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♦ Under the Paris Agreement, almost all nations tackle greenhouse gas 
(GHG) emission reductions for the post-2020 terms with legally  
binding processes. (Reduction targets are not legally bound) 

♦ All of the member nations are required to submit their emission 
targets as the Nationally Determined Contribution (NDC), which are to 
be internationally and comparatively reviewed and evaluated from the 
viewpoint of meeting long-term targets constituting a form of “global 
stocktaking.” 

♦ Regarding the long term targets, the Paris Agreement contains: “To 
hold the increase in the global average temperature to well below 2 °C 
above pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.5 °C above pre-industrial levels.” 

♦ On the other hand, the emission pathway cannot be uniquely 
determined for a certain level of temperature target because of 
scientific and policy uncertainties; there still exists a large uncertainty 
in climate sensitivity; as to the temperature target, the target year, 
temperature profile (whether or not to allow overshoot), probability of 
achieving the target, are not politically clarified.  

Climate Goals in Paris Agreement 
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Emissions reduction ratio from base year of NDCs  
for Japan and other major countries 

Emissions reduction ratio from base year  
From 1990 From 2005 From 2013 

Japan：in 2030, -26% from 
2013 levels -18.0% -25.4% -26.0% 

US： in 2025, about -26 to  
-28% from 2005 levels -14 to -16% -26 to -28% -18 to -21% 

EU28： in 2030, -40% from 
1990 levels -40% -35% -24% 

Russia： in 2030, -25% to 
30% from 1990 levels -25 to -30% +10 to +18% ー 

China： in 2030, CO2 
intensity of -60% to -65% 
from 2005 levels 

+379 to +329% +129 to +105% ー 

If we take 2013 as the base year, the Japan’s emission reduction target is more ambitious in the 
emissions reduction ratio than the US’s or the EU’s. 
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GHG intensity of GDP (MER) 

Even from the GHG intensity, the Japan’s NDC sets a more demanding target than the 
US or the EU. 

Note) The lower range of emission targets are shown for the countries submitting their INDCs with ranges. 
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History of climate sensitivity judgment by IPCC and the 
sensitivity employed in the scenario assessments of the 

IPCC WG3 AR5 

♦ The equilibrium climate sensitivity, which corresponds to global mean temperature increase in 
equilibrium when GHG concentration doubles, is still greatly uncertain. 

♦ AR5 WG1 judged the likely range of climate sensitivity to be 1.5−4.5 °C, in which the bottom range 
was changed to a smaller number than that in the AR4, based not only on CIMP5 (AOGCM) results but 
also other study results.  

♦ However, AR5 WG3 adopted the climate sensitivity of AR4, which has the likely range of 2.0−4.5 °C 
with the best estimate of 3.0 °C, for temperature rise estimates of long-term emission scenarios. 

Equilibrium climate sensitivity 
Likely range (“best estimate” or “most 
likely value”) 

Before IPCC WG1 AR4 1.5−4.5°C (2.5°C) 
IPCC WG1 AR4 2.0−4.5°C (3.0°C) 
Global mean temperature estimations for the long-term 
scenarios in the IPCC WG3 AR4 (employing MAGICC) 

No estimates with probability 
(3.0°C) 

IPCC WG1 AR5 1.5−4.5°C (no consensus) 
Global mean temperature estimations for the long-term 
scenarios in the IPCC WG3 AR5 (employing MAGICC) 

2.0ｰ4.5°C（3.0°C） 
[Based on the AR4] 
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[The related descriptions of the SPM of WG1 AR5] 
 Likely in the range 1.5 °C to 4.5 °C (high confidence) 
 Extremely unlikely less than 1 °C (high confidence) 
 Very unlikely greater than 6 °C (medium confidence) 
 No best estimate for equilibrium climate sensitivity can now be given because of a lack of agreement on values across assessed lines of 
evidence and studies. 
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Atmospheric GHG Concentration, Emission Reduction 
in 2050, and Expected Temperature Increase 

Category by  
concentration 
in 2100 (ppm 
CO2eq) 

Sub-category RCPs 

Global GHG 
emissions in 
2050 (relative 
to 2010) 

Temperature 
in 2100 (°C, 
relative to 
1850-1900) 

Probability of exceeding the 
temperature rise over 21st 
century (relative to 1850-
1900) 
1.5 °C 2.0 °C 3.0 °C 

[1]  
450 (430-480) ― RCP2.6 -72 to -41% 1.5−1.7°C 

(1.0−2.8) 49-86% 12-37% 1-3% 

[2]  
500 (480-530) 

[a] No exceedance 
of 530 ppm CO2eq   -57 to -42% 1.7−1.9°C 

(1.2−2.9) 80-87% 32-40% 3-4% 

[b] Exceedance of 
530 ppm CO2eq   -55 to -25% 1.8−2.0°C 

(1.2−3.3) 88-96% 39-61% 4-10% 

[3] 
550 (530-580) 

[a] No exceedance 
of 580 ppm CO2eq   -47 to -19% 2.0−2.2°C 

(1.4−3.6) 93-95% 54-70% 8-13% 

[b] Exceedance of 
580 ppm CO2eq   -16 to +7% 2.1−2.3°C 

(1.4−3.6) 95-99% 66-84% 8-19% 

(580-650) ― 
RCP4.5 

-38 to +24% 2.3−2.6°C 
(1.5−4.2) 

96-
100% 74-93% 14-35% 

(650-720) ― -11 to +17% 2.6−2.9°C 
(1.8−4.5) 

99-
100% 88-95% 26-43% 

(720-1000) ― RCP6.0 +18 to +54% 3.1−3.7°C 
(2.1−5.8) 

100-
100% 

97-
100% 55-83% 

>1000 ― RCP8.5 +52 to +95% 4.1−4.8°C 
(2.8−7.8) 

100-
100% 

100-
100% 92-98% 

Source) IPCC WG3 AR5, 2014 
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Emissions under current policies and measures

INDCs submitted by March 31 assumed to be implemented + China's pledge

Below +2.0 ºC through 2100 under climate sensitivity of 2.5 ºC; temporary overshoot of 580 ppm

Below +2.0 ºC in 2100 under climate sensitivity of 3.0 ºC; temporary overshoot of +2.0 ºC and 530 ppm

Below +2.0 ºC through 2100 under climate sensitivity of 3.0 ºC; below 500 ppm through 2100

AR5 430-480 ppm
(-41− -72%)

AR5 
480-530 ppm
(-25− -57%)

AR5 
530-580 ppm
(+7− -47%)

Relationship between climate sensitivity and global 
emission pathways for 2°C target, and outlook on INDCs 

Estimated by RITE 
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Larger emission reductions 
should be realized through  
peer-reviews in the PDCA cycle. 

Deeper emission 
reductions should be 
realized through 
technology 
innovations although 
they are uncertain. 

The framework of the 
processes to induce future 
emission reductions are 
more important than the 
levels of INDCs decided in 
COP21. 

The probability 
achieving below 
+2°C increases. 
On the other hand, 
measures with 
unrealistically 
high costs have to 
be adopted. 

+2 °C with around 
50% probability 

There are large gaps between the expected global emission under current INDCs 
and the emission pathway to 2°C target under climate sensitivity of 3.0°C. 
However, the INDCs are consistent with 2°C target if climate sensitivity is 2.5°C. 
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-71% 

-31% 

-42% 

+9% 

-19% 

- The corresponding GHG emission profiles also vary widely particularly before 2050. 
(e.g., +9 to -71% in 2050 compared to 2010) 
- The Paris Agreement states the 2 °C target politically; however, the emission pathways 
and reduction measures vary widely. We need to seek a better strategy for the 2 °C target 
considering other kind of risks than climate change as well. 

Global GHG emission profiles toward 2100 for the 2 °C target 

[1] 

[3b] 

[2b] 

[3a] 

[2a] 

2100 
relative to 2010 

Elmau Summit statement: -40 to -70%  
(IPCC AR5 450 scenario) 
 

Source) estimated by RITE using MAGICC and DNE21+ 
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Global Electricity Generation  

Source) estimated by RITE DNE21+ 
[1] [2a] [2b] 

- CO2 emissions from power sector in most of the scenarios for the 2 °C target are nearly zero. 
- The total amounts of electricity for the 2 °C target will increase with deeper emission reductions due to 
substitution for fossil fuel use in other sectors. 



【IEA ETP2016】 
Contribution of CCS in Reducing CO2 by 2050 
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GHG Emission Pathways in IPCC WG3 AR5 Scenarios 

source）IPCC WG3 AR5 

CO2 emissions are negative, GHG emissions are 
around zero in 2100 for 450 ppm CO2eq (430-480) - 
500 ppm CO2eq (480-520) scenarios.  
Even for 550 ppm CO2eq (520-580) scenarios, CO2 
emissions are nearly zero in 2100. 

+2℃（>66%）≒450 ppm CO2eq 
+2℃（>50%）≒500 ppm CO2eq 
(temperature in 2100, with equilibrium 
climate sensitivity of 2.0 - 4.5C (3.0C) 
 likely range (“best estimate” or “most 
likely value”) 
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【IPCC AR5 WG3】 （WG3 SPM 15 of 31） 

Mitigation cost will increase substantially  
if CCS is not available 
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「450ppmCO2 by 2100 is infeasible in most models without CCS」
（WG3 SPM 19 of 31） 
「Fossil fuel power generation without CCS is almost extinguished 
by 2100」（WG3 SPM 21 of 31） 

【IPCC WG3 AR5】 
Almost impossible to keep 450ppmCO2eq without CCS 



♦ The COP21 successfully adopted the Paris Agreement, which requires 
all nations to submit the nationally determined contributions (NDCs), 
and states long-term targets including the 2 ºC target. 

♦ However, there are several scientific and policy uncertainties even for 
the 2 ºC target. 

♦ There are still large uncertainty in climate sensitivity, and the 
allowable emissions vary widely even for a specific level of 
temperature rise target, e.g., the 2 ºC target. 

♦ The 2030 global emission expected by the submitted NDCs has large 
gaps from the emission pathways for the 2 ºC target with a high 
climate sensitivity & a high  achieving probability, but is consistent 
with those under a low climate sensitivity. 

♦ It is important to seek deeper emission reduction possibilities through 
developments and deployments of innovative technologies. 

♦ CCS is indispensable to achieve the net zero GHG emission by 2100. 
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Conclusion 
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