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EXECUTIVE SUMMARY 

 

Terrestrial biological sequestration and storage (BSS)4 is an essential component for a pathway 

towards meeting the 2 degrees Celsius target (average of 44 GtCO2eq per year). BSS offers a 

low cost emissions reduction alternative (US$0.76 to US$27.25/tCO2eq) and can play an 

important role in both mitigation and adaptation to climate change in the short term. New 

data allows an understanding of global natural capital including carbon stocks of key 

ecosystems. The highest stocks of carbon are visible in tropical and boreal forest regions. The 

Agriculture, Forestry, and Other Land Use (AFOLU) sector is responsible for just under a quarter 

(~10─12 GtCO2eq/year) of anthropogenic GHG emissions, mainly from deforestation and 

agricultural emissions from livestock, soil and nutrient management. Annual GHG emissions 

from agricultural production in 2000─2010 were estimated at 5.2─5.8 GtCO2eq/year while 

annual GHG flux from land use and land‐use change activities accounted for approximately 

4.3─5.5 GtCO2eq/year. Total AFOLU emissions reduction potential range between 3.6 – 10.5 

GtCO2eq per year in 2030 and between 7.2 – 11 GtCO2eq per year in 2030 at carbon prices up 

to US$100/tCO2eq, about a third of which can be achieved at < US$20 /tCO2eq. Forest carbon 

sequestration is found to have the lowest marginal costs for global GHG emissions reduction in 

the land-use sector, accounting for around 90% of total abatement potential. In addition BSS 

provides several co-benefits that other options do not, such as poverty reduction, food security, 

biodiversity conservation and sustainable development.  

 
 

 

  

                                                             
4 

BSS refers to the capture and storage of the atmospheric greenhouse gas carbon dioxide by biological processes 
that happened in the AFOLU sector. AFOLU is now the term used by the IPCC and UNFCCC when referring to Land 
use, Land-Use Change and Forestry (LULUCF) + Agriculture. 

Figure 1. AFOLU contribution to 

global GHG emissions (IPCC 2014) 

 

13% 

12% 

75% Agriculture

LULUCF GHG Flux

Other sectors

Figure 2. All sectors’ contributions to 

global GHG emissions (IPCC 2014) 

http://en.wikipedia.org/wiki/Greenhouse_gas
http://en.wikipedia.org/wiki/Carbon_dioxide
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1. INTRODUCTION  

Estimates of global greenhouse gas (GHG) emissions for 2010 amount to ~50 gigatonnes of 

carbon dioxide equivalent (GtCO2eq) per year; this is 14 percent higher than the median 

estimate of the emission level in 2020 with a likely chance of achieving the least cost pathway 

towards meeting the 2 degrees Celsius target (44 GtCO2eq per year) (1). Global greenhouse 

gas emissions in 2020 are estimated at 59 GtCO2eq per year under a business-as-usual 

scenario. Pledges and commitments of countries, if implemented fully, would reduce this by 3–

7 GtCO2eq per year, and even then the emissions gap in 2020 would be 8–12 GtCO2eq per 

year (1). This context leads to an obvious conclusion: there is an urgent need to explore 

options that can offer rapid and low cost reduction of GHG emissions. 

This paper seeks to analyse the feasibility of BSS in reducing the emissions reduction gap and 

thus contribute to a pathway towards meeting the 2 degrees Celsius target. This study is a 

complement to the Deep Decarbonization Pathway Project (DDPP) (2,3) – a project launched 

by the Sustainable Development Solutions Network (SDSN) which mobilizes leading energy and 

economics research institutions in currently fifteen countries5 to identify long-term national 

pathways to deep decarbonization that in aggregate are consistent with the objective of 

keeping the global temperature rise below 2 degrees Celsius above pre-industrial levels.  A first 

report by the DDPP was issued in July 2014 (3). Consistent with global assessments of deep 

decarbonization pathways, the DDPP is finding that every available decarbonization option will 

need to be utilized if the world is to avoid potentially catastrophic climate change. During its 

initial phase the DDPP focuses on the reduction of energy-related GHG emissions. The 

intention is to broaden the scope of the project to include land-use change, agriculture, and 

other opportunities for biological sequestration. 

Terrestrial Biological Sequestration and Storage (BSS) can provide a rapid and low cost means 

to reduce global greenhouse gases in the atmosphere. BSS includes a number of land based 

mitigation technologies, which can be grouped under forests/REDD+, agriculture, 

afforestation/reforestation/regeneration.   

BSS options can play an important role in both mitigation and adaptation to climate change 

(4). The Agriculture, Forestry, and Other Land Use (AFOLU) sector is responsible for just under 

a quarter (~10─12 GtCO2eq/year) of anthropogenic GHG emissions, mainly from deforestation 

and agricultural emissions from livestock, soil and nutrient management (5). Annual GHG 

emissions from agricultural production in 2000─2010 were estimated at 5.0─5.8 GtCO2eq/year 

while annual GHG flux from land use and land‐use change activities accounted for 

approximately 4.3─5.5 GtCO2eq/year (5). Total AFOLU emissions reduction potential range 

between 3.6 – 10.5 GtCO2eq per year in 2030 (1); while, according to the latest IPCC AR5 

report, the mitigation potential range between 7.2 – 11 GtCO2eq per year in 2030 at carbon 

prices up to US$100/tCO2eq, about a third of which can be achieved at < US$20/tCO2eq. Land‐

related mitigation, including bioenergy, could contribute from 20 to 60% of total cumulative 

abatement to 2030, and from 15 to 40% to 2100 (4, 5). In addition BSS provides several co-

                                                             
5 Together these countries represent 70% of global GHG emissions: Australia, Brazil, Canada, China, France, 

Germany, India, Indonesia, Japan, Mexico, Russia, South Africa, South Korea, the UK, and the USA. 
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benefits that other options do not, such as poverty reduction, food security, biodiversity 

conservation and sustainable development. 

It is worth mentioning that the paper does not address the mitigation potential associated 

with the use of renewable wood instead of fossil or non-renewable raw materials or sources of 

energy, at the domestic, commercial or industrial levels. Such possibilities also represent a 

large-scale mitigation potential. Hence this paper is rather conservative in assessing the role of 

BSS, since it is restricted to the potential GHG removals and carbon storage, and does not 

consider the generation of emission reductions attributable to the use of renewable wood in 

multiple processes (6). 

 

2. CURRENT KNOWLEDGE ON BSS 

2.1. Natural Forests  

The world's total forest area is over 4 billion hectares (31% of total land area). FAO’s Global 

Forest Resources Assessment 2010 (7) estimates that the world’s forests store 1,060 GtCO2eq 

in their biomass alone. In the past few decades, the world's forests have absorbed as much as 

30% (7.3 GtCO2eq per year) of annual global anthropogenic CO2 emissions (8, 9)  — about the 

same amount as the oceans (9) via carbon accumulation in forest biomass and soils (8). 

Potential reduction emissions in forestry range between 1.3─4.2 GtCO2eq per year in 2030 (1). 

The table below shows the global carbon stocks in vegetation and soils from a study done by 

UNEP (2012) (10). 

 

     Source: UNEP-WCMC 2012 (10).
6
 

 

Many scientific findings have changed the long-accepted ecological theory that carbon flows in 

natural forests should be in equilibrium (11, 12, 13, 14, 15). The finding that unharvested old 

growth forests are absorbing more carbon than they release, challenges what is known as 

“Odum's framework” – the hypothesis of old-growth forests carbon neutrality suggested by 

Odum (1969) (16). This has profound consequences to global carbon balance as it suggests 

that forests’ net sequestration is higher than previously thought. 

                                                             
6
 UNEP-WCMC has produced a spatially explicit, top-down assessment of global carbon stocks (Kapos et al. 2008; 

Trumper et al. 2009) that integrates remotely-sensed land cover classifications (Global Land Cover 2000 or 
GLC2000) with IPCC Tier I default values for ecosystem carbon stocks (Ruesch & Gibbs 2008), combined with a 
spatially-explicit soil database (IGBP-DIS 2000) to better account for soil carbon stocks. 
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A new study by Grace et al. (2014) (17) shows that carbon flux from tropical forests and carbon 

dioxide emissions from deforestation and forest degradation almost cancel each other out, in 

other words, the amount of carbon sequestered is almost the same as the carbon released 

back to the atmosphere due to forest loss. Considering the uncertainties the study concludes 

that the land surface is nearly carbon neutral, but could be a strong sink if deforestation and 

degradation were to cease. Conversely, it could be a strong source if deforestation increases. 

Human disturbances can have profound impacts on above and belowground carbon stocks in 

tropical forests, which have the largest carbon pool. For example, areas subject to selective 

logging, fragmentation and understory fires in the Amazon stored, on average, 40% less 

aboveground carbon than undisturbed forests and were structurally similar to secondary 

forests (18). 

Peatlands, given their depth and extent, play a significant role in carbon storage and 

sequestration. Carbon loss and potential emissions reduction is highest in the areas of deep 

peat (19). Globally the extent of peatlands is approximately 400 million hectares. It is 

estimated that 25-30% of all terrestrial carbon is in peatlands, this is equivalent to 

approximately 550 GtCO2eq, 75% of carbon in the atmosphere or 100 years of fossil fuel 

emissions (20).  

Mangroves7 are among the most threatened and rapidly disappearing natural environments 

worldwide. In addition to supporting a wide range of other ecological and economic functions, 

mangroves store considerable carbon (21). Most mangrove forests lay down peat, a thick, 

heavy layers of carbon-rich soil that stays waterlogged and does not rot (22). A global model 

recently developed estimates a total global mangrove aboveground biomass equivalent to 5.1 

GtCO2eq, with an average of 340 tCO2/ha (23). Another study estimated that deforestation of 

mangroves releases 0.07 to 0.42 GtCO2eq/year (24). 

2.2. Afforestation, Reforestation and Regeneration (ARR) 

Over 630 million hectares of land have been globally deforested or degraded by large-scale 

logging, agriculture and urban use (25, 7)8. This offers a huge potential for reforestation and 

ecological restoration. The area of planted forest is increasing – it now (2010, FAO STATS) (7) 

accounts for 7% of total forest area or 264 million hectares, up from about 4% or 140 million 

hectares in 2005 globally. 

Afforestation and natural expansion of forests in some countries and regions have reduced the 

net loss of forest area significantly at the global level. The net change in forest area in the 

period 2000–2010 is estimated at 5.2 million hectares per year (an area about the size of Costa 

Rica), down from 8.3 million hectares per year in the period 1990–2000. However globally 

carbon stocks in forest biomass decreased by an estimated 1.84 GtCO2eq annually during the 

period 2005–2010, mainly because of a reduction in the global forest area (7).  

                                                             
7
 Mangroves are usually categorised as intertidal zone, but also considered a bridge between terrestrial and marine 

systems. Ex. http://bioscience.oxfordjournals.org/content/59/7/602.full 

8
 According to UNDP’s GEO-3 report (2002) 580 million hectares of land have been globally deforested or degraded 

and according to FAO (FRA 2010) in the past ten years the average annual net loss of forest has reached about 5.2 
million hectares. 

http://bioscience.oxfordjournals.org/content/59/7/602.full
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The table below shows the potential annual carbon sequestration rates in aboveground and 

belowground biomass through afforestation and reforestation (A/R) in different regions. 

 

           Source: IPCC 2000 Special Report: Land Use, Land-Use Change and Forestry (26). 

It should also be noted that planted forests (monocultures) provide lower levels of several 

ecosystem services than natural forests, especially conservation of biodiversity (5). However, a 

simple comparison may be misleading, since the purposes of planted forests (mostly for 

production purposes) are different from those associated with natural forests (mostly for 

conservation purposes). In fact, planted forests often provide more environmental services 

than agriculture land uses and have an important role in providing renewable timber, which 

can replace supply from natural forests, thus contributing to reduce forest degradation. It can 

also replace other fossil or non-renewable raw materials and sources of energy in several 

supply chains (27).  

The total global area available for reforestation is conservatively estimated to be 570 million 

hectares. If reforested, this would result in 440 GtCO2eq of aboveground carbon assuming 

natural regeneration of forests (28). Over 50 years A/R has the potential to sequester 190–382 

GtCO2eq globally, with approximately 70% occurring in the tropical latitudes (29, 30). 

However, there are competing land use options that need to be considered, such as land for 

agriculture production and cattle farming. Food demand is expected to double by 2050. Part of 

this growth should come from gains in productivity, reduction of crop losses and growth of 

agricultural land area (31). Equally important is the need for change in consumption patterns 

in developed world as well as finding alternatives to reduce the ecological footprint associated 

with the rapid growth of consumption in emerging economies. 

An issue that needs to be further investigated is how much of the growth can come from gains 

in productivity versus reduction in crop losses. This will determine the pressure for increase in 

production by expansion of agricultural land area though conversion of natural ecosystems. 

The assumption that sustainable intensification will boost yield per hectare needs critical 

analysis given the constraints in land tenure and governance as well as technology and access 

to inputs such as fertilisers. It is necessary to note differences across the developing world: 

while much of the increase in agricultural production in Africa in the last 50 years has come 

from conversion of forests/woodlands/rangelands, the opposite has happened in Brazil (32, 

33, 34).  

One could think that the bulk of the sequestration from afforestation/reforestation is a one-off 

gain, since the forests might cease to be a major net sink after growth and harvesting could 

eventually determine the end of the stocks. However, sustainably managed A/R activities 

provide substantive average carbon stocks within harvesting cycles, especially when associated 

with sustainable domestic, commercial or industrial activities that endure over time. As such, 

A/R can also be sustainable and durable sources of sinks, not to mention the mitigation 

potential associated with the use of wood in production chains which goes beyond the scope 
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of this paper as previously mentioned. Improved genetics and management systems have 

increased productivity of plantations consistently in the past decades. 

Forestry and agriculture projects registered under the Clean Development Mechanism (CDM) 

sequester approximately 14 MtCO2eq annually, with A/R projects sequestering an average of 

13.15 tCO2eq/ha9. Of the 140 Non-Annex One countries, 107 countries were found to have a 

potential for CDM-AR projects (35). In 2012 according to the latest State of the Forest Carbon 

Market report (36) the global markets for offsets from AFOLU projects transacted 28 

MtCO2eq. This figure is just not larger due to political and regulatory barriers on the demand 

side, restricting the use of offsets from forestry projects in the EU and other carbon markets. 

2.3. Agriculture 

Recorded annual emissions from the agricultural sector were estimated to be 5.2 GtCO2eq in 

2010 (7). Potential reduction emissions in agriculture are estimated at 2.3–6.4 GtCO2eq per 

year in 2030 (1). About 89% of this potential could be realized through improved management 

practices such as conservation tillage, combined organic/inorganic fertilizer application, adding 

biochar to the soil, improved water management and reducing flooding and fertilizer use in 

rice paddies (37). Carbon sequestration potential in agricultural soils and aboveground 

biomass is estimated between 0.7–1.6 GtCO2eq annually by 2030. Emissions could be further 

reduced by nearly 3 GtCO2e through consumption patterns / behaviour changes (e.g. reducing 

meat consumption) and reductions in food waste in 2030 (38, 1). Further investigation is 

needed on the opportunity cost in reduced agricultural productivity and the incremental costs 

of these measures relative to BAU. 

It is important to note that there are major co-benefits in terms of increased sustainable 

agriculture production and adaptation to climate change.  These major co-benefits may 

actually be worth far more than the mitigation benefits. It is also important to assess potential 

trade-offs between optimization of a system for carbon sequestration and co-benefits 

associated with resilience/adaptive capacity.    

Agroforestry systems have the potential to sequester from 1.06 to 55.77 tCO2eq/ha for 

biomass and from 0.17 to 1.89 tCO2eq/ha for soil carbon annually (39).  In addition, 

agroforestry systems have several advantages over monocultural systems in terms of long-

term sustainability, poverty reduction and resilience to climate change (40).  

Agriculture is estimated to be the proximate driver for around 80% of deforestation worldwide 

(41). Emissions related to agriculture should therefore include the emissions released by the 

conversion of forests and grasslands into agricultural land and the degradation of peatlands, 

when deforestation is attributable to cropland expansion. These emissions can be described as 

indirect emissions from agriculture and, according to Vermeulen et al. (2012) (42, 1), 

amounted to 2.2–6.6 GtCO2eq in 2008. If agricultural pre- and post-production emissions are 

also added, the global food system contributes 19%–29% of total global anthropogenic GHG 

emissions. Of this, agricultural production contributes 80%–86% at the global level (42). 

 

                                                             
9
 This estimate is based on current registered 55 A/R CDM projects at UNFCC database 

http://cdm.unfccc.int/Projects/projsearch.html
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2.4. Reducing Emissions from Deforestation and Forest Degradation, Sustainable 

Management of Forests, Conservation and Enhancement of Carbon Stocks (REDD+) 

REDD+ provides one of the best options for short-term and low cost emission reduction (43). 

Each year, about 1.5 billion tons of stored carbon is converted by deforestation into about 6 

GtCO2eq, and emitted into the atmosphere (44); around 96 percent from developing countries 

in the tropics (45). According to recent studies, emissions from deforestation in the tropical 

regions accounted for 3 GtCO2 annually, excluding emissions from mineral soils and peat as 

well as emissions from forest degradation activities, which could account for another 2.3 

GtCO2 (46).  

Degradation from commercial timber extraction and logging activities account for more than 

70% of total degradation in Latin America and (sub)tropical Asia (41). In the Amazon Biome, 

degradation alone accounts for approximately 30% of the area converted by deforestation 

(47). For the period of 2000 to 2010 the Imazon system for monitoring deforestation and 

forest degradation in Brazil estimated almost 17 million hectares of deforested areas, in which 

5 million hectares were affected by forest degradation (timber harvesting and/or burning) (47). 

REDD+ should be incentivized through both governmental programs and market based 

instruments. The first as to trigger regulations and demand by policy interventions and the 

second plays a very important role in funding REDD+ (48, 49, 50). These have the potential to 

shift the balance of underlying economic market forces that currently favour deforestation by 

raising billions of dollars for ecosystem services provided by rainforest regions (51). However, 

demand for REDD+ emission reductions could be as little as 3% of the supply between 2015 

and 2020. There is a need off policy interventions for increasing demand (52). There are some 

government-based actions which are noteworthy to mention: the partnership of the 

Norwegian government with Brazil, Guyana and Indonesia of USD 1 billion each; and other 

multi-lateral partnerships such as the Global Environmental Facility (GEF), the UN Programme 

for REDD (UN-REDD), the Green Fund and the World Bank’s Forest Carbon Partnership Facility 

(FCPF). The later is a good example of how developing countries are willing to address the 

issue of deforestation if financial and technical support is provided.  

The FCPF, which became operational in June 2008, is a global partnership focused on REDD+. It 

complements the UNFCCC negotiations on REDD+ by demonstrating how it can be applied at 

the country level and by learning lessons from this early implementation phase. It currently 

has 47 REDD Country Participants (18 in Africa, 18 in Latin America and the Caribbean, and 11 

in Asia-Pacific). Each participating country develops an understanding of what it means to 

become ready for REDD+, in particular by developing reference scenarios, adopting a REDD+ 

strategy, designing monitoring systems and setting up REDD+ national management 

arrangements, in ways that are inclusive of the key national stakeholders (53). 

Brazil is another good example of how climate-related policies and awareness of forest 

valuation can reverse decades of previous widespread deforestation (54), and may be a good 

model for other emerging economies (55). The country’s greenhouse-gas emissions fell nearly 

39% between 2005 and 2010 and saw a 76% drop in cumulative emissions from deforestation 

during the same period, with decreases not only in the Amazon but also in the surrounding 

cerrado (Brazilian savannah) (56). Reduction of deforestation in Brazil has resulted in avoiding 

approximately 3.5 GtCO2eq from 2006-2012 (57, 58), almost half of all EU-ETS in 2012 (59) and 
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double than all CDM projects combined worldwide 10 . The increased emissions from 

deforestation in 2013 may be due to the revised Brazilian Forest Code (2012) and the effects of 

lack of funding for REDD+. However, the new Forest Code has the potential to protect 193 ± 5 

million hectares of native vegetation containing 87 ± 17 GtCO2eq (60) through new market 

mechanisms. Considering that roughly 53% of Brazil’s native vegetation occurs on private 

properties, and native forests and savannahs on these lands store 105 ± 21 GtCO2eq (60), 

these are essential. Cash and non-cash rewards for environmental services through REDD+ are 

also important mechanisms to secure storage of carbon stocks (48).  

Indonesia, another key player, has 22 million hectares of peat containing an estimated 200 

GtCO2 (61), about 50% of the world’s tropical emissions from peat decomposition (20). During 

1997 and 1998 forest fires affected more than 2.2 million ha of peatlands. The estimated 

carbon loss from these fires was estimated between 2.97 and 9.43 GtCO2 (20).  Demand for 

palm oil and energy in Indonesia continues to drive deforestation and displacement of local 

communities in a country that has already lost 64 million hectares of tropical forests to 

agribusiness in the past five decades (62).  From 2000 to 2012 alone Indonesia lost more than 

6 million hectares of primary forest – an area half the size of England (62, 63).  

The peatlands of Western Indonesia have been a carbon sink of global importance over the 

past 2000 years when it likely contributed to a slower growth in atmospheric CO2 

concentrations (64). Currently, annual losses of carbon from peat drainage and fires are on 

average 28 times higher than the pre-disturbance rate of uptake implying that this carbon 

reservoir has recently switched from being a net carbon sink to a significant source of 

atmospheric carbon and is currently in danger of eradication (64). 

Around half of the average annual flux of 7.3 GtCO2eq per year globally emitted by fires 

between 1997 and 2009 were from forest ecosystems, with 20% from deforestation and 

degradation fires in tropical forest, 16% from woodland fires, and 15% from (mostly extra-

tropical) forest fires during the MODIS satellite era (2001–2009) (8). Fire is the most significant 

cause of forest loss in boreal forests and between 2000 and 2012 it occurred across a range of 

tree canopy densities (54). According to IPCC WGIII AR5 (5), the estimated tropical 

deforestation and degradation fire emissions during 1997 to 2009 were 1.39 GtCO2eq/year 

(total carbon including CO2, CH4, CO and black carbon11).  

REDD+ initiatives must be guided by social and environmental safeguards to protected both 

peoples and environment. UN-REDD elaborated a policy briefing pinpointing some issues (65). 

In addition, there are cases of NGOs and peoples’ organisations which elaborated a safeguard 

guideline for REDD+ projects. Texts approved by the UNFCCC have incorporated the concept of 

social and environmental safeguards, including the principle of “free, prior and informed 

consent” (FPIC)12 (66). These safeguards could be adapted and improved in relation to other 

BSS initiatives in agriculture and afforestation/reforestation/restoration (67). It is important to 

                                                             
10

  7531 registered CDM projects and 1,468,187,644 CERs Issued for Project Activities at UNFCC database 

11
  Black carbon (BC) is the most strongly light-absorbing component of particulate matter (PM), and is formed by 

the incomplete combustion of fossil fuels, biofuels, and biomass. BC is a climate forcing agent - it warms the earth 
by absorbing heat in the atmosphere and by reducing albedo, the ability to reflect sunlight, when deposited on 
snow and ice. 

12
  FPIC is the principle that a community has the right to give or withhold its consent to proposed projects that may 

affect the lands they customarily own, occupy or otherwise use. 

http://cdm.unfccc.int/Projects/projsearch.html
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make sure that investment in BSS options promotes equity and does not result in conflicts over 

land tenure and respect customary rights. 

2.5. BSS, Poverty Alleviation and Other Co-benefits  

Much biological sequestration and storage take place in some of the world´s poorest regions. 

Forest resources directly contribute to the livelihoods of 90% of the 1.2 billion people living in 

extreme poverty (68), and some 1.6 billion people rely on forests and non-timber forest 

products for their livelihoods (69). Sustainably managing forest ecosystems can deliver 

benefits to poor communities, while generating environmental benefits. The proposal of a 

“REDD+ indígena” by the Confederation of Amazon Indians (COICA) (70) is a clear attempt to 

combine both social and environmental goals through forest conservation and management.  

Avoiding emissions from deforestation through REDD+ mechanisms, if well designed, can 

benefit directly indigenous peoples that occupy 160 million hectares (70). Around 10 million 

people are involved in forest management and conservation, but many more are directly 

dependent on forests for their livelihoods (7).  

Tropical forests remove about 4.8 GtCO2eq from the atmosphere every year (71, 72). African 

forests account for 1.2 GtCO2eq or 25% of these (71). The Amazon basin contains about 315 

GtCO2 with ±20% uncertainty, including the dead and belowground biomass (73). Borneo’s 

tropical rainforest soak up even more carbon than those in Amazonia and have a vital role to 

play in slowing down global warming (74). Four countries - Indonesia, Brazil, Australia, and 

Mexico, account for approximately 40% of the total global mangrove coverage, with Indonesia 

leading the way with 20% (75). Nevertheless, such regions, forest-based communities, tribes 

and indigenous peoples have not been rewarded properly so far for providing these services. 

Cash and non-cash rewards for environmental services provided by forest peoples have to fulfil 

an equity gap but still lacks adequate financing mechanisms as well as a better understanding 

and definition of equity, as assessed by McDermott et al. (2012) (76).  

REDD+ direct co-benefits include improvements in forest governance (land tenure and carbon 

rights), ecosystem services maintenance (watershed protection, water flow regulation, rainfall 

regimes, biodiversity conservation, scenic beauty, among others), climate change adaptation, 

economic/livelihoods (poverty alleviation, employment, technology transfer, increased 

sustained/secured supply of medicinal plants, food), social (cultural services, values of forests) 

(77, 78, 79, 80, 81). While several of these co-benefits have been valuated economically, all of 

them play a fundamental role in promoting a sustainable development pathway in rural 

landscapes.   

REDD+ financing that is invested in the real drivers of deforestation may have major benefits 

outside the forest sector (e.g. increase agricultural productivity) as well.  The benefits of 

REDD+ extend beyond the gains from forest conservation. Indirect benefits of REDD+ are just 

as important outside the forest sector. 

Other BSS options, such as agroforestry, A/R and low carbon agriculture practices also have 

major social benefits – indeed so large that arguably they should be framed as sustainable 

landscapes initiatives with mitigation co-benefits. In fact, they often provide the basis for small 

and large-scale economic development drivers, strengthening the so-called green economy.  
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Financing for A/R and agriculture may also enhance co-benefits, including the generation of 

jobs and economic development. A noteworthy example is the Brazilian Low-Carbon 

Agriculture Program (“Programa ABC”) that provides ~US$ 1.5 billion in annual subsidized 

loans aimed at increasing agricultural productivity while reducing associated carbon emissions 

and supporting forest restoration (82, 83). 

Reforestation of riparian forests plays an important role in restoring ecosystem services such 

as controlling soil erosion and reversing land-degradation. The riparian buffers reduce soil 

erosion effects, helping to decrease sediment and water pollution by acting as filters to delay, 

absorb, or purify contaminated runoff before it enters the water. The restored areas store and 

recycle organic matter and nutrients, providing habitats for fish and wildlife; and remove 

nitrogen, phosphorous, and sediment from surface and subsurface water flows. In addition, 

restoration of riparian forests result in carbon sequestration (84).  

At last, it should be noted that the forest sector as a whole, including both natural and planted 

forests, has already developed substantive certification schemes, whether or not connected 

with governmental or inter-governmental efforts, which allow for the enhancement of 

sustainable development and climate change mitigation. Forest Stewardship Council (FSC) 

certification and CCBA are good examples. 

2.6. Spatial Distribution of BSS 

There are some examples of new technologies to assess where BSS is most feasible and 

relevant in different regions of the world that will help generate and prioritise funding in BSS 

options. Some of these are described below. 

A recent report produced for UNEP's Division of Early Warning and Assessment by the UNEP 

World Conservation Monitoring Centre (85) contains a map of terrestrial carbon based on the 

combination of two global datasets, one covering biomass carbon for the year 2000 and one 

covering organic carbon in soil to 1 metre depth. As seen below, the highest stocks of carbon 

are visible in tropical and boreal forest regions, with stocks in the tropics being predominantly 

found in vegetation, and stocks in the boreal regions being predominantly in soils. 

 

         Figure 2: Terrestrial Carbon Map (UNEP 2014) 

 
Baccini et al. (2012) (86) uses a multi-sensor satellite data to estimate aboveground live woody 

vegetation carbon density for pan-tropical ecosystems with unprecedented accuracy and 



  

 14 

spatial resolution. Results indicate that the total amount of carbon held in tropical woody 

vegetation is 838.6 GtCO2eq (228.7 PgC), which is 21% higher than the amount reported in the 

Global Forest Resources Assessment 2010. At the national level, Brazil and Indonesia contain 

35% of the total carbon stored in tropical forests and produce the largest emissions from 

forest loss (86). 

A new global map of potential mangrove aboveground biomass has also been announced (87). 

The map highlights the high variability in mangrove AGB and indicates areas that should be 

prioritised for mangrove conservation and restoration (23), as shown below. 

 

     Figure 4: Mangrove Aboveground Biomass Map (Dominic Rowland 2013). 

 

Using a novel GIS (geographic information system) approach, Dommain et al. (2014) (64) 

provides a spatially-explicit reconstruction of peatland expansion in a series of 

paleogeographic maps in order to determine the past rates of carbon storage and release in 

the Indonesian peatlands of Kalimantan and Sumatra – the largest global concentration of 

tropical peatlands – since 20 ka (kiloannum before present). 

In addition, the U.S. Environmental Protection Agency (EPA) has developed a new tool for 

mapping ecosystem services – a tool that delivers on the accessibility and transparency fronts 

by providing an incredibly easy-to-use interface for accessing more than 300 separate data 

layers of geographic, demographic, and environmental data across the United States (88). 

2.7. Risks of BSS 

BSS can be affected by extreme climate events. Increases in the frequency or intensity of 

ecosystem disturbances such as droughts, windstorms, fires and pest outbreaks have been 

detected in many parts of the world and in some cases are attributed to climate change. 

Changes in the ecosystem disturbance regime beyond the range of natural variability will alter 

the structure, composition and functioning of ecosystems. Increased tree death has been 

observed in many places worldwide, and in some regions has been attributed to climate 

change. (89). 

However, the future of the interaction between climate and forests is unclear. Most models 

suggest that rising temperatures, drought and fires will lead to forests becoming a weaker sink 

or a net source before the end of the century (90, 13). The greatest risks for large positive 

feedbacks from forests to climate through changes in disturbance regimes arise from 
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widespread tree mortality and fire in tropical forests and low latitude areas of boreal forests, 

due to human intervention, as well as northward expansion of boreal forests into arctic tundra 

(89). The prolonged drought conditions in the Amazon region during 2005 contributed to a 

decline in aboveground biomass and triggered a release of 4.40 to 5.87 GtCO2 (91). 

If severe drought event become frequent such as 2005 and 2010, the Amazon forest could turn 

into a major source of emissions (92). However, climate change models suggest that the trends 

in the Amazon are more likely to result in seasonal forest than savannah (93). Measures to 

reduce forest fires may be an effective intervention to increase Amazonian forest resilience in 

face of imposed 21st century climate change (93). BAU scenarios for a combination of climate 

change and land use analysis vary by region. In the Amazon, a combination of climate change 

and land use renders up to 81% of the region susceptible to rapid vegetation change. In the 

Congo, logging and climate change could negatively affect the biodiversity in 35–74% of the 

basin. Climate-driven changes may play a smaller role in Asia-Oceania compared to that of 

Latin America or Africa, but land use renders 60–77% of Asia-Oceania susceptible to major 

biodiversity changes. By 2100, only 18–45% of the biome is expected to remain intact (94). 

It is important to note that these risks can be estimated in their magnitude and impacts. The 

potential impacts of such events on forests, grasslands and croplands are estimated below (8). 

 

    Source: Reichstein et al. 2014 (8) 

Wetlands, peatlands, and permafrost soils contain higher carbon densities relative to mineral 

soils, and are an important terrestrial carbon pool. Peatlands are highly vulnerable and have 

become a major source of carbon emissions (95). Large carbon losses are likely from deep 

burning fires in boreal peatlands under future projections of climate warming and drying. 

Recent studies pointed out by IPCC AR5 (5) suggest that climate change is expected to increase 
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the frequency and severity of drought in many of the world’s peatlands which, in turn, will 

release far more GHG emissions than previously thought.  

Whereas forest carbon stocks are vulnerable to climate change adverse effects, as in other 

renewable-based mitigation activities, risk management procedures and the positive impacts 

attributable to the adoption of such procedures shall also be considered in the assessment of 

potential BSS alternatives. Non-permanence related measures in carbon offset standards, such 

as the Verified Carbon Standard (VCS) and the CDM, illustrate how risk management 

procedures may provide alternatives to strengthen BSS against potential adverse effects13.  

Despite these challenges, BSS can meet short-term to medium-term targets, making it a large 

scale and viable option for reducing the short-term atmospheric GHG concentration (96). BSS 

can thus buy time to develop longer-term emission reduction solutions across other sectors of 

the economy and can also result in a robust long-term mitigation alternative, considering non-

permanence risk management policies, practise and criteria. 

2.8. Costs and Opportunity Costs of BSS 

Costs for sequestration through REDD+ vary between US$0.76 to US$27.25 per ton of CO2eq 

(43, 5). This is much lower than other alternative mitigation mechanisms. Carbon capture and 

storage (CCS), for example, has a cost of around US$40 to US$80/tCO2eq and may be even 

higher, depending on technologies and storage site location (97).  

According to the latest IPCC AR5 report, the economic mitigation potential for the AFOLU 

sector range between 7.2 – 11 GtCO2eq per year in 2030 at carbon prices up to 

US$100/tCO2eq, about a third of which can be achieved at < US$20/tCO2eq.  Mitigation 

potential in forestry could reach 13.8 GtCO2eq per year in 2030 and 4.6 GtCO2eq per year in 

agriculture as per table below. The technical potential of demand-side options (e.g. 

consumption patterns) could be as high as 8.55 GtCO2eq per year (5), a much higher estimate 

than previously suggested.  

 
    1 All lower range values for agriculture are for non-CO2 GHG mitigation only and do not include soil C sequestration 
    2 AFOLU total includes only estimates where both agriculture and forestry have been considered together 

  Source: IPCC 2014. Chapter 11, page 53. 

A recent study developed a global computable general equilibrium model to estimate the 

general equilibrium abatement supply for non-CO2 mitigation in agriculture and for forest 

carbon sequestration (98). The study finds that abatement in agriculture and forestry could be 

as large as 11 GtCO2eq (3 BtCeq) per year by 2030 at US$27.25/tCO2eq ($100/tCeq). Forest 

carbon sequestration14 is found to have the lowest marginal costs for global GHG emissions 

reduction in the land use sectors, accounting for around 90% of total abatement at 

                                                             
13 Buffers, insurances and temporary consideration of mitigation benefits constitute some of the currently adopted 
or potentially adopted non-permanence mitigation approaches. 
14

 Does not include agriculture or agroforestry. 
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US$27.25/tCO2eq. Worldwide, agriculture-related mitigation comes predominantly from 

reduced methane emissions from ruminant livestock, followed by, in relative importance, 

reductions in fertilizer use and then methane emissions from paddy rice (98).  

The opportunity costs and trade-offs between BSS and other forms of land use is one of the 

most important issues to consider when accessing the feasibility of this option. Stopping 

deforestation in tropical countries could prove very difficult due to the opportunity costs of 

agricultural land, cattle farming and timber production. Studies suggest a reduction in 

deforestation of 50% by 2020 as realistic and also necessary in order to reduce climate change 

(52, 99). The cost of delivering a ton of CO2 emission in the Juma REDD+ Project in the 

Amazon, for example, is around US$6.7 per ton, considering a discount rate of 5 percent 

(between 2005-2050 with reduced emissions between 2006-2016) (48).  

Mangroves and peatlands also have high opportunity costs as mangroves in Southeast Asia are 

converted to shrimp farms, the single largest driver of mangrove losses (75) and in Indonesia 

to palm oil plantations (100). Nonetheless, recent study points out that potential emissions 

from mangroves in Indonesia could be avoided at less than US$10 per ton of CO2eq (21). It is 

important to consider recent trends of increasing oils palm plantations in West Africa. It is 

estimated that countries in the Congo Basin have leased out around 1,8M ha of land for oil 

palm plantation in the last decade (101). 

 

3. CONCLUSION 

Terrestrial biological sequestration and storage has a key role to play in the global strategy for 
deep decarbonization. Existing technical and scientific data provide sufficient evidence for bold 
policy making to support massive efforts on BSS. Available evidence provides guidance needed 
to design a worldwide strategy to support BSS as a part of a deep decarbonisation pathway. 
National and subnational level policy making should also give greater attention to the role of 
BSS. Below is a summary of the emission reduction potential estimated by different studies. 
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Based on the finding on this report, when compared with all the other sectors, AFOLU has the 

potential to contribute up to approximately 25% of all emission reductions. 

The most cost-effective mitigation options in forestry are reducing deforestation and 

degradation, sustainable forest management and afforestation; with large differences in their 

relative importance across regions. In agriculture, the most cost-effective mitigation options 

are cropland management, grazing land management, and restoration of organic soils (5). 

REDD+ has yielded very significant emission reductions in tropical regions (102). This potential 

can be greatly enhanced with appropriate financing mechanisms. 

Stopping deforestation totally in tropical countries may be unrealistic, but a 50% reduction 

from deforestation may be politically feasible.  This will largely depend on funding. Given the 

limited size of public REDD+ funds currently available, and the continuing uncertainties as to 

how future REDD+ mechanisms will be structured, other available sources of funding to effect 

these transitions will need to be harnessed. In particular, national funds, such as the Brazilian 

Development Bank’s low carbon agriculture credit line, and international funds earmarked for 

rural development and food security, could and should play an important role. But many 

studies also note that such transitions could be greatly accelerated by, and go hand in hand 

with, the establishment of better procurement policies, heightened consumer awareness and 

stronger market access and demand for sustainably sourced commodities in global supply 

chains (103). 

Emission reductions should target not only reducing deforestation but also reducing 

degradation from proven technologies such as reduced impact logging, as it greatly reduce 

damage to the forest and can be financially more profitable than conventional logging (104). 

Small farmers can plan an import role in afforestation and reforestation systems (including 

agroforestry). This not only will contribute to mitigation but also to increased resilience to 

climate variability, especially rainfall patterns. 

There is a need of assessing the risks and solutions to avoid land tenure conflicts as well as 

safeguards to promote equity in BSS activities. Fortunately, as aforementioned, there are 

several ongoing initiatives that can be picked as valuable references to extract lessons learned. 

There is also a need to assess potential climate feedbacks that could affect risks of 

disturbances and the productivity of agriculture and forestry in future climate change 

scenarios (43).  

Rapid degradation or loss of mangroves is continuing in most areas. Despite declining rates of 

loss, mangroves are still disappearing three to five times faster than overall global forest 

losses.  Reversing the trend of mangrove loss and the growing vulnerability of coastal peoples 

will require a real commitment by governments to develop and implement robust high-level 

policies (75). 

Industrial engineering technologies such as carbon capture and storage (CSS) are receiving 

increasing support for research and development (37). While these technologies can play a 

role in reducing the emission reduction gap, they may be more expensive and longer term 

than BSS. Considering that facing the challenge of meeting the 2 degree Celsius target will 

require a mix of options, a comparative analysis of different alternatives is needed. Such 

analysis should include the consideration of the value of co-benefits of BSS, especially in 
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relation to poverty eradication, biodiversity conservation and provision of other environmental 

services.  

It is necessary to increase ambitions of all countries. Current levels of emissions reductions are 

not enough to meet the 2 degrees Celsius target. Having a 10% quota for REDD+ would reduce 

the risks of flooding the market. This could be complemented by another 10% quota from 

other BSS alternative, totalling 20% of emission reductions in the future carbon market being 

negotiated for the next commitment period of UNFCC (105). According to the Eliash review the 

need for global finance in the forestry sector varies between US$ 11-19 billion/year (45). 

This report provides a review and analysis of some of the most relevant technical and scientific 

literature. Revised versions of this report will provide further analysis of the potential, benefits 

and limits to BSS for a deep decarbonisation pathway. 
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