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S
tabilizing Earth’s climate and lim-

iting temperature increase to well 

below 2°C per the Paris Agreement 

requires a dramatic uptick in the 

rate of progress on reducing green-

house gas (GHG) emissions. Natural 

climate solutions (NCS) can be a substan-

tial contributor, while also providing valu-

able cobenefits for people and ecosystems. 

Although analyses of NCS have some dif-

ferences in the GHG fluxes they consider, 

all include emissions sources (such as 

deforestation, land-use change, and agri-

cultural practices), emissions sinks (such 

as reforestation and restoring degraded 

lands), and non–carbon dioxide (CO
2
) agri-

cultural emissions (such as methane from 

livestock). Some of us have contributed to 

among  the most optimistic assessments of 

the potential of NCS (1), whereas others 

have been more pessimistic (2, 3). But one 

thing on which we agree, and which tech-

nical literature generally acknowledges, is 

that the benefits of NCS do not decrease 

the imperative for mitigation from the en-

ergy and industrial sectors (2, 4, 5). Yet this 

point sometimes gets lost in public-facing 

conversations [for example, are forests 

“our best weapon for fighting carbon emis-

sions” or, more realistically, just one “piece 

of the puzzle”? (6)]. Strategies for incor-

porating NCS with  energy and industrial 

mitigation in the climate portfolio should 

not be “either/or” but “yes, and.” 

Making full use of the potential of NCS 

is an empowering opportunity, especially 

in places where large shares of emissions 

come from the land sector. Recent analy-

ses demonstrate that NCS, including both 

decreasing sources and increasing sinks of 

GHGs in ecosystems and agriculture, could 

be deployed at the scale of billions of met-

ric tons of CO
2
 equivalent (CO

2
e) per year, 

at costs below $100 per metric ton CO
2
e 

(1, 5, 7). Others have been more skeptical 

about the prospects for implementation of 

NCS at these massive scales (2, 3), noting a 

difference between the technical potential 

and the practical feasibility.

R ecent framing of the potential percent-

age of mitigation that can come from NCS 

(1), as opposed to energy and industry, can 

be interpreted to imply that climate miti-

gation is a zero-sum game and that more 

mitigation in one sector leads to less miti-

gation effort required in another sector. 

Although comparing mitigation potential 

by sector in percentage terms provides 

context, it tends to downplay the critical 

fact that, in every analysis to date, getting 

the required cuts from energy and indus-

try still entails a major increase in the level 

of ambition and the rate of progress. Dra-

matically increased mitigation effort across 

all sectors is imperative, if we are to keep 

the Paris Agreement goal within the realm 

of possibility.

BURDEN OF DELAY

Many of the most effective opportunities 

for NCS will not last. Slowing emissions 

by preventing tropical deforestation, the 

preponderant NCS mitigation opportunity 

(~2 gigatons CO
2
e/year) at carbon prices un-

der $10 per metric ton CO
2
 (1), requires an 

intact forest as a starting point. Every hect-

are of forest that is cleared generates a car-

bon debt that requires decades to centuries 

for repayment. Halting deforestation pro-

vides important cobenefits by preserving 

existing forests while also avoiding inten-

sive and slow-to-recover carbon emissions.

A major attraction of NCS is the potential 
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for cobenefits beyond mitigation, including 

improved forests, croplands, grazing lands, 

and wetlands that support human health 

and well-being. Action to protect, enhance, 

or restore carbon stocks can improve habi-

tat, reduce the risk of catastrophic wildfires, 

increase soil fertility and water-holding ca-

pacity, and decrease air and water pollu-

tion. In some places, the cobenefits of NCS 

may be more valuable than the carbon miti-

gation benefit. The prospect for alignment 

between climate and other goals 

increases the attractiveness of 

NCS and the motivation for rapid 

deployment, especially where gov-

ernance structures support a rea-

sonable level of monitoring and 

verification.

But along with the imperative to move 

quickly on NCS mitigation opportunities is 

an equal imperative to decrease emissions 

from energy and industry. Delaying energy 

and industry emissions reductions, for even 

a few years, dramatically increases the chal-

lenge of meeting the Paris goal. A simple, 

stylized example illustrates why it is imper-

ative to continue to accelerate mitigation 

from energy and industry as NCS ambition 

is also ramped up. In 2018, global CO
2
 emis-

sions from energy and industry were about 

37 gigatons CO
2
 (GtCO

2
) (8). If annual en-

ergy and industry emissions begin decreas-

ing from that level at a plausible rate of 

1 GtCO
2
/year in one scenario and decrease 

at the same rate but after a 10-year delay 

[as in (1)] in another scenario, the extra 

cumulative emissions in the latter scenario 

total 370 GtCO
2
 by the time annual emis-

sions reach zero, a considerable share of the 

remaining budget of 570 GtCO
2
 estimated to 

allow a 66% probability of limiting warm-

ing to 1.5°C (9).

At 370 GtCO
2
, a 10-year delay in emis-

sions reductions from energy and indus-

try is substantially larger than the 100 to 

200 GtCO
2
 deployment of NCS in 1.5°- and 

2°C-consistent mitigation pathways this 

century (9 ). Most of the potential NCS 

mitigation is in the form of negative emis-

sions, which are a critical component of 

meeting climate goals. Rather than offset-

ting these negative emissions from NCS 

with a 10-year delay in energy and indus-

try mitigation, negative emissions from 

NCS can be paired with no-delay mitiga-

tion for maximum cumulative effect. In 

this way, negative emissions from NCS can 

instead compensate for especially hard-

to-reduce emissions sources in the energy 

and industry sectors, such as those from 

aviation and manufacturing (10). It is clear, 

however, that every year of delay magnifies 

the challenge of holding emissions through 

the end of the century below the 570 GtCO
2
 

consistent with a 66% chance of holding 

warming below 1.5°C, or the 1320 GtCO
2
 

required for 2°C (9).

The burden of delay is amplified by the 

“lock-in” of existing sources and technolo-

gies: Every new car, factory, or power plant 

designed to run on fossil fuels comes with an 

expectation of lifetime emissions extending 

over many years or, especially in the case of 

power plants, decades (11). Early retirement 

increases financial and political costs, rein-

forcing the pressure to continue to use the 

product or facility and accept its attendant 

emissions. The best way to avoid lock-in is 

to transition rapidly away from the produc-

tion of new fossil fuel–based products and 

infrastructure. Doing this also ensures that 

societies capture cobenefits for air quality 

and human health that come with reducing 

energy emissions (12).

AVOIDING TIPPING POINTS

Cumulative emissions are much higher in a 

scenario that uses only early focus on NCS 

mitigation and delays action on emissions 

from energy and industry, increasing peak 

warming. This increases the risks not only 

to human systems but also to ecosystem 

function and diversity (13) and increases 

the risks of major and potentially irrevers-

ible carbon releases from ecosystem pro-

cesses, including wildfire, forest die-off, 

and permafrost thaw (14).

To maximize NCS, it is important to act 

on the full range of possible incentives, 

policy levers, and remaining barriers. In-

centives and policy levers could include 

regulatory approaches, carbon markets, or 

payments for cobenefits. Barriers include 

institutional, technological, political, and 

cultural factors that need to be addressed, 

plus fundamental constraints on land 

available and competing uses of land for 

food production, conservation, and carbon 

goals (4). Challenges range from inconsis-

tent climate policy in the United States to 

uncertain land tenure in places like the 

Democratic Republic of Congo. Implemen-

tation of NCS has not been linear, as dem-

onstrated by the case of Brazil’s greater 

than 70% decrease in deforestation (15), 

which has since been followed by political 

setbacks under a new government.

Capacity for quantifying mitigation is 

sophisticated but not universally avail-

able. Policy levers to manage risks of leak-

age (shifting emissions outside of project 

areas) and later carbon releases,  

and to account for additionality 

(ensuring that emissions reduc-

tions exceed what would have hap-

pened anyway in the absence of a 

particular policy) are available but 

require robust institutions and 

governance. Addressing these barriers has 

been a priority for a wide range of actors in-

terested in NCS, but the agenda is far from 

complete. All of us who work on NCS must 

continue to lower these barriers to ensure 

that NCS makes a maximum contribution 

to mitigation, while also maintaining a “yes, 

and” perspective that amplifies the need for 

policies that implement NCS and energy 

and industry mitigation.        j
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“Delaying energy and industry emissions 
reductions...dramatically increases 
the challenge of meeting the Paris goal.”
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