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■ 氣候系統的變化（我們觀測到什麼？）
■ ⼈類對氣候系統的影響（是不是⼈類活動所造成的？）
■ 未來全球氣候：不同情境下的長期推估與近期改變

 
■ 全球的碳與其他⽣地化循環與反饋
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挖掘真相：氣候系統的變化
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氣候系統的變化

太陽輻射變動

火⼭爆發所產⽣
的懸浮微粒

溫室氣體排放

⼈為造成⼤氣中的氣膠變化

⼈為造成地表特性改變

2�´²�U�"�ÅTÛ/-�
�2��R�ÜF.jÆi�ÅTÛ/-

2�´²�U�"�ÅTÛ/-�
�2��R�ÜF.jÆi�ÅTÛ/-

2�´²�U�"�ÅTÛ/-�
�2�?@*�Â0jÆi�ÅTÛ/-

Deforestation

Urbanization

�$����&

⾃然驅動⼒

⼈為驅動⼒IPCC (2001, 2007, 2013, 2021)



氣候系統的變化

Simulated change in global mean temperature from 1980-1999 mean value. 
From 2000 to 2100 the simulation uses selected emissions scenarios (red, 
green, and dark blue lines). The orange line indicates effect of

 

an immediate 
total cut in emissions. Shading around each line represents ±

 

1 SD on a range of 
annual means from 16 to 21 GCMs.  Retrieved from Spittlehouse

 

(2008).

, AMO)

Climate Variability and Climate Change
氣候系統還有⾃然內部變動

年際變化

年代際變化
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氣候系統的變化

AR6 Figure 1.4

多⾯向地檢視地球氣候系統中的各種變化
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氣候系統的變化
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 2 
Figure TS.9: Changes in well-mixed greenhouse gas (WMGHG) concentrations and Effective Radiative 3 

Forcing. a) Changes in CO2 from proxy records over the past 3.5 million years; b) Changes in all 4 
three WMGHGs from ice core records over the Common Era; c) directly observed WMGHG changes 5 
since the mid-20th century; d) Evolution of ERF and components since 1750. Further details on data 6 
sources and processing are available in the associated FAIR data table. {2.2, Figures 2.3, 2.4 and 7 
2.10} 8 

Final Government Draft
3ced06a8

Figure TS.4

溫室氣體
的增加
是過去
2000年以來
最快速的
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氣候系統的變化
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Figure TS.9: Changes in well-mixed greenhouse gas (WMGHG) concentrations and Effective Radiative 3 

Forcing. a) Changes in CO2 from proxy records over the past 3.5 million years; b) Changes in all 4 
three WMGHGs from ice core records over the Common Era; c) directly observed WMGHG changes 5 
since the mid-20th century; d) Evolution of ERF and components since 1750. Further details on data 6 
sources and processing are available in the associated FAIR data table. {2.2, Figures 2.3, 2.4 and 7 
2.10} 8 
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Figure TS.4

瞭解從⼯業⾰命之後，各種
不同氣候外部驅動⼒的變化
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氣候系統的變化
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Cross-Section Box TS.1, Figure 1: Earth’s surface temperature history and future with key findings annotated 6 

within each panel. The intent of this figure is to show global surface temperature 7 
observed changes from the Holocene to now, and projected changes. (a) Global 8 

Final Government Draft
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Cross-Section Box TS.1, Figure 1: Earth’s surface temperature history and future with key findings annotated 6 

within each panel. The intent of this figure is to show global surface temperature 7 
observed changes from the Holocene to now, and projected changes. (a) Global 8 
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全球氣溫在過去的改變
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氣候系統的變化

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Human influence has warmed the climate at a rate that is 
unprecedented in at least the last 2000 years

Figure SPM.1 

過去百年全球平均氣
溫增暖的速度是過去
2000年以來未曾⾒過 

Figure SPM.1
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⼈類對氣候系統的影響

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Human influence has warmed the climate at a rate that is 
unprecedented in at least the last 2000 years

Figure SPM.1 

Figure SPM.1

過去百年全球平均氣
溫增暖的速度是過去
2000年以來未曾⾒過

⽽且是⼈類活動所造
成的（毋庸置疑 
unequivocal）
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⼈類對氣候系統的影響

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Figure SPM.2 Observed warming is driven by emissions from human activities, 
with greenhouse gas warming partly masked by aerosol cooling

觀測的增溫是由
⼈類活動所排放
的物質所造成，
其中溫室氣體所
造成的暖化被氣
膠所帶來的冷卻
效應部分抵銷

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Pollution particles (aerosols)

warming
cooling

Observed warming 
is driven by emissions 
from human 
activities, with 
greenhouse gas 
warming partly 
masked by aerosol 
cooling

Figure SPM.2
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⼈類對氣候系統的影響

不只是全球平均
氣溫增加是⼈類
活動所造成 

極端氣溫與極端
降雨增加也同樣
無法只透過⾃然
驅動⼒獲得

Cross-Chapter Box 3.2, Figure 1  
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⼈類對氣候系統的影響

Temperature response (Attribution 歸因)

Solar 
forcing

Well-mixed 
greenhouse 

gases

Aerosol
(direct)

Volcanoes

Ozone

All forcings 

IPCC  AR4

太陽輻射變動
火⼭爆發所產⽣
的懸浮微粒

均勻混合
溫室氣體

⼈為造成的
氣膠變化
(直接效應)

臭氧

所有驅動⼒
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氣候系統的變化     與未來氣候推估
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Cross-Section Box TS.1, Figure 1: Earth’s surface temperature history and future with key findings annotated 6 

within each panel. The intent of this figure is to show global surface temperature 7 
observed changes from the Holocene to now, and projected changes. (a) Global 8 
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Cross-Section Box TS.1, Figure 1: Earth’s surface temperature history and future with key findings annotated 6 

within each panel. The intent of this figure is to show global surface temperature 7 
observed changes from the Holocene to now, and projected changes. (a) Global 8 
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暖化特徵：陸地比海洋增溫⼤，極區增溫比中低緯度更顯著
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 1 
 2 
Figure TS.10: Observed and projected upper air temperature and circulation changes. Upper panels: Left: 3 

Zonal cross-section of temperature trends for 2002-2019 in the upper troposphere region for the ROM 4 
SAF radio-occultation dataset. Middle: Change in the annual and zonal mean atmospheric temperature 5 
(°C) in 2081-2100 in SSP1-2.6 relative to 1995-2014 for 36 CMIP6 models. Right: the same in SSP3-6 
7.0 for 32 models. Lower panels: Left: Long-term mean (thin black colour) and linear trend (colour) 7 
of zonal mean DJF zonal winds for ERA5. Middle: multi-model mean change in annual and zonal 8 
mean wind (m s-1) in 2081-2100 in SSP1-2.6 relative to 1995-2014 based on 34 CMIP6 models. The 9 
1995-2014 climatology is shown in contours with spacing 10 m s-1. Right: the same for SSP3-7.0 for 10 
31 models. {2.3.1, 4.5.1, Figures 2.12, 2.18, and 4.26}   11 
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  13 

Final Government Draft
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氣候系統的變化                  與未來氣候推估

Figure TS.10

對流層增溫，平流層冷卻
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Figure 2.13, 2.14

氣候系統的變化

近地⾯與整層的⽔氣含量都有長期增加的趨勢
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氣候系統的變化

雖然⽔氣變多，降雨受到⼤氣環流變動的影響，較無⼀致性的長期變化
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未來全球氣候：不同情境下的長期推估與近期改變

Final Government Distribution Chapter 1 IPCC AR6 WGI 
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Cross-Chapter Box 1.4, Figure 1: The SSP scenarios used in this report, their indicative temperature evolution 

and radiative forcing categorization, and the five socio-economic storylines 
upon which they are built. The core set of scenarios used in this report, i.e., 
SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5, is shown together with an 
additional four SSPs that are part of ScenarioMIP, as well as previous RCP 
scenarios. In the left panel, the indicative temperature evolution is shown (adapted 
from Meinshausen et al., 2020). The black stripes on the respective scenario 
family panels on the left side indicate a larger set of IAM-based SSP scenarios that 
span the scenario range more fully, but are not used in this report. The SSP-
radiative forcing matrix is shown on the right, with the SSP socioeconomic 
narratives shown as columns and the indicative radiative forcing categorisation by 
2100 shown as rows. Note that the descriptive labels for the five SSP narratives 
refer mainly to the reference scenario futures without additional climate policies. 
For example, SSP5 can accommodate strong mitigation scenarios leading to net-
zero emissions; these do not match a ‘fossil-fueled development’ label. Further 
details on data sources and processing are available in the chapter data table (Table 
1.SM.1). 
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未來全球氣候：不同情境下的長期推估與近期改變

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 

Figure SPM.4

CO2 排放 CH4 排放

N2O 排放

SO2排放
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未來全球氣候：不同情境下的長期推估與近期改變
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未來全球氣候：不同情境下的長期推估與近期改變

FAQ 3.3, Figure 1  

氣候模式的模擬
表現持續提升
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SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Figure SPM.8 Human activities affect all the major climate system components, 
with some responding over decades and others over centuries

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Future emissions cause future additional warming

Very high CO2 emissions 

High CO2 emissions 

Intermediate 
CO2 emissions 

Low CO2 emissions 
Very low CO2 emissions 

Future emissions cause future additional warming 

未來全球氣候：不同情境下的長期推估與近期改變

Figure SPM.8
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未來全球氣候：不同情境下的長期推估與近期改變
SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

Future emissions cause future additional warming, with total 
warming dominated by past and future CO2 emissions

Figure SPM.4 

Figure SPM.4

推估未來的暖化主要還是來⾃⼆氧化碳的貢獻
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氣候系統的變化與未來氣候推估

With every 
increment of 
global warming, 
changes get 
larger in 
regional mean 
temperature 

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture

Figure SPM.5 

Figure SPM.5
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氣候系統的變化與未來氣候推估
With every increment of global warming, changes get larger in 
regional mean precipitation 

Figure SPM.5

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture

Figure SPM.5 
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氣候系統的變化與未來氣候推估
With every increment of global warming, changes get larger in 
regional mean soil moisture 

Figure SPM.5

SIXTH ASSESSMENT REPORT
Working Group I – The Physical Science Basis

With every increment of global warming, changes get larger in 
regional mean temperature, precipitation and soil moisture

Figure SPM.5 
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氣候系統的變化與未來氣候推估

Figure TS.8
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 1 
 2 
Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 

 15 
  16 

Final Government Draft
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 

 15 
  16 

Final Government Draft
3ced06a8

Observed, simulated and projected changes compared to the 1995–2014 average in global 
surface air temperature through to 2100 differentiated by SSP scenario pathways
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氣候系統的變化與未來氣候推估

Figure TS.8
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 
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  16 

Final Government Draft
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Observed, simulated and projected changes compared to the 1995–2014 average in global ocean 
heat content and thermometric sea level through to 2100 differentiated by SSP scenario pathways
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 

 15 
  16 

Final Government Draft
3ced06a8
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氣候系統的變化與未來氣候推估
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 
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  16 

Final Government Draft
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Observed, simulated and projected changes compared to the 1995–2014 average in Arctic 
September sea ice area through to 2100 differentiated by SSP scenario pathways
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 

 15 
  16 

Final Government Draft
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氣候系統的變化與未來氣候推估
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 
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Figure TS.8: Observed, simulated and projected changes compared to the 1995–2014 average in 4 key 3 

indicators of the climate system through to 2100 differentiated by SSP scenario pathway. Past 4 
simulations are based on the CMIP6 multi-model ensemble. Future projections are based on the 5 
assessed ranges based upon multiple lines of evidence for (a) global surface temperature (Cross-6 
Section Box TS.1) and (b) global ocean heat content and the associated thermosteric sea level 7 
contribution to Global Mean Sea Level (GMSL) change (right-hand axis) using a climate model 8 
emulator (Cross-Chapter Box 7.1), and CMIP6 simulations for (c) Arctic September sea ice and (d) 9 
Global land precipitation. SSP1-1.9 and SSP1-2.6 projections show that reduced GHG emissions lead 10 
to a stabilization of global surface temperature, Arctic sea ice area and global land precipitation over 11 
the 21st century. SSP1-2.6 shows that emissions reductions have the potential to substantially reduce 12 
the increase in ocean heat content and thermosteric sea level rise over the 21st century but that some 13 
increase is unavoidable. {4.3, 9.3, 9.6, Figure 4.2, Figure 9.6} 14 
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Figure 4.4

Figure 2.17
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Figure 4.14
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FAQ 4.3, Figure 1  
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 2 
Figure 2.18: Trends in ERA5 zonal-mean zonal wind speed. Shown are (a) DJF (December-January-February), (b) 3 

MAM (March-April-May), (c) JJA (June-July-August) and (d) SON (September-October-November). 4 
Climatological zonal winds during the data period are shown in solid contour lines for  westerly winds 5 
and in dashed lines for easterly. Trends are calculated using OLS regression with significance assessed 6 
following AR(1) adjustment after Santer et al (2008a) (‘x’ marks denote non-significant trends). Further 7 
details on data sources and processing are available in the chapter data table (Table 2.SM.1).  8 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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28.18 !n, similar to previous estimates (e.g., Ganachaud
2003b; Talley et al. 2003).

Most (11 Sv, or about 75%) of the southward flow of
NADW is at densities !n " 27.6 (black dashed line in
Fig. 3; gray surface in Fig. 4). This value marks the
average division between the upper and lower cells
within the Southern Ocean, and roughly separates two
distinct circulation regimes of the global ocean. Thus,
the majority of the NADW cannot be exposed to the
buoyancy-gaining transformation of the upper cell, but
instead enters the lower cell and is transformed to yet
denser bottom-water classes. Some becomes Atlantic
AABW; the rest enters the Indian (12.4 # 2.6 Sv) and
Pacific (10.3 # 5.1 Sv) basins as Circumpolar Deep Wa-
ter (CDW: Fig. 4) and/or modified NADW. Abyssal
mixing transforms this deep water to lighter density,
!n $ 27.9, before it returns southward across 32°S. At
these densities, the water reenters the upper cell and is
returned to the Atlantic via various routes (cf., Speich
et al. 2002).

Southern Ocean air–sea fluxes roughly balance Ek-
man heat transport and transform outcropping water at
!n $ 27.6 into lighter mode water classes (Fig. 3; Speer
et al. 2000). In experimental inversions with both air–

sea heat and freshwater fluxes set to zero south of 32°S,
the model failed to find solutions sufficiently consistent
with the imposed constraints—in other words, buoy-
ancy gain is essential in the model to close the upper
overturning cell. Southern Ocean mode waters are ad-
vected equatorward within the subtropical gyres and, in
the Pacific and Atlantic, move into the Northern Hemi-
sphere in western boundary currents, thus closing the
global upper-cell recirculation.

3. Discussion

Our model connects all major World Ocean basins
and explicitly accounts for all watermass formation.
Despite the inclusion of explicit air–sea fluxes in our
inverse model, and particular attention to direct esti-
mates of transport where they exist, the error bars of
the principal components of ocean transport—espe-
cially in Southern Ocean transports—are comparable
to earlier studies. This is mainly due to uncertainties in
air–sea fluxes, and improvements in these flux esti-
mates could greatly improve the accuracy of our results.

Recent debate has focused upon the relative role of
air–sea forcing versus subsurface mixing in the global

FIG. 4. Schematic of global overturning circulation. Color indicates approximate density ranges. Red:
upper, ! n $ 27.0; yellow: intermediate, ! n % 27.0–27.6; green: deep, ! n % 27.6–28.15; blue: bottom,
! n " 28.15. Gray surface with dashed edges is ! n & 27.6 at 32°S, separating upper and lower cell
transformation in the Southern Ocean (dashed line in Fig. 3, top). Dashed arrows indicate Indian-to-
Atlantic westward exchange between Africa and the ACC. Shallow subtropical cells not included.
Format adapted from Schmitz (1996).
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
(dark shading) of cumulative mass loss and sea level equivalent from ISMIP6 emulation under SSP1-20 
26 and SSP5-85 (shading and bold line), with individual emulated projections as thin lines. Median 21 
(dot), 17-83% range (thick vertical bar), and 5-95% range (thin vertical bar) in 2100 are shown as 22 
vertical bars on the right-hand side of each panel, from ISMIP6, ISMIP6 emulation, and LARMIP-2. 23 
Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure TS.11: Past and future ocean and ice sheet changes. Observed and simulated historical changes and 4 

projected future changes under varying greenhouse gas emissions scenarios. Simulated and projected 5 
ocean changes are shown as CMIP6 ensemble mean, and 5-95% range (shading) is provided for 6 
scenario SSP1-2.6 and SSP3-7.0 (except in panel a where range provided for scenario SSP1-2.6 and 7 
SSP5-8.5). Mean and 5-95% range in 2100 are shown as vertical bars on the right-hand side of each 8 
panel. (a) Change in multiplication factor in surface ocean marine heatwave days relative to 1995-9 
2014 (defined as days exceeding the 99th percentile in SST from 1995-2014 distribution). Assessed 10 
observational change span 1982-2019 from AVHRR satellite SST. (b) AMOC transport relative to 11 
1995-2014 (defined as maximum transport at 26°N). Assessed observational change spans 2004-2018 12 
from the RAPID array smoothed with a 12-month running mean (shading around the mean shows the 13 
12-month running standard deviation around the mean). (c) Global mean percent change in ocean 14 
oxygen (100–600 m depth), relative to 1995-2014. Assessed observational trends and very likely range 15 
are from the SROCC assessment, and spans 1970–2010 centered on 2005. (d) Global mean surface 16 
pH. Assessed observational change span 1985-2019, from the CMEMS SOCAT-based reconstruction 17 
(shading around the global mean shows the 90% confidence interval). (e), (f): Ice sheet mass changes. 18 
Projected ice sheet changes are shown as median, 5-95% range (light shading), and 17-83% range 19 
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Observation-based estimates: For Greenland (e), for 1972-2018 (Mouginot), for 1992-2016 (Bamber), 24 
for 1992-2020 (IMBIE) and total estimated mass loss range for 1840-1972 (Box). For Antarctica (f), 25 
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Figure SPM.8 Human activities affect all the major climate system components, 
with some responding over decades and others over centuries
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Table SPM.2
BP, Global Carbon Project, IPCC, CTI Analysis (2021 update)

2°C 27 yrs
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9 
 

 
資料來源：經濟部能源局，2020年 7月。 

圖 1、歷年燃料燃燒 CO2排放量與人均排放趨勢圖 

 

 
資料來源：經濟部能源局，2020年 7月。 

圖 2、歷年燃料燃燒 CO2排放密集度趨勢圖 

2030 (-20%)

2050 (-50%)

國家溫室氣體長期減量⽬標為2050年溫
室氣體排放量降為2005年排放量50%。
但可參酌聯合國氣候變化綱要公約與其
協議，適時調整。

2030 2050
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Box TS.5, Figure 1: Carbon cycle processes and projections. Carbon cycle response to forcings. The figure shows 4 

changes in carbon storage in response to elevated CO2 (a, b) and the response to climate warming 5 
(c, d). Maps show spatial patterns of changes in carbon uptake during simulations with 1% per 6 
year increase in CO2 {section 5.4.5.5}, and zonal mean plots show distribution of carbon changes 7 
is dominated by the land (green lines) in the tropics and northern hemisphere and ocean (blue 8 
lines) in the southern hemisphere. Hatching indicates regions where fewer than 80% of models 9 
agree on the sign of response. (e) Future CO2 projections: projected CO2 concentrations in the SSP 10 
scenarios in response to anthropogenic emissions, results from coupled ESMs for SSP5-8.5 and 11 
from the MAGICC7 emulator for other scenarios {section 4.3.1}. (f) Future carbon fluxes: 12 
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Box TS.5, Figure 1: Carbon cycle processes and projections. Carbon cycle response to forcings. The figure shows 4 

changes in carbon storage in response to elevated CO2 (a, b) and the response to climate warming 5 
(c, d). Maps show spatial patterns of changes in carbon uptake during simulations with 1% per 6 
year increase in CO2 {section 5.4.5.5}, and zonal mean plots show distribution of carbon changes 7 
is dominated by the land (green lines) in the tropics and northern hemisphere and ocean (blue 8 
lines) in the southern hemisphere. Hatching indicates regions where fewer than 80% of models 9 
agree on the sign of response. (e) Future CO2 projections: projected CO2 concentrations in the SSP 10 
scenarios in response to anthropogenic emissions, results from coupled ESMs for SSP5-8.5 and 11 
from the MAGICC7 emulator for other scenarios {section 4.3.1}. (f) Future carbon fluxes: 12 
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Box TS.5, Figure 1: Carbon cycle processes and projections. Carbon cycle response to forcings. The figure shows 4 

changes in carbon storage in response to elevated CO2 (a, b) and the response to climate warming 5 
(c, d). Maps show spatial patterns of changes in carbon uptake during simulations with 1% per 6 
year increase in CO2 {section 5.4.5.5}, and zonal mean plots show distribution of carbon changes 7 
is dominated by the land (green lines) in the tropics and northern hemisphere and ocean (blue 8 
lines) in the southern hemisphere. Hatching indicates regions where fewer than 80% of models 9 
agree on the sign of response. (e) Future CO2 projections: projected CO2 concentrations in the SSP 10 
scenarios in response to anthropogenic emissions, results from coupled ESMs for SSP5-8.5 and 11 
from the MAGICC7 emulator for other scenarios {section 4.3.1}. (f) Future carbon fluxes: 12 
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Figure TS.17: An overview of physical and biogeochemical feedbacks in the climate system. The intent is to 4 

summarize assessed estimates of physical, biogeophysical and biogeochemical feedbacks on global 5 
temperature based on Chapters 5, 6 and 7. (a) Synthesis of physical, biogeophysical and non-CO2 6 
biogeochemical feedbacks that are included in the definition of ECS assessed in this Technical 7 
Summary. These feedbacks have been assessed using multiple lines of evidence including 8 
observations, models and theory. The net feedback is the sum of the Planck response, water vapour 9 
and lapse rate, surface albedo, cloud, and biogeophysical and non-CO2 biogeochemical feedbacks. 10 
Bars denote the mean feedback values and uncertainties represent very likely ranges; (b) Estimated 11 
values of individual biogeophysical and non-CO2 biogeochemical feedbacks. The atmospheric 12 
methane lifetime and other non-CO2 biogeochemical feedbacks have been calculated using global 13 
Earth System Model simulations from AerChemMIP, while the CH4 and N2O source responses to 14 
climate have been assessed for the year 2100 using a range of modelling approaches using simplified 15 
radiative forcing equations. The estimates represent the mean and 5-95% range. The level of 16 
confidence in these estimates is low owing to the large model spread. (c) carbon-cycle feedbacks as 17 
simulated by models participating in the C4MIP of CMIP6. An independent estimate of the additional 18 
positive carbon-cycle climate feedbacks from permafrost thaw, which is not considered in most 19 
C4MIP models, is added. The estimates represent the mean and 5-95% range. Note that these 20 
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Figure SPM.�: &umulative antKroSogenic &22 emissions taNen uS b\ land and ocean sinNs b\ 2100 under
 tKe Iive illustrative scenarios� 

The cumulative anthropogenic (human-caused) carbon dioxide (CO2) emissions taken up by the land and ocean 
sinks under the five illustrative scenarios (66P1-1.�, 66P1-2.6, 66P2-4.�, 66P3-7.� and 66P�-�.�) are 
simulated from 1��� to 21�� by C0,P6 climate models in the concentration-driven simulations. /and and 
ocean carbon sinks respond to past, current and future emissions, therefore cumulative sinks from 1��� to 21�� 
are presented here. 'uring the historical period (1���-2�1�) the observed land and ocean sink took up 143� 
*tCO2 (��� of the emissions). 
The bar cKart illustrates the proMected amount of cumulative anthropogenic CO2 emissions (*tCO2) between 
1��� and 21�� remaining in the atmosphere (grey part) and taken up by the land and ocean (coloured part) in 
the year 21��. The dougKnut cKart illustrates the proportion of the cumulative anthropogenic CO2 emissions 
taken up by the land and ocean sinks and remaining in the atmosphere in the year 21��. 9alues in � indicate 
the proportion of the cumulative anthropogenic CO2 emissions taken up by the combined land and ocean sinks 
in the year 21��. The overall anthropogenic carbon emissions are calculated by adding the net global land use 
emissions from C0,P6 scenario database to the other sectoral emissions calculated from climate model runs 
with prescribed CO2 concentrations33. /and and ocean CO2 uptake since 1��� is calculated from the net biome 
productivity on land, corrected for CO2 losses due to land-use change by adding the land-use change 
emissions, and net ocean CO2 flux.  
{Box T6.�, Box T6.�, Figure 1, �.2.1, Table �.1, �.4.�, Figure �.2�}

33 The other sectoral emissions are calculated as the residual of the net land and ocean CO2 uptake and the prescribed atmospheric 
CO2 concentration changes in the C0,P6 simulations. These calculated emissions are net emissions and do not separate gross 
anthropogenic emissions from removals, which are included implicitly.
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