The 4 per 1000 initiative.
Scientific rationale
Dr. Jean-Francois Soussana
INRA, Paris, France

Research challenges for soil organic carbon
October 4, 2017, Tallinn

Pledges for the Paris
agreement

[UNEP]

• 128 countries include the

Agriculture Forestry and Land Use
sector in their pledges
At least 25% of total committed
mitigation
[IIASA]

• A gap in emission reduction
By 2030, a gap of 12 billion tons
CO2e prevents reaching the
targeted +2℃ maximum global
warming threshold
2

Without soil carbon sequestration, staying withing 2°C
cannot be achieved by the agriculture sector by 2030

N2O and
CH4 mitigation

Only 21 to 40 %
of the target

(Wollenberg et al., 2016, GCB)

Soil carbon sequestration: a major option for climate and
for food security

• 2-3 times more carbon in soil organic matter than in atmospheric CO2
[IPCC, 2013]

• 1.4 billions metric tons (Gt C) could be stored annually in agricultural
soils, equivalent to an annual storage rate of 0.4 % (rationale for the 4
per 1000 initiative) in top soil [after IPCC, 2007, 2014]
• 80 % of this potential could be reached for 100 USD per ton of CO2 , a
price compatible with the 2°C global warming target (Smith et al.,
2008, Frank et al., in press)

Even under 2°warming, land degradation lowers
corn yields by end of century
Losses in soil fertility in countries with low or negative nutrient
surplus

HIGH YIELDS

LOW YIELDS

(Global EPIC model, dynamic soil, RCP 2.6)

Why Soil Carbon?
Co-benefits for adaptation, land degradation and food security

• Half of the agricultural soils are estimated to be degraded [FAO, 2006,

2011] The annual cost of fertilizer to replace nutrients lost to erosion is US $ 110 –
US $ 200 billion (ITPS FAO, 2016).

• Annual losses of 0.3–1.0 billions tons carbon through erosion of
agricultural land (Chappell et al., 2015, NCC)

• 24-40 million metric tons additional grains can be produced in
developing countries per additional ton C per hectare stored in soils
organic matter [Lal , 2006]
• Reduced yield variability after soil restoration leading to increased soil
organic matter [Pan et al. , 2009]

With soil carbon sequestration, food security is not
threathened, even for a 1.5°C global warming target

SOC, soil organic C sequestration; SOC+, including its benefits for yields
(Frank et al., Env. Res. Lett., 2017)

Agricultural practices for soil carbon sequestration
Integrated soil fertility
management

Rangeland
Management

Conservation tillage

Water
management

Agroecology
Agroforestry
Organic fertilizers

A 4 per 1000 SOC sequestration rate has often been
exceeded in long-term arable field trials
..but the rate declines with initial SOC stock

(Minasny et al., 2016, Geoderma)

A 4 per 1000 SOC sequestration rate has often been
exceeded in long-term arable field trials
(over up to 50 yrs)

(Minasny et al., 2016, Geoderma)

What means « 4 per 1000 » ?
Stabilizing atmospheric CO2
by a large soil carbon sequestration rate
calculated over top soil (0-40 cm)
Strengthening the current land carbon
sink
The 4 per 1000 target of 3.5 GtC/ yr is
compatible with literature estimates:
- Agricultural soils
- Forest soils
- Desertified and salinized soils

How could 4 per 1000
fit in the Paris
agreement?

Gt C (billion metric tons of carbon)

The global carbon cycle in the 2030’s
based on Paris Agreement (COP21) pledges
(assuming no changes in carbon sinks)

The global carbon cyle with full implementation
of soil carbon sequestration for agriculture, forestry and land use
In 2030-2050, stabilizing atmospheric
CO2 by a large soil carbon
sequestration rate calculated over top
soil (0-40 cm) and accounting for the
role of forest management on total
land C sink (soil + above-ground)
The 4 per 1000 target of 3.7 GtC/ yr is
the sum of:

-

Agricultural soils (1.8 Gt C/yr)
Desertified/salinized soils (0.9 GtC/yr)
Forest soils & agroforesrty (1.1 GtC/yr)

Forest management combines regrowth of
secondary forests, plantations and
agroforestry (extending Bonn declaration)
and bring an above-ground sink of 2.4
GtC/yr

(Soussana et al., in revision, STILL)

Additional organic carbon returns to soils
with 4 per 1000 compared to current baseline

Median: +0.89 tC /ha/ yr, that is +2 tDM
(RothC model, inverse mode, bias correction. IIASA, INRA)

(Lutfalla et al., EGU 2017)

Mean crop carbon cycle change during 30 yrs under 4 per 1000
(Global means, tC/ha)
13.9 (Photosynthesis)

10.5 (Photosynthesis)
(Grazed,
burned) 0.9

1.5 (Harvest)
4.4 (Respiration)

5.8 (NPP)

3.4 (residues,
manures)

52.0
Current

(Grazed,
burned) 1.2

6.3 (Respiration)

7.6 (NPP)

4.5 (residues,
manures)

58.6
2050
(30 yrs of 4 per 1000)

A scenario adding a 1% annual increase to yield increases

2.0 (Harvest)

Limits of soil carbon sequestration

• Adoption of SOC sequestration measures will take time,
• SOC will increase only over a finite period (30-50 yrs locally), up to the
point when a new SOC equilibrium is approached,
• The additional SOC stock will need to be monitored and preserved by
adapting land management practices to climate change,
• Soil phosphorus (P) and nitrogen (N) should be available (root
symbioses could help) as well as organic carbon recycling
• Soil and water management need to be combined, especially in dry
regions

Adoption and permanence of improved practices

(Soussana et al., STILL, submitted)

Baseline issues for SOC sequestration

(Soussana et al., STILL in revision)

• Three contrasted theoretical baselines:

– A, increasing SOC baseline (e.g. > 0.4% per yr), no changes required
– B, constant SOC baseline, target a moderate increase (e.g. +0.4% / yr)
– C, declining SOC baseline, target restoration (e.g. change relative to
baseline by +0.4% per yr)

The goals of the "4 per 1000" Initiative
- Increase carbon storage in soils, with a view to:


improving food security



adapting agriculture to climate change



mitigating climate change (1,5°C/ 2°C target)

in coherence with Sustainable Development Goals adopted by the United
Nations and with the Paris Agreement

- But it also contributes to land degradation neutrality.

What is 4 per 1000 ?
A multistake-holder Initiative with 2 pillars:


Action plan:
−
−



A collaborative platform to facilitate partnerships and
projects,
A tool to assess projects and actions with reference
criteria and indicators (agronomic, environmental, social,
economic).

Scientific pilar:
−
−

An international programme of scientific research and
cooperation,
Ressource center on C sequestration in soils.

History of the initiative

The governance

Chair: Dr Ibrahim MAYAKI – NEPAD
Vice-chair: Stéphane LE FOLL – France
Executive Secretary: Paul LUU

The members and partners as of 25 June 2017
Type d'organisation
BANKS and DEVELOPMENT FUNDS

Forum

Consortium
4

3

39

20

5

2

PROFIT-MAKING ORGANISATIONS

32

0

FARMERS ORGANISATIONS

35

21

INTERNATIONALE INSTITUTIONS

11

11

RESEARCH / UNIVERSITIES

54

39

CIVIL SOCIETY – NGOs

78

34

258

130

STATES and COMMUNITIES
FUNDATIONS

TOTAL

Updates


29 - 30 June 2017, Montpellier: 2nd meeting of the Consortium

- Hosting of the secretariat by CGIAR System Organization in Montpellier, France,
- First draft of the reference criteria and indicators,
- Proposal for orientations of the research program and scientific cooperation,
- Presentation of the website including the collaborative platform and the ressource
center.




12 September 2017, the « 4 per 1000 » Initiative received the Future Policy
Vision Award in 2017, awarded by the World Future Council in partnership with
the UNCCD for its exemplary approach to land degradation and climate change.
13 september 2017, COP13 desertification in Ordos, China: side-event to
show how could the “4 per 1000 Initiative”contribute to the objective of Land
Degradation Neutrality,

On going work






A set of reference criteria for the evaluation of
projects and actions
An international scientific research and cooperation
programme
A new website «4 per 1000» including the
collaborative platform & the resources center

Upcoming events:


Next meeting of the Forum / Consortium:

16th November 2017 in Bonn, Germany (COP23)

Towards
an international research
programme
• An evidence based and policy relevant programme…
– Aimed at providing options for countries, stakeholders and the private sector
and at supporting the multi-partner initiative

• … nested in existing international programmes
– GRA – Integrative Research Group
– CGIAR – CCAFS and WLE (Water, Land & Ecosystems) programmes

• … well connected to other research & knowledge programmes
– e.g. GSP, Geoglam, ELD, AgMIP, EU FACCE JPI…

• Seed funding provided by French Ministry for Research for 2016-2017
• International Research Consortium discussed with GRA and EC

Themes of the international research program

•

Improving estimates of the baseline and of the potential of soil carbon sequestration (or
loss) and of current soil carbon stocks;

•

Design and co-construction of agronomic strategies and practices for soil carbon
sequestration, including an assessment of their performances and of trade-offs among
multiple objectives;

•

Metrics and methods for monitoring, reporting and verification (MRV) of soil carbon
sequestration (farm, landscape, region, country);

•

Institutional arrangements and public policies, including financial mechanisms, that aim at
promoting and rewarding relevant practices ;

Thank you for your attention….

