VETRTITEN]] sybnoup ysey} Aq pasodxa ul e m_._.:EMH*m QE.“.M 219125 Wouy A}1eds Jajem o} ‘adong “6-3) sybnoip
€9'79 ybuy 'aduapIna 3snqo.) pue ‘s101285 lWouoda Asy 0s|e s| ainynJiselyul _wE_EﬂV S1anUp 31ew pasodxa aq ||Im seale uegin ‘ainsodxa uegin 0} aInsodxa
oUBPHU0d YbiIH 92IN0SB JBJeM JaYiag pue uonelbiw-ur woy 191em passaulbus Jo o1em ::.owm . xw ur Buinl ajdoad ‘s)uswaIes 1ybnoip ybiy wouy ysu 1e uonejndog
‘I91eM 0] $Sa20e 3|qelinba suonendod uegin wouy suopenw] ‘susaned e Mw W o mmow E«o_ awodul-mo| pue suonejndod | yum suoibai ul
‘saanpead pue Y1y Jo puewap Jojem J3jealn | uonesiuecun papafoid pue E 1% . 9|qeIBUINA 0} SBDIN0SAI Jajem pa1ed0| 31D

uondas
pue

191dey)

uonedyIuUdPI YsHU
£3) u1 3d>uapluo)

uoijelodiodul apnpul eyl
salbajes Juswabeuew
apis Ajddns pue puewsq

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

so1ydesbowsap buibueyd
‘yamoib uonejndod Aq
U3ALIp ‘seale ueqn ul
Aprejnoiued ‘ainsodxa
ul saseasnu] abie]

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

32U3pISgns pue| pue
‘spezey anemieay

yum papunodwod
Ajlenuarod suans 1ybnoip
pabuojoid pue jusnbaiy
alow }o suondafoig

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

0} $S322€ PAlLIISal pue ‘seale
ueqan ul wwmmtosm 191ep\

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-24



Technical Summary Supplementary Material

SapINdAsUl JO
afiesn punos ‘syeaiqino jo
1013u0d Julof 13PI0G-S501)
'S3seasIp SUI0g-10103A

1008}
|BANOIARYSQ ‘DdUE)SIS3I

uonesiuegin
pue Ayjiqow uonejndod

(u8ydsIwaH uBYLON
‘suleyunow ‘sand "“6°a) seale

Jo wayshs Bujuiem-Ajea fypiwny SI MBU Ul pue Seale JJWIpud
(uawoaaube wnipaw 3pId112asul ‘suonIpuod ‘uonesijeqolb ‘suonejndod
O JuBWYSI|qeISa By ) Jo/pue uoneydpaid ul ‘saseasip aulog-oynbsou ERITETSIRIV]
VL'l '9IUBPING WNIPAU) aualbAy Jood ‘Auianod oynbsow pue uewny uf BISY pUB BIL}Y
'3|qRJ3UINA 1S0W B} 0} ‘aumesadwsa) abesane 1310 pue anbuap ‘eliejew se 9UI0Q-I01I9A
IUBPHYUOD WNIPIN ‘uonajoud pjoyasnoy amoib Ag uaaLp sio}daA
wisAs yyjeay d1jgnd o} ul aseanul [elueisqng U2NS $3583SIP UI0Q-I01I3A
pue [euosiad aAIRYaUI olnbsow 01 ainsodxa
53208 J9pR0Ig "SSauaJeme , aAlejuasaldal awos Jo
'9UIDIBA BAIIBYD JO DB uewny ui saseanu) abieq
uoipe104d-J|3s pue 2UIPIdUI Y] Ul sEAIU|
Ipuod uoneyues
19189 ‘Buisnoy panosdu|
3]qeJaUINA 150W Y} 4o}
swaysAs yijeay d1yqnd o} apisino buryiom fueviow
Ss922e J9)1aq pue plezey sainseaw uoneldepe 9|doad jo siaquinu abie| SR 1
(QAD) asessip Jejndsenolpied
jeay jo bulpuelsiepun | juawsajdwi 0} Aydeded jo yoe| 91e 219y} AIBYM Seale pueysi yeay uegin Aq
pue saseasip Aiojelidsas suoibal
(quswaa.be Japeoig ‘Buiuonipuod | ‘sanipigowod paleiosse pue | [esnynoube ul aseanul jim Pa1egUadEXD 3q ||IM 13y
JO){S1 pasealnu] 'siayIom apnie|-piw Aupigiow pue
vLEL ybiy 'aouapins 3snqo.) adeds |ed1ueydaw 0} S3]9eIp Se UdNS SUOIHpU0d ainsodx3 ‘uonesiueqin a13ym sand ul Ajjenadss
3pISING JOJ pue S3J11U3D Uegun | 01 -Mo| Ajulew Aujeviow pajejai-1esy
auaplyuod ybiy 53208 3ARY [[IM |[© 10U U}[eay JaY30 YUM 350y} Jo pue yimoib uonejndod 'SJUSAD 1B3Y SWIIIXS JO
ul Ajjenadss ‘sajes Aupiqiow ng ‘leqo|n
1eyy buibpajmoue pue ‘Aiap|e pue bunoA Aian Aq uanup ‘sease ueqin uojeinp pue fuanbaly Ue AueLOW PIIEI1ed
swaysks buljood anissed 10 Jaquinu 3y} Ul SaseaDU| ur Apejmned ‘ainsodxe ul aseanul [enuelsgng P 1 pase 4
, u aseanul [enueisqng
ubisap ueqin pue ul saseanul abie]
Buipjing panoidw)
sa1junwwod Jo ainaniys buibueyd ayy pue buisg-jjam ‘yijesy :z 191deyd
(9’7" €79 U0IIS) $32IN0S3)
191em Jo Juswabeuew
pue Buiunodde panoidui (8°G'Z'9 UonIAS)
‘3dual|1sal a1ewp jo SHI0MIBU BININIISeIHUL
(€°€°7°9 uondas)
sainseaw Jo uoijelbajul 19Mas Jo bupyolq pue
(8'G'7’9 uo1IAS) sjueinjjod pue susboyyed
‘bujuueid anndepy uo|3eIuBIU0 Jueinjod
||ejutes ybly wouy 3duepasdXe 9]e1)UAIUOD pue ‘Ajuijes (9'°€79 uondas) pajgesip 1o | iayem pajnjjod
(9’7" €'9 U0IIS) 95ea.2Ul ‘U0I1LIUBWIPIS
foeded pue abewep jo 9SeADUI UBD SIDAL ‘Aap|e ay3 ‘usIp|IYd ‘Uswom ul bunnsai
(uawaaibe wnipau 2INJONIISLIYUI JIMIS Ul 0] pes| ued ybnoip 311D Ul uoljeyues
s , sl 1e aJe Juswabeuew 191BMYS31} 0} JJouni SS9 Se yans s1asn Jo Ajiqessu|np aInsodxa
€9'79 9IUBPING WNIPAUI) abexpojq budnpal se woJy Smof} moT ‘susayied pue ainsodxa uonnjjod
J191em pooyy yum pajdnod '3|qe|iene Jajem jo Aijenb *(€°€°7°9 UonIBS) Jarempunoih 1ybnoip ybiy

uoidas
pue
191dey)

ouaplu0d ybiH

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

ans Juswabeuew ande
ybnoiy} ainpnAsesul
UOI}R}IUBS UO SPOOJ} JO
spedw bupnpay ‘suoneis
Buidwnd !syueid yuswiean
191EMBISEM !SUOIIIRS
J191em paje|nbal-jlam

Ul JUSWISIAU|

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

swa)sAs uonejues
"aInpniselul aA301d
0 ueudjutew Apso)

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suonipuod Ayjiqesauinp

uonesiuequn pajafoid pue
saydesbowsap buibueyd
‘amoib uonejndod Aq
UDALIP ‘seale ueqin ul
Aprejnoiued ‘ainsodxa

ul saseanul abieq

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

3y} satedw syybnoup wouy
abelo)s pue youn. uf
sabueyp pue uopeydpaid
|euoibai paseanaq

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

painjjod Buisn usym syst
U[e3Y [EIUBLULOIIAUD PaSeadU|

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

Y1m suoibas up
pa1ed0] SANHD

uoibai
d1ydesboan

12]EM WOy SYSU Y)[eaH

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-25



Technical Summary Supplementary Material

swsjueydaw uopdajoid
|B120S ‘S3DIAIS Bjew|d
‘fyjenba sapuab ‘uoiieyues
pue Jajem ‘yyjeay pjiyd

sisijeloysed pue siauuiey
13P|OY)|[eWsS BWODUI-MOT
'SEDIAIBS U)[eay pue

(uwnjod Ayjigesau|na
995) uonesijeulbiew pue

SIDIAIBS UONLINU ‘SWid)sAS e|uea’Q
pue |euialew ‘Uswom ’ ' uonediIpne Kujenbaur sayeaib Jayns jeyy ’
uondajoud [e120S aANdaYBUI ‘ueaqque)
pue spib Jo} uonesnpa pue Bujuiem ueado pue sdnoub o0y ybiy Ajjeadsa
‘Juawido|aAap dIWou0dd uonianu pue fundas ‘ed1BWY pooy Ayyjeay
panoidwj ‘sdnoib ‘JyBnop ‘sawaIxa pue SYSIY *(SDIINT) $euunod
(quswaa.be Mo|s wouy Ayjiqessuna o} pooy uo speduwi ajewip unet ‘eisy 40 150D pasealul
. 611 '22u8apING 1snqo.) pasijeutbiew buinonu SUOIINGLIUOD [BUOIH £q papaye Apenoied sabuep uoneydiaud pue Ll R o s .mmw Lo ue Ayjiqe _m>m.
g gl & 9 dueusanob anisnpu| Hnat |euORIPPY q Papaye feimi ainjesadwsay buipnpul suoijendod awodul-mo| uo R P qel
a0uaplyu0d ybiy 'S|9A3] UOIEINPS MO| YM S19)iew pue seale ul ‘eISy/ yinog POO} Ul BuI3p 0}
‘swaysAs uondayoud ‘p[aIA SaUBYSIY 10 X201S9A spedwi 219§ “Alijenow
10 ‘sdnoib pasijeuibiew 3|doad Jo siaquinu abue ‘eLy Ul
[e120S pue y1|eay ‘pooy ‘dou> ul suondnpal 0} pue Aypicuow pajejai-1aip A
Ul 121)Ju0d JUIOIA IO sysu Jajealh
Buipnjpur ‘Juswabeuew Buipes| sebueyd ajew)) pue Hununys 48buny jo
Kuanod o3 13lgns ajdoad Y1m ‘leqo|n
Juoidnpal sk Jalsesip sl 1e ajdoad [euonippe
ue uoneldepe SRR [ 0 J3quinu [erue}sgn:
P ' P ‘(Awjenbauj sapuab buipnp! 1049 (s
SAIIISUSS-UOIILINU 0}
Ayjenbaur jo sjaas) ybiH
yoeoudde |esopdas-ninjy
Ayjenbauy SaUP[IM
yoddns [epos | [e10S 'SIAIBS Y)[eay [ejusw S3UIP|IM 10 10 Buipooyy
9)el 9seq yum SUCTEREINLENY
J19)sesip-3sod pue swaysAs pue asuodsas fHuabiawa Buipooyy pajejai-layieam ) 'SWLI0)S 10}
€L oUapHU0d YbiH pasedwod ABojoyredoydhsd dWaIIXa 0} asuodsal
Buiuiem ‘ainpniselul ajenbapeu ‘ay1eam ‘swo)s Jolew jo sl Jo1ealb
ul 9seanu [enuelsgng ur ABojoyredoydhsq
uequn panoidui| 3WaIIXD 0} B|GRIBU|NA S| fouanbayy paseanu) Je seale
1ey) aunpnasesul [ea1shyg aWwos !|eqo|n
sainjesadwsa)
sjueligeyul 13301d 0} yby
9|qudadsns a]el aseq yum
ubisap buipjing pasueyua sainjesadwsa} ybiy yum Bupuauadxa KbojoyyedoydAsd
€L DUBPHUOD WP alow aq Aew Apapje ay| pasedwod ABojoyredoydAsd
‘1eay ay} adedss 0 ajdoad shep Jo Jaquinu paseanu| seale Ul pajejai-1eay
*Buuonipuod Jie jo yeq uj aseanul [enueisqng
10} s1913ys fouahiawg A1 210w
nq ‘feqo|9
s1ay10 Huowe ‘uonediyipie
suaboysed w HELIP!
pue Hujwiem ueado
w1sAs due||IRAINS JaY1aq swa)shs uonejues 95835IP 3UI0Q-POO} 10} '
‘(spooy} ‘swo)s ‘spybnoip $3143Un0d BWodul-ybIY Ul
pue suonipuod aualbAy pue Ja1em Jo saljigesaujna JUBWUOIAUD (160|033
(uswoa.be "69) SJUBAS JBY1RIM Buipnpul ‘sapeqojAdwe) pue saseasip
pue uoeyues ‘191em ‘seale auoid-ybnoip 9]qeINOAR) pUB SeaJe
vLEL ybiy ‘axuspina pajily) awauxa Jo Aususiul pue B//oUOU|eS Se YINS SaSeasIp |eqo| 3UI0Q-PO0} BWOS JO
panoidwi pue swalshs pue -pooy} ‘pooy ajes pue auo.d-poo} ‘uonelues
DUIPIUOD WNIPBY fouanbayy paseanul 3U10G-Po0} dBWOS 4o ANsuaiul Aususyul pue dusLNIQ
abeureup ‘sugey bunes pue 1a1em Bupjuup ues)d Jo e 100d yym seale ul
‘susaied uoneydnaid pue 32US1IN220 3Y} Ul 9sea.U|
Bupjuup [euossad panoidu| ‘suofIpuod aualbAy 1ood Aprenoiued ‘aunsodxa
pue ainjesadwsay ul
ul saseanu; abieq
s1ay10 Huowe ‘uoned
wa)shs suaboyyed o Heat
pue buluuem uesdo sassaU|
9dUe|[IBAINS Ja}13] pue 95e3SIP BUIO]-I91eM IO} ’ SOUQIA 0}
swialsAs uonelues pue Jajem ‘(spooyy ‘swioys ‘syybnoip |eunisajui-oiseh aulog-1a1em
suoipuod aualbAy pue JUBWIUOIIAUD 22160023 1eqojb :(elsy
(uawaibe J0 sanl[iqedu|NA ‘seale auoid "63) SJuana Jayream 1310 ‘s3seasip [esoyLielp saseasip
'L'E 61y ‘2U3pING Pa3IL]) uoneyues “jem panoidu Bnoip pue pooj} ‘pooy ajes SI9EINoNE} pue seale awauxe Jo Asuarul pue ‘(2esj0u> A Asejnoned pue ex1iy) 9UI0Q-131eM BWOS JO
vLEL yory Pine pajiu] swayshs abeurelp LG jelaieAy) [ faote]} felotel) Y auoud-pooyy ‘uoneyues 1X3 Jo AlisUs)ul pi 10y2 7 Aejnon.ed) sauno> =19} §
2DUIPIYUOD WP pue Ja1em Burjuup uesp jo fousnbayy paseasnul SOLIQIA SE Y2NS Saseasip Aususyul pue dusLNIQ
‘abueyd unoineyaq ‘sigey J1ood yym sease uj buidojanap
ae| ‘suoiipuod aualbAy Jood ‘susanied uonendpaid 9UI0q-121eM JO ANISuaiul pue
Bunes pue bunjuup Aprejnoiued ‘ainsodxa Apson

uomd3s
pue
191dey)

uonesHIUdPI YsHU
K9 u1 >uapyuo)

|euosiad panoidu|

yst4 Bupnpai oy
|enuaiod 1saybiy yum
suondo uoneydepy

219135 Buiaq ysul siy) 03
91NqL11U0d PINOM ey
suonipuod Aujiqelaujnp

uj saseanuj abieq

EYETER
Buiaq ysi sy} o}
3INQLIU0D p|noMm ey}
suoiHpuod ainsodxy

pue ainjesaduwa} ul
sabuep [enuelsqns

219nas bulaq dysu siyx
0} 3}Nq113UOD PjNOM
Y} SUORIPUOD piezeH

90U31IN330 3y} ul aseanu|

woym 03

pue ‘313A3S PaJapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-26



Technical Summary Supplementary Material

(98 pue
(uoneibiw padio}
suolbal SJUSAS BWBLXD JO G'g sainbly
"Y203s9A1] o bujjas) abiawa
(s19u A13)eS |BIDOS) Pl40M SNOLIEA UI SS311S uonnquisip [eneds ayy ul ‘g 191dey)
sali|iqesaulnA buipedsed
sawibas 1oddns |euoneu maN ‘sanpedes sngdepe 1e3Y pue syybnoup ‘s|jads SHIYS SE ||9M Se (SJUBNAD JO uojesijeulbiew uy dew Kujenbaur
€8'78 9DUBPHUOD WNIPay | Pue [euoneusdlul panoidwi e mc_w_S .o. oS0l _.w ﬂ WeM JO UonedISualul fouanbayy saybiy) sjenssyul pue fyjenbaul buiseanui osje fujqessuna pue Ayjigessuna
‘swa)sAs bujuiem mau ; o m mm* o m.ummu h”w_muﬁ 0] aNp SUOIIPUOD YdNS J13LI0YS pue SJUaAd piezey Kujigessuina Jo uoneqiadexy 995) 0} Syst1 buipedse)
‘UOINLIIISISAIP JIWIOU0d] peal ssp puezey 0] pasodxa aq ||Im 2l1ewi|d JUBIBYIP UsBMIB] Kupgessuna
40 s32u3nbas mau—iapioys
9|doad aiow ‘|esauab uj saouanbas buibuey) Jo syodsjoy
5196 1an0da) 0} Bw|
[eqo|9
Sapedsed Aq oueuds bujwiem uol|jiw Aq aseanul
p payiwl st oddns ajers pue 0€0zAq ol ! 00LAq !
uoneydepe aaneban J0G°L B I2PUN U pinod Ayanod awanxa ul buial
Buissiw ase syau A1ayes |epos
‘papinoid Jou usyo aInyny ayy ojul 1sis1ad |jim ale ey} ajdoad Jo Jaquinu ay SpooyIjan|
(uoibas pjiom 1 Arepnonued *Ausnod duoayd
S UDIYM ‘|9A3] [BUOIRU DY} syodsjoy |eneds juasaid S9U0Z |B)SE0D Ul "(#dSS) oLeuads Ayjenbaut SAIHSUSS-S1eWI|D U0
a1 uo Buipuadap) O {S1 By} S9seAUI YPIYM suoibal - ’
€8 woJj poddns 4o poddns ays 1eyy Aujigeqoud ybiy e | asu [aA3) eas pue sybnoip ue uj “Auanod duoiyd jo splezey abueyp ajewip
22U3pHU0d 'SPOOYI[aAI] BAILISUBS-S1eW!|d snoLep
|ewIR)Xa aiinbas pjnom SI 213 9SU [9A3] €S pue O UOIEDIISURIUI BIBAJS pooy|ayl| ay) aseasdul ued 01 anp Auanod d1uoiyd
wnipawyybiy dyads uo fouapuadap
ey} Papaau e SYIYs sanoedes snndene ssa1s Jeay pue syybnoip (s21n0Sa1 0} SS3ME JO Buiseanur Jo ysiy
pooyjjanl| ‘uayQ ‘suondo neep BAISUBIUI 310w 0} pasodxa uonesiipow ay} 01 anp “6a)
pue buidod paywij Aap
uoneydepe payiwi| Aap a1e ajdoad jo suol||iA spedwl 19a11pul pue 1a11p ay|
(uonedoai
"69) 3|qeIauINA ISOW B} J0}
uo1eNyS Ay} USIOM UIAD
ybiw sanseaw uoieydepe
912385 ‘A|219N3S 13} B
heRaies & =i suoibas
1™ aanjesadwa) buiseanul Kuanod dyuoiyd ’
papadxe a|qesau|nA Apealje ul
10 S193)43 123UIpUI pue sdnoub s|qesauinA | Japun Buial| S13)]aMp ueqin pue
a1k sabuaj||eyd a19Aas alow Apenoiued ‘ssains jeay
1341p 33 sny} pue ‘yby st 150w pue Jood 3y} jo SPOOYI|3AI| BAISUS-B1eWI|d
UBA3 pue uoielbiw padioq (seale uequn ul ssais 1eay) pue 1ybnoup buiseanul
SPOOUI[9AI| BAIISUIS-B1eWI| spooy1jaAl| ays buipaye ul pabebus sjdoad sood
"Juasqe aie uoneldepe Sa1)1> 0ul uonelBiw padioy elsy/ yinos Kq s1s5€ poOyIRAY|
€878 ouapHu0d YbiH yum adoad jo saquinu ayy Arenoiued ‘sease uequn Aprenoiued jo uopesbiw
BAI1D3449 10} SUOIIPUOD 0} anp “6a ‘pasodxa burag pue ayes Jo uonepeibap ay) 0}
‘suolbai asay u| *(Aujibeuy ssaJ1s 1eay buiseasnul padio4 “poddns 91e1s Jood yum
Buijqeus pue aseq uoie|ndod Jo aseanu| anp (sutod buiddiy

]WOU0I3 Y} DUIS ‘pajl
aue suondo uoneydepy

aje)s “b9) uoneydepe

pue Huidod 1o} suoiyipuod
Jiomauwesy a3y} pue Auanod
J0 [9A3] 3y} bursapIsuod osje
suoifal pjiom a|gesau|na
150w 3y} buowe Aepoy
Apeaije yues eisy ynos
pue uoibas [3yes ay]

pue uoibal [ayes ay} ui
ssais ybnoup buiseanu)

saLuNod Ul 3bueyd aewip
0} 3N Sl POOYI[aAI| pue
y{eay Jo aseanul [eiuelsqns

|enos) uoebiw
PadIo} pue spooy|an|
40 550] JO JIs1y

uoidas
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

3I9A3s buraq dsu sy}

0} 31NQLIIUOD pjnoMm

ley} suoljipuod piezeH

judwdojanap ajqeuleisns pue spooyljaal| ‘A1anod :g 1a1dey)

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai

d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-27



Technical Summary Supplementary Material

Ynos

edLRWY ue]
1eq0[D 3y} Ul S3LIUN0D
uoijelbiw Ul Salunod
Jood 10y [eyUBLILIIRP
e Jusweaaibe $324N0S3J J91eM JO SuBnoIp 10 Auisuauul pue padio} pue Ajndasul Jajem |eaidosy pue 1ybnoip 03 anp Auindas
S 7w ybiy asuapina wnipapy 3sn pue ssadde ul sanijenbau m_:w:cm_* ) ' mc_wm.m ﬂc_ pue pooj 0} Huipedsed ‘A1isaio) | ‘edLY UIBISAIM J91eM pue pooy Jo ysiy
3 94 Bl : 'SaLIaYsl). ‘a1nyndLbe ul s3ss07 pue ulByINos
3 |[IM DG" | UeY} Jayealb
pue elsy
oueudds buiwem y :
suondo
00Y1[2A]| J3Y}0 0} SS3E
vwmcw m._ 5 H:thmﬁ w sauedLuny pue suooydAy SOI}IUNWWIOD PIsed-saLaysly
uonuanald Jaysesip pue _on_v_n__ ue mmw:socu_e. sesie 'S2U0p> sa13UN0> pue -aimynoLbe se jjam se
(uowasibe :wEmmmcmE I .cwuo “ Evc_m unotw U6 auoud-ysu ur uonendod palaye-uoosuow ‘100d uequn 3sow Ul ‘aseasip edBWY | yieay pue Andas pooy
' ! HausY €] : ey . Buseasnu !(seale ‘Buipooy} puejui pue 3UI0G-1}eM pUE -10}D3A JO 1nos pue 0} Syst Buipedsed yyum
'8 ybiy 'aduaping 10} poddns ‘ainynobe ur buini ajdoad *(s1ayro pool} puelul p q P 4 4 P P BUp ;.
g ol sn S.E wn m.Ev — wEE_u.s m..BE.m 131150 SNoIBila auoud ysu ul Ajjepadsa) uonendnaid swanxe @duappul ‘fndasul pooy 0} unet jo sped 'SpO0J} 03 ANp BWOdU]
V'8 319eL Mcm , :S.w 5 Bumiin b_w_m %w a5 bﬂu_.__h n_m .5. :_wm SJUaWaNas shouedaid pue 'sauo[d£> pue spooj} jo Buipeases ‘awodul ‘a.nynoube ‘eL)y pue pue ainpniselul
- : : o Jood ‘31doad awodul-mo| UPPUI )G | puofal ‘3IN)INIISEIUL ‘B1] JO SISSO| elsy 15eayInos '3}1| 4O $S0| O YSIy
PUio> . ) P ' e o d ‘a|doad | P puofag Ul “a4l] & | ! Y ] H 140 st
uoajold [eos 'SN}e}s JIWoU030120S Ag) dwon 6 d
fufenbaul pue sousIssqns JO s1Iaquinu pasealnu| ainjesadwsay bujuiem Yum pajeposse spedu
: ' |eqoyb buiseanu] |eLIR)EW-UOU PUE [eLIdle
‘fyiewiojul ‘s)UBWSIS
snouedaid ‘Auanod [ans)-ybiH
DUe)SISSe yeay
pue uoneyues Jood ‘(seale fud1uyys pue abe
auoid xsu u Ajjepadsa) <0001 ‘S1uBNo] ‘19puab Aq syoedwi jenuasagyip
(uswaalbe SjuBWa|I8S snotiedaid Pool Siyonosp Buipnpui ‘spjoyasnoy [eini
'SIABMIEAY JO BIUBPIDUI SaLuno) Kuanod awaixe jo
G8'7'8'T8 ybiy 'aduspine wnipau) pue ‘ajdoad awoduI-Mmo| I pue uegun Jood Jo} 3saybiy 105 [2Q0 sianl BUISeaUI 10 35!
ouapHU0d YbiH 0 S1I3quinu pasea.ul P 2B DR siy "abueyd ajew o} an, 103 [29012 tohay ut S
4 josiq P Buiwiem [eqolb Buiseanu| K i _ P
!SUOIeU SO0 pUe UIyIM : : Apanod swanxa ur ajdoad
sal}|enbaul 31Wou0301>0S |euonippe uoljjiw zz| 0} dn
yb1y Jo dUISISIA
1oddns |eos uoneyues sa13un0> padojana
(sanjiqessupnA aean | sadoud pue uonednpa ‘yieay <ol U f ’ ) %mu:m ! :ou
Jo Ayidwe ey sanjenbaul se yans sawwesboud ajels ! _mﬁ_ao_.u s ul mm_wczhﬂhow ey
0 swioy 3|dnynw pue 0 32Uasqe ‘(s1ay1o buowe N )
¥ 4 SIChin 4 ge (s1aus (19 'sauofd Juapuadap-sauaysiy se ||am se ueseyes-qns
$3|e35-550.0 BuIssaIppy ‘3)5e) ‘3|doad snouabipu| fiapos jo
98’58 (uauszaibe ‘Juawabeuew saLRYsly ‘19puab 1WoU0I301205) PO} ‘S3yBrosp) spuane buypue 3p1ed pue spooyjan| pue 2lj1oed siaquaw Jood Huowe
AR AN b1y '93uapINe wnipaw o : : AUIAIIXD PUE JSLI 9N BAS uapuadap-ainynoLbe-pajules |y} pue ers!
w.w.w Les o P Ipau) |ed0] Hoddns ‘ainynoube Aujenbaui ybiy “spooyijan| , .a P H 193] “ pUSGop-a.m| - pajut P , BV fyundasui Jajem pue
1'g 9|qeL 92UIPIJUOD WINIPIY JuBlsaI-31ewlp 10} D06 | Buipaadxa Bujwem ‘9|doad snouabipuj ‘100d |eini 1583 ‘eISyY A"
: 3_% o> ouspuadan UBIL puE ainjeladway [eqo|n 'Spjoyasnoy uegin sapnjaul YN0 ul st :
- PLRCSP oIy P SIY] "SIUBAD BWIAIXD 0} anp 1saybiy ay

uomIas
pue
191dey)

uonedyIuUdPI YsHU
£3) u1 3d>uapluo)

Buiuayibuans
‘uoipajoud |e1os

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

‘fyijewoul ‘suoipuod Buiny|
pue syuawianas snouedaid
‘fuianod jo [9ns) ybiH

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

Jood ayy Buowe spooyijanl| jo
ss0| [eluuaiad pue jJuaueuLdg

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-28



Technical Summary Supplementary Material

way3 Joj 16U St reym
auiuaap o} Ajiqe ayy

Bunnsus ‘way o} suaddey
1eym ui Aes e aney o}
9|doad buuamodua (a)
pue :sdiysuone|al [e12os

sanoibuew pue spaq
sseibeas ‘sjaal [e10 Auyyjeay

Do Woly payeduwl

SaIUNWWOD
[e1S20D Ul SPOOYI[3AI] JO SSO|

(senoibuew
pue spaq

Kipiquny
juoleiuswipas pue
uoledlyipioe paseanul

(uswaa.be ul bunsaaul (A1) ‘'suondo | uo spuadap pooyaAl| asoym Aj219n3s 3¢ [|Im spaq 1810552 PUE SaAoIBUEL sseibeas ‘sjaal el
686796 ybiy ‘aouapina 3snqol) uoneydepe pue abueyd (s1aBuowysty yopaysly sseibeas pue sanoibuew R e muw sseibeas 10 [403) sieniqey G \MM_ E”__EES
aouaplyuod ybiy a1ew 1noge bujuies) |euesiue “673) salUNWILIOd 'G'dDY 10} papiaoud Pue spaq g aloysieau b SapEsh!
uonepeibap 919A8s pue sjaal |BISEOD U SPOOY[aAI|
|BISROD BLIODUI-MO| 40} speduwl Jaa1 [e10) Apenoiued
[210 JO %06 JO UOIINAS3Q , pue y1jeay wayshsoda
1saybiy Aujigessuinp ey SULIewW 0} YS!
Jo sawiy ul uodn melp 0} ’ i
s1asse ay) aney ajdoad
ey} bupnsua (1) :@pnpul
suondo uoneldepy
elbnyas ajew se e
0] [enuajod 413y dnpai 1eyy
syuaIpelb [euoijens|d pajiwi|
IM SYd pue |esiads]
SVd uo juspuadap U Svd pue| P
sapads bunuanaid pue|
aldoad io} spooya swiojsuel) Aq papunolins ( ug )
Payisianip {uoljelolsal ’ s ) seal nw uw 014 Jo eyl mm _Nlmm_owi mmmwﬂ_uw_ swa)sAsoda pue| pue
wia1sAs029 :(uonelolsal (svd) sealy papatold lo} Iersnpl 48 2oLy } Pt p
ybuy st Aupigesauna (spafoud 10 [9A3] Bujwiem jeqolb 19)eMUYS3} Ul SIAIDS
"69) |esiadsip dueyus
o015t o _m.:o el 1o uoneisaloye uonebiw e Joj papinoid ajewise (dnoib wsiuebio uo Huipuadap 113Y) pue swalshsods
796 92UIPIUOD WP Em_.“mm,qm_cmﬂ .FEOME M_v__.: pue ABsauaolq ‘aunynoube UOIDUNXS 3AEIUENY %E€—G) sanads uedsuyy jo ey J0 550| 3|qISINBLII
porsisse “69) E.E@.:mmc.ou papuedxa 10} ss0| 1e1iqey *(sa5ea1I9P pue Sasea.dul %01 puno.e jo uonounxj 10 uondNpal pue
: ; ' "b'9) spiezey a1ew|d-uou Aq ypoq) uoneydpaid ul saads Jo uoiduNXe
pajabue) ‘sease payajold
paleqIadexa pue (SJIWapud sabueyp pue ainessdwsa) 1eqo|b o |07
Jo AuAidBUU0d pue
o ujeyunow “6s) seydiu abesane [enuue ul aseanu|
abeJanod paseasnul pue
bupeaddesip pue moueu
Juawabeuew panoidw|
yum saads ‘(sprasul
69) swIaYl03da ‘(syueyd)
swsjuebio buisiadsip Appood
Buowe 3saybiy Anjiqesauinp
ey 6 J9rdeyd
swialsAs buljood pue
Bujuued ueqin ‘uondajoid
[B120S JUB]SIX-UOU JO ey
woneyues pue dAIDBYJaUI pue IMmolh pueysi J00d UegIn ‘SanIoUIL UL UeJeyes-qns 183y BWa.Xd
98'6'8 . 2ILIOU0I3 MO[S M 1e3Y Ueqin buipnpul 1eay N pue eisy 0} anp spjoyasnoy
Juawaaibe y1eay ‘uoipaioud |e1os ‘A1ap| 3y} ‘s1aiom JoopIno
‘[£'8 3|qel] pauiquiod Ayjenbaur awodu 3WAIXD 3]LYIAIEXD [|IM JEEETININ Jood ul swodul jo
ybiy "auapine wnipapy uj syuswisaAul buiseanul Ajurew ‘yeay swa1ixa 0} anp
v'8 Pa1egIadEeXa JO PanuNUo) J05' | puofaq ainesadwsal ‘elpu| ul ss0| pue ‘Aupiguow
‘sanijenbaul buissaippy Aujepow uy aseanul abieq
‘swalshs yyeay ‘buiuonipuod Buiwiem [eqo|b buiseanu) Apsow ‘fujeniow jo ysiy
1le pue awodul Jo k| ‘yinos [eqo|n

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

‘SJuUBWId|1Ias snoledaid pue
Jeuniojul ‘j2n3] Auanod ybiH

219135 Buiaq ysu siy} 03
3INQL1IU0D pINOM ey}
suoipuod Ayjigeaujnp

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-29



Technical Summary Supplementary Material

(wawoaaube wnipaw

Jood 3y} uo

aimesadws) pue ybnoip
1O S193Y8 UnJI-HUoys
djeInd|je 03 syuawfed
J9jsuel) [e10s ‘(18 ‘apeys
‘s)eaiq Jejnbas Jarem

1002 ‘suey) ysti Budnpal
10} suondo pue ysu jo

(ed1yy ut uoibai uo buipuadap
‘Jeay 0] anP SiNOY 3}40M JO
50| %91—¢ "“6°3) sioopino

JInoge| jea1sAyd o3 1ied ur anp
saLIsnpul pasodxa-alewl|d
Ajybry sayro pue uoieXd

924n0Sa1 ‘U0NINIISU0D
‘aunynoube uy pabebus adio}
noge| ay} jo asow Buifjdu

sainjesadwal
yby bupuauadxa Apeasje
sadejd ul [enuelsqns si

1ybnosp

Jo A119A8s pue uoneinp
‘fouanbauy ayy ui aseasnul
‘ainjesadwa) up saseanul

Kepoy sajewip 10y

eyui Apeaije suonendod
pue juapuadap Ajjesnynoube
‘Jood 3y} 40} 31335 IS0
*S9LIIUN0Y UBJRYRS-gNS Ul
fyuanas Jejnoied yum ing
‘@)Y sso.de peaidsapim Ay

Jybnoup Jo Aanas
pue fuanbayy pue
1e3Y pasealdul 0} anp

L ‘9uapING Wnipaw 01 anp [ewysnpul-aid anogqe | (D7 abueyp ayewp A el
(A3 P! Ipat) Kanas uo siafojdwa abueyd J1wou0da [einpnas Buiwiem usym 1nado 3 9P [P a 0oz} TW9) 2ol A il sajes kuanod paseaul
IUBPYUOD WINIPI : J07-6'1 J0 Buiwiem eqob | (dss) 0£0z Aq Auanod swaixe
puE SI}I0M JO uoneINPd JO S3}1 MO] 'S3LIIUN0D SUOIIPUOD BIBAS 1Ry} pue Ind}no d1wouodd
yym payafoid eyded ojul paysnd suedLyy uoljjiw g
'$10]08} 9)EWI[d-UoU padojonap woy ajsues} 0S ‘Ieauljuou aJe s13)3 , pasealdap Jo ysiy
. 1ad 4@o ur uondnpay 03.dn *(5dSS '5'8dDY) 0012 Aq
Aq pasueyua yimolb Kbojouyday Jamoj ‘sjana)
%07—G 40 s1edwi 219n9S ended ad dgo ul uondnpal
awodu ‘(N ndube uoejndod Jaybiy ‘(spedwi
%08 Pue 0012 A9 Jo7-5'1
ur 82104 INOge| Y} Jo abueyd ajewp sapisaq
1o} eyded sad 4@o s1ebaibbe
aleys ay) buuamo “69) 510128} Jay10 Aq pasned)
Ul uoRdINPal %0z-0L 01 dn
UOIJRWIOJSUBI} [BININIYS YImoib auodul J3MO| Je sk
21925 Bulkpiapun suonipuo)
suIseq JaAL
usamiaq apel} A1
)W ‘suianed yjouns pue
aInynube pue el ued P
|[_Julel Jejiwis 3dusuadxs ed1yy ul Juswdojaasg
Buuapieb ueqin ‘sawayds
M 1By} Suiseq JaAl anpniselyu| jo weibold 1004 JaMOd UBdLY
wauibeuew sjem uiyym syueid samodo.pAl ay1 Japun (%£9+) Aipeded (sawioono UIBYIN0S 3y} Sso.oe c.
pajeibajul pue uoijelosal IR S3u1€) P h J2pun (%€9+) A 2160j01pAy ul Aurensdun M LR Ly JamodoipAy pue
JO SuOneUIDUO) 'sulseq uonebiul pue (% |8G+) asea.nul pinod ainypuadxa (e21py
(quawoa.be JusWYdIR) ‘SaxIwW yb1y) sjapow ajewd awos uonebiui jo abepioys
G'6 X0g 191 Jolew usamiaq JamodoupAy ui uoisuedxa fpus|e Jswnsuod) uIayInos
ybiy 'aduapine wnipau) uonessuab Apds ul SIn220 YdIYM ‘jouns o pa>npui-ybnoup o}
'v'6'6'TL6 apes} fipuydse paywi] | pauueld djewelq "puewsp "011BURDS BUI[BSE] O} dAL}E[D) Ajjeadsa)
IUBPHUOD WNIPI 9SIDAIP BIO| “Jyouns pue J9AL padnpai pue bulkip anp fundes Abisud
‘uonanpoid pooy parebiul pooy pue A8 uol||iq G asn o3 dn suipPap ey
||esutes A1eak ui uonea.i0d pue Bujwiem wiy-buo) pue Iajem 03 ysiy
uo aduela1 ybiy oy pauuejd Buiseanur ‘yimoib uiseg 1zaquIez uj SanuaAaJ
91| dABY YIIYM ‘Suiseq £q uaAup SysU 219N3S T :
*(S91IUNOD BWIOS Ul %06<) 2lwou0da pue uone|ndod uonebiul pue samodoipAy
191 UIMIB] dpel)
S3JUNOD UBDLIY UIBYIN0S ‘Uoljesiuequn pasealnu
Rypidae paseanu
pue 3se3 ul uoneauab
Apu1da|e [euoneu oy
J1amodoipAy uo aduelal ybiy
Buiwiem ueado
01 anp ysu
SySl ajewld 0017-080Z U1 §'8dDY %05<30 13ybIy e ase
’ ’ sjuaLInuONIW pue urajold : ed1y 35am [edidoy ul jenuaiod ) salaysly pue
paialoid 0y sasuodsal 10} spedwi sauRYSH ‘0507 suoifiai ueado
10} ysl} uo jueias suonejndod 2382 Yl Ul saulraq "uolbal 301saA]| ‘sdosd wioly
uoijeydepe aAdYS aq 12 G'8dDY 4o} papinosd |ea1douy ‘sauays.
pue sisijesolsed Jood |eins pue don Aq buifien ‘spuejabuel uononpoid pooj padnpal
U JUBLISAAUI [BDUBULY sajewysa spuejabues 104 "BILYY JO :
3y} ‘s1awliey dUSISqNS o Auadnpoud Arewud 18u 0} anp pooy1|aAl| Jo
86 ouaplu0d ybiy a16a1e4s (1) pue Buipjing uo pedwi Ayandnpod S3U0Z eUURARS

uomd3s
pue
191dey)

uonesHIUdPI YsHU
K9 u1 >uapyuo)

fypedes jeuoiininsul
() “(S1D) s921MI2S
uoljew.ou| dewi)
(1) Jo uoneuiquiod sy

yst4 Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

Buipnpul ‘suonipuod
ainjesadws) pue |jejurel uo
jJuapuadap s1aonpoid pooy

10} 153yb1y si Aujigqessunp

219135 Buiaq ysul siy) 03
91NqL11U0d PINOM ey
suonipuod Aujiqelaujnp

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D p|noMm ey}
suonipuod ainsodx3

frewnd :0107-0861 0}
anneja. bujwiem jeqolb
20761 10} papiroid
sajewnsa 1pedwi pjaIA

319135 Buiaq dysu sy}
0} 3}Nq113UOD PjNOM
1By} SuonIpuOd piezey

ur %5Gy—0¢ pue ‘sdon sjdels
jo pparh ur 961~ 01 dn
S3UIPAP 0} ANP UoRLINUjeW
ur asea.nul pue Ajndas
POO} Ul UOIIINP3I BIAAS

woym 0}
pue ‘313A3S PaJapisuod aq
pinom 1ey} duanbasuo)

ueljayes-ouepns
ay) pue
spuejmo| Aip

ul pasunou

-0ud 310w S|

su :edupy

uoifai
d1ydesboan

sso| pue (Auapiyap
BLINUOIW)
uonnujew
‘faundasul pooy Jo sty

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-30



Technical Summary Supplementary Material

9DUB|[IBAINS YB3IGINO puE
uoneudeA Juawabeuew

S)BAIGINO BJLCIBIEXD [[IM
121[Ju0d Jo WalsAs aledyyjeay
ay1 uo syoedwi ajewnp o}
anp aledyyjeay Aewnd pue
sawwesboid uoneuIeA

Jo uondnisiq ‘sjusWIaIRS
|ewojuI pue seale uegin bul
-puedxa A|pides u Ajjepadss

aoudjenaud

e1a|oy Bupuanjul
sainjesadwsa) pue
es eas buibueyd pue

Saseasip
[BROYIRIP BUIOG-I3IeM O}

Saseasip [eaoyLeip
paseanul 0} anp

0L UYL b, esodsIp 31SeM Se [[aMm Se | ‘BIn}dNJISelpul uoleliues pue ‘sa11ddns Ja1em bupjuu el
core RS R _ e I A A 1 ! i anp syieap [euonippe Jo Al Kupiguow pue Ayjepiow
auaibAy pue uoneyues J131em a)enbapeu) st sy} Buijeuiwejuod Joun.
Spuesnouy} Jo spaipuny pasea.nul Jo ysiy
191em panoidw) 0} ainsodxa wouy suonedyd 121em-adepns pue (Ainjuad
-Wod 0} 3|qeJaUINA 150W 31 3yl ul Aes [5'ydDY)
uaip|iy> BunoA pue (A[H wouy sainjesadwsa) buiseanu)
“B°9) sjenpialpul pasiwoud
-W0d-3uNWW} ‘sUoIpuod
Buifpapun yym sjenpiaipul
‘uswom jueubaud ‘Aisp|3
suawibal Juawiean © )
pue uo1d313p INOYUM IO S pdY
0£0Z Aq ysu mau ade} 0}
ae|d ur sawweiboid jo1u0d
pamafoid uoyiw 9g-77
10129/ InoyuMm suolbay euonIDpe Ue LI Buiwiem [eqolb H,7—G'L
9DUB||IB/INS XEBIGINO S 3y} 03 3Insodxs woyy ILIOBIPPE UE Ui 1B S3SESIP BUI0G-101IBA S9SeaSIp UI0G-10}3A
‘pide. aq ||1m eliejeWw 0} saseasip
pue ‘sawweiboud jo1uod suoijed||dwiod 0} 3jqesauna 10} uoneydpaid pasea.nul 0] anp
7016 auapyuod ybiy ainsodxa map “buiwiem 3UJ0g-10173A 0} 3NP W} JaAO ey
aseasip pajesbajul pue 150w a.e ualp|iyd bunoA pue pue sainjesadwsal Aupiqiow pue Ayjeuow
Dol 1910 Y}IM SOLIBUDDS SU1eap [eUOLPPE JO SUOI|[IAl
UoNeUDIEA ‘|00 JO1IBA (AIH wouy “6-3) sjenpialpul 9|qelNS YuM Seale paseanu Jo ysiy
u1 ‘080 Aq ajdu 1sowje
pasiwo.idwod-sunwiwy . o1ydesboab jo uoisuedxy
; pue ‘0507 Aq 3jqnop o}
'suofpuod bulkpapun
. pa1aloid sana) anbusp
A S{ENPIAIPLI LsLom 0 351 1e uone|ndogd
jueubaud ‘Apap[3 108 Hel
SJUBLUBNISS [ewojul
swajshs yyeay ur buipisal uonejndod
d11qnd ur syuswanoidwi uegin buimoib pue abie] ey
a1enbapeu| 'spuejsi1eay | Anusd1S|Z 8yl Jo pus Byl |  [e4IUI) PUB ISIAN Ul BIBASS
Ueqn ul SJUIWI[NBS Aq (1eak sad skep-uosiad 1sow bBuraq ‘pjoysalyy
s Jewuojul ut Buisnoy ui uol||iq £ 1z “a11) ainsodxa eay Ajpeap anoqe ,_iA
Ped uoije|nsul ajenbapeu| juasald Jo 1ey) sswn 7§ P 0GE—0G 'S193)4a pue|s!
‘syealq Jejnbai ‘1ajem [00d 1e3Y 0} 3np uojbal 1e3Y paseasnul 0] anp
“ualp|iy bunoA pue ([AIH] se yonwi se jo opej e Aq | 1eay uequn Aq paleqiadexs
7016 auaplyuod ybiy ‘suey ‘s|euajew bunensu 19d seak sad syjeap [euonippe ey Kupicuow pue Ayjepiow

uoidas
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

0 8sn ‘sapod Buip|ing) ysu
1eay bunnpai Joy suondo

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

snuiA fouapiapounwiwl
uewny woyy “69) sjenpinpul
pasiwoidwod-sunwiwi
‘suoiyipuod Buikpspun

U1IM S[enpIAIpU ‘UBWIOM
jueubaud ‘Apapye Joy

1saybiy si Ajigessuinp

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

aseanul AjayI| [[1m sand
UBDLIY Ul 183U SWILXS 0}
ainsodxa uoiiendod |ejo]
"Uoies|uegIN paseanul
pue yimoub uonejndod

Aq usaup ‘sease uequn

ul Arejnoiued “yeay oy
aunsodxa ul saseanu) abie]

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

‘ploysaiy} 1eay Ajpeap Jano
skep Butpnput ‘0012 Aq
OlIeuads G'84JY 10 G7ddY
UB Ul SJUIAD 183 AWRIXD
Jo uoneinp pue fHuanbaiy
Ul 9seanul [enuelsgns

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

J0 spuesnoy} o} spaipuny

woym 0}

pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

paseainul o ysiy

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-31



Technical Summary Supplementary Material

‘Buibbojiziem ayebiiw pue
314 pooj} Yum [eap o3 suejd
fouabiawsa ‘swa)shs bui
-utem-Aj1ea pooyy bunnysu
‘Jouni

Buibeuew ‘Anjigeswuad
Buinoidwy Joj a1npnis
-elyui usalb buidopprsg

seale pasodxa

G207 Aq asu

[9A8] B3S W 7'() |euonippe
ue ul bunnsal ‘sasi [ana|
235 J0 s8]kl papdadxe
'paadXa 10 ‘03 3|qeledwod

Buiwiem 5,6 yum
suoifiai awos 1oy paydafoid

sanp

€0l xog ur sdnoub ysu-ybiy jo Aisusp 91e S9)eJ AIUIPISANS awos u sabewep ui 1eak sad Buipooyy |e1se0d
Juswsaibe *sabpuiq Joulw pue syusw ¥1S W 6°| “Buipooyy elsy/ 15eaY1nos
VELEOL uone|ndod ‘suonuaniaiul pue| papsloid ‘A1) yuiy SIe||Op JO SuO||iw Jo Spaipuny pue sl [aA3] B3S 0] anp
ybiy ‘asuapina wnipayy -juequi peol Jo 1ybiay |_ISE0D PalRIDOSSe pue pue yinog
'CLE0L jJuswabeuew pooj} 1Y) OH pue yoxbueg se 01 dn buibuei ‘elsy 1se3 ul Kuadoud pue ay1| 01 31y
Buiseanul pue ‘abeurelp Y15 W Z'0 uo paseq
a1enbapeu ‘abeurelp Jood NS S [eISROD U] Ajleadsa Auadoud o3 sbewep
Buinosdwi ‘uonepeibdn sajewyse abewep Aadoid
*Buipooy} |e1seod pue |elue1SgNS pue ajl| Jo $s07
JaMas WwL0)s ‘sayAp ‘siapjod
41s 01 pasodxa uoiiejndod
Se UaNs suonuaIBIUI
: : JO 9, 91egIIEXD ||IM SBIID
paseq-ainniselu|
|e15E02 Ul 3dUBPISNS pue]
‘Juswabeuew Jajem uuols
panoidwi ybnouyy Juswabe
-Uew Ja)em a|qeureisng
suone|ndod ajqesaujna
S32IAJ2S Ueay dljgnd
150w Joj Ajjeadsa ‘swialshs
Jo abeJanod arenbapeul
yyeay d1jgnd aisnpul pue|si 1eay ueqin
‘sal|1oey Buljood Jie o}
aJou ‘saunseaw uondaold Aq pajequadexa ||e ‘shep
ssaode enbaun ‘suoijejndod | adAy buipjing ‘ease dn-}jinq Aupigiow
pue spedw 1esy 1noge pue spybiu Jsnoy ‘spusns SaAeM]eaY 1eay
8Y0l Burabe wouy sa1ydeibowsp ul aseasnul Aq usnup O 82uapibul pue ssalls 1eay ul
Juawsaibe |  ssaualeme dijqnd paseanul 1e3Y BWaIIX3 JO UoNeINp 3WaIX3 0} dInsodxd
‘€01 xog Buibueyd ‘(Umop (000 |  SIUSWSIIIAS [PLLIOUI ‘Seale saseanul yum buoje ‘satiunod eISYy SS0DY
ybiy "a>uapinag wnipayy | :(buijood anissed “6-a) wioy pue fouanbaiy uj aseasnul woly Aypigiow pue
‘CLE0L 0 Jabuo| el pue ise; | uequn asuap ul Auejndied 3WOS Ul /—G 40 Jo1ey e 0} dn
3jIng panoidui ‘sadeds Pa1eIdosse pue G'8ddY Kujeriow ‘ssans 1esy
dn 1eay yd1ym sasnoy ‘ainsodxa pasea.nu Aq Ajeniow 1eay paseainul
uaa.6 ueqn ‘sjoo. usIH pue g'ydDy uo paseq ale
Joou un ui Buinl siames
Se Yans aInpniisesjul ewojuy “6:3) wio} 3yng A sajewysa Pedw Ajenop
uda1b ui bunsaaul "6 _ i $31nq 9
‘suonn|os paseq-ainjeN
eisy :0| Jo1dey)
9|qejunodde Ajjeo|
swysAs uonnguisip pue
diysiapeat ‘syuswdojansp aInpniselul
Buissedoid pooy pue uoijelues
10} SJUBWISSASSE pUB pue sjuswajes uewny
5101935 JIWOU0I3 A3 J191empunolb Bundnisip sease ueqin ui
suone[nbal [elusWUOIIAUS Bunoaye (1eay ‘puim
pue suonejndod uequn-uou susaled 10B11X9 1By} S3ND [BISe0d sabepIoys Jajem pue ‘sadunosal
1snqoJ ‘padioyug “ueid ‘sall} ‘s)ybnoup ‘spooyy)
pue uequn wouy puewsp | uonesiuequn paydafoid pue Ul 3UapIsqns pue| pue 191BM 0] 553208 PaldLIsay
K13n0231 pue asuodsai SIaisesip |einjeu
92IN0S3. J3JeM J91edID) so1ydesbowsp buibueyd ‘syuana Jybnoup pabuojoid "Jdepe 1o puodsal 4an03a1 0] S3l1d [e15e0D ’
‘ssaupasedaid s Ja1sesiq paiyisusul-aewI
¥'6 X049 '6'6 IUBPIUOD WP BUBLD JNOINRUST 10 'suonjejndod uequn |e1seod jo ‘amoib uonejndod Aq pue juanbauy a0 “asu Aujiqeded wipymiano spedu u Apeymored m>_mm.8u=m o
P INONEYSq 104 g 1124]U3dU0D Pasea.dul pue UIALIp ‘seale ueqn ul |2n8] eas wial-buo| Aq '3 [BISROD UIYLM sl ybiy ‘Y '

uomIas
pue
191dey)

uonedyIuUdPI YsHU
K9 u1 d>uapyuo)

SIAIIUADUI DILIOUODT
‘swyshs bunsedaloy pue
Burionuop Juswabeuew
3su 1o} 5|00} [eIdUBULY
*SUONDLISAI JB1BA
‘swa)shs Buiuiem-Ajeg

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

S1994J3 33A3] WEALISUMOP
‘aInpnisesul andaj04d Jo
aduBUS)UIEW 3|qepiojjeun

219135 Buiaq ysu siy) 03
9)NqI1U0d PINOM ey}
suonipuod Aujiqesaujnp

ApenonJed ‘aunsodxa
ul saseanul abieq

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

paleqiadexs ‘uonendpaid
awauxa Jo Aysuaiul pue
fouanbauy ur aseanu]

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

Appenoiued ‘syuans pooyy wouy
S3DIAIIS PUB BINYINISLIUI
uequn £ay 01 abewep yum

133960} spooyl[ani| jo
uondnisip pue aj)] Jo ss07

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

1U81INDUOD ‘3I9A3S
0] anp dueusanoh
pue S3]WoU0dd 0}

syst buipunodwod
pue buipedse)

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-32



Technical Summary Supplementary Material

sapads

ANISeAU| 500z 10 suapJeb ui sapads wsjuebio
SaMI9SDI SINIBS pue
LVTYol Jejod Jo uondayoud pue Jo uonesbiw Juanaid saduequnISIp
. ainjeu se ydns sieligey uonoun} washsoda o) sabewep s50|
50| aouapHu0d YbIH S3MI9SDI DINJRU PaYe|oS] UPIym Buiwsem ajewip uewny pajessjedde snjd elsy
pajuswibely ‘suoibal 3SNED P[NOM DIYM UOISEA 1e}geY pue Asisalpolg
1e}iqey pue J0 uondauu0d “yed Buidey sjeligey pajuswbely Buiwiem ajewipd pidey
palens| ybiy pue Jejod |ea1bojoiq ‘uoidURXd sapads
Kusianipoig |euonjeu ab.e| jo dnyas | ulejunous Jo Jejod
9T ol
sjuelbiw
10} s3W023N0 dAsod
3]qeus pue uoneibiw sdnoub |epos Ajsnosueynwis sysu SI9ALIP Jl1eW||d-uou
(92uU8pIAe Wnipaw SJUBAd DIuod
poddns ued seale Jeutbewyiood 10} Ajjeadss dljew|[d-uou pue diewid BISY 1Se3YIN0S pue dnewip jo
70l xog ‘Juawaaibe wnipau) awauxa ‘AljiqeLiea ajewi JuoIsayod uo suonedijdu
uoleuIsap Ul s)au A1ajes | ‘sease a2inos ul saiunpoddo 3|diynw Hudey syodsioy ‘Yanos UOI}I3SIR}U] WO}
IUBPHUOD WNIPI ‘saunjesadway buisealou| “Juswadedsip ‘uonelbiy
lenos buons "Abajens pooyI[aAI| Jo Xoe] 91ewi|d ui suonejndod Juawade|dsip ‘uoneibipy
uonjeydepe |njssaddns e
9 ued yasy uonelbi
seale ajelpawiw
au puofaq 19349 ue aney
01 Ajy1jun a1e 1nq ‘seae
|eA Ajjea1wouoda ‘|lews suopdnisip
ur uonepesbap 1sosjewad apeJ; ‘abewep |enuajod jo
01 alae (uswaalbe J0 spaya anebau seale a|qeisun ul 2duspIsgns Sie||op JO SuOl||iq JO Sud} ersen Buimey 1soupeunsad
N.o._ ._ﬁ.ﬂ . ybiy 'aduapine wnipauwi) 19syo Ajuelodwsay few sbuip|ing ybiy ‘ainidnnseljul punoib ‘)sospewnad ydu-ad1 ‘3IN1INIISEIUL [BIIII JO %07 we ’ oz 0} anp abewep
ereol 2USPIUOD WNIPa (suoydisourayy Jo asn se Burabe jo duasald Jo Buimey Juaisisiad ‘sbuip|ing [enuapisal Jo %05 HHON aInjaniselyul ueqin
yans) suoiinjos Huuauibua se yonw se bundaye fieded
pue ainpniselyul Bupeaq ui sabueyp abieq
J0 @dueuauleW
‘Buniojiuow 3so1jewnad
‘seondead asn puet
191em
seale
woyy swashs bunesado
pasodxa ul sdnoub ysu-ybiy
[B21UBYDAW PUE [BI1AB]D
Jo fsusp uonejndod S3MID BWOS
|ea1ud Buize|osi se yons
‘swaysAs Juswabeuew Ul papooj} eaJe U] aseanul
(uawalbe ‘saunpadoid uonebiw eaJe dn-}jinq paseasoul SJUIAD POOJ}
€01 xog 993 Jood ‘aunidniseljul %06 03 dn 0} Buipes) Buipoo|} 01 anp abewep
ybuy 'aduspIna 3snqo.) pooj a1eul o3 walshs ‘pmoib uonejndod Aq WO SAIAIDS PUB dINNIIselyul eISy $s010y
‘L0l annpajoud Aj3sod Jo uoneyididaid awanxs Jo anpnJiseljul uegin
auapyuod ybiy | Buiuiem-Aes ue buiubisaq UBALIP 8insodxa paseainu] ueqn £ay 0} abeweq
a)enbapeu ‘suoiuanIRul Ausuaiul pue fHuanbaiy
'suoned0| ainsodxa-ybiy
uawabeuew pooyy u asealnul [enueisqng
ur Juswdojanap
a)enbapeu ‘abeurelp Jood
2IN1ONJISEIUI PIOAR 0}
Aq pajequadexa Aujigessunp
sapod buip|ing s1enbapy
susaned
uonesiuegun payafoid pue
5101295 JIWIOU0ID
’ so1ydesbowsap buibueyd SJUA? Jybnoip $32In0S3)
€01 Xog salbajens yuawabeuew £y pue suoiendod sybnoip uequn o} anp
IUBPING PaYIWIT ‘tpmoib uonejndod Aq pabuojoid pue juanbaiy fp-puofaq oui buiddey eISy S0y
'CLE0L apis Ajddns pue puewsgq UGN WOJj pueLdp fundas 1s1em o1 ysiy

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

92IN0Sal Ja}eMm Jajealn

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

UBALIP ‘seale uegun ul
Aprejnoiued ‘aunsodxa
ul saseaul abieq

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

alow Jo suonpafold

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

_m_smwh 'SS920E 13)eM paldlilsay

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-33



Technical Summary Supplementary Material

swialsAs Buiwuey
eds-|jews pajednsiydos-uou

fyuijes jo buuamoj 03

SIapeJ} pooyess ‘siauLiejenbe

suuiey aunynenbe
Ul Yealqino aseasip

XA 9IUBPIUOD WNIPS onsoubelp Ajies ‘swaishs a|dwis ‘Asuap burydols Buipes| uonendiaid Anea BISY SS0.1)
Irol Py PN ’ P4 s Huisuap By IPes) voReldl 4 0] $50| 21WOU03 ‘doud Jo S507 v v 0] anp siawejenbe
Juswabeuew 1a)ag ybiy ‘Ayienb ssrem Jood Aq ‘aunjesadws} buiseanu)
0} Sl JIWou0d3
anynoenbeyainynoube
sa2.nosal Aiaysiy
WoJ} UONRIUBWIPAS
: ’ UOIRIUBIPAS BAISSAIXD ul auipap o} buipes| pue saysiy
/Ripigny pasealdu ‘saseasip
sawwelboid 0] buipes| si0ssans SIABMIEAY ‘SJUBAD 10 spunoub A1asinu ‘sapads
90l ‘salonquay Buizelb se yans smopeaw sseibeas
DUIPLUOD WNIPSY UO11BI0)S3I ‘SAIHAIIE o1usbodouypue dnew|-uou awWaNxa ‘bujwiem ueado juapuadap-1elgey bundaye BISY SSODY
‘Y0l s10)28} |e2160]03 pue J0 Ss0| pue uoiepeibaq
BAIINIISAP JO UOIILIISDY pue uopjediydonna |e1seod Se UINS SI01D8} deWI) | SIdIAISS Wid)sAS0ds ul uondNnpal
‘Bupioypue pue Huieoq se
PUE SJUBAD BWAAXT ‘a1nniys Aunwwod J1vy) pue
ans saniAie pue uonejndod
spaq ssebeas Jo uoidnIsaq
|eISe0d Buiseanul pue
saposida Buiwiem juanbaiy
elsy 1seayinos ui aui| Auanod
sapiond Juswabeuew mo|aq buini| Jood |e3se0d
SIEE] S3DIAIDS |eUOIdUNY S)
UOI1BAIBSUOD pue |e15e0d dluabodouyiue ‘jejures 1o} Ajjenadsa 1oedw sjusna ' : :
90l awauxa buiseanur pue pue s1saio anoibuew
ouapyuod wnipayy | uswabeuew anoibuew o} Bunijyuod Joy puewsp Aneay ‘spooj} pue sauophd | awaxa woly uoildalold Jo ssof eISy S0y
EXA abueyp asn pue| ‘uonejndod 10 UOI1e]SDI04P
yoeoudde Aieurjdidsipiaiu bBuiseanul Juswaes |eardon jo fouanbaiy !Ws1IN0) pue ainynoenbe
|_ISE0D Ul 35RADU| pue uonepeibag
uewny o} Anwixold Buiseanu; ‘asi [3n9] eas ‘saLaysly bunoeduwi sadines
wa)sAsoda ul uondNpay
saads Joal ymoib
pue |10 10} s3l10)Isodas juawInIdal Moj 0} bupes| MO|s pue adudjenrald aseasip
Se SaLasINU [210D JO asn Aupunday uonejndod pue UOI}IRIIXD 3IN0S3) uoida}0id |eISe0d
SjuaAd fyljepow . i
‘yoeoidde 19102 ‘9Z|S |BI0D Ul UOIdNPaI ) ‘SaAeMIERY BulLlew Buipnpul sadinas waysAsodd
padnpul-ainjesadws) fyjenow pue Buyes|q
90l paseq-wa1sAsods anlssaiboid !sednoeid ‘3514 [2A3] DS ‘UoIRIIIPIDE ur uondnpal ‘AusIaalpolq
DUapIYU0d YbIy uanbayy ABuiseanul eIy SS010Y |e102 BAISUBIXD
‘€Yol !Uo1}e10)S31 10} 3UI[210US BAI}INIISIP pue uead0 ‘Hulwiem uedo |eune} pajeIdoSse Ul uoldnpal
‘Uoi}ed0] [e10) J33l ) pue Juanbaiy 310\

uomIas
pue
191dey)

uonesynudpl ys
K9 u1 d>uapyuo)

Jlomauwesy Juswabeuew
pue uopeI0)Sal
‘lediyjod-|e2160j03-0120S
pajdnod v

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

uoinjjod paseq-pue| ‘eale
uawdojaAap |eLasnpul
pue uequn 0} Ajwixold

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

4O SS3UMOY[2YS

EYETEN
Buiaq ysu siy3 0}
2INQL1IUOD pINOM ey}
suonipuod ainsodx3

Buipnpui ‘spiezey

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

1s01quiAs |ebjle—|ei0d ‘syel}
Jeuonouny ur ssbueyd ‘ainpnis
Ayunwwod [e1od ul uonelea
“JUBWIHINIDAI [B10D Ul BUIPAQ

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-34



Technical Summary Supplementary Material

sawweiboid uoiieyues
pue juswabeuew Jajem

sawwelBoid [013u0 101D9A

1yBnoip pue Buipooyy
Buipnjpul ‘spuaAS 3w

1SIX3 S10139A |y} alaym
Seaje pue suoijipuod

S9Seas|p aul0og-10123A pue

S95SeasIp aulog-10}29A

34 2UIPIYU0D WNJPS 9AI}JBUI PUB ‘SUOIIPUOD 0 fHuanbayy pasea.nul pue BISY/ 55010
8oL Py PN | sauuesBoid |0J1U0D 10123 toeul p P ¥ 4P P uoneyues pue auaibAy 131BM 0] 3Np SY1e3p Paseaiu] v v pue Ja1em Jo ysiy
uoneyues pue aualbAy moq |ejures pue ainjesadwsa)
‘'wayshs buiuiem-Aieg
ualque buisty
saibajens buidod [edo| wayshs Buiuiem-Ajes
pue walsAs bulusem-Ajiea pue juswabeuew Jayem se seale 1ybnoip uanbasqns INUjEW YIM palejal LBNOIp 01 3Np Aatin>as
80l aouaplu0od ybiy ‘wa)sAs Juswabeuew | yons 1ybnoup o1 sanunwiwod | suoid-jybnoip sy ul Buiny pue ||ejules moj Jo S3sNed JaY1o pue uofeAle}s eIy $S0.0Y “ m>>c:m oﬂ o. o
J191em Buipnpul 3y} ur saibajens buidod 9|doad o Jaquinu abie| fouanbayy ur aseainu 0} 9N SY1e3P paseanuy| 1EA BUE POO O3 457
ssaupaiedaid Jaisesig pue ssaupasedaid mo]
salbajens buidod |edo| wiaysAs Bujusiem-Aes pue
SIS9PIOSIP [eIUBL PUR $3SL3SIP Spooy} 01
pue wasAs buiuiem-Ajes Juswabeuew Jajem Janu se seale Buipooyy Jusnbasgns
snonajul ‘saunful ‘Buiumolp 3Np SISPIOSIP [euB
80l UIPIUOD WP “Juawabeuew Ja1em | yans Hulpooj) 01 SaIHUNWILIOD auoid-pooy} ay1 ui buiay pue |[ejutes Aneay jo eISy SSODY
0] anp Buiag-||am Jamo| pue pue saseasip snoldajul
JaAu Buipnpul 9y} ul saibajens buidod 9|doad jo Jaqunu abue| fouanbayy ur aseasnu|
syleap paje|a.-pooj) pasea.nu
ssaupasedaid sajsesiq pue ssaupaiedaid mo7
Sl [aA3] 3S 0}
sjeliqey
swa)shs |e1seod [e211110 JO SS0| ‘(Sanemyeay
ssoude Asianipoiq auliew pue sauofd
Juawiinal pue bulumeds paonpai pue s}eaiqino |eaidosy ‘spooyy) syusns SaIUNWWOd
53205 Inoineyaq buipasy ‘umolh aseasip ‘Aujeliow ssew awaJ1xa Juanbaiy siouw |BISEOD 5101235 pal||e pue
- JUBWINIDAI PASeaIdUl J0} ‘wsI|ogeIaW Y} 13)4e ued 0} buipes| pue ‘sgam pue swoo|q [ebje |njuiiey | saLYsly 'S|aA3] J1ydos) JuBIBYIP
20 s1eliqey [ednLd [e1seod !(sayeaq pooj pue saudysly ‘uoniediydonns ‘Asusyur ul spaye Huipedsed isyy sa0.nosal Aiaysiy
0] 'J31 550.2) auaplyuod ybiy : . , . eISYy/ SSODY
— 0 uoneIoysal ‘s|0d0301d pue saLIen)sa ‘sjaal |eI0d Bundaye ‘sbueyd pue Bujwy bujemdn pue ‘sdiysuoniejas Joyepaid |e3Se0d ul aulpPaq

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

Juswabeuew A1aysyy
d1ydads sapads/uoneso]

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

‘sarunwwod |ebje-onew
‘sanolbuew) syelgey
Bupnpai pue Ayeayun

219135 Buiaq ysu siy} 03
3INQL1IU0D pINOM ey}
suoipuod Ayjigeaujnp

a1ewp o0} buimo uoneinp
ur Jabuo| pue asuajul
alow ‘Juanbaly asow
3W023q 0} ANUNUOD [[IM
183y UBD0 BWaIIX]

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

|e1se0d ui sabueyd
‘uonjediynens buiseanul
‘suoiIpuod d1xodAy
‘UolledlIpIOe UB30
‘fuanpnpoud Aiepuodas
pue Aiewpd pauea/mol
‘Bujuiiem adepns paseanu|

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

—Ka1d *a1npdnas oydouy ul
sabueyp ‘aduepunge 331nosal

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-35



Technical Summary Supplementary Material

asn pue|
pue sadnoeid Juswabeuew
152104 d)eudoiddeur

sadoeld uswabeuew

SIS
Bujuybi| jo AHHuanbayy

u aseasou) payafoud

pue uonesiueqin woyj
suonub| pasinos-uewny
Buisealoul pue suoipuod

0502 Aq (5'8dDY) %0.~01
pue (9°2ddY) %SE-G
aseasnul 0} papafoid si
skep Jayeam aily a1anas

SJIWwapud abuel-moieu
awos Jo sso| buipnpui ‘sapads
ylomawesy pue djIsHaIdRIRYD

31} I0W YYM
SUORIPUO JaLIp pue
13110 0} 3Np eljessny

¥1°LL9|qeL wouj uonepeibap 15910} pue| buipeiBap pue buiies 11} SnopIezey alow 40 550 yum paydaloud si a1e1s
10 Jaquinu ay] “eljensny eljensny UI3YINO0S Ul $15310}
‘I'11 xog aouapiu0d ybiy Bupnpai pue buipione pue| Buiobuo Aq pasnpas pue suoseas ail} Jabuo) wa)sAs028 mau e 0} uonisues
UJISE3 pue UIBYINOS uBYIN0S yeuel usayuou pue
TELLTLL 'SUOIIPUOD J3Y1eaM Buiaq si sysai04 jo fpeded WOl SPUB|POOM pue 3|qisianalil Jo bunse| buo| e
ur Ajjepadse ‘0561 auid |ipuad ‘puejpoom
a1} awanxa buunp anndepe pue adusl|isal ay| 515910} JO (Saue1RY ‘papaadxa ale saads 991
9DUIS S Jay1eam aiy wnbmous ‘yse suidje
Ssallp|Im ysinburixa uol|jiwi 0| ~) seale Kdoued (ylomawely) Jueuiwop
SW..IX3 pasealdul aney
01 fpeded paseanu| BAISUBIXD JBAO SBULP[IM a1 Jo saneded annessuahal
SUOI}IPUO J3LIP PUE J3JJOH
1uanbayy pue asusjul
aiow 4abie| 0} sawibas
a1y adedspuey ur Y1ys
sasioy
A)|eadsa ‘sjewjue e} pue uoneydinaid
sapads |ewjue
1uawabeuew 1sad pue spaam Buipnpul siossans 1U31X3 uj $3sealdsp pue
vLlL3jqel pue juejd Juapuadap-mous
paam yyum Huoje ‘uonipuod onewip-uou Aq pajessush d1ydesfosb painsal ainjesadws) ul sasealnul
‘SLLYLL UO $S31)S Pasea.dul e ||am se uoibalolg MOUS SS3| 0} anp
|e2160|033 pue uoijelaban Aujiqessuina isqnays aAeY sjuswuoiiAua auidie | payefoid ‘(suoissiwa ybiy)
‘el oUapHU0d YbiH (spleu-qiay auidje uoys pue | sdjy uelensny eljensny ul Aisianipoiq
apeibiap 1ey) sasn pue| Apoom auidje-gns wouy pue 8uoz [eAlU JO Xde| 0] %06-S pue (suolssiwa
‘T s?|qeL Jlewp|ay) saniunwiwod juejd 158941N0S auide Jo ssoq
S wouj Aysianipolq suidje JUBWIYIRO.DUS ‘SpudWRIINbal anp azaanbs uoneasps MO]) %0/-0€ S! 050Z Aq e sanads aulolim suidie
Ve uo ainssaid bupnpay Je}lqey pajejal-mous 2.} sapads aud)y yadap mous wnwixew P ’ 1P SUIC
91e61|qo pue d1Wapus Jo S50
Buipnpui saads jo |enuue uj aulap paidafold
aylu [ea160]038 MoLieN
'SS911S [ULIBY JO [9A3] 9107
3} SaWI] XIS JAAO 3SNEd pjnod
Buiuiem (eqoj Dof VS 7ddY
Buiyoes|q SJUSAS dAeMieaY Buimoy|oy 19pun 150z J3ye Ajlenuue
peaidsapim juanaid jou pue buunp aulap osje pue G'8dDY Japun 07 Jale SaAeM]eDY duLlew
M Inq ‘'suonedliwes Buiysipiano pue ‘spueinjjod suone(ndod ysi4 ‘awn Ajlenuue pue geoz woiy pue bujwiem ueado o}
21WOU0I30I0S WR}-HOYS “Juawipas Buipnppul K1an0da1 3y uey) 191ealb 3PEIFP YIS 3DIM] N0 0} anp eljeAsny ul sanjea
¥1°L19|qeL Buiwiem ueado Jo f1anss ’ '
@dnpai Jo ‘suoibal |jews 'Wa)sAs03d 3y} Uo $10SSaNS fousnbayy e je suane | paalod st buiydesq ‘Ajjeqo|n DINBS Wa)shs02d
Tlixod a2uapiu0> yoly Lo ur abueyp arewip jo 13110 Jo asnedaq ybiy Aian pue aue1 Aq panaje ease Buiydes|q |es0d bursbbLy "J99y Jallieg 1ealn ay) ssoe eleasny ue A1sianIpol
el ! Y 1P # 410 ¥ q 4oy >1yde160ab Buiseau] 1ydea|q | 130D, 99y Jallieg 1eald 8y pue AyisIanipolq

spedwi ayr mojs Aew
199y Jallieg 1eaIn By} uo
suoy3 ‘wialsAsoda ay) uo
$10S53.13S Jay0 Buisiwiuly

Apeaje si aineladwsy eas
ur saseanul 03 Ayjigesauinp

Aq sjes0d buip|ing-jaal
apelbap syuana
anemeay pue bujwiem
punoibdeq Ul 3seanu)

sje}gey Ja}em-moj[eys ui
5[eJ02 JO 50| JuedYIUBIS pashed
Apeaije aney 0707 01 9107
wouy S1uaAd buiydes|q ssew
991y "swasAs [e2160]033-010s
jJuapuadap pue swaisAsods Jaal
|e402 JO UOIINASAP pealdsapip

pajeIosse pue sjaal
|eiod mojjeys [edidoy Jo
uoijepe.fiap pue sso

uondas
pue

191dey)

uonedyIuUdPI YsHU
£3) u1 3d>uapluo)

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

eisejessny :| | Jaydey)

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-36



Technical Summary Supplementary Material

abueyp suonipuod se
1snlpe pue ysu ajedpnue
18y suondo ‘spiepuels
ubisap ainpniiselyul pue
Buipjing pue ‘ad1eid
fioyejnbai pue Hujuuerd
panoidwi swishs

Sanss|
Aunba buneasn ‘suonendod
SS0.0€ UdA3UN aJe 1depe pue

AAIISUBS
pue pasodxa ApejndnJed

paies sayls
pue spue| [euoiyipel} Jo ssoj
pue ‘spooyijani| pue abejuay
[eANY|ND JO $50] ‘swa}sAs0d
papeibap ‘uoisayod [eos
pasnpal pue uondnisip
‘3)doad jo Juswade|dsip yum
pajenosse aq pjnom siy|.
"uol||iq 9ZZ—¥91$V 8q pjnom
eljel)sny ul sjasse pasodxa
JO anjen 3yl YIS W | dod

‘11 3|qe. adod 03 sanedes |eaisAyd ‘uol|iq ' aq pjnom
vLLLeIgeL Bujuiem-Ajea ‘sadinias ' 215 ale SalluNWWOod LIoeA 4 5'SZSZN 24 Pl
‘9"| | Xog pue [epuUeUl "SAI|IGeIBUINA puejeaz Map ul s1asse pasodxa
fousbisws jo fpeded 910WaJ pue spuejs| eis asu
i [e1os BuiAsspun S3|qe} Jajem punolb JO 3NjeA Y} "Y1S W Q'] 404 ’
panoidw) “3)geyasul $3110] BY] "IN1INIISEIUI [on3)| eas Bulobuo wouy
0LELL Buneqiadexs ‘sssupasedaid Buisu ‘sabuns wiols ‘(0607 "1eak e sawi} [eIaAdS N0 ’
ouapyuod ybiy 213ym 1eas3ai pabeuew 191em pue fPLPIR else|elsny seale [ejseod Hulh|-mo)
'SELL pue dUBPIOAE U] JUSW)SAU Aqw £'0-70 ‘0502 Aq p|nod eljessny ul pooyy
Buipnpui ‘suoisidap asn ‘skemie. ‘speol ‘sbuipjing ur swasAs |einjeu
TELL a1enbapeu| "1osal 1se| Jo W £°0-2°0) [9A3] eas buisty 123 00 |-Ul- | 1UaLIND 3y} pue :
pue| pue buiuueld s 'seale [e1se0d Bulh|-moj pue uewny Jo sso7
‘€11 9|qeL SI2INSUI S SJUBLUUIAA0D 0} uol|liq G2 z1$ZN Aq aseanul
Buibuey ayy ssaippe ur Juswdojanap wisNo}
Tl 51502 pue ‘adueInsul Jo 1502 PIN0d uonepunul [e}seod
ued Jey) swisiueydsw ‘uonesiueqn |jyui pue
pasea.nul pue Ayljige|iene 0] pasodxa puejeaz maN ul
Buipuny pue sjoo} uoisiap Mau ‘ymolb uonejndod
padnpai ‘suone|nbas sbuip|ing Jo anjea ay} ‘y1s
‘SHomMaWel buluued Buiuueid anndayeu 04 “Y2INYIS| e
W G0 404 "Y1 uyd pul
fiowmers ‘samunwwo luuejd aAldIyaU| G°0 404 "YpIniISY p!
uoybul| 9 ul Jeak A1ans nddo
LI U0 nom pooy} Jeak g |-ut
JO S|9A9) ||e Ssode Ppinom pooj} 00L-ur-|
310UIDI00> UORNP3! YS! Juannd 69 ‘Juanbaiy asow
paeulp NP3t awodaq o} paaloid si buipooyy
|15B0D "Y1S W €'0—Z°0 404
*(41S) 8sU [9A3] eas 0] anp
Burnddo Apeaue aie buipooyy
|BISEOD BWBIIXD PUB 3dUESINN
'sueado Huiwem yum payafoid
‘saads Buipuaixe-abues ’ P2
si d|y dAleU JO SSO] JaymN4
woJy KioAigqiay paseasnul SuIYIN pue ysiy
‘aAeM1eaY auliew 81// 102
pue sia1em Buiwiem ‘yinos 310AIGI3Y JO SUOISUB]XD
a1 buimoyoy da padnposyul
Jayuny buysnd sisiem abuel uanup-aewIp
‘sadfjouayd juess|ol-1eay 3y} Aq pade|dal ‘puejeaz maN puejeaz
JUa4IN) uel[esny 15e3 Aq Buizeibiano pue
¥1°L1 9|qeL Jo uonejue|dsuesy pue|esz M3 pue eijessny SJUSAS 9ARMIEBY| BuLIeW uIayInos ul diay |Inq Jo SS07 | MaN 15eayInos
DUIpLU0d YbIY J00d jusLynu 0} 3|geIBUNA SaARM]E3Y Bullew
TELL pue ‘uoijeio}sal [ed0| punoue sigjem [e}seo) pue buluem ueadQ “el[el)sny SS0.De Saleyday pue eljensny ’

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

‘105313 Jay30 Buiziwiuy

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

ale sjsaloj djay ‘eljensny
ul "adA Ayunwwod
auLiew pasabuepus ue se
eljeysny ul palsi| Ajjesapad
Apeaije ase djy Juein

219A9s Bulaq ysu siy} 0}
2INQLI3U0D pjnom Jeyy
suonipuod Ayjiqesauinp

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

3I9A3s buraq dsu sy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

£810 |- d[33 §0 SS0| dAISURIXF
‘Bulwiem ueado 0} anp | 107
Aq Bururewsi 94,01 ueyy sss|
Yum ‘0p6 | 92Uls eluewse| ul
djoy ueib ur suiap pansasqo

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uIayINos

uoibai
d1ydesboan

‘Buiuiiem ueado o} anp
pue|eaz M Iseayinos
pue eljesny usayinos

ul s3sa10} d[ay 4o sso07

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-37



Technical Summary Supplementary Material

vl 9lqel
‘€'LL pue
1°L1 saxog
‘LL'LL 31qeL
Ly
‘€9ELL
TELLTLL

uondas
pue

191dey)

oUBpHU0d YbiIH

uonesHIUdPI YsHU
£3) u1 3d>uapluo)

'S}sse [eny|nd
19301d 03 3Bpajmouy
snouabipuj uo paseq
skemusiem u smoj4 ease
Jayjoue o} uopeibIw Jo
(uonensasuod Aysianipolq
‘uonpnpoud Abiaus
9|qemauai ‘uonensanbas
uogued *6d) sasn-pue|
JUBJIBHIP 0} UonIsues)
‘sasidIgiua |einyndnbe

ul uonedlIsIAIP ‘b
‘fiessadau aq Aew sabueyd
Jolew ‘suoiBai awos uj
*(s1eAnnd ‘sarep buimos
‘fouaniys asn-1a1em
'|0J3U0d paam ‘uonualal
3|qqnis ‘69) sednoeid
Juswabeuew wuey ul
sabueyd |eyuawainu
‘abueyd pue Ayjiqeriea
‘furepdun abeuew
13194 0} Spoylaw pue
5|00} ‘uoijewlojul Jo
uondopy ‘suleyd anjea pue
anpniselyul ‘Ansnpul
‘asn-pue| ‘sjuswaies
|eanu so4 buiuued
Pasnd0}-adusl|Isay
'saifojouyda) pue
juswabeuew uj sabueyd
pue (ueld ga ‘6-3)
SaAlReIIUL pue sa)
J191em panoidw| ‘seAl
9|eds-uiseq pue |euoibas
Buipnpul ‘8aualjisal [einl
plIng 0} uoijeIoqe||0d pue
dueusanob panosdwi
‘spuewsp Jajem bupadwod
9]EPOWIWOD. pue

npaJ 0} bujuued sanag

yst4 Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

‘ajew buikip e

J1apun Ja1em jo buueys noge
fuiepsdun pue ‘JuswWUoIIAUD
pUE S31AISNPUI ‘SAIHUNWWOD
Buowe s321n0sa1 Jayem

1o} uoiinadwod Bunsix3
*S9I}UNWILLOD 3JOWI pue
|euoibal ‘jean. uo sainssaid
|BIUBWIUOIIAUB pue y}jeay
‘|e1os ‘|epueuty bunsixy

219135 Buiaq ysul siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqelaujnp

‘SpUB[IaM pajsi|
Jeswey 9|, bujuieuod
51955 |EJUBLUOIIAUD
juepiodwi pue
'S3I1IUNWWIOD [eint 3SISAID
ur 9jdoad uoljjiw 97
‘1eakjuol||iq yZ$Y yrom
aunynoube spoddns

ya1ym gan ayp bupnput
pasodxa a.e suoibai
uoipnpoud Auew ‘eljensny
UI9)Sed pue WIdYIN0S
'UI9)SAM UIN0S SS010Y

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D p|noMm ey}
suonipuod ainsodx3

eljensny
UJ3)Sed pue UIRYINos
‘UIB)S3M-YINos Ui spybnoip
219A3s pue juanbaiy

210W pUB $32IN0S3)

13)BM UO S}UIRIISUOD YHM
SUOI}IPUOD JaLIp pue J3JoH

319135 Buiaq dysu sy}
0} 3}Nq113UOD PjNOM
1By} SuonIpuOd piezey

‘(9aw) uiseg

Buipeg-Aeunpy ayy buipnpou
‘Bl[R1ISNY UIR)SE-YINOS pue
UISYINOS ‘UIR)SaM-IN0S
SSOIJE S3UNWILLOD [2INnI
pue saijiwe} bujwuey ‘suieyd
Aiddns jesnynoube oy sy
U0-MO|4 "2.N}|NIIA Joj syoedul
OWS Paseasdu| ‘aunyndiuoy
10} Bul|iyd J93uIm padnpay
0502 Aq 1eak sad shep zy—1 €
Aq ¥203saA1] Ul Ssa1Is Jeay
paseanu] ‘eljesisny yinos

ul %G| 0} dn pue eljensny
1S9M-YINos ul %0¢ 03 dn jo
0502 Aq spiatA 1eaym ueipaw
ur auipap ‘69 ‘uononpoud
Kiiep pue ainynoiJoy

‘dod ul auipap pajdalold

woym 0}
pue ‘313A3S PaJapisuod aq
pinom 1ey} duanbasuo)

eljensny
puejuiew
uIa)ses pue
uIBYINos
‘u31SaM YInos

uoifai
d1ydesboan

SUOIHIPUOD J3LIP pue
131104 0} anp eljessny
puejulew uiises pue
UI3YINOS ‘UIBISIM UINoS
SS0.08 S3I1IUNWWOod
[BANJ U $S3.1S Pasealdul
pue uopnpoid
|eanynoube u aulpap
pue uondnisiq

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-38



Technical Summary Supplementary Material

vLLL91qeL
TIL'OELL
TELL
VELLTLL

uoidas
pue
191dey)

ouaplu0d ybiy

uoReyHUIP! s

£3) u1 3d>uapluo)

“1elqey 9|qenns s

213y} Bunnsua pue ‘spaam
pue s|esa) wouy sainssaid
Bupnpai ‘s10ss3.3s uewny
Buinowsas ‘ajpjim o4

a1ed yyjeay Aewnd
P3DINOS3I-||9M 3|qISSae
‘Buyjood/uonensul anoiduiy
ey} spiepuels bu
‘faundas wayshs ABisua Joy
swialshs tojessuabyhianeq
'swayshs buiuiem-Aj1ea
allj/anemieay ‘ssens

183y 32NpaJ 0} UONEINP
‘opag|e paseanul

pue anpniselul

uaaib parebiu

Buipnpu suonuanRiul
Buijood ueqin

Jyst4 Bupnpai oy
|enuaiod 1saybiy yum
suondo uoneydepy

‘uojepesbap pue sso| 1elgey
Aq payidwe Buiaq ale spuana
183y BWa.X3 JO spedwl
‘3J1|p|IM 104 *(S311uNWwod
snouabipuj ajowsal se yns)
anpniselyul buisnoy ut
Buijood ajenbapeur pue

123y 3WaJIX3 Y)IM SUONEIO|
djoway "(191em Jamod)
saiyn a|1beyy Aq pansas
seaJe ‘snje]s JIWou0d300s
1Mo yym pue Buisnoy
fyjenb-moj uj asoyy

‘ajdoad xd1s/pjo/Bunok Joy
fypeded aandepe Jamo

219A3s bulaq ysu siy} 0}
2INQLIU0D p|NOM ey}
suonipuod Ayjiqesauinp

Mows auypIm

0} 63 ‘sansodxa [njwiey
Jaypo yum Adiynw sysu
UY1jeay *(spuest 1eay uequn
"B'9) seale aunsodxa-ybiy

(s4ax40M J00pINO "68)
sdnoub [euonedndo pue
SDULID|O) [BULIBY JIBY)
uo buipuadap saads
9J1|p|im swos Bundaye
Ajlenuaiayip Inq ‘anisenad

EYEVEN
Buraq dysu siy3 0}
3INqL1IU0D pINOM ey}
suonipuod ainsodx3

[SUETERLENTENTEYNE]
10 uoleinp pue Aysuajul
‘fouanbaiy paseasnu|

219135 Bulaq Ysu Sy}
0} 31NQLIIUOD pjnOM
1By} suonIpuod piezey

*asealdu] o} pajafoid

S| pue PanIISYo UIAq ey

(ys1y J91eMYS3Y ‘sax0) Bulfly)
saads ajp|im Jo Aljerow
paje[ai-jeay uedyiubis
‘uoneydepe ou bujwnsse
'020Z-1L61 01 3AejR
080Z-1£07 Bulnp (5'8dDY)
1e3kj009 03 (9'2dDY) Jeak/00€
noqe £q aseanuj 0} payafoid
ale aueqslig pue Asuphs
'3WINO|BI| Ul SYILeap SSdX
Pa)e[31-9ARMIEIH "SIN0j|ed
dUe|Nque pue suolesijeydsoy
|BUOI}IPPE ‘SY1BSP SS3IXS IO}
payafoid aie sasealnul [enuuy
'SOARMIEAY 0} ANP %06 Uey}
alow yum ‘salinfui oLy pue
SU1eap | /6 pasned sid)sesip
|eanieu ‘910786 buting

woym 0}
pue ‘213A3s PaJapIsuod aq
pinom ey a>uanbasuo)

eljensny

uoifai
d1ydesboan

eljensny ul
M pue 3|doad Joj
Anpigiow pue Ayjepow
palejai-1eay ui aseanu

siaydeyd [IDMm
94V ul payiuapi
se sl Aay|

TSSM-39



Technical Summary Supplementary Material

‘ainynoenbe pue sauaysl)
‘ainynoiuoy .w_E_:u_hmm .\Emw._o*
Ul SYUSWISIAUI [BqLI} LIOBJA] UO
spedu| Ajaandadsal 1eaksog -
pue 1eak/o%t0- 1eak/9 L 0-

9Ie S2JWIIS PuUB[EaZ MBN 0}
1ym ‘AAndadsal teako, |-
pue 1eak/%9°0- 1eak/o%€ 0-
1@ pajewnss sl ymoib 4ao
Ueljelsny Uo (5007986 0}
anneal) buiwsem [eqolb ). € 1o
'\ e jo pedwi ay] "uol||iq 8§y
1502 sall} Ueljensny 0Z0Z—610¢

'sabeys ul pauueyd

3q Ued Jey} ‘Jeanal
pabeuew ‘b suoneydepe
|euoljewIoSuLI|
*2In)INASeIUl pue

‘SJUBWa|NAS 3y “6e ‘vondnusip ureyd
sbulp|ing 1o} Spiepuels
pue S} Ul 2InONISelul Ajddns pue sanijigel| papunjun
1U3J[IS31 d1eWI|D JO 3sh
“SwiaysAs pue sbulp|ing :swloys Bunean ‘ainypuadxs Jaijl
‘swiayshs buiuiem Ajes
|eaneu pue [eos ‘edishyd ‘suie|dpooy} uo spooj} J1915es1p Jofew pue Auandnpoud
pue sdIAIRs fouabiaws
JO SS3UPaJIBUUODIRIUI |  [BIAN}) PUB SJUBWIS[IAS pue 150| 0} anp s150 a1efaibbe
panosduw] $|00) JUBWISSASSe
91l 210 DUE SILIOUGYD pue sapuspuadapiaiul Ag | send ul spoojy [eiAn|d wouy abue7 '3sU [9A3|-BS BWRIIXD
pue || 5 E__s.m :M . _m\swEE pajesauab sanijiqessuiny | aunpnaseyur pue Auadoud *"S|9A3| BBS SWALIXD pue wouy swayshsods papeibap Suane
‘I'| | sexog S 4 *Swa)sAs0da uo sassans ‘a|doad :spooy} ‘s1sa10) |[ejutes Aneay Aq pamoj|oy pue ‘uoisayod e1os padnpal
uoIsap JlweuAp jo 3Wa/1X3 0 aNP SIS
TSLLYLL dllewi-uou pue ‘Aeded | Jeau SJUSWSJIIAS pue seale sjybnoJp 1o ‘spooj} ‘a|doad Jo Juswadedsip ‘senl|
3sn Ja1ealn ‘10129 pue suteyd-Ajddns
OLELL 3DU3J|ISal Ja)sesIp pue uequn-uad :a11y 'seale UUM SWLI0]S ‘Sallj UM | PUB S]3SSe JO SSO| ‘2In1onJIseljul
9)eAud pue sanunwwod ‘ainpnisespul
‘6ELL auaplyuod ybiy Buyew uoispap ‘adueusanoh uegin-uad pue ueqin SIABMIEBY SE LINS SJUDND 181em pue A1 ‘shemjies else|elsny ’
‘s)uawuIanob Jo sans) 'SJUBWS|NBS ‘3D uo
gLl *fo1jod ‘buiuued srenbapeul :sanemyeay ‘b's ‘spiezey punodwod pue Huipedsed ‘speou ‘sbuip|ing o} abewep
, UIYHM pue usamiaq spedwi ajebaibbe
€11 !$101235 $S012€ SpuewWap UBJ9YIp J0} dInsodxad SapN[UI SIYL "BSU [9AD] ‘s)ybnoup wouy Ja1em ajgejod
uoijeulpiood panoidu| pue buipunodwod
‘9°ELL 95N puB| pue 34n0sal 1UBIaJ41Q 'seale ysu-ybiy 235 PUE SWLI0)S ‘SPOO|} 10 3| ‘sanss! Yyjeay [elusw
*92UB|IS31 J1Wa)SAS pue ‘Buipease)
SELL edes sandepe Bupin Bunadwod sanijenbaul ul ainsodxa saseanul | ‘saiy ‘s)ybnop ‘sanemiesy ‘S3NIUNWILIOD [BJN IO} SSALS ’
TELL'TLL _Em“ mw__u _nm_%"._:m [BN}|ND PUB J|WOU0I3-0120S yamoib uonejndod pue ‘uopdnpoud [enyndube padnpal
ue (6 |- Aq pasned ISUSP UGN J91eal 'SUONDIS3I JBBM [SULI0YS
Bupspea ssaipai ‘spoeduy pue (61-aIA0D Aq p: Ausuap uequn sajealn 1211 J3) i
asouy '6-3) sabusjjeyd 'S9YS PaIdes pue spue| pue Spooj} WO} SDIAIIS pue
peaidsapim ssaippe
21WOU03 pue [e1os Hunsixg [_UOINIPEL] ‘SIUBWBIIAS 2INNIISLIYUI [01UOD-POO]}
1By} SUOI}IE P3JeUIPI00d
210WaJ pue |eni ‘seale pue Ja1emunio)s ‘Hodsue) Jo
101295-13N|Al "S1eaiy)
parendod AjybiH 2In|ie} sall} pue SeAeMeaY
papadxaun pue sasudins
WOoJ} SSO| SURINSUI ‘WSLINO)
10} SwiA)sAs |eanjeu pue .
pue ainynoube o} sbewep

21Wou03-010s dledaid
1eyy saibajens uoneldepe
s pue s|qixal4

‘530195 |epdsoy Uo Ssans
‘uopnjjod Je ‘syyesp pue

saLn(ul ‘ssaus-1eay ‘sadlnss pue
2.NNJISLIUI UONRIUNWWOD
pue AB1aus ‘podsuely jo ainjieq
:9pnul sajdwex3 ‘swasAs
|eanjeu pue [eos ‘|edishyd

JO SSBUPB1IBULOIIRIUI pue
sapuapuadapisiul Aq paresaush
salIADe uewny o) sbewep
anisensad pue peasdsapipy

Sisies 319135 Buiaq dysu sy} woym 0}
Buiaq ysu siy3 0}
lennuajod 3saybiy yuMm  AINGLIIUOD PINOM Jey} 0} 2INQLIIUOD P|NOM  pUE ‘3IDA3S PAIIPISUO 3q

suonndo uoneydepy  suonpuod Ajjiqesaujnp w.““u__“_ﬁ““uvm_“”“%“u By} SUOIMpUOd pJezeH  pnom jey} aduanbasuo)

uoi9s dsu bupnpal Joy 219A3s bulaq ysu siy3 0}
pue

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

uonesHIUdPI YsHU
K9 u1 >uapyuo)

uoifai

sydeyn d1ydesboan

TSSM-40



Technical Summary Supplementary Material

9LI=-L"LL
S9Xog
TELLYLL
OLELL
gELL
LELL
'0ELL
TELLTLL

uoids
pue
19ydey)

ouapHU0d YbiH

uoneIIUIPI YsU

K3 u1 3duapyuo)

'sa|doad
pue[s| 1eAs Saiio) pue
|euiblioqy uelesny pue
1uebio |equy Loep
Buipnpui saniunwiwod
yum pajuswadui
saypeoidde uoneidepe
paubisap-0) ‘saill|iqelau|na
pue sysu buibueyp ssaippe
pue aduBl|Isal p|ing 1eyy
s]00} Bupjew-uoisap
pue saibojopoyiaw
JuaWssasse A|u
pue sty 's
pue sajdoad snouabipul
'5101295 ||e “Juswuianob
10 S|2A3)| || SSOIdE pue
ulyum sudiyep diysiapes|
pue Ayjigedes ‘Aypeded
pue ‘saijiqelau|na
Bunsixa buissaippy
'SUIRWOP pUE S3|edS SS0.108
2dueuIanob anleIoqe||0d
pue 1snf 3|qeus 1eys
S3I}UELAdUN pue SySU
Buibueyd buissaippe 1oy
syuawabuele buipuny
pue sylomauwely Aioyners
‘for10d jo ubisapay ‘sysu
92NpaJ pue ploAe jey)
suondo anndwsa-aid

Jst4 Bupnpai oy
|enuazod 3saybiy yum
suondo uoneydepy

s1saJaul [edjod pue

fo110d bunadwod pue sanjea
Bundiyuod pue ‘Aurenadun
yum |eap o} Ayjigeded
U3ABUN "JUBWIUIBA0DG [0
pue saiunwwod Joddns 0}
$32N0S3J pue SJUBWNIISUI
Buipuny pajesipap Jo ye|
'S921AS J0 BUIDIN0S3I-I3pUN
‘syuswabuelse [eba| pue
|euoninisul pajuawbely

219135 Buiaq ysu siy} 03
3INQL1IU0D pINOM ey}
suoipuod Ayjigeaujnp

sjuawuIRA0b
pue suonesiuebio
'SaIIUNWWIOD ‘5101285 ||y

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

3511 [9A9]-B3S pue
sjyBnoIp ‘syuaAs Jayieam
awanxa Jo Axajdwiod
pue Aj11anas ‘uoreinp
‘fouanbauy buiseanur ay|

219135 Bulaq Ysu sy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

sajesauab uonde uoneidepe
2je] 0} 3un|ie} JUe}NSaY
'sa|doad snouabipuj jo sadipdeid
pue sanjea ‘sysasayul ‘syybi

3y} pjoydn jou op Jey} suopde
se ||am se ‘suofjeauab ssone
pue uiyum sadnsnful pue
salynbaul ‘uoneidepejew o}
spea| pue A)[igeIaulnA SUISIOM
siy] “syaeduit [easly ‘51503 ybiy
sa)esauab pue ‘passaippeun
spedwi d1wa)shs pue
Pa1IBUL0DIBIUI pUB SAAUIUI
asianiad sanes)| ‘saunsodxa
Bunsixa ul sy20] yeys bupjew
UOISIDAP WLIB)-HOYS ‘aAeal

Uo ddUeI[3I B SIPNUL SIYL
*f13100s Jo seale |[e Joj spedw
anisensad ‘peaidsapim sey [aAa)
9ueusanob pue [euonninsul
au 1e uoneydepe pajiey
‘diysiapea| pue uoeulpiood
'$924N0531 s321AI3S ‘saidl|od
Kiessadau apinoid 0} s1apea)
pue swa)sAs ‘suonesiuehio
‘suonnisul o Apeded ayy
W[3YMIIAO Spiezey ajewn))

woym 0}
pue ‘219A3s paJapisuod aq
pinom jey} aduanbasuo)

elsejelsny

uoibai
d1ydesboan

sysi ajewl|> abeuew o0}
swiaysAs acueusanob pue
suonnisul jo Aujiqeu)

sia1deyd [IDM
9YyV u! payiuapl
se ysu Aay

TSSM-41



Technical Summary Supplementary Material

Bujuue|d Juswdojanap
uequn pue bujuueld asn

SJUSAD aWRIXa

seaJe [ens
pue uequn ui suejd pooj}

plezey
pooy} 1sIngino axe| Ja1delh
paseasnul pue Bujuwioy

ue| Ja11ag ‘sease ysu-ybi 191 Juswabeuew Ja)ses| ed13WY YIno
puey snag R Hed 1SesIp 1o seale uequn uj sadojs saye| Jaeh ul bunnsal eI G
ur 8jdoad jo uonedojay Jood se |jam se ‘swa)sAs 1S9MUIN0S
daa)s uo sease ysu-ybiy s19e|b buneanay
6571 ‘Swa)sAs adIAIRS pue | bujulem-Aj1ea pue buriouow pue 1seaynos
ur buiny Auanod ur ajdoad ‘Jsospewnad jo buimeyy swaysAs uoisinoid
YTLLETL (uawaaibe wnipaw 2IN1ONIISRIUI JO 3DUBI|ISBI ‘9ueinsul ybnouyy 1oddns ‘YuoN SapI|Spue| pue spooj}
10| 'sease auoid-ysu puUE SUO[IPUOD MOUS |  3DIAISS DISE] PUB ANJINIISeIpul :
'9°€Tl ‘aduapine wnipaul) Buiseanul Juswsbeuew JuBWUIBA0B panwi ‘ISOMYUON 0] NP uNPNIAISEIUL
aIow Jo uonedno yum Buibuey) ‘||ejules swanxs 122112 Jo uondnusip ‘s1oaye
ezl 20UBPIUO> WNIPIY sl JR)sesip pajesbaju 'SwalsAs DINISS pue {uoosuoy pue a1 01 31y
J13y3aboy ‘uonejndod 13yb1y yum pauiquiod U1|eay a18A8S pue yieaq ’ ’
-1'€Tl ‘skemyed juswdojansp [B2111 pUB BINNIISEIUI uedLRWY
pasealdul pue asn pue| sanljiqenten |ejures Jaybiy :
pue uonejdepe uo Ul 3Ual|1s31 MoT ‘|eulbiew Y3nos ‘eduswy
‘spiezey Huibueyp o3 anp Ajqissod ‘suoibas awos
Buipuadap Ajbuoss sysu pue awodul moj Ajjensn |esus)
‘Sapl|spue| pue spooj} 0} 104 'sjuans uoneydinaid
[N} yum ‘uoneldepe Joy ale suone|ndod ajgesaujnp
pasodxa ajdoad aiop Aneay pue swioys sabuons
lenuajod ybiy Ajjeseusn
pue uanbayj alo|\
515832310} 3ew!|d
|euosess panoidu] ‘sue|d
uoneldepy [euoneu pue
91e)5 Jo uonejuawsa|duw
'suteyd uoisinoid pooy
JU3DIYYS dlow pue
uoijeouu
‘swajss uononpoid pooy : :
pue ydIeasal ‘swashs
ur suonejal jamod pue
Bujusem-Aj1ea ‘dueinsul
safenbaul padnpai
‘ABojouyda ‘ainpdniseljul ||e4an0 ||ejulel
‘(uonewuopur ‘buipuny) )
‘9IRS UOISURIX® eIA Loddns JO Junowe uj 8seanaq
SIaWey 3|eIs-||ews 0} spoob uoijLnujew
|_IUBWUIRA0G JuBDIYNSU| ‘uoseas Autes ay} Jo 1asuo
yoddns jeuonnyisuj sdoin uo Juapuadap uonejndod paseanul pue Aundas pooy
‘swa)shs 3Y1 1€ |[ejulel Ul 35eaNap
dA11eLON| dJowW pue Ajndas alow pue (seale [einl padnpai ‘(|any ‘a1q14 ‘pooy)
66Tl (uawaa.be uonebLul pue abelo)s Jajem 21935 e Ajejnded : s)ybnoip
pooy Aay a|qndadsns ssa| Buipnpui) a1es yymoib spoob jo uoidnpoud Joy edLRWY YInos
vTgel ybiy 'aduspine wnipauw) Buipnpui Juswabeuew ‘suianed |jeyutes Aueak ayy awanxauanbaiy o3 anp
10 panoidwi jo uondope uonejndod ybiy ‘wybnoip fipeded padnpas ‘uonejndod pue [enua)
ezl IUBPIUOD WP 191em jusniyaul ‘sandeded ur Ayjigenea ybiy suoibal fundasul pooy Jo sty

pue juawdojaAap o}
uoddns ‘spue| papeibap Jo
K1an0da1 pue uonesaiopep

Jo uonuanald ‘spue|
9|qeJau|nA uo ainssaid
Buizesb bupnpay
*(Buisnai pue buiphdal)
fouaniyye-09 Jrem
panoidwi ‘suoneIapisuod
abueyp ayewip jo
uoisnpul yym (uonebiu

‘abel0}s) adueusanob

J191em panoidw)

paje[ai-adueusanob pue
|euonnIsul papw
‘uoljepeibap (10§ ‘SUOIIPUOD
snewp buibueyd oy ydepe
0] 's1aUlIe) 3|ds-||ews
Ajlenadsa ‘s1awiey

Jo fadeded padnpay

JNISURIXA alow Ajeneds
01 anp Ayndasu pooy
0] pasodxa ajdoad aiop

pLeIWaS J0 Uoed|ILasaq
'spotiad 10y awanxd

pue 1ybnoup 1abuoj 1o
/pue Juanbayy 1ol

3y} Jo sued abiej 1o} pooy
aunbde o1 Ayjiqeur/sureyd
uoisinoid pooy jo uondnisig

uondas
pue

191dey)

uonesynudpl ys
K9 u1 d>uapyuo)

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}

9)NqLIU0d p|nom Jey}
suonipuod ainsodx3

219nas bulag ysu siyx

0} 3}Nq11UOD PjNOM

1By} SuonIpUOd piezey

woym 03

pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

eJ1I3WY YInos pue [enud) :z| Jardey)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-42



Technical Summary Supplementary Material

uayolq
aq ued sapedsed speduwl

wiayshs Buiseanap/mo
'swialshs a1ed yyjeay dignd jo
uoisuedxa pue adueuajulew

SI0I9A
1U333dWoD J0 DUBLNII0
J0 eale Y} Jo uoisuedxs 0}

siseluewysia)|
pue ey|iz ‘anbuap ‘elejew
1o} s10109n/suaboyyed

uonejndod ay} jo
Jed abie| burdaye ‘sdiwapida

swaishs

[X¥AR A4 (uaweaibe wnipauw Jo uonnquisip [edodwal | pue spiezey [einjeu Jo spedwl
aIaym pue walsAs ayy ul ‘Juswianoidwi 3P | anp sasnuinogue o0} pasodxa eILBWY YINoS 931095 dljgnd pue
‘8Tl '2UIPING WINIPaL) pue [eneds ul aseanul ue Buipedsed o} anp sadIARS ’ ) ’
SPIOYSIYL JO UonEedNIUSP! ‘Juawabeuew uonendod ay ui aseanu| pue [eaqus) | ainpnaselyul buissedins
-1ezl UIPIYUOD WP yum Jay1aboy (sepispue| U3jeay pue aimpniiselyul
uo paseq ‘a2usl|isal 1315eSIp JUBNIYNSU| *SJURAS Jayleamy/alew|d 4O Sys J1WalsAS
'SpoO} ‘swi01s) spaezey Buipnpul ‘swalshs d1nIas
,Sw)sAs Jo aseanu| *SwiA)sAs aunyonisesul 0} pasodxa ainpnusespul
ajew!)d Jo apnyubew d1jgnd jo umop-yealg
pue 31195 d1|gqnd Jo pue ajdoad aiop
pue fHuanbaiy 1aybIH
Aujiqessuna buiseasnu
anbuap Jo swiio}
S3INSeaW [PUONRINPD
- 5 213A3S 3J0W JO 3dUBPDUI 3Y)
prtelispies ORREl en 9Se3.DUI UBD SUOIIRUI Ul 0£02 Aq eduawy
utptm Butpun; Aeadsa asea.nu| ‘s01nbsow 10} alIs elAl|og ‘|1zeig ‘lopend nos 40 9 ._w>8
“Uoneydepe uo sajeqap | 's20} } SOl Inljog ‘|izeig 10pend3 4inos J0 %9y—-GE
LUBAIND 01l SOIGRIBUINA Buipaaiq saseainul siauejuod ‘e|ews)eny ‘eunuabiy pInod wniedidje} wnIpowseld |  eILBWY YINoS
T _ pue sajppnd ul uonenwne —apnyie| pue apnije uoisuedxa sabuel usboyied euejew ay jo 153MYINos
pue abpajmouy snoushipu)
1218/ "9d0d 03 Adeded 13yb1y o sadeyd buipnpul uoijens|d pue Ayjiqenns uonnquisip olydesbosb ayy |  pue 1seayinos
RANA (uswva.be (TR SIS 21UI0U033 pue [einnis mo| | “dds sapay Jo uoisuedxs 01 ajewpd Jo ease papipaid ‘0lIeUdS G ay1 buimoj|o. ‘Yo (sa589S1p 2UI0g-JoRan
Gl e pue sadnoeid Ajddns Jsiem 11 puel _ Pay 40 uol 1P pabIp : e B ‘lejnorued ui) soiwapida
‘el by *aduapina 3snqo) pue SnJejs [03U0D BLBEW | 3Np SISNIIAOGIE 0} pasodxd 0} buipes| ‘5101991 Jo 'S95e3SIP [es0yLielp ‘1SIMYLION
se ||am se ‘saifojouyday Buiseanu; 0 anp spaye
-lel dUBPHU0D YbiIH 100d "SINIBS WISAS yijeay uonejndod paseainu abuey |edrydeiboah ayy yum Jay1abo ‘siseluewysis| PUE ‘U00SUO|
abelo)s Jarem ui U3y 213185 JO XsIY
sablieys ‘snpnasesul Jo Burpunpiapun swia)sAs *S9}e1 UOISSIWSue.) asea.nul saunjesadwal pue ez ‘19na} anbuap uedLRWY
o] Q_W_ o uwms. abemas pue uoisinoid Jajem 13ybiy uy buiynsal ulw pue xew Jaybiy ‘elie|ew $3SeaSIP 3UI0G-10103A | YINoS ‘edLawy
P AGHUIAEL ajenidoudde jo abeianod Juad ‘uonesiuedn Aq paseasn Jo so1uwapida saybi |esus)
's921/35s L3jeay dijgnd
R T FETE D jynsu| ‘sa|doag snouabipul uoiejndod jo Ausuag 'swa)sAs yyeay o0y abewep
e 10} pue spoonoqybiau Ue $123J43 U1|eay 3IaNS!
210 “vomaroxd } pue spooyinoqyb pue spajjs yijesy S
: awodul-mo) ul Apejnoned
Buisnoy panoiduj
‘SUOIIPUOD UONEHUES MO
NI Buipnpul ‘uoneibayul
abpajmou pue
uonednned dignd buons
(1zeig
*(Bunsaniey ajemuies
[BIUS) Ul 9%(G) UOSEdS
‘asnal Jajemalsem) s82Inos suon|puod eJLI3WY YINOS JO 1531 By}
seale ueqin fap Buunp uoneydpaid
J191EM JO UONedISIBAIQ 1ybnoip Buunp Ajjenadsa | uoljjiw L€ 03 dn pue fizeig ul edLRWY YInos
Buimolb pue ajqesaulna Ul %0 Jo uondnpas e
'spotsad Aip oy ‘)aw mousyiaide|b jo uol|jiw gz 03 dn ‘eauaWY-0S3\ 153MyIN0S
‘fousniyyd ainpniselyul 2duaLadxs Aew § H,0¢
65TLvTl abel0)s Ja1em Juaiiyyg uonnquuod ybiy uo Ul $S913S $924N0S3I JSJeM | pue JSeayInos
131eM MO| ‘UoINgLIU0D pue g} usamiaq suoibai
R4l 'spafoid uoneydepe juapuadap puewsapyasn Buiseaiul o3 pasodxa aq "YyuoN
J91em jjauw uo aduspuadap ‘suonaalosd ),z buimojjo4
el dUBpHU0d YbIH paseq-wajsAs0d] ‘sadunos J191em pue uonejndod Jim ajdoad uoljiw z| | ‘IS9MYLION Rundasui sa1em Jo sty
‘sandeded adueusanob mot 'sabueyd uone(ndid
T AB1auad d|qeMaUBI JAY10 9sealu| "uolesiueqn 0} dn ‘0G0z Ul OLIBUSDS | U ‘UOOSUOIA
‘abelos pue Juswabeuew pue uoneydpaid pue
ezl Ul JUBWISAAUI pue pue samodoupAy Buiwiem [eqolb /"7 e 104 uedLRWY
191em Buiseanap ‘uonnquisip ‘spotsad Aip pasunouoid
J1amod d1pa301pAY ‘Butuiw ‘aunynoube jo *R124EDS pUR SS211S JJEM | YINOS ‘edLIBWY
pue uonduwinsuod Jajem aJow ‘abuey Jan0d mous
Jo uondnpay “(sueyd uoedIISuBIUI WoJj 0} pasodxa ajdoad uojjiw |enua)

uoidas
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

J1amodoipAy pue asn
131eM ‘SLep 13pIsuod Jey)
salbajens Juawabeuew)
9d2ueuIanob Jajem
pajesbajul pue panoidu|

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

|enbaun pue 1snfun

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suonipuod Ayjiqesauinp

puewsap pasea.nu]

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

pue abexuuys sae|b 0}
anp aulpap pue abueyd
Kujigejiene Ja1em [euosesas

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

paipuny uey} aow 0} Sus)

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-43



Technical Summary Supplementary Material

sywi| uoneydepe

wslno}
pue sasnoeid buiysy

Buiyoes|q [e10d
pue uoies|IpIDE UL

syuana buiydes|q

9I9A3S [ENUUE DUBLIAXD ||IM
1931 [e10D 113U Aj[eNUIA ‘0507
1eak Aq ‘oLieudds §'ydDyY 104
‘ws1Noy

paey buiydeoidde Ajpidey HECTnIIY WO} BWIODUI JO D] ‘SaLIAYSl) | edLBWY Ynos
6SZl'rTl ‘Juswidojanap |e}seod woly 01 buipes| ‘uonenuadU0d
(uawa.be "I9N0J3I 0} S}38I 10} DUIIIHAIUI UBWINY BARRHBU woyj A1undas pooy paseasdsp 15e3YLION Buiyes|q
'TET uoIINIISIP Yim Jayiaboy z0) duaydsowse Jaybiy
by '9>uapING 3SnqoJ) ybnous aq pjnod sieaf g 40 S|aA3| YbIH "suonenidnyy 'S9I1UBS Wa)SAS0I3 JaY10 pue pue yuoN |e102 0} BNP SWAISAS0ID
X4} sanjeladwa) adepns eas 0] 8NP sS31)S UoRINES
dUBpPYU0d YbIH K133 0} sjuana Buiydes|q Hd pue ainjesadwsa} Ja1em uoipajoud [eyseod bulpeibap pue ‘eduawy J081 |10 0] YSIY
el pasealnul pue sA3| z0) | eluobele Jajemess adepns
Bupnpay ‘suolssiwa z9) | 03 dAlIsuas Alybiy waisAsod] se ||am se ‘sadads auliew |enua)
suaydsoue paseanul ‘asealnul ainjesadwal
pue Buiwiem |eqojb Hwi puesnoy e AJeau Joj Jeyiqey
0} a1nsodxa panupuo) DeUNS B3S UL
0} abewep a19AIS "plIOM 3y}
ur Jaa1 359b.e|-puodas ay} ‘jaai
|BJ0D UBDLIBWEOSAIA 3y} JO
y1eap ajqissod pue uonepeihag
S31WOU023 |20 Huiroiduwi "o
'swa)sAs0da pue sassadoid e O
0] Pajew}sa Sl YIegaIp 152104
|eIN)eU UBIUOZEWY WO} : ;
uozewy Jaye pouad Jeak-og
Buuies| syaxlew mau pue
© J9A0 (SIS WiR)sAS0d
JUD.IN 10} SAIIAIBS pue ’
u sabueyd wouy Ajuewd)
spnpoud anjea-ybiy ajesn s9]doad
6607-0£0Z 40} payafoid abeuwep 21wou0da010g
0} subisap dnawiwolq pue snouabipuj Jo} Ajsejnonsed
UOI1R}S3I043P S| uIseg uozewy ay} ul '(5'8dDY) 0502 Aq uononpai
sjasse |eaifojolq Jo asn 'S91} 15810} PAseaU] Wolp :
1043U0d pue J0}IuOW 0} JaquianoN-Ajnf buunp %09 1910 1Ipaid S3Il} 15210} | EDLBWY YINoS
‘abpajmouy snouabipul speduwl y){eaH ‘SRS
foeded paseansp 1o Mo %0 01 dn jo uoneydnaid pue uoiieisaloep pue abueyd 15e3YLION pue
6GCL el uo paseq juswabeuew wa)sAsoda pue Aysianpolq uozewy ayj ut syiys
'sasipeld u| 3sea.nsp ues|y 91| JO 123)43 PauIquio) YuoN pue
K4 DUIPLUOD WP a1y paj-Aunwiwo) 0 507 *(Uo11e1S3I0)RP awolq pue sabueyd
311} 15910} ‘UONR]SDI0}RP ‘|[eyutes [enuue '9'zdDY 10} UeY) G'8dDY 10} ‘UoOSUO\| :
-€€T1 'sa|doad snouabipuj jo ‘Buiuiw "6-9) abueyd 3|eds-abie Jo ysiy
‘abueyd asn puej Jejndied Ul uolINpaJ pue asealnul 0502 Aq 19b1e] 96| SI Bupioy uedLRWY
apIsIno AiAde uewny 13A0D puB| pue asn pue
Ul ‘SI9ALIP dljew|-uou aunjesadwa) ‘suonipuod a1ew|d Ajuo 03 anp uondnpal yinos

uomIas
pue
191dey)

uonesynudpl ys
K9 u1 d>uapyuo)

pue djuouodd Aue

woyj papdajoid sease
UOIJBAIBSUOD JO BSeanul
pue Hujuueld adedspueq
"UO1)SRI0Ja) Paseadul
‘uing-pue-yse|s pue
UO11)SR1043P 4O SAlel
padnpai Joj sa1d1|od

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

uo duspuadap Huons

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

*9|doad |edo) Jo} ‘(21q1}
‘po0}) $824N0S [EINJEU
Jo Ayjige|ieae pasnpay

EYETEN
Buiaq ysu siy3 0}
2INQL1IUOD pINOM ey}
suonipuod ainsodx3

fip juaysisiad pue
19buons uanbaly alop

219nas bulag ysu siyx
0} 3}Nq11UOD PjNOM

1By} SuonIpUOd piezey

eale 15210} [ed1do.} papalold
"92IN0S 0} YulS UOGIED

Wou} JIYS JO YSIY "UoNeISaI0lep
pue uonepeifap 1510} ybnoiyy
UBUUBAES 10 15310} [RUOSEDS SB
U2NS S3W01q 13Y10 01Ul 15310}
|ea1douy woyy buuonisuel)

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-44



Technical Summary Supplementary Material

abueyp anneal

sypoys
13}k A1an0d31 354 MOJ[E 0}

91e}|1dey pue uondjoid
apinoid 01 sapijod Aionieys

suondo uonebniw
pue uoneidepe jo spedu

sabueyp |eyuawdojansp
|ewsiuebio [ea131d Buunp

Sa.P|IM JO sl paiyl|dwe
‘511 [9n3] eas Aq seale |e}seod
up payyiduwe ‘ssoj 1eyqeH

OL'ELINS seale pa1de1oid anIBYd Ajjenadsa ‘sainyesadwal IYs suondnisip
31 Ul 92UapLU0d 40 32€| ‘sadads Jo Juswanow anlebau ‘uonejuswbely
LTOLEL 0 pomiau Buiseanu| 104 pue (sanemieay awolq pue Ayeded Aianodas adoung SWRIsAS03a [eLIsalIR)
wnipaw 'uondalIp Ay} Buimoy|e Jou uonejuswbely 1e11gey ‘uonnjjod se yons
'GELYEL ‘lenuslod uoneidepe aulew buipnpur) O UoIINPaJ B|qeIAPISUO) pue auLew Jo sty
ur auapluod ybiH 1e)iqey Jeygey pue 3k s19ALIp dnsIBiauAs 0} anp
953U 0} SI0SSAIYS SaABM]ERY JO UoneInp 'SWa)sAs00d Ja1emysaly
9J1| 01 anp sapads Jo SWwa)sAs0da 0} sassans
|_UOI}IPPE JO UONINPaY pue ouanbayy paseasnul pue [el1saLIa) ‘duLiew Jo
|enualod uoneibiw Jamo
uonesiuebioal sjers-abie]
Buijood (z1 sa3deyd HOojwodsIp
aAne () pue ‘suejd pue ‘pue || J91dey) 9yy I9M) |ewliay) Jo ysu 1e uonejndod
sawwelboud uorusARIUl suoifal UIBYIN0S SPIEMO; 31 JO %0 UBY} 3I0W YHm
i 1ul suoRIpuO> Yijeay (sdss ! 4inos spiemol U3 40 %0S ueyr yu adoing
yyeay a1qnd (f) juaipelb buiseanul ue (500Z—986 pouad 8y} Jo} SAWDIIXD
Buifpapun jo adusjeaaid '€dSS Woly se) Aanss u1RYINoS 0}
0L ELINS (jenuaiod uoneydepe !sabueyp |einolneyaq (g) yum “fmusd-piw Aq uol|jiw z yum pasedwod) 183y pue sainjesadwal
pue (£4sS) sanijenbaul 3SU 3y} 01 S3}NQLIU0D UIBYLION wiouy
‘IToLEL Ul 2uapluod wnipaw) | ‘(samdnuiselyul anjg/uaaib SOLIBURDS JO dAIIAASALI ssa115 183y Jo st ybiy 1e aq Buiseanur 0} anp
'(GdSS 1dadxa soLeudS 4SS Ajabue| (edoin3 wiaynos sasealnul ysu
"IEL'9EL aouaplyud ybiy Buipnpul) bujuueld ueqn 1UBUINUOD B|OYM BY] 550108 pino> ajdoad uol|iw goz 0} , 9|doad o3 Ayjepow
() 'Bumiyonas buipjing sows ul) uonejndod Ayiapra ul ilenadsa) (moid Aupiwny yby yum pajdnod dn ‘(Buiwsem d,z YU (TMD Ing ‘uauiuo> Ue 53115 JO sy
£ o Jo uorodoud Buiseanu| uonejndod |enueisqng 1Y DI 4 P : L ajoym) adoing P joxst
(1) :uonesiewe sawa.Ixa aInjesaduwa) 1oy J0§' L YHM pasedwiod) JMD
|IN} 3A31Y2E 0} pue sanemjesy Jo uoneinp o€ 18 Sy1eap pajefai-leay
sainseau [[e 3|pung pue fouanbaiy paseasnu| 210w saw} 931y} ‘sbesane ug
adoing :g| Jordeyd
pasodxa aq p|nod
9|doad uol|jiw < ‘uonejndod
*9|doad o suol|jiw _ e Hel
paseainul pue asli [9A3] eas
01 dn Jo uonedo|as Jo pasu
Buidafoid uayp ‘uoneidepe
UO paseq SIUBW.JIAS uswhojdwaun
oYM G°8dDY bulwnsse
JO uonedojal pauueld pue S3ss0| JIWOU0d3 UOISOJD [B}SE0D
‘001 Aq [9A3] B3S BANR[RI WY
"SJUBWIAA3I pue sujob abue| buneisuab suoibal ‘uoisnijul Jajem-jes edLRWY YInos
. ) Buipooyy 03 pasodxa aq pjnod
'S|lemeas ‘s1ajemyealq [BISEOD Ul S31}|19B} D1ISLINOY ‘Buipooyy |e3seod Juaisisiad aidoad UoIIw b ueys 810 159MUIN0S
(XRAR A4 9]910U0D Se YaNS SaININAS 3|qeJIauNA SBILD [P1SR0D 3|doad pue asuslul IO\ _ - w.wu_“ < q_n pue ‘yinos "U0IS0J3 [BISE0D
'8ETL paey [enyIy ‘sarolbuew uonesiuegun buiseanul JO SUOI||IW JO UONEIO|BI ‘papafoid (5007-5861 0} R —— Qmw wm ‘}seayinog pue sabins wos
—G€Tl aoUBPIUOD WP pue sasseibeas jo bunued ‘sajdoad snouabipuj pue 0 paau ‘pasodxa SRS aAnefal) 0102 Aq §'8dDY P _.muw>o‘_mLmE .:m - w__m_.” ‘IseayloN 'BS1J [9A3] e3S 0} anp
‘el ‘5|99 JO UoleH|Iqeyal |  SIIUNWWO) [einl Joj suoido pue ainpnasesu; ‘sjdoad Jspunun 01°1-19'0 215005 10 Lo :W - .uo>m>> ‘yuoN | swasAs [e2160]033-0120S
-1ezL pue uondajoud Buipnpul uoijeydepe pajwi| pue JO JdquInu paseanu| pue 9°zdDy Jepun IS EREIE ‘1SOMYUION |BISEOD 0} SYSIY
pue sabuns wiols paseanul
uonpajoud |eyseod | Ayjigessujna ajeuonsodoidsip W 65°0-62°0 YlM ‘asu pue ‘esuswy
0] anp uonda04d [e1seod ul
Ajlea1ads ‘suonnjos ‘ain)onu)sesyul pue [9A9] B35S JO SaLI0}IR(es) |enua)
SauIap JaY10 pue uonepelhiap
paseg-ainjeu pue juawdo|ansp [eISe0d ybiy pue buinuiuo)

uoidas
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

uonel03sal [e2160]033
‘saibajens uawabeuew
pajesbajul [e}seo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

ul bujuued Jood

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suonipuod Ayjiqesauinp

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm

ley} suoljipuod piezeH

984 ‘ain}jnenbe pue saLdYsly
J0 5507 "aun)dNASRIUL

pue uonejndod [e1seod 0}
abewep a1anas buisned
uoisoJd pue bulpooyy |e1seo)

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-45



Technical Summary Supplementary Material

(auIpseod puaixe

M3U ‘spuejsl) adueApe (Buipooyy
/Spiemeas anow :a1ejal (i) saioeld le1and) ease
(1eana1 pauue|d ‘auoz Buipjing syeudoiddeur abueypd ajewip speduwl ay) uasss| uielunow pue
Buip|ing ou ‘Juawubijeal ‘AjiqesauinA 01 aInqLIUCd Kq pajequadexa syuand 01 Al|iqe J19y) |1eulwifd 1o SjusWIYdIed 00
pabeuew) spiempue| pInom swajsAs abeurelp se |ejuIRl BWIIXD [0G07 S3dNPaJ SWISAS0Ia [eLISaLIR] |lews #
sdSs uo buipuadap pueul pue [e}seod 0}
OL'ELINS 1831181 :31LI0J3 (§) ons ainpnaselyul idepe puofaq (s||em pue ssunp pue auLiew Jo ssoj [e207] !sue|dpooyy
aInin} ay) uj aseanul Jo anp S19sSe JIWIOU0dd
VToLEL dUBPHUOD YBIH ‘(suiseq abeioys ‘pue) o} Ayjiqeur ‘wisy Jabuoj ayy Jlews "“6:3) spjoysaiy} ‘uonebijw pue uoneydepe | JIaAL WOS pue
asl|1ge)s 0} paafoud st pue ainpniselyul
‘9¢L'TEL Jo asn Aiesodway ‘buneoyy u| "a1ninj 8y} ojul anuiuod juenajal Ajjedo| buipasdxa abue| yum ‘(9 15e3| 18) 0| ‘(elneulpuess
sl poojy 0} ainsodx3 |eISe0d o} abewep
‘Buijooidpooyy) uonebniw {1 Y2IYyM S3LIUN0D 95l [9A) eas ‘pouad uinal 15e9] 1€ JO J0)oe} e Aq BSeanul ul uIdU0d we Kullenow 10 Syst
abeuwep :3)epowwodde (7) awodul-ybiy ui Ajigessuina J1eak-0 L < abueydsip yead 51500 (3|doad jo Jaquinu) JaMo)) sauoz P i
‘(spuejiam Juawiysunou PoOJ} Ul 8SEBIP B UMM S)UBAS Ul 3Sea1DU| abewep [enuue papadx] |eISE0d
‘sdwind ‘abeulelp ‘s1alieq MOYS SpuaJ} JuaLn) ueadoing
‘sayIp) uoiebiw Buifj-moq
pooyy :12a304d (1)
(z1 pue 1| siaydeyd
suonn|os Buiwiem jo
snxau ABiaus—poo; h.wﬁ_ﬁs ue 0 su w M\M_w“s M_uow mb_:mm_oWs uopdunsuo>
pooy GdSS pue £dss § [9A3] Jayb1y 1o} bul Ja1em fediiunu pue Jnsawop
pue Juswabeuew Ja)em | Japun AjSOW $3IN0S3I JojeM uonIpuod yum ‘sussned
(adoung ‘uonyesauab ABiaus ‘aumyndribe
0L'ELINS pue pue| pajeibaul () uo buikjas Alybiy si0129s uoneydiaid |euoseas adoing wis)sey
uJ315e3 pue [eAua)) (GdSS) uonesiuequn Jo ajel wouy spuewsp bunaduwiod 5101295
'CTOLEL ‘(15414 J318M S)36 OYM) S3sh asou} 4o} Aujiqesauna ul u sabueyd ‘abieydal pue [enua)
UBPIU0D WnIpaw pue yamoib uonejndod 0} buimo Ainjuad-piw paauuodIRul 3jdnjnw
‘'€l 191em Jo sanuoud pabueyd asealdul ue e julod spusiy J191empunolb uy sabueyd ‘adoing
pue (adoin3 usaynos) !(€dsS) abueyd asn pue Aq suoibai usayinos ui 0] A11eds Jajem Jo ysiy
'SELTEL (€) ‘Aujige|iene 1a1em 21Wou0da pue juswdojanap ‘jounu ui suoidnpal uiayinos
oUBpPHU0d YbiIH fu21e35 193M B)RI9pOW
ueYU (7) {(fousniye juaun) aunynoube Aq juaisisiad pue aianas asow
0} pasodxa ajdoad uol|jiw
uonebru buiseanu; “6H-a) papaau AjuaLind 1a1em 1so 1901 01 dn (ueaueLiB)PaN
J|BY-3U0 J3AO0 0] pAIY1-auQ
puewsap Ja1em adnpal (1) 3y} ut Ajjepadsa)
asea.nul Jybnoig
jJuawabeuew |10s (g)
‘Juswalinbai Jajem
$59] pue sainjesaduwa}
Jauuem o] pardepe Ja1iaq e pue|do.d o Juswuopuege pue
350y} 01 sapads |ewiue erp uondnpoid Jamoj o} spes)
L1 sia1dey) 94y [9M) )
pue doud jo abueyd saa1eid buiwiey paxiw siy3 ‘suondo uoneydepe Jayio
adoing Spiezey a.lp|im Ul 3sea.nul (20uaplyu0d
pue uonesyISIBAIP (i) 3WOS 10} 3ULUIRACD J0 oe| spiezey 1ybnoup pue 1eay O SSBUIAIIBYS pajIWI] YUM Jayleam
[B1UBD) Ul 2UBPHUOD payaloid pue syuans fup wnjpau)
OL'ELINS ‘Ansalojoibe ‘uonesidsuenodens | 0} pasodxa swaisAs |einjeu pauiquio) “uondo uonejdepe AWIJIXD pUe 'SUOf}IpU0d
wnipaw ‘adoing pue oy jusnbay aiow 0} adoing [enua)
‘TTOLEL Buipnppu ‘seddeid 10} [enuajod 33| YHM S|10S 0 1U3)X3 dY) Ul dSea.dUl ue se uonebuul Jo asn Kip pue 1eay punodwod
UIBYIN0S Ul 9UaPIJL0D pes) [[IM Yd1yMm ‘32Ua1Indd0 ‘(82uaplyuod
'SELTEL Buiwiey paxiw (g) fip pue uoisoss pue sso| !(Gdss ut “b9) 3y} sulensuod Ajigejiene 0} anp ‘uononpoud
ybiy Inq *aduapU0d sanemjeay uj [eubis ybiy) adoing
‘uonebLul pue 0S Ul aseanu ‘uoiebiu yamoib uonejndod ybiy J131em Buiseanaq uoibal doud ul s3s50] 40 Ys1Y
ybiy 0y wnipapy JUBUILIOP YIIM S9ARM]EAY uRYIN0S

uomIas
pue
191dey)

uonedyIuUdPI YsHU
K9 u1 d>uapyuo)

13102 3A13e}3baA BAda)0id
Buipnpui ‘Juswabeuew
sk-1ybnoip (7)

EEIEEN

don pue ‘sajep 3saniey
pue Buimos ui sabuey) (1)

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

95ealdul 0} Isjem Jo e

219135 Buiaq ysu siy) 03
9)NqI1U0d PINOM ey}
suonipuod Aujiqesaujnp

EYETEN
Buiaq ysu siy3 0}

21NQL1IU0D PINOM Jey)

suonipuod ainsodx3

pue spybnoip bupnd0-0d
uj aseanu| papalfold

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

uIBYINOS Ul sassoj 1saybiy
UM SPIRIA Ut S50] %05 0}
dn ‘uopdnpoud doid pasnpay

woym 03

pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-46



Technical Summary Supplementary Material

NS 94V
19M ‘97 LINS
‘L'y1'9vL
‘95l
TSl
‘79420 'S
19dey)
ur31vid
DNIAOW xog
1Rdey)
-S501)
‘orerye

(uoneydepe

10} 92UBPHUO WNiPaW
"\sl 1o} Juawaalbe
ybry ‘axuapina 3snqo.)
ouaplu0d ybiH

70D duaydsowse
Buiseanur yum sauiap
SSaURANIBY] 'saunssald
djew-uou Hupnpal
ybnoiy} 1u3IXa BWos 0}
speduwi a1ew| 13sK0
pue AnAndnpoud aseanu;
ued sjeyiqey pue sapads
'SalIaYsly Jo Juswabeuew
paseq-wasAsods
pauLiojul-ajewi|> pue
s15e2910} ‘Buliojuow
uonebniw yym
pauIquio) swia)sAs0dd
aAnpnpoud uteysns djay
ued Juswabeuew-0d
snouabipul pue
juswabeuew wa)sAs0da
‘soleudds uonebiw ybiy
pue a3eapow Japup 31
35 O 50| JuedL}IUBIS 0}
Buimo g'85dss Aimuad
JO pus J3pun ISIXd
suondo uoneldepe ma4

$32N0Sa 3NN}
pUE JUBLIND JO JUBISSASSe
siapuly suoibai tejod jo
Buioyuow 1o} s324n0S81
panwi suejd Juswabeuew
|euoibal pue syuswaalbe
|euoneusaiul abus|jeyd |(im
141ys pJemajod
MO||0} 0} SBLIBYSL). 10}
aInssaid paseanu| ‘s|assan
paseg-aioys a|eds-||ews

uey Ajises aiow $324n0sal
Bunyiys mojjoy 03 8|qe

9q Aew sjassan Jassadoid
—Jay1ed abiet 'swoo|q
uopuejdoihyd usanp-ad1-eas
pue aebje a2 uo A1 1eyL
swiaysAs sejod pue skemyyed
o1ydouy uap-a21 3edw
|IIM JUS1X3 pue }[3W 82} e3s
Jo Burwry ayy u sabueyd
‘papdedw Apdalip aq |jIm
1811y Joj 31 e3s uo Aja1
1ey} (s1eaq Jejod !sjeas “Ha)
sapads juspuadap-d1-eas
‘abueyd 0y aniisuas Ajybiy
a1 uoseas by, ays buuinp
Auaonpoud pue syusuinu
PpanLIBp-22! uo puadap YdIym
‘swialsAs |euoseas asay|

suolfal a10ys-1eau

b1y 8y} ul pue
sallepunoq Jejod Jo sabpa
1e 159yb1y si ainsodx3
'SOLIBUBIS UOISSIWa-ybiy
J19pun Ajjeadss ‘pasodxa
ale syeyqey adl eas ||y

$92IN0S3)
Kiaysyy Jo uonedo| pue
suonnqLisIp sapads Jalfe
M Bulwiem pue a1 eas
ur sebuey) ‘sapads Aiaysiy
pue dua)sisqns A3y uo
spedwi yim sassadoid
[e2160]033 [e2111D J3Y10
pue uonedyeIS ‘SWoo|q
Bunoedw ‘ybikep bunds
pue buixiw ‘s)usiinu
‘uopjuejdorfyd yum
yprewsiw [ed1bojousyd
pue ‘}jaw a2} eas Jalies
pue UOIeWLIO) 81 DS
pake[ap 01 pes| suonIpuod
Jauuep *090¢ Pue 0707
U93M13q Jnd0 Aew
SUOI}IPUOD 9314-3D1 Jeau
3I3YM ‘G'8 GdSS Japun
15318316 SI1nq SOLEUIS
ainjny [|e Japun pajedpijue
s1'550] 821 B3S JaquIaldag
‘(40w Jo S3peI3P) UOGEd
uaydsowie ‘sbe| pue
‘LM $EDS 10UV By} Ul
(ssauppIy) pue 1uIXa Ul
suonaNpai) ssof 81 eas

(pojjod ahajjem juy

"6'9) Ajjeqo|b slusLNuoEW
[e2n1d apinoud Jeyy asoy)
Ajjenadss ‘saLaysly [eIiaWwWod
ab.e| Jiedw sabueyd
9AI1B|NWNY "SAUI[I3P IBASS 0}
pes| sapads juspuadap-adi-eas
1o} sease buipaaiq pue

Buipasy ‘uoneibiw Jo sso7

suoljesaye
wa)sAsod juepuape

'swa)shs0dd pue ssoj 21 eas 0} anp
dULeW 1}2Je JO Uoljes|[ealoq Seas Jejod suoibal Jejod puofaq
pue Aianonpoud Arewd jo pue uyim buiag-jjam

y1buans pue 3dunos ayy ul
sabueyd Buipnpur swaysAsod
Jejod 10} sa2usnbasuod

YuMm ‘gam pooy sy} ybnoayy
9pedsed Jaw 821 eas Jo Huiwn
paJs)|e pue JU3IXa 3 e3S Ul
suoipnpay ‘skemysed diydosy
paJs)|e pue Jeliqey o sso|

uj s}nsai 3d) eas Jo 5507

pue yyjeay uewny pue
SwR)sAs0da 0} Y1y

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

1ejod :9 Jodeq Jardeyd-ssou) ‘eauawy yuop | Jerdey)

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

uoibai
d1ydesboan

TSSM-47



Technical Summary Supplementary Material

(seaue Juedijiubis
Ajleanynd Ajjenadss) sease
aAnsuas Arenoiued jo

219 ‘2InpPniselul

J3U}0 pue 3NdS3I pue YIess
panwi| ‘931 uo sjjids |10
Buneipawsai jo Anouip
‘asuodsau pides jo e

spiezey
|euonebineu 1eau asoyy

uonPNposu; sapads

SAISEAU| 10} |B13UB)Od ‘S|ewwew

aullew anisuas spedull

6'SYl ‘asuodsai fousbiowa pue | Ajjenadss ‘seale aioysiesu (uondnpai
(uswaa.ibe uonedIUIP! ‘UBIDS pue asiou Jajenuapun 'sajdoad
7Syl suod wouy aduesip ‘(s)ids AAIISUBS ‘(G'8 GdSS Japun 921 eas 0} anp) buiddiys
by *aduapina 3snqo) U21e3sal ‘npdnIIselyul Ul ur aseanul [enualod | snouabipu| Joy syedwi [eannd 21y
‘L'gxog ‘€'9 Jo peduir y61y) Aisianpoiq 0907-0t0¢ 40} payafoud) pasea.nul o anp sysu
a0uapHu0d YbiH JuswIsaAul ‘suorje|nbal ‘JU3)X3 31 BIS Ul UOINPaY pue £undas pooj 0} payul| se
‘T79dd) JeuoiBal moj yum sealy 101/ Y} Ul SeaJe 3a1)-3 [eAn{nd pue [ed160j0d3
13430 pue (apo) Jejod 119m se ABojoda pue Ayisianipolq
‘sabueyd apim-waishsods 123U Y)IM pajeiosse
6-9) senean pue 10} seduanbasuod ybiy yum
pue uoide anem ‘(Jeay Buiddiys paseasou|
syuswaaibe |euoneussiu| ds [any 1o} [enuajod paseanu|
awWauIxa pue Huiuuem) 1eay
Aq passans A|buiseanul
swia)shsods ajibely
uonebniw uogied
yum Ajamsod ajeds
$10]S92UE PUB SUONIpEeI}
saInseaw yans jo fediyg :
‘fa01s1y ‘Auuapi 03 suondaUUD
‘uonjeydepe ajowoud
Buipnpui ‘Buag-|jam |eanynd
d[ay sa21nosal pooy pue
uo speduw :yaijai ssais
awWodUl Jo uonesijiges
Buipnpui ‘siyauaq yyeay
's301N0SaJ ADUA)SISANS swalshs0dd
[ones) Joj Jenyuids pue [euoiowa ‘|ejuaw
Jo Ausianlp e 01 SS800 | D11DUY JO SedInRS Bujuoisinoid
MOUS pue 821 uo puadap 40 5507 *(321 3Y) ybnoayy Buiyjey
‘aInnIselul [e0] Ul pue [eInynd 3y} uo puadap
pue $82In0Sal [BI0] YlM "“6°3) mous/ad1 ul sabueyd
Krewuwng JuaWlsaAUL ‘sanl|igeded ey} sajdoad snouabipu 4o} $32n0SaJ IUASISqNS
uoisinoid Jey} SarIUNWIWod woJy Anful pue ‘sapunwwod
BAINDAXF 3N2S3J pue UIeas 3SU 3Se3.Ul PUE AIUB|ISDI pue |exo] jo Auanonpoid
[e207 “padedu aq JO UOIIEIO[3I ‘SPOOYI[BAI|
1 Ja1dey) pasueyus ‘Burisedaioy 9PO0J3 UBD $32IN0SaJ pue 3y} uo speduwi punodwo) Kuanonpoid
(uowaaibe ||IM SeaJe $32In0sal : |euoinpeu) Jo sso| ybnoiyx o
9YL'TS YL 931 3WI}-|e3J 0] S59L sapads Jo sso| dewalshs "351 [9A3] B3S pue - pue a1npnus ‘uonduny
ybiy 'a3uapIAS 1snqGo.) DUI)SISYNS SSIIE 0} D saunwWwod snousbipu| d1d1y DIy ’
'9GY| panoidui ‘ABojouyday ng ‘spedwi sajenusne Anjiqeiipaid pue ssauydiyy wayshs |e2160j033-0D0S
auapyuod ybiy 95 9SI9ARI) 1RY]) SIBYSl) 1911 spedwi buipunodwo)
ol eIA UOIEDIUNWWOD 9N DUASISNS Ul AUSISAIP ‘JU3IXa 93| BIS [eUOSeaS Ul 1. 0} sysu ajdnin
pue siajuny adua3sisgng *SaMIUNWLIOD
'1°79dDD paseanul ‘abpajmou pue fuepunpay abueyd uondNpal ‘931 Jeak-nnw
"}[3W pue UOIeULIO} 3] B3S |ed0] pue sajdoay snouabipu
"v-7T9dDD Jo uondnpoid-0d wa)sAs0da pue 0 e3s Jo J0 $50| [enueISNS

uomIas
pue
191dey)

uonesynudpl ys
K9 u1 d>uapyuo)

“Juawabeuew-0) “wual
123U 3y} Ul dUBI|IsA
95BADUI [|IM S3DIN0SAI
Buruoisinoid eanLd 01
ss32e B51]1qelS 1ey)
S9INSea pue S3DIN0SaI
aduBlsIsgns ul AjiqIxa)
pue As1aAIp dueyus Jo
13j01d 1eY) SaInsesy

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

s50] Jo spedwi Buipunodwiod
0} 9AIISUIS 3Je sapads
sulew juspuadap-ad1-eas

219135 Buiaq ysu siy) 03
2INQ111U0D PINOM 1Y)
suonipuod Aujiqesaujnp

|euoseas Jo suolfal ui pue
S15e02 2101y Buoje swashs
|e2160]023-[e1>0S BuLIe|y

EYETEN
Buiaq ysu siy3 0}
2INQL1IUOD pINOM ey}
suonipuod ainsodx3

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

Jo yyeay pue buiag-jjam

ayy bunoedwi ‘se2inosai
Ua)sIsgns ‘Jo Aujigejieae pue
‘0} ssa2de Jledwi suoessye
wa)sAs023 pue 32| e3S JO 5507
*uoIs0Ja auljaloys pue Abisua
aneM ‘sanss| A1ajes uewny
9sealdul 921 eas 0} sabuey)

woym 03

pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-48



Technical Summary Supplementary Material

(uawaa.be wnipaw

fyisianpoiq
pue AIAPBUUOD 3sealdul
pue s10ssaJls ajew||d>-uou
woyy spedwi aAneNWN

Ajsnoaueynuiis spiezey
9|diynw BupuaLadxs asoyy
10 saduequnisip jo fouanbaiy
Buiseainui 0y 1algns
Swa1sAs033 'suoiIpuod

515910} UOI1BAS[D-MO|
0] -piw ‘sw1sAs02d
aullen)sa pasiueqin 'yo
01 123[qns swa)sAsoda
210YSIE3U [RISROD 'SSO|

SadUeqUN}SIp paseanul
ybnouyy Apdaaipur se

S9IINRS WRLSAs02d

SURGINSIP
Jo spaya Palpul Aq
pajesajadde aq Aew

'yl adnpai djsy ued bupjew 91eWI|D 0} SAIHSUSS 3Je 1By} |19Mm se Apdauip yyoq 21ym ‘sduepunge
‘adUBPIAG WNIPIW) 1soupewnad pue 321 eas wediubis spinoid 1eyy | eduswy yuoN
TYLIS YL UoISIDAP Paseq-adualds pue sapads pajdauuod Alybiy sa1ads Jo} suonIpuod T ’ paJse ‘sylys
2UIPIYUOD WP 0] pasodxa swialsksods SWR)sAS028 4O S50 4O SYIYS
Buniojuow ‘Juswabeuew M3} B YHM SWISAS “saydIu Sy Bultwiem pue 9|qeINOABUN 0} SPEe?) awoiq pue sapads
92IN0SaJ pawiojul-ajew)d saads pue sabexul| ul m:o._ M m.mo o P 1eyy buikip pue buiwiep Buipnppu ‘abueyd
‘Uonelo}sal pue fouepunpai pasnpai pue 1anaip o1 p vsh wi)sAs03a Jofey
1S9MUINOS PUB YINnos ay)
UO0I1eAIBSUOD WRISAS03] Ausiaaipoiq paonpai yum
U swa1sAs0ds [elysala]
swaysAsoda papelbag ’ ’
uoiysodap Juawipas pue
uonedojai pauueld HISOTSP JUBWLIP3S p
1ndino Jaau uj sabueyd pue
‘(Spuepam ‘saysew “Ha)
uoijepesfap [EJUBWUOIIAUD
abins wioys ajenusne
abewep pue Huipoo)y 0] SI314IE] [RIN]EU JO SSOT
ued uoiydajoud sulIoys
LLI0)S 9SeRIUI SauedLINy "aIn)dnu1sesjul 9poJa 1ey)
[BANIEU JO UOI}LIO)SDI
e UoeABSUOS UBISS SaAlleuIB)(e abue| a18ym 0dIX3\ JO syuana Buipooyy apn bury Kejop uteyd-A|ddns
P : 2t Aqueau may yum suod asn 15202 5B Y} pUB /SN | I23em Buiyuup jo uoisnijul ‘skejap pue abewep 9pel} pue IBWWO0D
71 xog (quswaa.be 2INNJISeUI WiojUl ued
ybiH "abueyd sewip punose | 3y} Jo 1Se0D }SEIYINOS pue 13]EMESS "SJUBAD WIO)S Kujey-uod ‘vondnusiul 's31}1D [1SeO0D 0} YSH
'SGYlL ybiy ‘aduapine wnjpaw)) | dsu |9A3) eas Jo suopdafoid edLRWY YLIoN
Ajjenadsa ‘bujuueyd jo 3| | yinos ayy buoje uonejndod abie| Jayjo pue ssuediuny | uopepodsuel) [e0] ‘Uoiiendend ’ e asod Buipooyy pue
'Syl '6°S L oUBpHU0d YbiH uonnjosal-ybiy ‘buiuued :
S ‘asuodsas fouabiawa jo |e1se0d ‘(77| XOg) S woyj buipooyy pue abins 10150 ‘8)1] 4o sso| ‘Auadoid SULIO}S ‘351l [9A3] B3S
4 A pUe 3t oe| ‘aunpnisesul busby [9A3] 35 ybiy yum wo)s ‘aInpniIselyul 0 53550| pue abeweq
9dNpai 0} SaINseaw
suoibai ur sdiysumoy uonepodsuel pue
dl412ads-umoy pue -A
pue san bulk|-moq sbuip|ing Jo uopeioL}Ap
Buiuipno esuawy yuoN
Bunesajadde pue
1 2ed uj ase sueyd :
ubisap JuaLnd
uoijeydepe snolep
’ ’ Buipaadxa asl [an9] eaS
Awouoine pue wopaaiy Jo ss0
uoiedojal Joj poddns Jo e p Pa34 40 5501
'SPOOJ P|IM 0} SS8IJE Pasealdap
191|131 J91SesIp Spuny Ja1[a1 J3)sesip papwr]
‘fuiqe [anen ‘uonebineu ajes
‘Uo11ed0}3) ‘AUNPNISEIUL "aunpnsesul buip)ing
edwl ‘s321n0sal [e31PaW pue
[B30] Ul JUBWISIAUI pue Jajem bupjuup ‘peol
SJUBNd pooy [ea1un punose Ajjenadss
!s10108} I13Y}0 pue speduwi 95BAIDUI 0) S3DINOSAI JO B
SYL'6TYL U0IS0J [eISR0D pUR uoisoJa pue Huimeyy ‘ainpniisesjul uoneyodsue)
(uoneydepe abueyp ayewp pafoid Kjjepadsa ‘ainpnanselyul 211y 3y} Ul
‘9L puey jo spedwi pauiguod uappns 0} Bunnquiuod 0} pajeja. suondnusip apei|. ’ :
uo Juawaaibe mof ‘uoljed0| pue suonipuod | burabe Jo paywi] ‘meyy pides 3132 pue SAHUNWIWOD
'1'T9dDD pue mey) pides jo sealy sawauxa uoneydpaid 'SS9D08 pUe S3I}I|1De) UONIRIXD DIy
'a2uapING 1snqo.) 811s ‘aunyonuisesyul jo adhy pue Buiwiem BuiAyisusiul uewny bunoedu
'9'7°9dD) "Jsoupeunad ypm seale ul pue 1eay 'sso| 1sojeunad seb pue |10 uo spedw!
auapyuod ybiy uo Buipuadap (sjod0301d UHM Sealy 'seale [e)se0d 50| 1S0JjRULIRd
'§'7°9ddD S3IUNWWOD pue SUMOoJ wi)sisiad oy buinguiuod ‘3UIPISNS pue sapl|spue|

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

@ueuajutew pue bunesado
0} sabueyp ‘sabueyd
ubisap “69) suoido
uoneydepe ajdiynpy

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

‘1soayewad uo 3jinq
swuojie|d aAndeAXd pue
aInpniselul ‘swaysAsods
2121 [eLISa.R) ‘Isojewad
U0 1|Inq SUMO}. pue S31ID)

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

sainjesadwsay Jie buisly

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm

ley} suoljipuod piezeH

'ss0] 1so.peuLiad wouj ainjiey
2INIINIISRIUI PROI !SS3R pue

[aAe1}. ‘speoi ‘sawoy o3 abewep

pue O S50| 0} Pale[al SUIADUOD
fiajes uewny pasea.nu|

woym 0}

pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-49



Technical Summary Supplementary Material

Sweans
pue SIaAL punoJe sauoz
ueuedu Jo uonensasaid

‘(s150104 D1RJ12dWSa) 0}

S3DIN0SA Ja1eMySal} Ul
sabueyp pue uonedlyipue pue
1eay 0} pasodxa swa)shs0da
152104 0} Aywixoud [euoibay

(elquinjo) ysnug
153MUIN0S ‘uoibulysep
uIaises ‘uobaly
‘opeJojo) ‘elulofied

uoIS0J3 aulp|Im-1sod

WOJ} UOIRIUBWIPSS PaYSIalem
pue ‘uoyisodwod sapads ul
sabueyd ‘uoiesauabal a1}
‘adAy uonelaban ur sabueyd

sauyp|im abae|

spuejsselb pajebiui jo *SUOI}IPUOD Y[eay [euaw 1ay1eam
"6'9) uonedyIpLIe pue ‘aseasip pue AbojoisAyd asoow WOJj UOIRWIIO)SUBI} pue
7794 uoisIsAu0d ybnolyy “b-a) Jo |ed1paw bunsixe-aid aly 01 sabueyp ‘Apiwny
(1uawaaibe wnipaw 1yBnoup yum suoibal ui ‘sSa1]S 921} ‘UoIdUN} pue 22ueqINSIp walsAs0ds
‘Tl xog uonensasaid ajemysaly yum asoyy. Joj 3saybiy PadNPaI YHM pauIquIod
'adUapINS SNGO) suone[ndod ‘saui| Jamod : ' IS 15910} ‘swAIsAs0da | edudWY YLoN pue ‘spedwi yyjeay
Vvl ‘[ony Aap jo Ausuap ale spedwi Ayjenb e Jeay awanxa ‘ybnoip jo
DUBPHUOD WNIPI punoib anoge ‘spuesseld pasayje Apuediyubis ‘sypedwi jeaishyd pue |ejusw
vyl 2npal 0} Juswabeuew pue ayouws ‘|lenuajod uoneinp pue fousnbaiy
's15210) UOIBAJ[3-pIW y1jeay |eyuaw pue [eaishyd ‘Rupiguow paseanul
152104 "sa1|De} de|d uolendeAd papWl| ‘swayshs pasea.nul pue bujuwepy
01 -Mmo| pue ajesadwa) ’ ’ ‘fi1jenb sajem pue Jie pairedu ‘fuadoud pue ay)| o $s07
u Jayays ‘buiuueid Buiusem-Ajes payiwi
‘seale pajsalo} Ajasuap !saunyoniys pue Auadoid oy
fousbiaws ‘Buuonuow | ‘aunpdninsespur aded ul sy dys
0} Aywixoid 3noyum pue sabewep pue aj1| Jo sso|
11} pue UoIedIUNWIWOD noyum saoejd ‘sadnosal
Yum sanuad uonejndogd ‘uoissaiddns pue bunybiaiiy jo
ysu ‘asuodsau pidey asuodsal a1} wouy aduesiq
51502 Ul S3SEaIUI [RIIUR]SONS
3|qesau|na
150W 3y} Joj swialshs
yyjeay d1jgnd o} ssade
J1apeolg *(suonels buijood
peoiq‘(suoleis bul swalsAs yieay dignd
0] s$922€ paseanul “6a) (1aya 103y Siax10m Joopino pue ‘Aiap|e
(uswaa.be ur syuawanoidwi ajenbapeu SJUBAS 1B3Y BWRIXD (eduBWY
sanemieay Hupnp asuodsal uequn “6°9) seale ueqin ‘seale uequn ui Ajjenadsa Anjenow pue Ay
SYL'9GYL ybiy 'auapins 1snqol) pue ‘Buiuoi}ipuod Jie 0} J0 uoneinp pue fHuanbaiy o YHON) 02IX3|Al ’
yijeay d1gnd paseanul u AprenonJed ‘aunsodxa ‘sajel Ayjepiow pajejai-leay uewny paje|ai-1eay
aouaplyuod ybiy Aiap 5928 JO )e| panunuod ul aseanul [enueisqng 'vsn ‘epeue)
‘([lenuapisai Ajjedadss] ul saseanu; abieq ul asealnul [enueisqng
‘fuanod ‘suonejndod buiaby
sbulp|ing ui buiuonipuod
J1e ‘sadeds uaalb ‘suoneis
6uijood “69) sjuswUOIIAUD
1002 0} Sss322e panoidu|
sapuabiawa Ayjenb buunp S31P0q J3}eM 310 pue
J191em Bupjuip aAeussie suoobe saye| Jo Aujenb onayisee pue
9JeS JO uoiNqUISIp J0} sanuad uone|ndod _ ej01q d13enbe o uondNIISap
aInuew jo bujydeaiq suopipuod Ayjenb
seaje Buuueyd jo ey swashs Jolew Jeau sivnem pue salis [euol1eaidal Jalem
Buisnes Ajjenadss ‘spuey J31em snopiezey Jaylo
|eanynoube uj sswwesboud Buiusem pue bunioyuow |euoiiealdal pasn Ajineay 1€ SUONIpuod Snopiezey
(uowaaibe [eanyndLbe wouy younu 10 swoojq [ebje |njwiey
Syl vyl uoidnpal Huipeoj-usbosnu | ajenbapeu] 'sals [euoiiealdal ul S)udnd woo|q |eby Ayby Buisned swoojq (aebje
ybiy 'axuapins 1snqo.) yb1y pue uoneydnaid edLRWY YUON JO JUBIX3 JO uoneINp
A Juawi|dwi ‘Binpnasesul J1a1em 9|qudadsns Jo asn “uofeujwelL0) 0} 193lgns uaib-an|q) esideqOURkD
aouaplyuod ybiy [wauXa woly “hHa ‘fouanbayy paseanul

uondas
pue

191dey)

uonedyIuUdPI YsHU
K9 u1 d>uapyuo)

12]BMWLIOIS PUB JIMBS
‘Ajddns 191em apeibdn

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

juanbayy Huiyew syad pue
slenpiapul ‘(6unoA pue
K1ap|p) swiansAs aunwiwi
yeam ypum suonejndod
ale d|gesaulna Ajjenads3

219135 Buiaq ysu siy) 03
9)NqI1U0d PINOM ey}
suonipuod Aujiqesaujnp

S3DINOS J9JeM 3JBLNS U0
Buimelp swa)sAs Juawiealy
J91em Bupjunp bureby

EYETER
Buiaq ysi sy} o}
3INQLIU0D pInoM ey}
suoiHpuod ainsodx3y

‘Bupeo) Jusuynu ybiy
pue sanjesadwa) wiem
K13 Jo 3uaN0 Julof

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

SAISURIXS pue snosawnu
!saseasip [eunsauionseh
0} aInsodxa ui bupnsas
saposida uoeuuwejuod
J191em Bupjuup Jofepy

woym 0}
pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

wouy mE@u@»mOUW
pUe Yfeay o} Ssty

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-50



Technical Summary Supplementary Material

(uoneydepe pue

1uswabeuew

salaysly pue ainynoenbe
usamiaq bujuuerd
Pa1euIpi002 (S201S JO
oljopuiod) suone|ndodgns
JuepuUNpaJ JO AdUBUSIUIEW
(uonnquasipai ysy

suonendod

Kiepunogsuel ‘ysiy Jo ainjeu
21WIaY30323 pue ‘Ayanonpoid
dn-wonoq 0} SAIISUIS

SOM P00} BULIeW ‘SLIBYSL)
19bue} Ul duUdpusdap
Kusuap bupiojural-fas
Buons Juswabeuew ul
uonejuasaidal jo yoe|

pue samod pue yjeam jo

saads pajajoid yum
suolfal ul saudYsly 'seale
pa1e301d Jo salepunoq

uone|NdIID UedO Ul SHIYS
‘(uabAxo panjossip ‘Auuijes
'v0) Ansiwayd uesdo ul
sabueyp ‘(s921n0sa1 pooy

Ryundas

uonLanu pue pooj [eqolb

f31nd3s |euonianu pue

sabueyp Auanonpoid pJsemajod mojjo} 03) edLRWY YUON
£7°9dD UONRIIUBIUOD ‘JUBUIISIAUI 123U S3LIAYSY) ‘Salkepunoq “69) Aandnpoud ueado pue |euoibai susjealy) pue ’ pooj pue ainyjndenbe
U0 92UaPIAS WNIpaW suonedo| Aiaysiy 10 10 swIsAs0dd
‘9L Tyl ybiy yum saisaysy abiej |e21y1j0doab Jeau sauaysly pue SgaM PoOj BULIBW | UONLINU pue ufd}oid Jo S3dInos pue sauaysy uo
‘sY201s buiylys 1o} (uonepaid woyy sapads suuew
'9°Gyl Ajjesu01s1y ‘sadunosal bunyiys ‘suonnquisip sanads jo 0} sabued Juepwoduod auLlew 0} SSJe SadNPal ) spedwi abueyd
Juawaa.be ybiy pue £31d asesjai Aew) sajes abuey e ul
eyl Moj|o} 0} A1Ijige SSB| yUM sabpa (Buliesy) uidyInos saunjesadwa) ueado uf S9LIBYSIY JO S507 SSewolq ul ajewi)d buipedssed
20U3PING 1SNGOJ) 1S9MIRY SBLIBYSIY Ul pajuswndoq
S9LIBYSI} PAseq-aioys 4o 1€ S3LI3YS}. ‘suonIpuod 9sealdul [enuelsqns ‘yo SaUI[23P pue uolNgLISIpal pue buipunodwo)
auapyuod ybiy | suswnsnipe ‘aljal Ja1sesip
Y 9[eds-|jews ‘(ASIN) PRIk ueado bujbueyd o} ‘auoz uabAxo-mo| ‘(sgvH) ybnoayy sauaysly Jo uondnisig
SRR Ry 9]UIRISNS WNWIXeW Jeau Jo sapads paysiy o ainsodx3 swooq |ebe |njuuey
pasijeuonel o} yoeoidde
1e pasijan Apealje saLaYsH ‘saneM]EaY BuLIe|
oljoyuod ‘Aujiqixaly
'soljojuod sapads 1abuey 1o
fo110d ‘Juswabeuew-0d
awodul Ul ASIaAIP Jo ye|
“uawiabeuew saLaysy
‘(aseyd |ense| "6-3) sabeys
paseq-wa)shsodg
9}I| SNOLIEA JB S3DUEII|0}
|eaibojoisAyd mouieu
yum sapads 1o} saLaysly
9JUeUR)ISNS pue
fiuapi ‘ainynd ‘spooyijanl| swalshsoda
plezey ayy
10§ JUSWIUOIIAUD pUE pue| 01 suondnisip pue
uo Buipuadap Ayunwwod
a1 uo Juelja Ajaso|d 1sow ‘uone1aBian pue ayipim spedwi 1auipul spiezey
(90uapIne winipaw 9U3PIU0D pue uoibai Aq Jayip pue 0JIX3N
SYL'9G YL asoy} ‘ajewnp buibueypd e ur sabueyp ‘saaypjim pue 1au1p abueyd ajewip Aq ’ a1ew!|d> punodwod wouy
‘Juaweaaibe ybiy Aian) yum paiynuapl suondo e1IBWY YHON SSo.oe '¥Sn ‘epeue)
‘1'79dD) J0 sauljuoyy 3y} 1e buiay| pasea.nul ‘swio}s asuaiul pajeqiadexa swajqoid yijeay SAWO2INO Y}[eay [eluaw
auaplyuod ybry Aisp uoneydepe aAnaYS ON peaidsapim ale abueyd UENIGY]

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

asoy) ‘sabuajjeyd yeay
|euaw juasald-Apealje yum
9504} ‘Y3noA !sioluas/siap|d
‘Auanod Bupuapiadxa asoy)

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

ajew| wouy spedui
yieay [ejuaw aaehan

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

Jo aduajerasd pue Kanss
'SJUBAS 1B3Y BWAIIXA 0}
Buipes| ‘asu anjesadwa)

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

|E3uUBW JO 3JU31INJ30 paseadu|

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

SAI}ISUS-d1eWI|D)

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-51



Technical Summary Supplementary Material

i (9ouapina
. S.N.v._: wnipaw ‘Juswaibe
vl ybuy) aduspiyuod ybiy

uomd3s
pue
191deyd)

uonesyusp! ysu
£3) u1 3d>uapluo)

uoIsoId
1uana1d Y21eM ulelal 0}
UOIHIPUO |10S 310531

pue sredas ‘sadipdeid
uoijed1ISUBIUI 3|qeuleIsns
351|11N [3A3] WLie) 3y}

Je sdoud anynoube
Ays19nIp ‘seale a|qeinoney
0} suoibai eanynoube
HIys ‘aduess|o} ybnoip
yum sdoud aeannd
‘s1gjsuel) Aieyun|on pue
Bupjueq Jayem ayey|de}
0] JUSWIADIOD pue
uorejuswindop ‘syybu
J191em Buinosdu Aq
uoed0|[e J3JeM JO
IX3]} @dueyug ‘pue|
pajebiur aandnposdun
AjaAneja1 jo Juswalnal
paseyd pue uoileAldsu0d
J19)eM 10} SAIUBIUL

a1eal) -abieydal u
JUBW]SAAUI pue suorejnbal
Aujiqeuteisns sayempunoib
Judwid|dw| ‘sarewiponiw
anoidwi ued saydeoidde
paseq-wajshsoda pue
Kiysaiooibe ‘uoisosd
aonpal pue Ayjenb jios
ajowoud jeyy spoyraw
ainynoube s|qeureisns

yst4 Bupnpai oy
|enuazod 3saybiy yum
suondo uoneydepy

S1adIeW JBJeM JUBDIYD

Jo juawdojanap Huipadu
sjybu Ja1em paruawndop
Kj1ood ‘a)qixajyu| "saaAlap
J13)eMm Jawwns a|qel|al pue
uoipda}0id pooj} JauIM Yloq
apinoud o3 Aeded sloniasal
JUBDIYNSU| *SIN0S IBYINS
1o} aInynsqns Jeak-ybnoip
10 UOSEdS-3]e| B SB s S}
Bunpuanaid sarempunoib

0 uona|dap a1anas

Joud *Ajddns jo sa2inos
AnjeuId)|e 0} ssadde buryde|
SJUBWIYDIE [[BWS U] PAYRDO|
SI3SN I2JeM SnoJAWNN

219A3s bulaq ysi siy1 0}
9INqL3U0d pnoMm ey}
suoipuod Aujiqessujnp

susayied moj} [euoseas
1UaND 0] paun) ale
SWwRIsAs uonNquUIsIp Ja1em
pue paywij st Apeded
Jlonuasal asaym Ajjepadss
'SWeaI]S Paj-mous uo
juapuadap seale u|
aunynoube pajebiu
SAISURIXS ‘0DIX3\ UIByLIOU
pue "ysn 1SeMyinos ul
Ajleadsa uonesiyipuy

EYETEN
Buiaq ysu siy3 0}

2INQL1IUOD pINOM ey}

suonipuod ainsodx3

abeio]s 1a1em ypedmous
lo/pue Jajempunoib Jo sso|
yum Jayabo ‘ybnoip
papualxe ‘asl aunjesadwa)

913A3s bulaq ysu siy}
0} 3}Nq113UOD PjNOM

1By} SuonIpuOd piezey

SMOJ} UIN]3J padnpai 0} anp
Uuo1eIISIP Weals paseasnul
‘uonajdap Jajinbe pajessjadde
‘(padiojua pue paulap Apood
ale s)ybu Jarem aisym
A|lenadsa) so13u0d paseasul
‘aunynoube Jo 1o Jarem
J3jsuedy o} saunssaid ‘saoud
pooy Jaybiy ‘spooy1|aAl] 150|
‘suyoud pue spjaih doid pasnpay

woym 03

pue ‘313A3s paJapisuod aq

pinom jeys a>uanbasuo)

Aujiqeiene
eILRWY YUON 18]EM 3JYNS padnpal
ss0.0e swa)sAs pue ‘ainesadwsa) u

0153A1| pue sabuep ‘)ybnoup 0}
ainynube anp 'fndas pooy
|eLIsaLIR) ‘SPOOYI[aAI] pue Wodul

Jeamyjnoube o} sysiy

siardeyd [IDM
9YyV u! payiusp!
se sl Aay|

uoifai
d1ydesboan

TSSM-52



Technical Summary Supplementary Material

(uawaa.be

swia)sAsoda |e1seod pue
aullew uo payaxa ainssaid
uewny 2a.1p 8npal 0}
spunoub 1aybiy uo Buipjing
!(Bunue|das anoibuew pue
sseibeas ‘|le10d) uoielo1sal
1e1IgeY !SAOURQINISIP
o1usbodouyiue ed0] wouy

(uonepeibap

1e11qey Buisned saiiAnde
13Y30 pue juawdo|anap
wslno) ‘buiysiyiano ybnoayy
"69) swayshsoda |eyse0d
pue auiew uo papaxa
sainssaid djusbodouyiue ul

awodul Jo fundes

pooy jo uoisinoid 1o 6
'sadIAIBS WA)SAS02a [e15E0D
pue aupiew uo buipuadap

Suead0 3y} Jo
Aupide uj aseanul ‘s)usnd
Buiyoes|q jo Ausuarul pue
fouanbayy ayp up aseanur

'SJUBAS DABM BLAIIXD JO

(seLBYsl}
‘ws|Ino} ‘uonensanbas uogied
‘uorajold |eyseod “6a)

(1Y)
S92IAIBS WAlsAs02a pue

€E wnipaw 'ausping asea.nul ‘suoijejndod pue S31/US JO uoisinoid pasredul spuejs! |jew:
YEEEL P H S8} JuBl|Isal Jo uoidd}oid el P pue 1se0d ay3 buoje Rysusyui Jo/pue fHousnbaiy H135 4O OIS} Pl PUEISLI[ewS Rusianipoiq |eise0d
1snqo.) asuapiyuod ybiy Juawdo(aAap Ul aseanul 10 ss0| wa)sAs0da 0} buipes|
'S9559.)$ JaY10 32npal Buinij sjdoad jo s1equinu Ul 95ea.nul 1eallal ’ pue suLew Jo sso
‘59559135 Jay30 pue uonn|jod swia)sAsods jo uonepeibap
pue swa1sAs029 19104d J196.e| :suonejndod auljaioys ‘Abiaus pue
‘eale pue| |lews 'fpeded Buessjaade pue sayung
PpINoMm 1ey} ‘swayshsoda uewny buiseanu| | 1ybiay anem pasesnul yum
uewny pajiw| ‘sadIAILS
|eL1salua) Jo uondajold o 51 [9A3] BIS PAYRIF[RIY
e wa)sAsods 03 suondo
pue (Svdil v aAneusa]je ajowoid 0}
pa1a]01d uLIe| Se ydns ’
S3DIN0SAI [eDUBUL PA)IWIT
‘s91ba]e41s U0NeAIDSUO) o
spueys| [jews :G| 191deyd
sjuawisanul pue bujuueyd
asuodsas fouabiaws
13y10 pue de(d-u-1R}dYs SDIAISS pUB INJINIAISeIpUl
‘adueinsul Auadoad pue 211qnd 0} SS320€ pajIW|| YHM
POOYI[3AI| ‘24n1dNA)SEIUI SanIuNWwWod ajowai ‘siakng N
6uijood 0} ss320€ 49n0D P00 's324n0S3l [eINjeu Uo (9st o]
eas 'y “ha) abueyd
991} pue uonelaban | juspuadap Aybiy suonendod
jua)sisiad wouy wuad) Jabuo)
ueqn Buiseanu; ‘suonejndod painsujun asuodsal
3y} Ul pue (sanemiesy si0poey buisodsipaid
'suon|os paseq-ainjeu ‘suone|ndod paysuanodu pue uoneidepe anndaye
‘Buipooj} ‘ssuediiny “6-a) [eN1dNAS [BD0S pue
ybnouyy uondazoid 1124y 3Y} Ul $32IN0S3I SIS uoisinoid pue Jiedw pue Aynbaul aseasnul
SJUBAS JBYIRIM BWBAIXD 510553415 a1ew||>-uou
['v7l Xog [BISBOD ‘UONEDIISIBAIP | B|qen|eA 0} SsadJe Buiseanul | UONes!|in 8IN0Sa) puno.e J13yuny os|e Aew sty -abueyd
WOJ} ULIB) Jeau 3y} ul ‘spaezey abueyd syewd
'6'SYL9VL (uswaa.be pooy1janl] ‘dueusanoh A|pidey pue siapioq uo SPOOYI[3AIT "SeaJe [e1Se0d 3wl Jo S1I3)J9 asIanpe
Ajeadsa s1s0d aseasnul Huipunodwod pue
Vel ybiy 'a2uapIna 1snqo.) pue bupjew uoisiap syuswiaaibe [euoneusdul pue sauijaioys buoje abeuew o} syuswuianoh pue exuBWY YUoN
pue a1n)niselyul aposd Buipedsed wouj esuswy
TSyl auaplyu0d ybiy anIsnpul ‘sswweiboid yeam ‘swalshs buiuiem-Ajiea 950U} pue 515210} UGN spiezel aidninw 10 spjoyasnoy o Ajiqe aseanap 1ON Ul S5 DUE
‘5GPl fyienba |eos ‘swaishs 10 ye| ‘s1oedwi ‘aunjanuisesul buisbe yum PiEZey SIChINUI 4 (uawade|dsip ‘uorrebiw A P
spedw buipedses pue Sal}uUNWwWod Jo A)ajes
Bujuiem-Ajes jo 91euoniodoudsip aseanul sa/juad uone|ndod abie] ‘uonuInujew Juawysuarodu
Buipunodwod ‘uononpoid pue Auadoud ‘yjeay

uondd
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

uonejuswa|duwj 'sj0o}
Bunjew-uoispap diweufp
pue adueusanob anisnul
fq payeyiey si siyy
*24ns0dxa WoJ} 51503
uey} anIsuadxa ssa|

U310 d.e 1By} 101I9S

uo Buipuadap ssninide
uoneydepe ajdiynpy

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

pue Aynbaur 82.104ua1 1ey)
saipeba)| |eanonus ul 3nsal
1ey} salHjenbaul djwou0dd
pue |epel d1wa)sAs bujuueld
ueqgin palepino 1o pajiwi|
UHM S3131D [e3seod able
‘Sa11IUNWWOD |einl [jews

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suonipuod Ayjiqesauinp

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

pooj 1oedwi suonIpuod
pasayfe ‘ssails jeay
paseanul 0] NqLIU0D
Buiwiem pue sanemeay

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

ybnouyy) aiejem pue
SpooYI[aAI| Ul $3s50| abie]

woym 0}

pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

“BuIaG-|[aM a4 0} sty

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-53



Technical Summary Supplementary Material

pues! |jews
K193 150wle Joj anss|
ue se fjundasul Jajem
4O DUBSIXD BY} SIB|YRI

abepoys
J191eMm Jo saw 1e Ajjepadss
‘swayshs Addns sayem

ssaualeme
|BIUSLIUOIIAUD PaYIWI|
‘JuawIssasse pue Buriopuow
fyjenb sazem paywi
‘uopes|uequn pajesajdde

1519

Apeaije few Ayundasul
191em asaym sadejd o}
uonedojas Aeunjoaul
113y1 ur bunynsal ‘ajqein
ssa| Ajpnissaiboid awodaq

S3)e)S puels| [|lews
L€ 10} %8G Aq aseanap
01 papafoud s| abieydal

191eMpunolb !s)uana
|9A3] B3S WX pue
9SI4 [9A3] BIS 0} ANP SUB|

(ssa11s a21n0sal
191emysaly bupusuadxe
Apeaile sqis aup Jo jjey)

,92UIPING ISNQOJ, (wiapow-a.1d) jeuonipesy ‘saneded Rew sapunwwod puesi 191BMYS3.) JO UOINPaI spuejs! [[o}e uo Ajuo jou Inq
!Spueys sso.0e ALSISAIp | Jo asnjuonedlyusp| Uslem | adueussnob pue Juswabeuew 9)0WSJ dI0W ‘(WSLNOY 9zIs pue uonesiulies | Ajjeadsa ‘spaau J1WoU0dd pue
evesl spuejs| |lews (p41) Aundasul Ja1epm
9]qeI3PISU0D 40 ddUdsaId Bujuup Jo ssauljuespd 191em payiwi| Jua)sisiad "Bra) spuewsap Jarem ybiy 'MOJJWeaL}S paseadap uoipNpoid pooy ‘uondwnsuod
Q) SPI|Jal Juswaa.be 3y} buiureyurew pue ‘Ayjenbaul UM SBIJIAIIIE JIWOU0ID JO ‘ab1eydal Jarempunoib 193w 0} 3|geun suonejndod
wnipa, - (Juswrsalbe UOI1RAIISUOD J3]eM O} pue Ausnod paseanul uoisuedxa ‘seale |e}se0d ur #seasnap ‘ybnoup jo Buiseanuy ur bunnsas ‘Addns
wnipaw 'ausping Pasu 3y} Inoge Ssaudieme ‘uonisuesy ul uonesiueaun buisean| fousnbauy Jo/pue uoneinp Buipaadxa A|buisean
1snqoJ) 8uapluod Aunwwod anoidwy |ea1Bojouydal paywi| ‘seale [e}Se0d pue uegin Buiseanur ‘uonendnaid puewsap Ja1emysal4
ybiy o) wnipay ‘uondwnsuod u Ajjenadse ‘saseanul | awJIXa pue [e10) [BUOSEIS
191eM D13SBUIOP Pasea.nu] fusuap uonejndod pue |enuue ui spuaiy
‘tamolb uonejndog annebau ‘Aypue Buiseanu|
1uswabeuew
saiba1e1}s UoIeAIBSUOD
’ W ﬂw. . Jood ‘adueusanob Jood
| siapjoy=y ‘uoiydajoid arenbape oy
a1eaud/funwwod
3]e|IBAR S30IN0S3A PaYILUI|
JO uoIsn|ul J3)eaIn
0] anp seale paydajoid jo
‘(s)usunuod , (A>uepunpai |euonouny
JUBWIYIROIUS (I1f) JUSWB[118S
Buunoqybiau buipnpui) SaUIP|IM paseasnap Ajiejndiied)
10 aunynoube “63) spedw| pajeosse
sjuaixa d1bejadiydie pue spooyy ‘lybnoup jo Kusianipoiq paseasnap pue
pajuswibely/papeibapaso] | pue Juswuledwl/uolSISAU0D (2]
(uawaa.be pue euoifal ssoide inq fouanbaiy paseanul ‘Bujuonouny Jojpue aInidNIS
1e11qey |esnjeu jo suonodoid J0 ysu 0 eale adedspue| S3IIIBS WR)sAs0dd
£EEGL yb1y 'asudpIAa wnipaul) SPUBJSI [ENPIAIPUI SSOIDE ‘sauodf> [edrdouy asuajul ‘s9219s Wa)sAs0da Jo Spueys| [[ews
Buiseasour pue uedijubis |eanjeu alow sasodxa pue Asianipolq
oUBPHU0D YbIH 1sn[ Jou syiys sapads Jo Ausuarul Buiseanul ‘Y1s uauiedwi/sso| buijessj@dde
!sanpeded [esiadsip spueysi uo uonejndod 159149] JO 5507
10} MOJ|e p|NoyYs 3say ] pajessjadde/buiseanul pue Jayuny uj bunnsal
abues paywi| yum sisijenads uewny buiseanu|
'seale pajdajoid Jo ‘Bujuriem jeqo|b panunuo) ‘uojepeibap Jo/pue sso| aydlu
1e}1qey/pooy pue (Auepunpal
9pISINO Jeligey [edLd Jo dlewl|d pue 1eyqey pasea.nu
[eUOIIUNY MO INQ) SIILIBPUD
UOIBAI3SUOD BpN|oul pue
4o uonJodoud ab.e| e yum
1aj0.d ‘urejutew ydIym
spuejst buinoqybiau
sa1691e13S UOIIRAIBSUOD J3)
M3} B I0 9UO 0} payIwl|
01 abpu Jo Juswdojanaq
Husianipoiq Jo sjpns| ybiH (1)
uoneydepe o0} swi| pue
uoneibiw [euoneussiul
Spasu pue| pue pue| uonjejndod juauind suoibai awos
Ajlenualod pue jeussyul
oL1BUBYS DUA-UBI uo pauaxa ainssaid ay) yloq 1e ybiy |ns ybnoyye ul sauopkd jeaidon jo Spue|s! 4231
(uswaa.be o .:w_cw_“o.hu Buiseanur ymoub uonejndod ‘(nequry 'sanipleyl uoiediyisuaiul pue ‘Abiaus 159][ews 3y} 4o} pue Aimuad (2u) spuefs
ee MO '9IUBPINS a3 ’ ‘'walshs pue|si-jaal 3y} o: "£'9) S3110}1419} pue ue Jyb1ay anem pasealdul SIY) JO J|ey puod3s 3yl Jano spueys| |[ew ’
creest / PINS payuj) paseq-BuLizauiBue ‘spuesi 1SAS puesi-jaal ay 0} ) s3HOMAIR) P puejybiay p ! 141 4o Jley p 4 pueys| jlews 1231 40 aausBIaLIgNS
2UIPIU0I MOT pasned saueqnisip uewny S91IJUN0D BWOS Ul yimoih Ynm parenosse asu [9A3] | Ajjedadss ‘sdueseaddesip pueys

uondas
pue

191dey)

uonedyIuUdPI YsHU
K9 u1 d>uapyuo)

uegun uo :suolnjos
paseqg-ainjeu ‘spue|si
|eanJ pue [einjeu uo
1S3pEI3P 1X3U BY} JAQ

Jyst4 Bupnpai oy
|enuajod 3saybiy yum
suondo uoneydepy

Buiseanu| ‘sanneusse
UOI}eI0[31 pUe puB| papIWI]

219135 Buiaq ysu siy) 03
9)NqI1U0d PINOM ey}
suonipuod Aujiqesaujnp

uonejndod payafoid Aq
palequadexa ag [|IM sy

EYETEN
Buiaq ysu siy3 0}
3INQLIU0D pInoM ey}
suonipuod ainsodx3

£35S JO 3jel 3y} ul asealdul
pides ‘g"8dDy Japun

a19n3s Buiaq dysu sy}
0} 3}Nq11UOD PjNOM
1By} SuonIpUOd piezey

JO 33el |einjeu anoqe asealdu|

woym 03

pue ‘313A3S Palapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-54



Technical Summary Supplementary Material

(uswaalbe

|ended [einjeu aAsuas
Ajleanynd 1a301d 0}
saibojouyda) ajeudoidde
asi|1n ‘abeyiiay [einynd
yum Juanibuod aie 1eyy

suondo uoneydepe

olewl]d paseq-yi|
Buiuiwispun Aq saiiunuioddo
Buipjing dual|isal sadxnpas

swa)sAs [eanynd a)qibuelul
JO S50| pajeosse

pue Aljigenqeyuiun

0 Yjsu pue spiezey

saunjeladwsa) adepns eas
Buiseanu yum pajernosse
ss0] AysIanlpolq pue syiys

sadpoeld ‘sylomau
fudoidpai diysury pue jepos
‘uoisay0d |eos ‘Aius

(84)

LYESL wnipaw ‘aKuspina SLOWN(0S Paseq-amey 19558 [e4NY|ND JO S50 |eISE0D UBALIp-S1RWI|D abuey sapads ‘pue| uo STl Butpnpur ‘adusijisal pue SpUeYS| [[eWS abelay pue s321nosal
paiiuf) 83usapiyuod Mo7 wS_Eo_w y .mu_ Barens "uolenunuod pue uondajoid 01 abejuay eanynd jo seale [eanynd Juedyiubls | Aydeded aandepe o) a1nquiuod [eanynd Jo sso7
e sueld :o_.m depe 10§ S32IN0SAI JO DB 0} aInsodxa sasealdul sease Jo uonepunui buipnpui 1eY] $324N0S3J [_INYND Ul
P 1€ donescep anp abeyuay [eanynd [BISROD Ul UOIIRIIUIIU0D speduwi ajew|d paseanu| abueyd Juediyiubis 1o sso
a)ew|> ojul abejlay
) ’ ’ Buureyurew jo Ayjigedesuy JuaWa|1Ias pue uonendod
|eanyjn> buneibaju|
sapunpoddo
suoibal
2IWOUO0IA PUe S de Sa1uN0d
: pue|si awos ul sauojkd ’
20U JO UONEIHISISAIP awos o uonejndod sjoym ayy
SP|OYasnoy awodul-mo| |eaidon Jo Aysusiul
(quswoaube uonedepe pajiwi| ©anuaAal wisLNo) pue 13j4e 01 A1) aie swalshs
SYESL yum yamoib uonejndod paseanul ‘asi [9A3] eas (L)) 34nj1e} pooyijanl|
ybiy 'aduaping wnipauw) 0] S)wWi| ‘SallIAIe SaLI3YSI} JO SSO| :(WSLIN0Y uoinpoud Jo uononiisap ayy spue|s| ||ews
PYESL Buiseasoul 0} anp ainsodxa ‘AB1aus pue Jybiay anem pue auIPap dlwouod3
aUapyuod YybiH | IIWOU0DS JO UONEIYISIBAIQ ‘aamynoube ‘ainynoenbe pue ur asealdul [eljuelsqns pue
u saseanu abie] paseanul ‘sainjeladwal
sauaysiy A ’ ’ : S9DUDI| Bulysly woly sanuanal
3epNs eas pue
2I1WOU03 BALISUIS-B)ew|d Ul 95ea1d3p [erurISNS
ouaydsowse ul aseanu| ' ’
JO dUB|eABId ’ '
UoISSIWSURI)
9523SIP pUe S3WO021N0 Y)[eay J91em
13100d 03 Buipes)| uawade|d ues|d pue pooy jo Ajddns
pea| _ 12 pue pooy Jo A swaysAs [ea160j023
pue Auanod jo uononpay -sip uone|ndod/uoneibiw 10 f3ayes pasiwoidwo) ’
0} sabuey) ‘sainjesadway SIVENE]
's1au 0})inbsow o asn uewny ‘uonunujew ‘(x5 [ed1sAyd Jo s10109A
1a1emess buisty aWaunxe wouy bupynsal ewnes}
pue axeydn peaidsapipy | ‘susboyred pue sysad Jeljiwey aseasip 0} pasodxa alow ’
: ‘sainyesadway Jie Buisi pue |ea1bojoydAsd pue Ayjepow
(uawa.be *(suaboyyed auiog-pooy -un ‘ainjonuisesjul yijeay 9q Aew Aoy} asaym) (94M)
suwianed ||ejures passyy ‘swia)shs uonelues pue yyeay
TrEst wnipaw 'auspINg pue -1a1em ‘sojinbsow | payd1aisiano ‘Aundasul pooy SUO[ed0| [BISE0D Ul pue Buiag-||am pue yyjeay
*(219 ‘1eay awalixa ‘|[ejulel 0} uondnusip ‘uopLnujew
paywij) 83UaplLod MOT "6°9) $10129A 35EISIP JO ua)sisiad Ueremysaly ajes seale ueqn ul Ajjeradss uewny jo uonepeibag
aWaXa ‘uonepunul 'ssau||l pale|al-1eay ‘aseasip
9DUB([IBAINS (213 ‘SIIUIP pue ues|> 0} ss32e payWl| ‘3)doad swodul-moy jo
'SPOO|§) SIUIAD JOY1ESM |  3UIOG-IS}EM pUE -PO0} ‘3Se3SIp
‘slendsoy) ainonuisesul ‘SIAJeUIR}|e pue| payiwi| siaquinu abue| Ajuassisiad
aWa.xa Jo MQ11aAss Jo 3UJ0Q-I01I3A Ul 3SERIDU|
uolje)ues pue yyjeay ‘safjpeded |eiueuly pajiwi| pue uonesiueqin pue : ’
/pue fuanbayy pasaly
Ul JUBWSAAUL J31e31D) ‘saiyijenbau awodul ybiy ymnoib uonendod 0y snp
‘tpmoub d1wouoda payiwl| 2Insodxa Ul saseanu|
Aq parequadexa Aujigessuinp
ybnoip
10S31 1se| e se
pabuojoid pue juanbaiy
uonedojay Juswabeuew
alow pue uoireydpaid ui
puewsp Jarem ‘apeibdn suayed O m;.:mv. .: .wm:. pafonsap (GY) a1npnaselyul
ainpnaselul sbeurelp 2UBUIUIRW BININJISEIUI uoijesiueqin pajafoid gkl S| 2IN1dNAISEIUI PUB B|qe3AljuN pue sjuswiafas Jo
SYESL (uswaalbe |9A3] 23S pue sauo[Ad
!spJepuejs bujuued pue a1enbapeu| ‘yimoib pue yimo.b uonejndod Aq palapual aJe SJUBWB|IILS uondNIISaP 0} anp
vyesl ybiy ‘aduspine wnipau) |eaidouy jo uonedyisuaiul Spuejs| |lews
sap0d bulp|ing pasinal pue A1an0da1 J|wou0dd UBALI ‘S)UBWIB[NILS UBGUN se uondnisip d1wouods pue uondnisip J1wou0ds pue
LY ESL oUBpHU0d YbiH 3y} Aq pajeneibbe pue
‘aInyauydIe snouabipul moys ‘Auanod juaisisiad ur ApejnonJed ‘ainsodxa Ayundasul pooy ‘syasse ‘sanl| Ryundasu pooy ‘syasse

uoidas
pue
191dey)

UO[RILIIUBPI YSH

K3 u1 3duapyuo)

pue [euonipei ‘uoijejdepe
paseq-wa1sAsods
!SuoIIN|os paseq-ainjeN

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suonipuod Ayjiqesauinp

ul saseanuj abieq

EIETEH
Buiaq ysu siy} 0}
2INQ11IU0D PINOM ey}
suonipuod ainsodx3

Buipooyy Jo A1anss uo
Buiedwi uoneydpaid jo
Ausuayul pue fHuanbaiy
ul aseanul [enueisgng

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

uewny Jo sso| peaidsapipm

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

pue S3A|| §O SSOJ JO YsIy

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-55



Technical Summary Supplementary Material

asn puej pue A13salio}
‘Buiwuiey Apuany-ainieN
'S15a10} aAeu buipnppul

sapads paonpoiIUl AISeAU!
‘uoiynjjod ‘uoiesiueqin
pue Bujuiie} ‘uojelsaiopep

abesane |eqolb ayr

Dol UeY}

sjodsjoy Ausianipolq ui sapads

T10l (22uapina wnjpaw) | ‘syeyqey papelbap pue 3so| 0} anp sso| 1enqey Aq 5100 $51501A 36UELD 191ea16 Bujwiem pue 21Wapu Jo Ajjeadss ‘saulpap oo Rusianipoiq
1ddD auapyuod ybiy | 210153y *SI0PILI0D [esiadsip pajequadexa Aljiqelaulnp Em_“_ ol c“w m:.;:m; SULIO)S ‘SPOOY} ‘Saulp|IM uoijejndod pue suonounxa IF3915 |BLIIS1I3] JO S50
pue seale pajajoid jo ‘abueyd ajewi)d jo speduwi 1P o/ e ‘Jybnoup ui aseanu| sapads [e20] Jo ysu Buiseasdu|
Jiomiau puedxs pue jo papipaid pasdxs Apealje
Juswabeuew anoidu) spedw uewny juasaid
soxe| saads aniseau;
UE SIDAL WOJ} [BAOWSI ue uonnjjod ‘swep ‘asn
P i i P aol P sjodsjoy Ansianipolq ui sapads
J19)BM BAISSIIXS PUB |  UBWINY 40} S|EMBIPYHM J9JeM abesane |eqob ayy Do PUOAaq
[ERETTE] lwapus Jo Ajjenadss ‘saulpap Kusianipoiq
€T1ddD uoinjjod Juanaid ‘sialIeq Aq parequadexa Ajiqesauinp anoge saidojan abueyd Buiwiem ‘sanemieay |eqo|n
buous) axuapiuod ybiy uoiiejndod pue suonounxa 191eMUSal} JO S507
Buinowsas Aq jessadsip ‘abueyd ajewi)d jo spedwy a1ew|> Jojpue buiuwepp ‘Jybnoup ui aseanu|
sa12ads |e20] Jo s Buiseainu]
sa1dads a1el|ed "spedw papafoid pasdxs Apealje
uewny juasaid dnpay spedwi uewny Juasaid
SUOI}IPU0d dilew|d
35 pue pue|
3|qens aJow 0jul 3s1adsIp
Jo 3sn Apusii-Ausianipolq
01 3|qeun 3q |jim Aayy ‘(ease
pue ‘sieqey papeibap abesane |eqob ayp Bulwem | syodsjoy Ausiaapolq ui sapads
(22uapine wnipaui) ue 0} anbjun) Jlwapua ae (ueado pue sjodsjoy Ausianipoiq
1'T1ddD pue 150| JO UONRI01S3I anoge salldo|aA abueyd 1eqo|b D,z puofaq 1ueld pue [ewiue Jo %0 0
aouaplyu0d ybiy sanads §| ‘sease Auew ul pue|) |eqo| uy sa1ads Jo 507
!s10pLLI0d [es1adsip Aq a1ewi|d Jo/pue Bulwiepy Alpidey saseanul ys1y uoiUNXa Jo sk Buiseainu
abueyp ajewi)d jo spedu
pa12auuo0d seale paydajoid
paipaid pasdxa Apeasje
J0 3HoM13uU papuedx
speduwi uewny Jussaid
syodsioy Ausianipoig :| 1adeq 1a1deyd-ssos)
$82In0S31
131eM 3Depns pue puno.b
Jo Aujenb pue Auzuenb ul
3UI[23p Y1IM pajeosse
spuaiy uoneydpaid
uoneydepe fo110d pue ainpnasesjul
swayshsodd aAnebau Jo/pue syusne
0] SHWI| pue (1ejndii pue ‘ABojouyra) Juswabeuew
anoibuew jo uonepeifap 1yBnoup Jo uoneinp pue
jusuewuad) uonesbiw 924N0Sal [BL1SaLI3) pue
!(Awanoe uewny pue fouanbayy Jo/pue Aupue S3I}IUNWWIOD PUB(S! U
|euoneusa)ul pue [eusslul J91emysayy payiwi| Jua)sisiad
SJuaAd Bulydea|q pajeadas ul 8seasnu| ‘usbiawgns Jo uoneibiw-no Jusueunad (64))
Kioredpined pue pauueld !SUOI}eD0| |BISEOD U| SEdle
(quawaa.be J03|nsaJ e se) uoipajoid usuewad Jo uoisosd 10 JusWa[Rsal ‘Wuawade(ds|p uoijelBiw paseasnu) 0}
:0LIeURS pua-ybiH uequn uj Ajjepadsa ‘sjdoad
9YEGL ybiy 'aduapine wnipau) [e1se0d Budnpal sjal |e1520D Pasea.dul 0} anp 3y} ul bunynsai ‘sjdoad Aq spuesi |lews | Buipes| spue|si jaa1-uou
*(p1epueys Buipjing “6-3) 3WODUI-MO] JO SIaquinu
ouapHU0d YbiH |e102 Jo uonepeibap SS0| pue| pue ‘uoijepeifiap 9|qeqeyuiun Apusuewad pue 4aa1 Jo Ayjigelqey

uondas
pue

191dey)

uonesHIUdPI YsHU
K9 u1 >uapyuo)

uoiepowwodde sjouoid
‘(193eMysaly "6-9) S921N0SBI
pausjealy) [esnjeu 0}
saAeual(e ajowoid
1S9pEIAP 1X3U BY) JBAQ

yst4 Bupnpai oy
|enuaiod 1saybiy yum
suondo uoneydepy

abue| Apuassisiad pue
'SAlRUIR} R puB| pajwl|
‘safyeded [eiueul paywi|
‘salijenbaul awodul ybiy
‘YIMoIH JIWOU0dd papwI]

219135 Buiaq ysul siy) 03
91NqL11U0d PINOM ey
suonipuod Aujiqelaujnp

‘uonesiuequn pue
ymmolb uonejndod o0}
anp ainsodxa uone|ndod
ul saseanu] abieq

EYETER

Buiaq ysi sy} o}
3INQLIU0D p|noMm ey}
suoiHpuod ainsodxy

w5450 [eLISaLIRY
'S30IN0S3I J9}eMYSal JO
uonesiuljes pajenosse
yum ‘buipooyy e1seod
pa1eID0SSe pue SJuand
[9A3] B3S BWAIIXD JO
1U9)Xa |eneds pue
apnyubew ‘fouanbaiy ayy
Ul 9seanul ‘g yddy Japun

219nas bulaq dysu siyx
0} 3}Nq113UOD PjNOM
Y} SUORIPUOD piezeH

pawaap seale puej puejsi
Ul aseanu| [enuelsgns

woym 0}
pue ‘313A3S PaJapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

pasnpai Jo sty

s1a1deyd |IDM
9YV u! payiusp!
se sl Aay|

TSSM-56



Technical Summary Supplementary Material

SUOIHIPUOD 4SS Japun ysu
153ybIH *(suoiipuod s,Aepoy

(uiseg
snpuj Jaddn “69) suoibal swos

LU0J}) $101235 JIWOUOID JO 191de
snxau }) si03s 21 ¥ (¢ ja1deu3 20045 ul padieduw Ajjeonin uonouny ‘elsy
uonEDLISIBAIP 31| Us3em (e1sy ‘L1 pue z| siardeyd 9yy
#'GdIDIINS KbB1sua—pooj—sarem jo 19MO] JB)BAN " (191eMYSBI} yinos pue
10} uonnadwod Jaybiy "B'9) spuaiy d1ydesbowap IDM) siae|b Jo bunjpw $32IN0S3)
‘v'6ddD UuoNeI3PISUO) ‘BdueUIRN0 J0 aseys Juapiynsul Alpbie] | eduswy ynos
9IUBPING WNIpaW 'S191De(B pue 1w Mous wouy yb1y Bundipaid suoibas pajeua|adde 0} pue mous J191em Buibueyd wouy
TTESdDD 131eMm [aAs[-Ajunwiwod 1nq [eNUSSSA UO JUBpUadap UI31SaMULION
‘Juawaa.be ybiH saljddns 1a3em jo fHouspuadap ul Ajjeadss ainsodxa Ul 95313 0} SPe3| YdIym Awouods ayy pue
"1'TTSdD panoidwi ‘Juswabeuew '6-3) Aepoy passans u syods joy
yb1y Jo [2A3] JuBLND 159yb1y 03 pes| |jIm ‘(mous) uonendidaid SPOOYI[aAl| [B0] 03 SYSIY
TLTSD 924n0sal Ja1em pajelbalul 191em Apealje eale ul passans Yum suoibas
‘(sanaLien paas ajenbapeul SUONIPUOD 4SS P!|0S Ul 35eaId3p pue
Jo uonejuswa|duy 191em bursq uoneindod urejunow ||y
‘uoijebiul SAISUIXB) aseanul ainjessdwa] LeIMO| BUL L0 ©
ainynube s|geureisnsun SRS AT
01 dn Aimuad-piw Ag
1O [9A3] JuaLIN)
Kimud ay1 jo pus
ayy Aq spooyy 1s1ngino Jape|b
JO 35U Je IndNIISelpul pue
a|doad ‘pue) jo aseanur ybiy
'SUORIPUOd {74SS pue o 32 Yoy
Sys1 3saybiy 0] ajesapow ‘(suoibai Auew
SJUBWaNRSAI €455 Japun Ajsow pasijeal Kian pue H,6°| 1e Jaybiy
0] pea| SUOILPUOD £4SS ur Aanud-piw Aq) spjoysaiyy
‘sieak 00 1—-08< polsad 3Je YDIYM (BISY Yinos pue s32uanbasuod aIanss Jo
¥'GdIDIINS 'seale ulelunow ul [edid f1ajes wuaund buipaadxe e}y pue
unjal Joj fineded yum | edLBWY YINOS UIS)SIMULION) pooytay| (z 1 Jaadeyd spiezey
''6dDD fpeaije a1e ainsodxs jo apnyubew pooj} ‘eduswy elsy ‘edLswy
Juawaaibe wnipaw 90UJBP POOJ} ‘sainseawl fieded aandepe mo| pue 94V [DM) Suonipuod POOJ} pue 3pI|Spue| Wouy
1'76dDD S[aA3| JUBSAI4 Seale uequn - UINOS UIR)SIMULION pue yInos-jenua) :
'22UBPING WINIPAY 1J0S pue piey Jo xiw $92.N0S3J [RDUBUI palIWI| yedmous ul sabueyp Jo Sl 18 ainpniselul
1'€°6dDD pue saniAnoe [einynoube eISY/ 15e3YIN0S ‘BISY YINOS Ul uj sealy ’ :
"(suozuioy buiuued buo| Se L2Ns SuolIpuod 0} pajejal suonIsuel} Mey)/azaal) pue a|doay
TLTSdD ul aseaunul ‘suoiedo| auoid sasea.nul 1saybiy yum buipooyy ujeunop
18pIsu0d ‘ssaualeme buisiel Apsow suoifai utepsd ul ur abueyp ‘(suoifal
piezey mau ul buipes ) ’ puejui 0} pasodxa a|doad jo
"br8) saunseaw 191621-mo7 aInn} ay} ojul buinunuod urejunou ||e) uoneydnaid
ainpnuselul pue ajdoay Jaquinu 3y} u aseanul abelane
Kupigessuina Jo sjans| Juain) BWaJ1X? Ul asealnu|
p|ojomy pue (eIsy uleyunow
yb1H “69) suoibai urepad ul
Aunnde apijspue| paseainul jo
ysu Je ajdoad Jo %€ | Inoqy
sutejunoly :g Jaded 191deyd-sso1)
spedul (Sqam pooy) 1a1pul
ssomexd 1edw (sgam pooy) palipul
y pue (yn1edhq ‘uondnisap
Buysy paseq-wayshsodn
1e11gey ‘siojepaid doy Jo
3|qeureisns ybnoiyy Seas Pasoous ul sapads
|erowaJ) 12a41p ybnoayy
SQ@M Poo} [einjeu Jo lwapua jo Ajjenadsa ‘sauipap
spuny |je jo Buiysy Aq 0§'L uey}
f1an031 moj|y “Buibpaip uoije|ndod pue suopdunxa
palequadexa Aujigessuinp abesane |eqojb ayy | Jsrealb jo buiwiem ‘sieak 9
vT10l (92uapine wnjpaw) pue Buimer pagess saads Jo 35U paseanu| Kusianipoiq
*SaLIaYsl) anoge saldojan abueyd Uey) $s3| JO S|ensalul |eqo|9
1d)D aouapyuod ybiy Aq uondnusep jelgey *fundas pooj pajenosse auuew Jo aulPaq

uoidas
pue
191dey)

uonedRHUIP! s

K3 u1 3duapyuo)

JO UOI}ESSd) "SI0
Ausianipoiq 1sow a1aym
U0 JO 9,0€ 0] SAIAIISAY
auue|y payaloid Ajny

J0 40MI3U puedx3

Jst4 Bupnpai oy
lenuaiod 1saybiy yum
suonndo uoneidepy

Aq payoedu ‘siojepaid
doy Ajeadsa ‘sqam pooy
[eanieu Jo Aianodai mojje

0] aunjie4 ‘uonnjjod pue
uoije}io]dxaIano woiy
spedwi uewny 12a11Q

219135 Buiaq ysu siy} 03
9)Nq113U0d PjNOM ey}
suoipuod Ayjigeaujnp

ajew|d Jo/pue Buwiepy

919A3S
Buraq s siyy 0}
91NQL1IU0D P|NOM ey}
suonipuod ainsodx3

01 fouanbayy anemieay
aulew Ul asealduy|

319A3s Buiaq Ysu sIy}
0} 31NQLIIUOD pjnoMm
1By} suonIpuod piezey

pue sauaysty [eaidosy Jo auipap
UMM S3pNHIe| moj Ui sapads
4O spuesnoy Jo sso| Jayun4

woym o}
pue ‘919A3s PaJaPISuod aq
pinom ey} a>usnbasuo)

uoibai
d1ydesboan

sivydeyd IO
9YyV ul payiusp!
se sl Aoy

TSSM-57



Technical Summary Supplementary Material

"UWN|od 1se| 3y} Ul palealpul suoidas ul siaideyd BuiApapun ay} ul punoy ag ued sysii A3y aSay} JO JUBWSSSSE 13||N} 7 "SSH
£33 3y yum pareosse Aljigesaujna pue ainsodxa ‘spJezey Jo SUOIPUOD 3y} Jea]d axew 0} Jdwane S3|gel ayL "Bl Jsi A3 3yl pue ainlelad| duaNS ayl uo paseq ‘sioyine Jaldeyd Aq apew juawbpnf uadxa ue | uopedlynuap| ysu A3y e
JO UOIIBIHIUBPI By} 0} eIR1d 3y} buiAjdde Joj sueaw anbjun ou S| 31ay] "|"§'9| UOIIS Ul paqLIS3P se ‘Wayl Bulpiuapl 1o} euaid Jo sadAy anly ay) pue (ysi ,1aA9s Ajjeinuiod, e) 3si A3y e Jo uonjulap ayl papnjaul a|gel ays jo uondinsap
|esauab 3y "uwnjod yaea Ul ybnos uonew.ojur jo adA syl jo s3jdwexa pue uwn|od yaea u paisanbal uolewloul 3y jo suoreue(dxa ‘a|qes ays jo uondidsap [esauab e jo bunsisuod Jardeyd Yyoea o3 papiacid sem adueping :Abojopoyis|y

310N

| SJ113YISae, BuIdPal

(24nyndouibe ‘wsuno} Joy “H'a)

wslno}
10} 3|genien si adedspue|

uondas
pue

191dey)

uonesyusp! ysu
£3) u1 3d>uapluo)

Jo uonedo|suel|

yst4 Bupnpai oy
|enuajod 3saybiy ym
suondo uoneydepy

Jo saunjesadwsy Jaybiy
AAIAINS 0} 3|qeun sapads

219A3s bulaq ysi siy1 0}
9INqL3U0d pnoMm ey}
suoipuod Aujiqessujnp

Jlwapus Jo adussald

EYETEN
Buiaq ysu siy3 0}
3INqLIIU0D pINOM ey}
suonipuod ainsodx3

ainjesadws) [euosess pue
|enuue ueaw buisea.nu

319135 Buiaq dysu sy}
0} 3}Nq113UOD PjNOM
1By} SuonIpuOd piezey

woym 0}
pue ‘313A3S PaJapisuod aq
pinom 1ey} duanbasuo)

uoifai
d1ydesboan

‘1R1deleyd adedspue| suoido UoREDIISIAAIP JO
Suoseas urejuNoW d113Y1S9L dIBYM
ur sebueydp o3 anp | e| pue 3de|d o suoisuswip
Juswaaibe wnipaw MOUS-MO| 10 -3|qeLIeA pue suoibaJ 10} S3SSO| JILIOUOID suolbal san|[eA |esny|nd pue
YTESdDD saiyunyoddo bupiojdxs Aq |eanyjnd pue |epos ‘|eaisAyd passasse JoN
'9dUBPING PaIIWIT 1eaa1 Jade|b 0} buipes) 0] }e|SUBJ} 0S| U YdIYMm ureunow ||y | sasso| a|qibueul o3 sty
san|en [e3a10s ul sabueyd 9|qeade|da.l 0} Juswiydee
sasealnul ainjesadwa) ‘1R1oeleyd adedspue| ul abueyd
bBuissaippe pue jaub daap ‘abueyd anjen |e1a120s
1160|033, Buissal o} Ayjiqerdepe mo e S
R eRE), R BRI ae|d pue anjen disuLu|
Seale Mau 3s|uojod 1 jo
awabeuew aly pue assadsip o3 Apeded sapnine| Jo sapninje Bunaw “69 ‘spjoysaiy jo
(suondo uoneidepe asealnul s}lys aimesadusa) 0}
#'SdDDINS 131194 ‘sapads buisiuojod MO| Y1IM S0y ‘suorypuod | 1aybiy o asiadsip 0} adods Buisso.d pue (z| sa1dey)
o 3} Jou s 0} }oadsal woit uonadwos 4o Mol 301 01 pardene a11a ou um sdos ureLLnow : SuBNoID 10 aInjesaduwa) Jie depns suoibal anp suondunxa sapads
£Tesdd yum) juswaaibe ybiy 4 uonl } h 01 paicepe Jsneq ! H U 94V 19 stbnoip 4 129016 5 18 (%8h—1) ulelunow ||y pue abueyd wayshsods
‘1'€'6dDD Juswabeuew ‘saads saads yym uonnadwod paje|os! uo sapads fouanbauy paseanul pue
'32U3PING WINIPS sa123ds JO %G| JO uondUNX] J0 Sysiy

siardeyd [IDM
9YV u! payiusp!
se sl Aay|

TSSM-58



Technical Summary Supplementary Material

SMTS.4 Figure TS.13d: Africa Case Study

Table SMTS.5 | Summary assessment, data and background information for the Africa Case Study in Figure TS.13d on making appropriate choices for fostering climate resilient
development pathways. Appropriate choices are made by considering the portfolio of risks, the potential for adaptations to satisfactorily reduce risks and not exacerbate others,
the potential for mitigation measures to interact with risks and adaptations within and across sectors, and how and whether adaptations can be enabled. The graphic table was
developed based on a possible assembly (not exhaustive) of these considerations for four sectors (agriculture, water, built environments, ecosystems) in the region Africa, as well
as more general considerations where appropriate. For each of these sectors, the following were elaborated: (i) the potential for cascading and compounding effects amongst key
risks within sectors, between sectors and across boundaries and the possible limits to adaptation and the adaptation gap to be filled; (i) the potential for adaptations to reduce key
risks, including their feasibility, their interaction with other adaptations addressing the same or interacting risks, and whether they are limited by global warming level (GWL); (iii)
the potential for interactions of adaptations with mitigation measures (grouped into categories that might interact with risks and adaptations), including showing their importance
and whether the interaction would be potentially positive, negative or a mixture of both (note: ‘carbon’ refers to carbon sequestration); (iv) Enabling conditions for sectors grouped
into categories of enablers common across many sectors, showing their importance and how they may be suitable across a number of sectors, along with an assessment of the
gap in the enabler for satisfactory adaptation. Confidence levels, lines of sight to chapter sections, suitable keywords and additional supporting text are provided for each assessed
component of the graphic table.

‘ Africa ‘

‘ General for region ‘

Impor- Magnitude it Lines of

Enabler dence Keywords Additional Supporting Text

tance of gap Level sight

Climate-related research in Africa faces severe data constraints,
as well as inequities in funding and research leadership that
reduces adaptive capacity (very high confidence). Many
countries lack regularly reporting weather stations, and data
access is often limited. From 1990-2019, research on Africa
received just 3.8% of climate-related research funding globally:
78% of this funding for Africa went to EU and north American
institutions and only 14.5% to African institutions. The number
of climate research publications with locally based authors
are among the lowest globally and research led by external
researchers may focus less on local priorities. Increased funding
for African partners, and direct control of research design and
resources can provide more actionable insights on climate risks
and adaptation options in Africa.
Adaptation generally is cost-effective, but annual finance
CRD 0.1 944 flows targeting adaptation for Africa are billions of US

Finance High Large High ' ' Broad-based dollars less than the lowest adaptation cost estimates for
enablers 9.4.5,95.2 ) ) ) .

near-term climate change (high confidence). Finance has not

targeted more vulnerable countries. From 2014-2018 more
finance commitments were debt than grants and—excluding
multilateral development banks—only 46% of commitments
were disbursed (compared to 96% for other development
projects).
Adaptation costs will rise rapidly with global warming (very
high confidence). Increasing public and private finance flows
by billions of dollars per year, increasing direct access to
multilateral funds, strengthening project pipeline development
and shifting finance from readiness activities to project
implementation would help realise transformative adaptation in
Africa (high confidence). Concessional finance will be required
for adaptation in low-income settings. Aligning sovereign debt
relief with climate goals could increase finance by redirecting
debt-servicing payments to climate resilience.
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Confi-
dence
Level

Lines of
sight

Impor-
tance

Magnitude

Enabler
of gap

Keywords

Additional Supporting Text

Integrated
Planning,
Options across
Cross-sectoral 9.4.3,9.64, multiple sectors;
and i i 9.11.5, Transbounda
transboundary High Moderate High Box 9.3, and Y
solutions Box 9.5, multistakeholder
Box 9.6 cooperation;
Multilevel Equity;
Benefit sharing

932,942,

Cross-sectoral ‘nexus’ approaches provide significant
opportunities for large co-benefits and/or avoided damages
(very high confidence). For example, climate change adaptation
benefits pandemic preparedness, ‘One Health” approaches
benefit human and ecosystem health, and ecosystem-based
adaptation can deliver adaptation and emissions mitigation
(high confidence).

Without cross-sectoral, transboundary and long-term planning,
adaptation and mitigation response options in one sector can
become response risks, exacerbating impacts in other sectors
and causing maladaptation (very high confidence). For example,
maintaining indigenous forest benefits biodiversity and reduces
greenhouse gas emissions mitigation, but afforestation—or
wrongly targeting ancient grasslands and savannas for
reforestation—harms water security and biodiversity, and can
increase carbon loss to fire and drought. Planned hydropower
projects may increase risk as rainfall changes impact water,
energy and food security exacerbating trade-offs between users,
including across countries.

Governance for climate-resilient development includes long-term
planning, all-of-government approaches, transboundary
cooperation and benefit-sharing, development pathways that
increase adaptation and mitigation and reduce inequality, and
implementation of Nationally Determined Contributions (NDC)
(high confidence).

Inclusive

and enabling
institutions High
and decision
processes

Engagement

9.4.2
Options

Large High

In Africa, climate governance occurs in a context of deep
inequality and asymmetric power relations—both within
countries and between countries—making adequate
mechanisms for multi-stakeholder participation essential. This
requires creation of avenues for the voices of marginalised
groups in policy processes and enabling policy environments
that can catalyse inclusive action and transformational
responses to climate change
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Robust legislative frameworks, both climate change specific and
non-specific, can foster adaptive responses to climate change,
particularly in LDCs. As discussed in Chapter 17, there are
many reasons for this. The successful implementation of policy
objectives across the continent is often contingent upon or at
least supported by an underlying legislative framework. There
are also wider systemic and structural reasons for developing
climate change legislation, including the promotion of
coordination within government, its policy entrenching role, its
symbolic value and its potential to support climate finance flows.
Robust legislative frameworks that develop or amend laws

to mainstream climate change into their empowerment

and planning provisions will facilitate effective design and
implementation of climate change response options (high
confidence).

The Paris Agreement acknowledges, in Article 7.5, that
adaptation should be based on and guided by, among other
things, ‘traditional knowledge, knowledge of indigenous peoples
Adaption Legal and local knowledge systems'. The accumulated knowledge
frameworks within Indigenous knowledge systems is particularly important
as it can assist governments in determining how the climate

is changing, how to characterise these impacts and provide
lessons for adaptation. In this context, Indigenous knowledge
systems can play an important role in the effective design of
local laws, as well as national laws. Doing so can contribute to
the success of climate change response strategies, including
enhancing local participation and the implementation of
community-based and ecosystem-based adaptations. For
example, the Makorongo Village Forest Management By-Law
in Tanzania codifies local customary practices relating to forest
management and sustainable harvesting with associated dual
adaptation and mitigation benefits and includes all villagers in
the decision-making processes relating to forest management.
The inclusion of beneficial Indigenous knowledge systems
within local by-laws is contingent on the active involvement
of members of the Indigenous community and awareness

of climate change considerations within the local sphere of
government, and a willingness to foster such practices.

Governance High Large High 9.4.4
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Climate information services that are demand driven and
context specific (e.g., for agriculture or health) combined with
climate change literacy can be the difference between coping
and informed adaptation responses (high confidence). Across 33
African countries, 23—-66% of people are aware of anthropogenic
climate change—with larger variation at sub-national scales
(e.g., 5-71% among states in Nigeria). Climate change literacy
increases with education level but is undermined by poverty,
and literacy rates average 12.8% lower for women than men.
Around 71% of Africans that are aware of climate change agree
it should be stopped. Production of salient climate information

Technological, in Africa is hindered by limited availability of and access to

Climate services

information, & lteracy; weather and climate data.

decision 9.45,95.1, Planning ! Policy actors across Africa perceive that anthropogenic climate
support, High Large High 9.8.4,9.10.3, Informati’on change is already impacting their locales through a range of
climate Figure 9.1 Diverse ' negative socioeconomic and environmental effects. They are
services & Knowledges highly concerned about and motivated to address these impacts.
literacy Transformative responses to the impacts of climate change

facilitate CRD and are informed by perceptions of climate
variability and change and climate change literacy.

Perception of climate change in Africa can occur without
knowledge of its anthropogenic causes and its effect on risk,
as awareness of the concept of climate change is generally
low across Africa. This can lead to coping responses to climate
change which fall short of adaptation. Climate change literacy
can fill this knowledge gap and, together with climate services,
extend responses to climate change to include consideration of
future risk through awareness of the anthropogenic cause of
climate change and its effect on risk.
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Key Risk: Risk of food insecurity, malnutrition (micronutrient
deficiency) and loss of livelihood due to reduced food
production from crops, livestock and fisheries.

Severe reduction in food security and increase in malnutrition
due to declines up to 5-15% in yield of staple crops, and
30-45% in net primary productivity of rangelands, varying by
crop and region. Declines in fish catch potential in tropical west
Africa of >50%.

Climate change threatens livestock production across Africa
(high agreement, low evidence). Rangeland net primary
productivity is projected to decline 42% for west Africa by
2050 at 2°C global warming. Vector-borne livestock diseases
and the duration of severe heat stress are both projected to

become more prevalent under warming. {9.8.2, Figure 9.24,
9.8.2.4}. Future climate change will have compounding impacts
on livestock, including negative impacts on fodder availability
and quality, availability of drinking water, direct heat stress and
the prevalence of livestock diseases. For example, in Zimbabwe
by 2040-2070, net revenues from livestock production,
compared to a 2011 survey, are projected to decline by 8-32%
under RCP4.5 for 2°C and 11-43% under RCP8.5 for 2.7°C
global warming due to a decline in fodder availability.

Heat stress may already be the largest factor impacting
livestock production in many regions in Africa, as the

Reduced
) combination of high temperatures and high relative humidity
. production ) .
Interacting 9.4.3, Boxes (crops can be dangerous for livestock and has already decreased dairy
key risks, 9.3 and Iivespto'ck production in Tunisia. Climate change is projected to increase
adaptation . X 9.5,9.4.5, N heat stress for all types of livestock, especially in the tropics
Food security Large 15 High fisheries); . . . .
gaps & 9.6.1,9.8.2, {Figure 9.2.4}. More studies quantifying the impact of heat
L . woody plant ) .
limits to Figure 9.24, stress on other types of livestock production loss are needed
. encroachment; | | K
adaptation Table SM16.24 . in Africa.
water scarcity, . . . .
" Planned hydropower projects may increase risk as rainfall
competition

changes impact water, energy and food security exacerbating
trade-offs between users, including across countries.

In Africa, climate change is reducing crop yields and
productivity (medium confidence). Agricultural productivity
growth has been reduced by 34% since 1961 due to climate
change, more than any other region. Maize and wheat

yields decreased on average 5.8% and 2.3%, respectively

in sub-Saharan Africa due to climate change in the period
1974-2008. Farmers and pastoralists perceive the climate to
have changed and over two thirds of Africans perceive climate
conditions for agricultural production have worsened over the
past ten years. Woody plant encroachment has reduced fodder
availability. By 1.5°C global warming, yields are projected to
decline for olives (North Africa) and Sorghum (West Africa)
with a decline in suitable areas for coffee and tea (East Africa).
Although yield declines for some crops may be partially
compensated by increasing atmospheric CO2 concentrations,
global warming above 2°C will result in yield reductions for
staple crops across most of Africa compared to 2005 yields
(e.g., 20-40% decline in West African maize yields), even when
considering adaptation options and increasing CO; (medium
confidence). Relative to 1986-2005, global warming of 3°C is
projected to reduce labour capacity in agriculture by 30-50% in
sub-Saharan Africa.
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9% declines in maize yield for West Africa and 20-60% decline
in wheat yield for southern and northern Africa, as well as
declines in coffee and tea in East Africa and sorghum in West
Africa {Figures 9.22 and 9.23; Section 9.8.2.1 and 9.8.2.2}, and
Box 9.5, Water >12% decline in marine fisheries catch potential for multiple
Figure 9.25, " West African countries, potentially leaving millions at risk of

X competition; - o Ayl
Section 9.8.5, » nutritional deficiencies.
malnutrition . .
Table SM16.24 Increasing demand for water for agricultural and energy
production is driving an increasing competition over water
resources between food and energy industries which, among
other effects, compromises the nutritional needs of local
populations.

Human health Large 15 High

Wild-harvested foods (e.g., fruits, vegetables and insects)
provide dietary diversification and for many people in Africa,
wild-harvested food plants may provide a livelihood and/or
nutritional safety net when other sources of food fail, such as
during drought.

Food insecurity and nutritional deficiencies, projected to
increase with increasingly variable climates, has been shown to
L, | Wb | P g s e
standards & Large 1,5 High ! declines, food )

. 9452, . . A recent Afrobarometer study covering 34 African countries
equity insecurity

Table SM16.24 found 67% of Africans perceive climate conditions for
agricultural production to have worsened over time, and report
drought as the main extreme weather event to have worsened
in the past decade.

Additionally, people engaged in occupations related to
agriculture (farming, fishing or forestry) were more likely to
report negative weather effects (59%) than those with other

livelihoods (45%).

Multiple African countries are projected to face compounding
risks from reduced food production across crops, livestock and
fisheries, increased heat-related mortality, heat-related loss of
labour productivity and flooding from sea level rise, especially
in west Africa (high confidence).
African biodiversity loss is projected to be widespread and
Terrestrial 9.8.2,9.85, Habitat loss: escalating with every 0.5°C increase above present-day global
and ocean : 9.9.4,9.10.2, R o warming (high confidence). Above 1.5°C, half of assessed
Large 1,5 High Fish declines; . . . .
ecosystem 9.11.2,9.6.2, Invasives species are projected to lose over 30% of their population or
services Figure 9.19 area of suitable habitat. At 2°C, 36% of freshwater fish species
are vulnerable to local extinction, 7-18% of terrestrial species
assessed are at risk of extinction, and over 90% of east African
coral reefs could be destroyed by bleaching. Above 2°C, risk of
sudden and severe biodiversity losses becomes widespread in
west, central and east Africa. Climate change is also projected

to change patterns of invasive species spread.
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Food
security

Moderate

High

9.3.1,93.2,
9.8.3,9.84,
9.4.1

Irrigation; Water
management,
Land
management;
Climate smart
agriculture

Different types of irrigation including drip and small-scale irrigation can
contribute towards increased agricultural productivity (SDG 2), improved
income (SDG 1) and food security (SDG 2) and increase resilience to
long-term changes in precipitation (SDG 13). In Kenya and Tanzania,
small-scale irrigation provides employment opportunities and income to both
farmers and private businesses (SDGs 8 and 9). Land management practices
including the use of fertilizers and mulching have also been highlighted

as adaptation options improving soil fertility for better yields (SDG 2) and
delivering opportunities to reduce the climate change effects (SDG 13).
there was limited evidence to assess the continued effectiveness of these
options at higher global warming levels with some options, such as bulk
water infrastructure (particularly large dams), expected to face increasing risk
with continued warming with damages cascading to other sectors {Box 9.5},
while others, such as crop irrigation and adjusting planting times, may
increasingly reach adaptation limits above 1.5°C and 2°C global warming.
Sustainable Water Management (SWM) includes rainwater harvesting for
irrigation, watershed restoration, water conservation practices (e.g., efficient
irrigation) and less water-intensive cropping, and was the most reported
adaptation response in the food sector. SWM was assessed with medium
economic and social feasibility and low environmental, institutional and
technological feasibility. The feasibility of this adaptation category may
depend largely on socioeconomic conditions.

Climate-smart agriculture (CSA) offers opportunities for smallholder farmers
to increase productivity (SDG 2), build adaptive capacity while reducing

the emission of GHGs (SDG 13) from agricultural systems. CSA practices
including conservation agriculture, access to climate information, agroforestry
systems, drip irrigation, planting pits and erosion control techniques can
improve soil fertility, increase yield and household food security, thereby
contributing to the realisation of SDG 2 in Africa.

In contrast, adaptation actions may induce trade-offs with mitigation
objectives, as well as other adaptation and developmental outcomes,
delivering negative impacts and compromising the attainment of the SDGs.
For example, increased deployment of renewable energy technologies can
drive future land use changes and threaten important biodiversity areas if
poorly deployed. The use of early maturing or drought-tolerant crop varieties
may increase resilience (SDGs 1, 2), but adoption by smallholder farmers can
also be hindered by affordability of seed. Cultivation of biodiesel crops also
can hinder food security (SDG 2) at local and national levels.

Technological (including on-farm engineering), institutional, and financing
factors are major barriers to climate adaptation feasibility in Africa (high
confidence).

There is /imited evidence for economic growth alone reducing climate
damages, but under scenarios of inclusive and sustainable development,
millions fewer people in Africa will be pushed into extreme poverty by
climate change and negative impacts to health and livelihoods can be
reduced by 2030 (medium confidence).

Human
health

Moderate

Not
assessed

Medi-
um

9.10.3,9.11.3

Food supply
chains; social
protection

Transformative adaptation requires integration of resilience and mitigation
across all parts of the food system including production, supply chains,
social aspects and dietary choices. Adaptation to prevent malnutrition goes
hand-in-hand with adaptation to prevent food insecurity {5.12.5, 9.8.3}.
Social protection has been used for decades, particularly in eastern and
southern Africa, to safeguard poor and vulnerable populations from
poverty and food insecurity. Instruments of social protection include public
works programmes, cash transfers, in-kind transfers, social insurance and
microinsurance schemes that assist individuals and households to cope
during times of crisis and minimise social inequality.
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Integrating climate adaptation into social protection programmes, such
as cash transfers, public works programmes and healthcare access,
Living can increase resilience to climate change (high confidence). Social
stand- Not protection has been used for decades, particularly in eastern and southern
ards & Large assessed High ES.9,9.113 Social protection | Africa, to safeguard poor and vulnerable populations from poverty and
equity food insecurity. Instruments of social protection include public works
programmes, cash transfers, in-kind transfers, social insurance and
microinsurance schemes that assist individuals and households to cope
during times of crisis and minimise social inequality.
Terres-
trial and Natural forests provided 21% of rural household income across 11 African
ocean Moderate Not Medi- 9.6.2,9.8.2.3, Natural forest countries and wild-harvested foods (including fisheries) provide important
eco- assessed um 9.85 maintenance nutrition to millions of Africans, including through important micronutrients
system and increased dietary diversity.
services

Importance . o
e . o Confi- . Specific ex-
Mitigation  of interac- Direction Lines of o :
- . dence . amples / case Additional Supporting Text
measures tion with of effect sight :
. Level studies
adaptation
Climate-smart agriculture (CSA) offers opportunities for
Potential smallholder farmers to increase productivity (SDG 2), build
. i . adaptive capacity while reducing the emission of GHGs
interaction (+) Carbon (soils ) L i

. ) ) ) (SDG 13) from agricultural systems. CSA practices including
with Technology High + High 932 — climate-smart . . ) . )

T ) conservation agriculture, access to climate information,
mitigation agriculture) - - .
measures agroforestry systems, drip irrigation, planting pits and erosion

control techniques can improve soil fertility, increase yield
and household food security.
Improved ecosystem care and restoration are cost-effective
for carbon sequestration while providing multiple
environmental, social and economic co-benefits. Sustainable
Water Management (SWM), watershed restoration, was
assessed with medium economic and social feasibility and
low environmental, institutional and technological feasibility.
Ecosystem protection and restoration [outcome: Carbon
sequestration and storage], conservation agriculture
(+) Carbon practices, sustainable land management, and integrated
(ecosystem catchment management can support climate resilience.
) ’ Table 9.6, rotection & Maintaining existing indigenous forest and indigenous forest
Nature based High + High > . . g . ¢ . s - . 5 .
93.2 restoration; forest restoration is a win—win, maximising benefits to biodiversity,
sustainability, soil adaptation and mitigation (high confidence).
management) Forestry and other land use: Restoration/ reforestation —
Sustainable forestry and land management; Restoration of
degraded ecosystems and enhanced carbon sequestration;
Reducing pressure on forests for food and energy needs
Land management practices including the use of fertilizers
and mulching have also been highlighted as adaptation
options improving soil fertility for better yields (SDG 2) and
delivering opportunities to reduce the climate change effects
(SDG 13).
(-) Energy
(renewable energy | Adaptation actions may induce trade-offs with mitigation
farms, biofuel objectives, as well as other adaptation and developmental
crops), Carbon outcomes, delivering negative impacts and compromising the
(afforestation attainment of the SDGs. For example, increased deployment
Land . ) Box 9.3, of ancient of renewable energy technologies can drive future land use
High +/—- High o . .
management Tabel 9.6 grasslands) changes. Cultivation of biodiesel crops also can hinder food
(+) Carbon security (SDG 2) at local and national levels.
(Protection/ Afforestation—or wrongly targeting ancient grasslands
restoration of and savannas for reforestation—harms water security and
indigenous biodiversity, and can increase carbon loss to fire and drought.
vegetation)

TSSM-66




Technical Summary Supplementary Material

Magnitude Confidence  Lines of

Enablers of gap Level sight

Importance Keywords Additional Supporting Text

CRD
enablers

Finance

High

Large

High

9.3,9.4.1,
9.4.1.4,
9.4.4.1

Ownership;
Targeted
projects

Technological, institutional, and financing factors are major
barriers to climate adaptation feasibility in Africa (high
confidence).

The present situation reflects not only an insufficient level of
finance being mobilised to support African adaptation needs
{9.4.1} but also problems in accessing and using funding that
is available.

While supporting readiness activities is important for
strengthening country ownership and institutional
development, research suggests adaptation finance needs
to shift towards implementation of concrete projects and
more pipeline development if the goal of transformative and
sustained adaptation in Africa is to be realised.

There are also wider systemic and structural reasons

for developing climate change legislation, including the
promotion of coordination within government, its policy
entrenching role, its symbolic value and its potential to
support climate finance flows.

Poverty
reduction

High

Large

High

93.2

Drought-
resistant crops;
agroforestry,
diversification

Adaptation options such as access to climate information,
provision of climate information services, growing of

early maturing varieties, agroforestry systems, agricultural
diversification and growing of drought-resistant varieties of
crops may deliver co-benefits, providing synergies that result in
positive outcomes. For instance, in Sub-Saharan Africa drylands
including northern Ghana and Burkina Faso and large parts of
the Sahel, migration as a result of unfavourable environmental
conditions closely linked to climate change has often provided
opportunities for farmers to earn income (SDG 1) and mitigate
the effects of climate-related fluctuations in crop and livestock
productivity (SDG 2).

Inclusive
and enabling
institutions
and decision
processes

High

Large

High

9.3,9.4.1

Stakeholder
Engagement

Technological, institutional, and financing factors are major
barriers to climate adaptation feasibility in Africa (high
confidence).

Technological,
information,
decision
support, climate
services &
literacy

High

Large

High

9.3,9.4.1

Information-
technology;
climate ser-
vices

Technological, institutional, and financing factors are major
barriers to climate adaptation feasibility in Africa (high
confidence).
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Interacting
key risks,
Drought;
adaptation Water securit Large 2 Medium Box 9.5, 9.3.1, Urb:gisation'
gaps & y g Table SM16.24 '
o Energy
limits to

adaptation

Key Risk: Risk to water and energy security due to
drought-induced shortage of irrigation and hydropower.
Severe risks driven by long-term warming and drying and
reduced river runoff, which occurs in some climate models
(high uncertainty in hydrologic outcomes). Increased
urbanisation, population and economic growth, increasing
electricity and food demand. Dramatic planned expansion in
hydropower (+581%) and irrigation capacity (+63%) under
the Program of Infrastructure Development in Africa.

The study found that hydropower revenues in the driest
climate scenarios could be 58% lower in the Zambezi River
basin, 30% lower in the Orange basin and 7% lower in

the Congo basin relative to a scenario with current climate
conditions. Hydropower revenues in the wettest climate
scenario could be more than 20% higher in the Zambezi
River basin and 50% higher in the Orange basin. The biggest
risk to the production of irrigated crops is in the eastern Nile
where irrigation revenue could be 34% lower in the driest
scenario and 11% higher in the wettest than in a scenario
without climate change.

Irrigation;
Box 9.5,9.3.1, Infrastructure;
Table SM16.24 Cascading
risks

Food security Moderate 2 Medium

Irrigation revenues in Zambezi Basin decline up to

USD 45 billion relative to baseline scenario bulk water
infrastructure (particularly large dams), expected to face
increasing risk with continued warming with damages
cascading to other sectors {Box 9.5}, while others, such
as crop irrigation and adjusting planting times, may
increasingly reach adaptation limits above 1.5°C and 2°C
global warming.

Living
standards & Moderate 2 Medium
equity

Box 9.5, Irrigation
Table SM16.24 revenues

Irrigation revenues in Zambezi Basin decline up to USD
45 billion relative to baseline scenario.

Critical
physical Box 9.5,
infrastructure, Large 2 Medium Table SM16.24,
networks & 9.85

services

Irrigation;
Energy

Hydropower and irrigation revenues in Zambezi Basin
decline up to USD 45 billion relative to baseline scenario.
Consumer electricity expenditure could increase 47% across
the Southern African Power Pool.

Hydropower development carries risk of regrets due to
damages when a different climate than was expected
materialises. Energy costs for cooling demands are projected
to accumulate to USD 51.3 billion by 2035 at 2°C global
warming and to USD 486.5 billion by 2076 at 4°C.
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Over 2.6 million and 3.4 million new weather-related
displacements occurred in sub-Saharan Africa in 2018 and
2019.

Hydrological fluctuations are associated with drought, flood
and cyclone events which have had multi-sector impacts
across Africa, including: reduced crop production, migration
and displacement, food insecurity and extensive livestock
deaths, electricity outages, increased incidence of cholera
and increased groundwater abstraction amplifying the risk
of saline intrusion from sea level rise.

Climate-related displacement is widespread in Africa,

Extreme with increased migration to urban areas in sub-Saharan
Peace & 972991 events; Africa linked to decreased rainfall in rural areas, increasing
human Large 15 Medium 9‘9‘3' Box 9 8 drought; urban | urbanisation and affecting household vulnerability {Box 9.9}.
mobility ' ' pressure; Much of this growth can occur in informal settlements

Poverty which are growing due to both climatic and non-climatic

drivers, and which often house temporary migrants,
including internally displaced people.

Poverty is a significant factor of flood-induced displacement
in Africa, where even small flood exposure can lead to high
numbers being displaced.

Compared to population in 2000, human displacement

due to river flooding in sub-Saharan Africa is projected

to increase 600% by 2066-2096 with moderate-to-high
population growth and 2.6°C global warming, with risk
reducing to a 200% increase for low population growth and
1.6°C global warming.
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Water security

Moderate

Medium

Box9.5,9.3.1,
Table SM16.24,
472

Dams; irrigation

Increased electricity trade between river basins, which have
little correlation in yearly rainfall and runoff.

There was limited evidence to assess the continued
effectiveness of these options at higher global warming
levels with some options, such as bulk water infrastructure
(particularly large dams), expected to face increasing risk
with continued warming with damages cascading to other
sectors {Box 9.5}, while others, such as crop irrigation

and adjusting planting times, may increasingly reach
adaptation limits above 1.5°C and 2°C global warming.
Studies assessing the future effectiveness of irrigation
related responses {Figure 4.28} focus on a range of specific
approaches, including increasing irrigation efficiency,
deficit irrigation, irrigated area expansion or shifting from
rain-fed to irrigated agriculture, as well as specific types

of irrigation (21 studies; 103 data points). As a frequently
implemented option with direct entry points to agricultural
models, this option provides the most robust set of data
points across regions and warming levels. For all regions, a
reduction in effectiveness is apparent from 1.5°C to higher
levels of warming, leading to increased residual risk with
increasing warming (high confidence).

Food security

Small

Medium

Box 9.5, 9.3.1,
Table SM16.24,
472

Irrigation;
Planting regimes;
Cropping Patterns

Catchment restoration and integrated water management
schemes.

Crop irrigation and adjusting planting times, may
increasingly reach adaptation limits above 1.5°C and 2°C
global warming.

Changes in cropping patterns and crop systems

{Figure 4.28} (5 studies; 31 data points) indicate limited
potential to reduce projected climate risks, with the
majority of studies providing results of up to 1.5°C

of warming and /imited evidence for higher warming
levels. At 1.5°C, effectiveness in Africa is mostly
insufficient, with substantial maladaptive potential.

Living
standards &
equity

Large

Medium

9.10.3,9.11.3,
9.11.4

Inclusive
sustainable
development;
social protection

There is limited evidence for economic growth alone
reducing climate damages, but under scenarios of inclusive
and sustainable development, millions fewer people in
Africa will be pushed into extreme poverty by climate
change and negative impacts to health and livelihoods can
be reduced by 2030 (medium confidence).

Social protection has been used for decades, particularly

in eastern and southern Africa, to safeguard poor and
vulnerable populations from poverty and food insecurity.
Instruments of social protection include public works
programmes, cash transfers, in-kind transfers, social
insurance and microinsurance schemes that assist
individuals and households to cope during times of crisis
and minimise social inequality.

Critical physical
infrastructure,
networks &
services

Moderate

Medium

Box 9.5,9.3.1,
Table SM16.24

Eco-urban
infrastructure

Urban gardening and agriculture bulk water infrastructure
(particularly large dams), expected to face increasing risk
with continued warming with damages cascading to other
sectors {Box 9.5}, while others, such as crop irrigation

and adjusting planting times, may increasingly reach
adaptation limits above 1.5°C and 2°C global warming.

TSSM-70




Key Risks

Feasibility

Limits to
adaptation

Confi-
dence

Lines of sight

Keywords

Technical Summary Supplementary Material

Additional Supporting Text

Peace & human
mobility

Moderate

(GWL)

Not
assessed

Level

Medium

Box 9.8,9.3.1

Opportunities for
movement

Migration is an important and potentially effective
climate change adaptation strategy in Africa and must be
considered in adaptation planning (high confidence). The
more agency migrants have (that is, degree of voluntarily
and freedom of movement), the greater the potential
benefits for sending and receiving areas (high agreement,
medium evidence) {Cross-Chapter Box MIGRATE in
Chapter 7}. In a synthesis of 63 studies covering over
9700 rural households in dryland sub-Saharan Africa, 23%
of households employed migration (primarily temporary
economic) to adapt to changes in rainfed agriculture.
Migration responses to climate change tend to be stronger
among wealthier households, as poorer households often
lack financial resources necessary to migrate.

Mitigation
measures

Impor-
tance of
interac-
tion with
ELETIER

tion

Direction
of effect

Confi-
dence
Level

Lines of
sight

Specific exam-

ples / case stud-

ies (optional)

Additional Supporting Text

Maintaining indigenous forest benefits biodiversity and

. (-) Carbon emissions mitigation, but afforestation—or wrongly targeting
Potential . . .
. . (afforestation ancient grasslands and savannas for reforestation—harms
interactions . . Lo .

X Land . ) ES.9,9.4.3, of ancient water security and biodiversity, and can increase carbon
with High +— High ) )
mitigation management Boxes 9.3, 9.5 grasslands); loss to fire and drought. Planned hydropower projects

g (+) Energy (hydro may increase risk as rainfall changes impact water, energy
measures ) )
dams) and food security exacerbating trade-offs between users,
including across countries.
Afforestation reduces water availability but forest restoration
. ) (+) Carbon (forest o . .
Nature based High + High 9.6.4 restoration) and removing invasive plant species can increase water flows
in regions facing water insecurity from climate change.
Placing cross-sectoral approaches at the core of CRD provides
significant opportunities to deliver large benefits and/or
avoids damages across multiple sectors including water,
health, ecosystems and economies (very high confidence)
{Boxes 9.5, 9.6, 9.7}. They can also prevent adaptation or
mitigation action in one sector, exacerbating risks in other
sectors and resulting in maladaptation, for example, from
large-scale dam construction or large-scale re/afforestation
(e.g., water—energy—food nexus and large-scale tree planting
efforts) {Boxes 9.3, 9.5}.
Planned infrastructure developments, including those related
to the AU’s PIDA, along with other energy plans, and China's
(+/-) Energy e g . yP
Belt and Road Initiative, may increase or decrease both
(Dams — take . L . I
- climate change mitigation and adaptation depending on
Buildings & X i Boxes 9.3 and water, store i .
. High - High whether infrastructure planning integrates current and future
infrastructure 9.5,9.9.5 water); . )
climate change risks.
(=) Carbon

(afforestation)

Under the Nationally Appropriate Mitigation Action
programme, investments in public transport and
transit-oriented development are highlighted as desired
mitigation—adaptation interventions within cities of South
Africa, Ethiopia and Burkina Faso. These interventions
simultaneously reduce the vulnerability of low-income
residents to climate shocks, prevent lock-ins into
carbon-intensive development pathways and reduce poverty
(high confidence). The combined mitigation—adaptation
interventions in the land use transport systems of African
cities are also expected to have sufficient short-term
co-benefits (reducing air pollution, congestion and traffic
fatalities) to be 'no regret’ investments (very high confidence).
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Boxes 9.3 and

Energy 9.5,9.6;9.7

High High

(<) Energy
(Hydropower)
(+) Cross basin
risk pooling /
transfer

Placing cross-sectoral approaches at the core of CRD provides
significant opportunities to deliver large benefits and/or
avoids damages across multiple sectors including water,
health, ecosystems and economies (very high confidence).
They can also prevent adaptation or mitigation action in

one sector, exacerbating risks in other sectors and resulting

in maladaptation, for example, from large-scale dam
construction or large-scale re/afforestation (e.g., water—
energy—food nexus and large-scale tree planting efforts).
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Level

Magni-
tude of
gap

Enablers

Lines of sight

Coordination
and
integration

CRD
enablers

9.4.3, Box 9.5,

High Table SM16.24

Large High

Keywords

Integrated
approaches across
related sectors
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Placing cross-sectoral approaches at the core of
climate-resilient development provides significant opportunities
to deliver large benefits and/or avoids damages across multiple
sectors including water, health, ecosystems and economies
(very high confidence).

Cross-sectoral or ‘nexus’ approaches can improve the ability of
decision-makers to foresee and prevent major climate impacts.
Barriers to developing nexus approaches arise from rigid
sectoral planning, regulatory and implementation procedures,
entrenched interests and power structures and established
sectoral communication structures. Opportunities for
overcoming these barriers include creating a dedicated home
for co-development of nexus risk assessment and solutions,
promoting co-leadership of projects by multiple sectors,
specific budget allocations for nexus projects, facilitating and
coordinating services, compiling useful strategies into toolkits,
ameliorating inequitable power relations among participants
and measuring progress on nexus approaches through metrics.
An integrated response can be enhanced through the inclusion
of community-based organisations, such as water resource user
associations and the wide range of other multi-sectoral actors
involved in and affected by development decisions.

Inclusive
and enabling
institutions
and decision
processes

Box 9.5,

High Table SM16.24

Large High

Multi-level
Inclusivity

An integrated response can be enhanced through the inclusion
of community-based organisations, such as water resource user
associations and the wide range of other multi-sectoral actors
involved in and affected by development decisions.
Collaboration between scientists and policy-makers to

address the complexity of decision-making under uncertainty,
coupled with community involvement in participatory scenario
development and participatory GIS to aid in collaborative
planning that is context-specific are powerful tools for more
beneficial adaptive and resilience building actions.

Technological,
information,
decision
support,
climate
services &

Box 9.5,

High Table SM16.24

Large High

literacy

Tools to address
complexity,
uncertainty, change
& contestation

Understanding of water-energy-food nexus interlinkages
can help characterise risks and identify entry points and the
relevant institutional levels for cross-sectoral climate change
adaptation actions.

Longer (multi-decadal) hydrological datasets and model
improvements are required, and models should incorporate
the quantification of the wider benefits, risks and political
opportunities arising from reservoir development to

better inform decision-makers to achieve a higher level of
(transhoundary) cooperation.
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Cross-sectoral
and
transhoundary
solutions

High

Moderate

High

9.4.3, Box 9.5,
Table SM16.24,
Box 9.8

Options to improve
multiple sectors

Placing cross-sectoral approaches at the core of
climate-resilient development provides significant opportunities
to deliver large benefits and/or avoids damages across multiple
sectors including water, health, ecosystems and economies
(very high confidence).

Cross-sectoral or ‘nexus’ approaches can improve the ability of
decision-makers to foresee and prevent major climate impacts.
Barriers to developing nexus approaches arise from rigid
sectoral planning, regulatory and implementation procedures,
entrenched interests and power structures and established
sectoral communication structures. Opportunities for
overcoming these barriers include creating a dedicated home
for co-development of nexus risk assessment and solutions,
promoting co-leadership of projects by multiple sectors,
specific budget allocations for nexus projects, facilitating and
coordinating services, compiling useful strategies into toolkits,
ameliorating inequitable power relations among participants
and measuring progress on nexus approaches through metrics.
An integrated response can be enhanced through the inclusion
of community-based organisations, such as water resource user
associations and the wide range of other multi-sectoral actors
involved in and affected by development decisions.

Most climate-related migration and displacement observed
currently is within countries or between neighbouring
countries, rather than to more geographically distant
high-income countries.

Built environments (urban/rural)

Key Risks

Magni-
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Keywords
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Interacting
key risks,
adaptation
gaps &
limits to
adaptation

Coastal
socio-ecological
systems

tion gap

Large

(GWL)

<15

Medium

Table SM16.24,
Box 9.4

Water scarcity;
extreme events; sea
level rise

Cascading and compounding risks to economies and
governance due to severe, concurrent or successive
climate-intensified natural disasters (floods, droughts, fires,
wind, heat) affecting human settlements and infrastructure.
The Cape Town drought illustrates how a highly diverse.
African city and its citizens responded to protracted and
unanticipated water scarcity. Anthropogenic climate change
made the drought five to six times more likely. After three
consecutive years of low precipitation, Cape Town braced
for a ‘Day Zero" where large portions of the city would

lose water supply. The risk of day zero was anticipated

to cascade to affect risks to health, economic output

and security. The case study highlights the importance

of communication, budgetary flexibility, robust financial
buffers and insurance mechanisms, disaster planning,
intergovernmental cooperation, nature-based solutions,
infrastructure transformations and equitable access for
climate adaptation in African cities facing water scarcity.
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tion gap (GWL)

Table SM16.24, Poverty alleviation;
Large <15 High Box 9.4,9.9.2, Water security; SME
9.9.3 impacts

Living standards
& equity

Globally, sub-Saharan Africa has the largest population
living in extreme poverty that are exposed to high flood risk
(~71 million people or 55% of global total) . Poverty is a
significant factor of flood-induced displacement in Africa,
where even small flood exposure can lead to high numbers
being displaced. Africa’s large population of urban poor and
marginalised groups and informal sector workers, further
contribute to high vulnerability to extreme weather and
climate change in many settlements (high confidence).

The risk of day zero was anticipated to cascade to affect
risks to health, economic output and security.

Business disruptions from climate impacts have implications
for deepening poverty. Small and medium enterprises
(SMEs) employ 60-90% of workers in many African
countries and contribute 40% or more to the GDP in Ghana,
Kenya, Nigeria, South Africa, Tanzania and Zimbabwe. The
viability of businesses and economic well-being of large
populations employed in SMEs is severely affected by
climate hazards as reported for local wind storms in Ibadan,
El Nifio-related flooding (Nairobi), drought-induced water
supply disruption (Gaborone) and power outages (Lusaka).

Disruption, loss
of life; Cascading
risks; Sanitation

Table SM16.24,

Human health Moderate | <1.5 High Box 9.4

Loss of life and disruption of livelihoods.

Restricted access to water resources, and water shortages in
urban areas disrupting sanitation and food processing and
distribution systems.

The risk of day zero was anticipated to cascade to affect
risks to health, economic output and security.

Water security,
Table SM16.24, sanitation in
Box 9.4 food processing,
distribution

Food security Moderate | <1.5 Medium

Restricted access to water resources, and water shortages in
urban areas disrupting sanitation and food processing and
distribution systems.

Loss of life and disruption of livelihoods.

The risk of day zero was anticipated to cascade to affect
risks to health, economic output and security.

Table SM16.24, Water scarcity;

Water securi L 15 High
ater security arge < 9 Box 9.4 Cascading risks

Restricted access to water resources, and water shortages in
urban areas disrupting sanitation and food processing and
distribution systems.

Loss of life and disruption of livelihoods.

The risk of day zero was anticipated to cascade to affect
risks to health, economic output and security.

Critical physical
infrastructure, . Table SM16.24,
networks & Large <13 High Box 9.4

services

Flood damages

Damage to key urban infrastructure and services from flood
events, particularly high risk within coastal cities.

TSSM-74




Technical Summary Supplementary Material

Magni- Limits to
tude of ELENE
EGENIER tation
tion gap (GWL)

Confi-
dence  Lines of sight Keywords Additional Supporting Text
Level

Key Risks

Climate-related displacement is widespread in Africa,

with increased migration to urban areas in sub-Saharan
Africa linked to decreased rainfall in rural areas, increasing
urbanisation and affecting household vulnerability. Much
of this growth can occur in informal settlements which are
growing due to both climatic and non-climatic drivers, and
which often house temporary migrants, including internally
displaced people. Such informal settlements are located in
areas exposed to climate change and variability and are
Water scarcity; exposed to floods, landslides, sea level rise and storm surges
Floods; Landslides; in low-lying coastal areas, or alongside rivers that frequently
Poverty overflow, thereby exacerbating existing vulnerabilities.
Globally, sub-Saharan Africa has the largest population
living in extreme poverty that are exposed to high flood
risk (~71 million people or 55% of global total). Poverty is
a significant factor of flood-induced displacement in Africa,
where even small flood exposure can lead to high numbers
being displaced. Africa’s large population of urban poor and
marginalised groups and informal sector workers, further
contribute to high vulnerability to extreme weather and
climate change in many settlements (high confidence).

Peace & human Large Not Hioh 9.9.1, Box 9.9,
mobility g assessed 9 9.93

Marine and coastal ecosystems such as mangroves, seagrass
and coral reefs provide storm protection and food security
for coastal communities (high confidence). Restoring reef
systems reduced wave height in Madagascar, but there is
limited evidence for the efficacy of coral reef restoration

at large scales with increased warming {Section 3.6.3}.
Coastal 9.6.4 9,931 Habitat restoration; Populations at risk from storm surge and/or sea level
socio-ecological | Large 2 High 9. 8.5i2 ' Storm surge rise coincide with areas of high coastal ecosystem-based
systems protection; EbA adaptation (EbA) potential from Mozambique to Somalia,
and coastlines of the Gulf of Guinea, Gambia, Guinea-Bissau
and Sierra Leone. Understanding hotspots of EbA potential
is particularly important for west Africa with some of the
highest levels of human dependence on marine ecosystems
at high risk from climate change and large populations
vulnerable to sea level rise.

Example
adaptations
for key
risks

Integrating climate adaptation into social protection
programmes, such as cash transfers, public works
programmes and healthcare access, can increase resilience
to climate change (high confidence). Nevertheless,

social protection programmes may increase resilience to
climate-related shocks, even if they do not specifically
address climate risks.

Living standards Not i 9.4.2,9.10.3, Social protection;
. Large High
& equity assessed 9.11.4 Health care

Reduced drought and flood risk, and improved water and
sanitation access, can be delivered by water sensitive and
climate scenario planning, monitored groundwater use,
waterless on-site sanitation, rainwater harvesting and water
re-use, reducing risk to human settlements

Water Integrating climate adaptation into social protection
management; programmes, such as cash transfers, public works

Not High 9.8,9.9,9.95, Sanitation; Social programmes and healthcare access, can increase resilience
assessed 9.10,9.11 protection; to climate change (high confidence). Nevertheless,
Nature-based social protection programmes may increase resilience to
solutions climate-related shocks, even if they do not specifically
address climate risks.

Nature-based solutions are also being deployed in
mitigating and adapting to climate change, with
demonstrated long-term health, ecological and social
co-benefits.

Human health Large
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Not
Food securi Large Medium 9.10.3
Yy g assessed

Urban agriculture,
forestry; mental
health; heat
management

Urban agriculture and forestry can improve nutrition

and food security, household income and mental health
of urban farmers while mitigating against some of the
impacts of climate change, like flooding and landslides (by
stabilising the soil and reducing runoff, for example), heat
(by providing shade and through evapotranspiration) and
diversifying food sources in case of drought.

ES.9,9.3.1,
Water security Moderate | 2 High 9.7.3,9.85,9.8,
9.9,9.10,9.11

Water
management;
Integrated
solutions; Flood
management

Risk-sensitive infrastructure delivery and equitable provision
of basic services can reduce climate risks and provide net
financial savings (high confidence). However, there is limited
evidence of proactive climate adaptation in African cities.
Proactive adaptation policy could reduce road repair and
maintenance costs by 74% compared to a reactive policy.
Adapting roads for increased temperatures and investment
in public transport are assessed as ‘no regret’ options. In
contrast, hydropower development carries risk of regrets
due to damages when a different climate than was expected
materialises. Energy costs for cooling demands are projected
to accumulate to USD 51.3 billion by 2035 at 2°C global
warming and to USD 486.5 billion by 2076 at 4°C.

Water sector adaptation measures show medium social

and economic feasibility but low feasibility for most

African cities due to technical and institutional restrictions,
particularly for large supply dams and centralised
distribution systems (medium confidence). Use of integrated
water management, water supply augmentation and
establishment of decentralised water management systems
can reduce risk. Integrated water management measures
including sub-national financing, demand management
through subsidies, rates and taxes, and sustainable water
technologies can reduce water insecurity caused by either
drought or floods (medium confidence).

Reduced drought and flood risk, and improved water and
sanitation access, can be delivered by water sensitive and
climate scenario planning, monitored groundwater use,
waterless on-site sanitation, rainwater harvesting and water
re-use, reducing risk to human settlements.

TSSM-76




Key Risks

Critical physical
infrastructure,
networks &
services

Magni-
tude of
adapta-
tion gap

Moderate

Limits to

ELENE
tation
(GWL)

Confi-
dence
Level

High

Lines of sight

ES.9,9.3.1,
9.7.3,9.8.5,98,
9.9,9.10,9.11

Keywords

Risk-sensitive
design; water and
sanitation access

Technical Summary Supplementary Material

Additional Supporting Text

Risk-sensitive infrastructure delivery and equitable provision
of basic services can reduce climate risks and provide net
financial savings (high confidence). However, there is limited
evidence of proactive climate adaptation in African cities.
Proactive adaptation policy could reduce road repair and
maintenance costs by 74% compared to a reactive policy.
Adapting roads for increased temperatures and investment
in public transport are assessed as ‘no regret’ options. In
contrast, hydropower development carries risk of regrets
due to damages when a different climate than was expected
materialises. Energy costs for cooling demands are projected
to accumulate to USD 51.3 billion by 2035 at 2°C global
warming and to USD 486.5 billion by 2076 at 4°C.

Water sector adaptation measures show medium social

and economic feasibility but low feasibility for most

African cities due to technical and institutional restrictions,
particularly for large supply dams and centralised
distribution systems (medium confidence). Use of integrated
water management, water supply augmentation and
establishment of decentralised water management systems
can reduce risk. Integrated water management measures
including sub-national financing, demand management
through subsidies, rates and taxes, and sustainable water
technologies can reduce water insecurity caused by either
drought or floods (medium confidence).

Reduced drought and flood risk, and improved water and
sanitation access, can be delivered by water sensitive and
climate scenario planning, monitored groundwater use,
waterless on-site sanitation, rainwater harvesting and water
re-use, reducing risk to human settlements.

Peace & human
mobility

Large

Not
assessed

Medium

9.3.1,Box 9.8,
Cross-Chapter
Box MIGRATE in
Chapter 7

Support networks;
Financial support;
Agency for
migrants

Migration and social infrastructure (including decentralised
management, strong community structures and informal
support networks) show high potential for risk reduction.
Limited financial and technical support for migration limits
the extent to which it can make meaningful contributions
to climate resilience. International and domestic
remittances are an important resource that can help aid
recovery from climate shocks, but inadequate finance and
banking infrastructure can limit cash transfers {Box 9.8}.
Male migration can increase burdens of household and
agricultural work, especially for women. The more agency
migrants have (that is, degree of voluntarily and freedom of
movement), the greater the potential benefits for sending
and receiving areas (high agreement, medium evidence).
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Potential
interaction
with
mitigation
measures

Buildings &

High
infrastructure g

+— High

Boxes 9.3 and 9.5,
9.9.5

(+) Energy
(transport
diversification,
eco-building)

(-) Energy (Dams
divert water)

Placing cross-sectoral approaches at the core of CRD
provides significant opportunities to deliver large benefits
and/or avoids damages across multiple sectors including
water, health, ecosystems and economies (very high
confidence) {Boxes 9.5, 9.6 and 9.7}. They can also prevent
adaptation or mitigation action in one sector, exacerbating
risks in other sectors and resulting in maladaptation, for
example, from large-scale dam construction or large-scale
re/afforestation (e.g., water—energy—food nexus and
large-scale tree planting efforts) {Boxes 9.3 and 9.5}.
Planned infrastructure developments, including those
related to the AU's PIDA, along with other energy plans,
and China's Belt and Road Initiative, may increase or
decrease both climate change mitigation and adaptation
depending on whether infrastructure planning integrates
current and future climate change risks.

Under the Nationally Appropriate Mitigation Action
programme, investments in public transport and
transit-oriented development are highlighted as desired
mitigation—adaptation interventions within cities of South
Africa, Ethiopia and Burkina Faso. These interventions
simultaneously reduce the vulnerability of low-income
residents to climate shocks, prevent lock-ins into
carbon-intensive development pathways and reduce
poverty (high confidence). The combined mitigation—
adaptation interventions in the land use transport systems
of African cities are also expected to have sufficient
short-term co-benefits (reducing air pollution, congestion
and traffic fatalities) to be 'no regret’ investments (very
high confidence).

Technology High High

9.11.4

(+) Energy
(Decentralised &
low carbon energy
access)

Pro-poor policies that link mitigation and adaptation, such
as using renewable energy to increase rural electrification
or using revenues from a carbon tax, combined with
international financial support to increase social assistance,
could support sustainable eradication of poverty under
near-term climate change.

Societal

(behavioural) High -

Medium

9.11.4

(-) Options
affected by social
inequality in
energy, water and
food security

Analysis of INDCs across 54 African countries suggests
current climate policies do not, on average, target social
inequality in energy, water and food security; proposed
mitigation and adaptation actions fell about 23% for every
1% rise in social inequality across these sectors.

Confi-
Enablers dence Lines of sight Keywords Additional Supporting Text
Level
High-level engagement: Climate policies, traditionally overseen
by environment ministries, are increasingly receiving priority
CRD Governance High Not High Table 9.3 Multi-level from fin.anc.e and planning ministrie's..Zambia‘.s Climate C.hange
enablers assessed Engagement Secretariat is currently led by the Ministry of Finance, while
Tanzania's environmental division sits in the office of the
Vice-President.
Existing estimates are expected to substantially underestimate
. . Not , L eventual costs with adaptation costs possibly 2—3 times higher
Finance High High 9.4.1 Adaptation finance . ; .
g assessed g P than current global estimates by 2030, and 4-5 times higher
by 2050.
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Technological, . o .
. h Early-warning systems. Monitoring and forecasting systems
information, ) )

L ) Understanding the human cause of climate change has
decision Early warning ) ) .
support Hiah Not High 9.4.5, svstems: Perception been shown to be a strong predictor of climate change risk

.pp ' g assessed g Table SM16.24 ¥ ! P perception and a critical knowledge foundation that can affect
climate management ) ) .
. the difference between coping responses and more informed
services & . .
. and transformative adaptation.
literacy
Traditional risk assessments typically only consider one climate
hazard and one sector at a time, but this can lead to substantial
misestimation of risk because multiple climate risks can interact
_ to cause extreme impacts.
Coordination ) . I N
. Not ; Options to improve Because multiple risks are interlinked and can cascade and
and High High 943 . .
) . assessed multiple sectors amplify risk across sectors, cross-sectoral approaches that
integration . - ) h .
consider these interlinkages are essential for climate-resilient
development, especially for managing trade-offs and
co-benefits between SDGs, mitigation and adaptation
responses.
Autonomous responses to climate impacts in 40 African cities
show that excess rainfall is the primary climate driver of
Processes for . . . : .
) ) Innovation & adaptation, followed by multi-hazard impacts, with 72% of
innovation, i Not ) . . . . .
. High High 9.9.5 planning; social responses focused on excess rainfall. Innovation for adaptation
adjustment assessed . . . . o
. learning in areas such as home design, social networks, organisations
and learning . L . .
and infrastructure, is evident. Social learning platforms also
increase communities’ adaptive capacities and resilience to risk.

Biodiversity and Ecosystem Services
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Int ti
kr; e:?sck;ng Risks to marine ecosystem health and livelihoods in
v _' Coastal . coastal communities due to ocean heatwaves, increased
adaptation A ) ) Table SM16.24, Habitat loss; e i . e
socio-ecological Large 2 High acidification and sedimentation/turbidity.
gaps & 9.6.4,9.8.5 Extreme events . ) R
limits to systems Destruction of 90% of coral reefs and severe degradation
. of seagrass beds and mangroves.
adaptation
Risks to marine ecosystem health and livelihoods in
coastal communities due to ocean heatwaves, increased
acidification and sedimentation/turbidity.
Fisheries provide the main source of protein for ~30%
of Africa’s population and support the livelihoods of
Living standards Table SM16.24, Livelihoods 12.3 million people. At 1.5°C global warming, marine fish
g Moderate | 2 High Figure 9.25, 9.6.4, dependent on wild catch potential (MFCP) decreases 3—41% by 2081-2100

& equity

ES.9

systems (tropics)

relative to 19862005, increasing to 12-69% at 4.3°C,
with the highest declines for tropical countries. Under
1.7°C global warming, reduced fish harvests could leave
1.2-70 million people vulnerable to iron deficiencies, up to
188 million for vitamin A deficiencies, and 285 million for
vitamin B12 and omega-3 fatty acids by mid-century.
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Terrestrial and
ocean ecosystem
services

Large

High

Table SM16.24,
9.6.4,9.5.10,9.6.1,
9.8.2

Heat stress; ocean
acidification;
Extreme events;
declining fisheries

Risks to marine ecosystem health ... due to ocean
heatwaves, increased acidification and sedimentation/
turbidity.

Increases in frequency, intensity, spatial extent and
duration of marine heatwaves are projected for all coastal
zones of Africa. At 1°C and 3.5°C of global warming, the
probability of marine heatwave (MHW) days is between
4-15 times and 30-60 times higher compared to the
preindustrial (1861-1880) 99th percentile probability,
with highest increases over equatorial and sub-tropical
coastal regions {Figure 9.16}. These events are expected to
overwhelm the ability of marine organisms and ecosystems
to adapt to these changes.

Mangroves, seagrasses and coral reefs support nursery
habitats for fish, sequester carbon, trap sediment

and provide shoreline protection. Climate change

is compromising these ecosystem services (medium
confidence). Marine heatwaves associated with El
Nifio-Southern Oscillation (ENSO) events triggered massive
coral bleaching and mortality over the past 20 years.

The assessed temperature range for the transition to very
high risk is wider for food production than for biodiversity
and health. Projected impacts for food include: 10-30%
decline in marine fisheries catch potential for the Horn

of Africa region and southern Africa and more than 30%
decline for West Africa at 2°C global warming, with greater
declines at higher levels of warming.

Example
adaptations
for key risks

Coastal
socio-ecological
systems

Large

High

9.6.4

Maintenance and
restoration

Marine and coastal ecosystems such as mangroves,
seagrass and coral reefs provide storm protection and
food security for coastal communities (high confidence).
Restoring reef systems reduced wave height in
Madagascar, but there is /imited evidence for the efficacy
of coral reef restoration at large scales with increased
warming. Understanding hotspots of ecosystem-based
adaptation (EbA) potential is particularly important for
west Africa with some of the highest levels of human
dependence on marine ecosystems at high risk from
climate change and large populations vulnerable to sea
level rise.

Living standards
& equity

Large

Not
assessed

High

9.11.3,9.11.4

Social protection

Social protection has been used for decades, particularly
in eastern and southern Africa, to safeguard poor and
vulnerable populations from poverty and food insecurity.
Instruments of social protection include public works
programmes, cash transfers, in-kind transfers, social
insurance and microinsurance schemes that assist
individuals and households to cope during times of crisis
and minimise social inequality.

Terrestrial and
ocean ecosystem
services

Large

High

9.6.4

Maintenance
and restoration.
Protection of
hotspots. EbA.

Marine and coastal ecosystems such as mangroves,
seagrass and coral reefs provide storm protection and
food security for coastal communities (high confidence).
Restoring reef systems reduced wave height in
Madagascar, but there is /imited evidence for the efficacy
of coral reef restoration at large scales with increased
warming. Understanding hotspots of EbA potential is
particularly important for west Africa with some of the
highest levels of human dependence on marine ecosystems
at high risk from climate change and large populations
vulnerable to sea level rise.
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tion
Placing cross-sectoral approaches at the core of CRD provides
significant opportunities to deliver large benefits and/or avoids
Potential damages across multiple sectors including water, health,
interactions Buildings & (-) Energy (dams ecosystems and economies (very high confidence) {Boxes 9.5,
with infrastricture High - High Boxes 9.3,9.5 | altering water 9.6, 9.7}. They can also prevent adaptation or mitigation action
mitigation flows) in one sector, exacerbating risks in other sectors and resulting in
measures maladaptation, for example, from large-scale dam construction or
large-scale re/afforestation (e.g., water—energy—food nexus and
large-scale tree planting efforts).
Improving land management practices of charcoal producers
and artisanal gold miners, combined with appropriate alternative
livelihood and energy sources, can reduce emissions and increase
resilience (e.g., reduce erosion and sedimentation, increase water
infiltration).
(+) Governance The Makorongo Village Forest Management By-Law in Tanzania
Societal (Indigenous codifies local customary practices relating to forest management
(behavioural) High + Medium | 9.4.4,9.11.3 systems); land and sustainable harvesting with associated dual adaptation
management and mitigation benefits and includes all villagers in the
(reduce emissions) decision-making processes relating to forest management. The
inclusion of beneficial Indigenous knowledge systems within
local by-laws is contingent on the active involvement of members
of the Indigenous community and awareness of climate change
considerations within the local sphere of government, and a
willingness to foster such practices.
(+) Carbon (Forest
restoration & Maintaining existing indigenous forest and indigenous forest
Nature based High + High Box 9.3 sustainable restoration is a win—win, maximising benefits to biodiversity,
management; Soil adaptation and mitigation (high confidence).
management)
(-) Carbon . X .
. ) Afforestation—or wrongly targeting ancient grasslands
Land . X (Afforestation using . .
High + High 9.6.4 ) and savannas for reforestation—harms water security and
management water, taking over . . X
) biodiversity, and can increase carbon loss to fire and drought.
ancient grasslands)
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Enablers

Impor-
tance

Magni-
tude of
gap

Confi-
dence
Level

Lines of
sight

Keywords

Additional Supporting Text

CRD Finance High Large High Table SM16.24 Response to Ensuring that people have the assets to draw upon in times of
enablers extreme events need.
Inclusive
and enabling Empowering people to have a say in what happens to them,
institutions High Large Medium Table SM16.24 | Inclusivity . . . - '
. ensuring the ability to determine what is right for them.
and decision
processes
Enhanced transboundary governance arrangements suggest that
countries are joining forces to coherently manage and protect
Coordination Coordination; natural resources ... Angola, for example, outlines regional
. . High Large Medium 9.4.3 Transboundary adaptation as a priority and one of its unconditional adaptation
and integration . L . . . )
agreements strategies (which is already funded) is enhancing resilience in the
Benguela fisheries system, a project shared with Namibia and
South Africa.
Establishing protected areas
African protected areas store around 1.5% of global land
Protected areas to ecosystem carbon stocks and support biodiversity. They also
Governance High Large High 9.6.3 support biodiversity | support livelihoods and economies, such as through nature-based
and livelihoods. tourism and improved fisheries. Climate change and land use
change will interact to influence the effectiveness of African
protected areas (high confidence).
Processes for
innovation, . ] P - — - AP
adjustment High Large High Table SM16.24 | Diversification Providing the flexibility to change (livelihood diversification).
and learning
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