
Background

Industrial agriculture is the largest 
driver of tropical deforestation.

Maintaining conservation set-
asides of natural forest is a key 
criterion of many sustainability 
certification schemes, to reduce 
the extent of deforestation.
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Aims

To use our findings to develop recommendations for the Roundtable on 
Sustainable Palm Oil (RSPO) Principals and Criteria (P&Cs) on designing and 
managing set-asides for optimal carbon storage:

1. What is the value of conservation set-asides for aboveground carbon storage
in oil palm landscapes?

2. Are there co-benefits of conserving set-asides for carbon and plant diversity?

Key findings
Carbon stocks of set-asides are highly variable (probably due to site-
specific disturbance histories), but on average higher than oil palm but 
lower than continuous forest (fig. 2). We conclude that maintaining set-
asides can reduce carbon emissions from agriculture.

Carbon stocks are positively associated with tree genus richness, 
demonstrating co-benefits of set-asides for carbon and biodiversity. 

The variation in set-aside carbon among sites means that landscape carbon 
stocks could increase substantially through management to improve 
carbon existing set-asides (fig. 3).

Recommendations

In addition to existing RSPO P&Cs on 
designing and managing sustainable 
landscapes, we recommend:

1. Managing set-asides to increase their 
carbon stocks, where possible (e.g. 
enrichment planting, climber cutting), 
to increase landscape carbon without 
reducing the crop area (fig. 3).

2. Designing landscapes at regional or 
national scales (i.e. land sparing) to 
conserve maximum carbon, because 
the same area of continuous forest 
holds more carbon than set-asides (fig. 
2; fig. 3).

Methods

We assessed aboveground carbon stocks in 49 0.28-ha plots in 14 set-asides in RSPO-certified oil palm plantations (ranging from 3-
ha isolated patches to c. 600ha, contiguous with an extensive tract of forest) and 4 sites in continuous forest on Borneo (fig. 1).
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Figure 1. Locations of the study sites on Borneo: 14 conservation set-asides 
and 4 continuous forest sites (primary and logged)1,2.

Each site had 2-3 plots 100m apart, 
at least 25m from the forest edge.

Nested plot design for 
vegetation measurements.

Acknowledgements
We thank Emily Waddell, Lindsay Banin and Dan Chapman for collaboration throughout the project; Agnes Lee Agama 
for assistance in planning fieldwork; Robin Hayward for field assistance; Sabah Biodiversity Council, Danum Valley 
Management Committee, the South East Asia Rainforest Research Partnership and Wilmar Int. Ltd., particularly Marcie 
Elene Marcus Jopony, for permission to work at sites and support during fieldwork; and John Baptist Sugau for 
assistance with plant identification.

References
1. Gaveau, D. L. A., Sheil, D., Husnayaen, M. A. S., Arjasakusuma, S., Ancrenaz, M., Pacheco, P., & Meijaard, E. (2016). 

Rapid conversions and avoided deforestation: examining four decades of industrial plantation expansion in Borneo. 
Scientific Reports, 6. 

2. Gaveau, D. L. A., Sloan, S., Molidena, E., Yaen, H., Sheil, D., Abram, N. K., … Wielaard, N. (2014). Four decades of 
forest persistence, clearance and logging on Borneo. PloS One, 9(7), e101654.

3. Carlson, K. M., Curran, L. M., Asner, G. P., Pittman, A. M., Trigg, S. N., & Marion Adeney, J. (2013). Carbon emissions 
from forest conversion by Kalimantan oil palm plantations. Nature Climate Change, 3(3), 283–287.

Figure 2. Total aboveground carbon 
stocks in all study plots (N = 49)     
and simulated data for oil palm3

(mean ±95% CI).

Figure 3. Predicted landscape aboveground carbon stocks (mean ±95% PI).
We assume that the increase in average landscape carbon as the cover of 
set-asides increases is linear, because we did not find any effect of 
fragmentation on carbon stocks in set-asides.
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