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Pathway for 1.5ºC:

1. GHGs peak by 2025

2. GHGs halved by 2030

3. Net zero CO2 by 2050

*still a high chance we pass 1.5ºC 
before returning by 2100

Source: IPCC AR6 WGIII



“There are 
solutions 
available now in 
every sector that 
can at least 
halve emissions 
by 2030” 
(<$100/tCO2)

Source: IPCC AR6 WGIII



The land (AFOLU) sector is critical for climate mitigation

13 GtCO2-eq in 2019: 22% of global GHGs 
½ agriculture, ½ land-use change

Source: IPCC AR6 WGIII, Ch 7

Gross anthropogenic and natural carbon sink in 2010-2019: 12.5 GtCO2



Source: IPCC AR6 WGIII, Ch 7

Cost-effective potential
(<$100/tCO2) to 2050 =  
8 – 14 (11 avg) GtCO2eq yr−1

24-42% of technical potential 
is cost effective  

Land sector provides readily available mitigation potential

Mitigation potential limited to a carbon 
cost constraint of <$100/tCO2 ; more 
relevant for feasibility and policy making

Roe et al 2021, GCB

The max biophysical potential or amount 
possible with current technologies



Source: Roe et al. 2021

Large range in mitigation estimates due to different approaches

(Cost-effective)

Sectoral approaches:
- Higher resolution estimates 

(country, sub-national) 
- Large suite of land-based activities 

(20)
- Difficult to account for inter- and 

cross- sector impacts (incl. land 
competition) 

Integrated assessment models (IAMs):
- Links all the sectors in the economy, 

accounts for cross-sector interactions 
and trade-offs 

- Optimizes for cost
- Coarse resolution (10-20 regions)
- Limited set of land-based activities (7; 

no wetlands, soil carbon, 
agroforestry)



Economic
• IPCC AR6 (<US$100/tCO2): 8-14 Gt/yr 2030-2050 (IAM & Sectoral) 
• IPCC AR5 (<US$100/tCO2): 7.2-10.6 Gt/yr in 2030 (IAM)
• Roe et al. 2021 (<US$100/tCO2): 11 (8-13.8) Gt/yr by 2050 (IAM & Sectoral) 
• Griscom et al. 2017 (<US$100/tCO2): 11 Gt/yr in 2030 (Sectoral)

Mixed technical, economic, and ‘sustainable’
• IPCC AR6: 28 (8-65) Gt/yr 2030-2050 (Sectoral, technical)
• Nolan et al. 2021: 100-200 Gt cumulative by 2100 (Sectoral, constrained) 
• Roe et al. 2019: 14 (1-37) Gt/yr in 2050 (IAM & Sectoral, full range across lit) 
• UNEP 2017: 12 (9 – 15) Gt/yr 2030 (Sectoral)

How do the various global mitigation studies compare?



Is land-based 
mitigation 
potential a 
good proxy for 
NbS potential?



Source: Roe et al. 2021

Applying the ‘NbS principles’ to the 
IPCC AR6 and Roe et al. 2021 land 
sector activities: 



Source: Roe et al. 2021

Applying the ‘NbS principles’ to the 
IPCC AR6 and Roe et al. 2021 land 
sector activities: 

Of the 20 measures in sectoral 

assessment:

Ø 6 are not considered ’NbS’
(enteric, manure, diets, food waste, 

wood substitution, BECCS)

Of the 7 measures in IAMs:

Ø 3 are not considered ‘NbS’           
(enteric, manure, BECCS)



3%
41
%

8%

33
%

15
%

Cost-effective 
11.2 GtCO2eq/ 

yr 

2%

36%

7%22%

34%

Technical 
29.2 GtCO2eq/ yr 

16
%
50
%

41
%

IAM 
5.2 GtCO2eq/ yr 

Technical
29.2 Gt

Cost-effective: 
11.7 Gt

IAM
5.2 Gt

Adapted from: Roe et al. 2021

Cost-effective (<$100/tCO2) potential to 2050 =  
5.2 – 11.7 (8 avg) GtCO2eq yr−1

Proportion of NbS potential from land sector:
65% (IAM) - 85% (Sectoral), 75% (avg)

>>Land sector is decent proxy for NbS, but 
doesn’t include ocean potentials, nor consider 
”quality” to deliver on NbS outcomes 

Land-based mitigation potential (GtCO2eq/ yr)

NbS mitigation potential (GtCO2eq/ yr)

Cost-effective (<$100/tCO2) potential to 2050 =  
8 – 13.8 (11 avg) GtCO2eq yr−1



Source: Roe et al. 2021

Highest NbS cost-effective potential 
by activity: 
• Reduce deforestation (3.6 Gt)
• Biochar (1.8 Gt)
• A/R (1.2 Gt)
• Agroforestry (1.1 Gt)
• Soil carbon croplands (0.92 Gt)
• Soil carbon grasslands (0.9 Gt)
• Forest management (0.9 Gt)
• Peatland restoration (0.6 Gt)

*Coastal wetland, peatland and 
forest protection have highest 
potential per unit area (density)



Source: Roe et al. 2021

Total mitigation potential Mitigation density (per hectare)

GtCO2e yr-1 tCO2e ha-1 yr-1

NbS potential is largely concentrated in developing countries w large areas;
but highest mitigation density is in small tropical countries with wetlands 
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How much can 
NbS contribute 
to Net Zero? 



Based on current policies (red line), 
total GHG mitigation needed for 1.5ºC:

• 2030: ~25-30 GtCO2-eq/yr

• 2050: ~50 GtCO2-eq/yr

• Land sector: 8-13.8 GtCO2-eq/yr
in 2030-2050 (~16-28% [22% avg] 
of mitigation in 2050)

• NbS: 5.2-11.7 GtCO2-eq/yr in 
2030-2050 (~10-24% [16% avg] of 
mitigation in 2050)

* Net zero in 2050 is for CO2, not GHG 
~10% of NbS potential is non-CO2

Source: IPCC AR6 WGIII



Source: Roe et al. 2021

~15% of countries 
have NbS potential 

that exceed their total 
emissions (ability to 

reach net zero)

>80% of potential is in 
developing and least 
developed countries, 

where feasibility 
barriers are greatest



Majority of estimates don’t consider:

• Future impacts of climate change (enhanced disturbances, 
mineralization, etc) --- fate of the terrestrial carbon sink 
remains one of largest sources of uncertainty in climate models

• Biophysical effects (albedo, evapotranspiration, etc)

• Quality of NbS activities and outcomes (e.g. reforestation vs 
afforestation)

• Potential from oceans and grasslands (need more data)

• Permanence and impact on climate system beyond 2100

• Feasibility beyond cost

Limitations of NbS mitigation potential estimates

Creates high uncertainty

Plenty of room for refining & improving estimates!



How do 
estimates of 
NbS mitigation 
potential align 
with 
implementation?



NbS mitigation progress so far has been modest 

Large gap between where we are, and where we need 
to be --- implementation the next decade is critical

IPCC: policies and economic tools delivered about 0.55 
GtCO2-eq/yr of NbS mitigation (from forestry 
measures) in 2010-2019 --- 5-10% of potential



Take aways:
• Nature is both a source of emissions and a large and very important carbon sink; critical for 1.5ºC

• Land-based mitigation potential is a decent proxy for NbS potential, can use the 3/4 rule. 

• NbS provides significant mitigation potential (~5-12 GtCO2-eq/yr), can contribute approx. 10-24% of 
mitigation by 2050 

• Cannot compensate for delayed emission reductions in other sectors

• Protecting natural ecosystems (forests, peatlands, coastal wetlands); among highest mitigation 
potential and benefits

• Need to continue to refine & improve mitigation estimates, and make progress on implementation

• Next 8 years is critical!



Thank you

Stephanie.Roe@wwf.org

@stephanieroe


