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1. Relevance Forest Plantations and LUC 

Heilmayr et al. , 2016, App.Geog. Payn et al., 2015, FEM



1. SOC forest disturbance and warming

Goldstein, et al 2020 (Nature Climate Change)Hicks Pries ( 2018 ) Science
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inherited by successive future generations. While it is unlikely that 
these irrecoverable carbon stores would be completely lost in the next 
several decades, few of them can be considered truly secure without 
proactive planning and concerted interventions. An understanding of 
irrecoverable carbon stocks globally and the risks they face is there-
fore essential to charting a path to address climate change.

The risks of irrecoverable carbon. The protection of the irrecov-
erable carbon we have identified is, to a large degree, within the 
direct, localized control of humans, and its loss would be irrevers-
ible within the time we have remaining to avoid the worst impacts 
of climate change. These carbon stocks face varying levels and types 
of risks, and thus warrant different types of interventions. How then 
should we prioritize their preservation?

To develop appropriate strategies, we must understand two types 
of risk to irrecoverable carbon: (1) the risk of release due to local 
drivers such as human land-use decisions and (2) the risk of release 
due to climate change itself. Today, many ecosystem carbon stocks 
remain substantially within the purview of local land-use deci-
sions; the opportunity to protect this carbon is not yet precluded 
by climate change. From 2000–2012, the aggregate of thousands 
of local decisions drove the loss of 2.3 million km2 of forest cover 
worldwide47. Human-driven loss was attributable primarily to agri-
cultural expansion in tropical regions and to forestry in boreal and 
temperate regions21. Grasslands and savannas have also undergone 
extensive agriculture-driven land-use change, with, for example, 
corn and soybean expansion causing recent conversion of temper-
ate grasslands in the US46 and soybean expansion driving losses in 
the Brazilian Cerrado ecosystem48. Peatland conversion to agricul-
tural land uses and plantations has been extensive in temperate and 
boreal regions, where 0.267 million km2 have been drained since 
1850, though conversion of northern peatlands slowed substantially 
between 1991 and 2015. The new frontier of peatland loss is the 
tropics where 0.242 million km2 have been drained, mostly since 
the 1990s (ref. 49).

The risk of carbon release due to human land-use decisions 
varies widely across ecosystems as a result of both the size of the 

irrecoverable carbon pool and its threat level (Fig. 3). Threat is 
approximated based on average recent loss rates, recognizing that 
variability within these major ecosystem categories is as important 
as the variability among them, and that threats to ecosystems can 
shift dramatically and sometimes unpredictably over time, putting 
previously intact50 and even legally protected ecosystems at risk51. 
Figure 3 illustrates how ecosystems vary with respect to loss rates 
(for example, tropical peatlands are currently much more at risk of 
human-driven conversion than boreal or temperate ones) and the 
size of their irrecoverable carbon pool (for example, tropical moist 
forests have the largest irrecoverable carbon pool, estimated at more 
than 70 Gt C globally). Based on current loss rates, we estimate that 
approximately 0.8 Gt of irrecoverable carbon annually (equivalent 
to 3.0 Gt CO2) is either released to the atmosphere or irreversibly 
committed to release due to land-use change.

Irrecoverable carbon stocks—particularly those that are irre-
coverable over longer timeframes—face additional risks from 
both ongoing and future climate changes. The effects of these 
risks are highly dependent on the biophysical stresses imposed 
by future emissions trajectories. For example, across some boreal 
regions, particularly in North America, the annual area of peat-
lands burned in wildfires has more than doubled in the past sev-
eral decades, partially due to relatively rapid regional warming52. 
This warming has also increased the occurrence of drought, fire 
and destructive pest outbreaks in forests such that areas of west-
ern Canada and Siberia may have already become net sources of 
carbon output to the atmosphere53. Some temperate and tropical 
forests are also ‘on-the-brink’ in that their ecological integrity 
and the stability of their irrecoverable carbon stocks is already 
being affected by climate change. For example, recent decades 
have seen large swaths of temperate forests in North America 
and Europe facing increased mortality due to hotter droughts, 
insect outbreaks and ‘mega’ fires exacerbated by climate change54. 
These disturbances can also affect trajectories of forest recovery 
and succession, meaning a disturbed forest could grow back at 
different rates with different species composition, or even fail to 
recover to forest37,55. In other words, climate change may affect 
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Fig. 3 | Estimated annual carbon loss and fraction irrecoverable for major ecosystem types. The size of outer bubbles indicates the ecosystem’s 
estimated global carbon pool; the size of inner bubbles corresponds to the ecosystem’s estimated global irrecoverable carbon pool. The x axis shows 
mean vulnerable carbon densities by ecosystem (also illustrated in Fig. 2). Loss rates plotted on the y axis are either recent or historical anthropogenic 
losses estimated on an ecosystem-wide scale (see Supplementary Table 11). Grassland bubbles from left to right indicate tropical grasslands, temperate 
grasslands and montane grasslands, respectively.
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2. Sampling strategy and desing
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high clay amorphous and high Fe oxyhydroxides, high clay amorphous and low Fe oxyhydroxides, 
low clay amorphous and low Fe oxyhydroxides) will be studied. These five soils have originated 
from different parent materials. The first two, are residuals soils originating from slate (Ultisol) and 
granite (Alfisol), respectively. The other three soils developed from volcanoclastic materials. These 
three transported soils formed from basaltic-andesitic pyroclastic materials of different ages 
(Pleistocene to Holocene) representing an increasing range in soil development (Entisol, Andisol 
and Ultisol) and mineral crystallinity (amorphous, pseudo-crystalline and crystalline). All the 
selected site 2.4m deep soils pits have been fully physically and chemically characterized including 
clay mineralogy (X-ray diffraction) and secondary oxyhydroxide mineralogy (selective dissolutions 
and FTIR), pH, CEC, BS, as well as C, N, P available and reservoirs pools. The location and main 
characteristics of the selected sites and soil are shown in Annexes 7.3 and 7.4, respectively. For 
detailed information on the monitoring and characterization protocols used consult Annex 7.5.  
 
Monitoring carbon dynamics (Hypothesis I):  
Each site has both pine plantations and secondary Nothofagus sp. natural forest. In each condition a 
25x25m monitoring plots were established during the summer of 2017 (Figure 1). To determine 
carbon dynamics litter production and decomposition, root annual production, heterotrophic and 
autotrophic soil respiration, DOC production and LAI have been monitored bi-monthly in these 10 
plots for the last two years. This proposal will allow to extend these measurements for one extra year 
completing 3 years of monitoring. In addition, during this third year of monitoring we will collect 
soil respired CO2 to measure using the method described by (Gaudinski et al., 2000) to assess the 
14C signature of the respired CO2. Additional surface samples will also be collected for the incubation 
experiment explained below and for microbial analysis.  
 

 Figure 1: General 
overview of the sampling 
strategy at each site. 
Squares represent the pair 
sapling plots at each forest 
condition.  
 
 
 
 
 
 
 
 
 

 
Carbon pools modeled age and turnover rates (Hypothesis I): 
Density fractionation will be performed in the depth interval samples originally obtained and already 
characterized (0-15, 15-30, 30-60, 60-120,120-240 cm intervals). 14C measurements on the soil 
fractions as described by (Trumbore, 2009). This data will be fed into the SoilR model (Sierra et al., 
2012; Sierra et al., 2014) in order to determine the turnover rates of the different pools and the ages 
of the different SOM pools. Taking advantage than these plantations were stablish after the last burst 
of atomic bomb testing (after 1960) we will be able to quantify the accretion of new carbon derived 
the planted forest using the approach described by Richter et al. (1999). We will also use the CO2 
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2. Mineral Protection - LUC
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3. Soil type and forest type effects on C inventories 

Crovo et al. 2020 (In Rev)
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3. LUC and Bulk SOC and 14C FM
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3. Respired FM Carbon – Depth Distribution
Respired Fraction Modern vs. Most Likely Horizon
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3. Respired 14 and LUC
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4. What is coming next….
- Determine 14𝚫C in soil density fractions

- In situ respired 14𝚫C in the same sites.

- New long term incubation including
more sites (60 days) and litter swap 
experiments.

- Increase sampling sites for carbon
inventories.
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