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Global mean surface temperature change (°C)
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PERLSKJR : Safe and just Earth system boundaries
T 2010 FAIRA TR TAE TR T 29°C CR: LHAE, P<0.01) , BEREEA 35°C, “FHFEED 1R (K.
T, P<0.01) FCRGHEET I BT G, ZRPEGED
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Domain: state  Relevant Earth Safe ESB subglobal Safe ESB globally Just (NSH) ESB SafeandjustESB  Current global state
variable systemch (local/regional) aggregated

Climate: global Climate tipping Global climate Likelihood of passing Exposure to additional 1.0°C at high 12°C

meansurface  points; exceed boundary set to tipping points: low, significant harm: moderate,  exposure to

temperature interglacial avoid regional 0.5-1.0°C; moderate, 0.5-1°C; high, 1-1.5°C; very  significant harm

change since range; biosphere tipping pointsand ~ >1.0°C; high, >1.5°C; high, >1.5°C

pre-industrial functioning biome degradation  very high, >2.0°C

(1850-1900)

PERKIE: Safe and just Earth system boundaries
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Domain:state  RelevantEarth Safe ESB subglobal Safe ESB globally Just (NSH) ESB SafeandjustESB  Currentglobal state
variable systemchange (local/regional) aggregated
Biosphere: Loss of climate, Critical natural >50-60% natural Align with safe boundary >50-60% (upper 45-50% natural
natural water, biodiversity —ecosystems need ecosystem area plus ensure distributional end)dependingon ecosystemarea
ecosystemarea NCP to be preservedor  (depending onspatial  justice distribution

restored distribution)
Biosphere: Loss of multiple >20-25% of each 100% of land area Align with safe boundary >20-25% of each  Onethird (31-36%) of
functional local NCP 1km? under (semi-)  satisfies local boundary 1km?under (semi-) human-dominated land
integrity natural vegetation; natural vegetation  area satisfies ESB

>50% in vulnerable
landscapes; at
<10%, few NCP
remain

PERKIE: Safe and just Earth system boundaries
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Domain:state  RelevantEarth Safe ESB subglobal Safe ESB globally Just (NSH) ESB SafeandjustESB  Current global state
variable systemchange (local/regional) aggregated
Water:surface  Collapse of <20% magnitude 100% of land area Align with safe plus World Regional and 66% of global land
water flows freshwater monthly surface satisfies local boundary Health Organization and global safe ESBs area satisfies ESB
ecosystems flow alteration (sums to 7,630km? United Nations Environment annually (3,553km?
per year global flow Programme quality per year global
alteration budget) standards alterations)
Water: Collapse of Annualdrawdown  100% of land area Align with safe plus World Safe ESB (and 53% of global land
groundwater groundwater- does not exceed satisfies local boundary Health Organization and ensure recovery) area satisfies ESB
levels dependent average annual (sums t015,800km® per United Nations Environment (15,700km® per year
ecosystems recharge year global drawdown) Programme quality annual drawdown)
standards
Greenwater®  Not assessed Monthly root-zone  <10% of ice-free land Not assessed Not assessed 18%
(previous soil moisture area exceeds boundary
assessment) deviates from

Holocene variability

PERKIE: Safe and just Earth system boundaries
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A (ND) AHRIHIR RSB OFE T K SR AERS KRG EE IR, B (P) MR
RAGARNNHFIKE E TR AR BB R BE 14242 ESBs, LU B>
P T B H R KR A 25 R G 10 B 3Rk o B T B B TR, A SO % 4 (¥ ESBs
NN EF R FFF 61(35-84) TgN, R IEHER REGF 4.5-9.0 TgP. 2 T1X4% ESBs FICL A
M SO T A BRAN A BRAO IR 70 B0 2%« I 980 DA S KRN 2 S B AN I SRR EE A 70 R
R X LR T, E R R

2. EEFLARINAE

RABRAR T el = 8 TR RS R GG e, vl i 5t RS ER A
FEY. RN, ANSERAAEER Hk T A oK Eon kB G e ®, HREIHT K

THER Eh W] Re iy R fa T, BEREL AN R T HEIUE 2 57 (34-74)Tg N /4F.
Bk 6. EHIMGUL P2 AN IEHIR ARG T

Domain:state  Relevant Earth Safe ESB subglobal Safe ESB globally Just (NSH) ESB Safeand justESB  Current global state
variable systemchange (local/regional) aggregated
Nutrient cycles: Surface water <25 (1-4)mgNL[" Surplus, <61 Align with local safe plus Local ESBs; and Surplus, M9 TgN per
nitrogen and terrestrial in surface water; (35-84)TgN per year; drinking water (<11.3 global surplus, year; total input,
ecosystem <5-20kgNhaper  totalinput, (10-11.3)mgNO,-NL"; 57(34-74)TgN 232TgN per year
eutrophication year in terrestrial <143 (87-189) TgN globally, <117 (111-117) TgN per year
ecosystems (biome  per year per year) and any available
dependent) air pollution (for example,
NH,) standards
Nutrient cycles: Surface water <50-100mgPperm® Surplus, <4.5-9 TgP per Align with local safe Local and global Surplus, ~10TgP per
phosphorus eutrophication year; mined input, boundary to avoid safe ESBs year; mined input,
<16 (8-17) TgP peryear  eutrophication ~17TgP per year

PR} KK : Safe and just Earth system boundaries
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AT R AR R b Tk e X3l S s i 5 A, S X ASOK A A3 B EE R AN
Wi, R T2 R T SR IR OGS R (AOD:  Aerosol Optical Depth) % 5%, AN 5 f& 5] 5
SRHER N AHEBORNT 02 SR B E N CR B Hh Bk TRE) 512 ) AOD 22 53 S I fE R, A
R T A ESBs. HETId 25 K g AR SR AU ST I 45 SR A . — >R R
VB SRR B BRI I 4 3 BUR] 2 BREGHT R XU K kb, HH SRR BRI . BIFFE B,
Frk(E] AOD % i 0.15, H T2/ 05 LBl BR CARAH QI S IRANKFR, X LeA84p n]

AE AT RAT A .
KR 7. SIS Gk b e A A IR R Gl 5

Domain:state  Relevant Earth Safe ESB subglobal Safe ESBgLobally Just (NSH) ESB SafeandjustESB  Current global state

variable systemch (1 l/regi 1) ggl ed

Atmosphere: Monsoon systems  <0.25-0.50 A0D Annual mean Align with safe plus <15pugperm®PM,;  0.05annual mean

aerosol loading interhemispheric AOD  <15pgperm®mean annual plus regionaland  interhemispheric AOD
difference: <0.15 PM,; other levels of global safe ESBs difference

exposure to significant harm
in Supplementary Table 11

PR} KK : Safe and just Earth system boundaries
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