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Over the last 50 years, the global population has 
doubled. Despite this, food production has more 
than kept pace, resulting in a 24% increase in per 
capita world food production and a 40% reduction 
in food prices in real terms. While some progress has 
been made towards lowering the proportion of people 
suffering from chronic hunger from 20 to 16%, the 
absolute number of chronically hungry has actually 
increased to more than 900 million. Until recently, 
conventional wisdom was that while global food 
production was sufficient to meet demand, the main 
problem was one of distribution. This conclusion was 
reassessed towards the end of the 2000s, when the 
effect of changing diets in developing nations was 
taken into account, which indicated that food pro-
duction will need to increase 70% to meet demand 
in 2050 [1,2]. A recent ana lysis relating calorie and 
protein consumption to GDP puts this even higher 
at 100–110% [3]. These projections have prompted a 
number of high-profile reports analyzing the global 
food production system, generally concluding that 
gains are likely to come from a mix of new appli-
cations of existing knowledge, new technologies, 

and development and implementation of appropri-
ate economic and social policies [4], and sustainable 
intensification on existing crop area [5,6]. 

While this re-examination of global food produc-
tion capacity was being undertaken, the debate on 
REDD+ was also taking shape. Recognizing that 
tropical deforestation accounts for 15–20% of total 
global GHG emissions, REDD+ aims at providing 
incentives to tropical countries to reduce their rates 
of deforestation. The feasibility and applicability of 
the proposed methods are still the subject of intense 
debate, with options based on market mechanisms 
to straightforward forest protection being proposed. 
These range from carbon taxes, to direct payments, 
to strengthening property rights so that landown-
ers have the proper incentives to protect the forest. 
Given that deforestation is intimately connected to 
other land uses, increasing agricultural output from 
intensification rather than extensification has also 
been considered. It is this last mechanism that leads 
to the questions as to whether the growing concern 
for future global food supplies can be reconciled with 
the need to reduce deforestation rates and net global 

Should REDD+ fund ‘sustainable intensification’ as a means 
of reducing tropical deforestation?

 Editorial

Carbon Management (2012) 3(2), 117–120

“ …34% more GHGs (CO2-e) would have been emitted into the  

atmosphere since 1961 if forest land had not been saved by the intensification  

brought about by the Green Revolution… ”
Robin Matthews*1 & Alessandro De Pinto2

1James Hutton Institute, Craigiebuckler, Aberdeen, AB15 8QH, UK 
2International Food Policy Research Institute, 2033 K St, NW Washington, DC 20006-1002, USA 
*Author for correspondence: E-mail: robin.matthews@hutton.ac.uk

Keywords: deforestation n food supply n mitigation n REDD+ n sustainable intensification

For reprint orders, please contact reprints@future-science.com



Carbon Management (2012) 3(2) future science group118

 Editorial Matthews & De Pinto

GHG emissions, and whether using REDD+ finance 
to promote intensification might be an effective way 
to reduce deforestation rates.

The concept of agricultural intensification as a means 
to reduce tropical deforestation is not new and was first 
put forward by Borlaug, one of the fathers of the Green 
Revolution [7]. The argument is that by increasing food 
production from a given amount of land, the need to 
clear forest for this production is reduced. Whether 
this is what happens in reality is the subject of some 
controversy. In an open system where output prices are 
un affected by local production, intensification increases 
the returns from existing cropland and, in turn, can 
provide an incentive for farmers to clear more land. 
If, on the other hand, growth in productivity causes a 
decrease in food prices, expansion of agricultural land 
is disincentivized. Localized increased productivity 
may also attract more people to migrate into the area, 
resulting in further clearing of the forest. In Honduras, 
for example, where the use of Mucuna as a cover crop 
for green manure intensified agricultural production, 
overall deforestation rates continued to increase because 
of an influx of migrants into the area [8]. It is worth 
noting that the uncertainties inherent in the Borlaug 
hypothesis disappear when a global approach to agri-
cultural intensification is considered. In other words, if 
agricultural output increases globally (ceteris paribus), 
prices can only decrease. Indeed, some cross-country 
and global comparisons have shown lower deforestation 
rates in countries with higher agricultural yields and 
intensification (e.g., [9]), although others have found 
that the area of cropland increased as crop yields also 
improved [10].

“ The argument is that by increasing food production 
from a given amount of land, the need to clear forest for 
this production is reduced. Whether this is what happens 

in reality is the subject of some controversy. ” 
Many of the studies that investigate the opportuni-

ties for sustainable intensification emphasize the role 
of genomics research and improved soil and manage-
ment practices rather than an increased use of fertil-
izer, irrigation or pesticides, recognizing the detrimental 
effects that high use of these has had on production 
systems and neighboring ecosystems following the 
Green Revolution. However, it should not be forgotten 
that production is ultimately limited by the resources 
available. Graves et al. [11], for example, in reviewing 
a number of low external-input technologies in tropi-
cal agriculture, conclude that these are not sufficient in 
themselves to increase yields significantly, without sup-
plementary use of inorganic fertilizers. Incorporating 
leguminous biological nitrogen fixation into crop 

rotations or intercrops may not provide nitrogen in suf-
ficient quantity – it was estimated that only 20 kg N ha-1 
would be available to a main cereal crop after losses by 
immobilization, adsorption, volatilization, leaching and 
denitrification are taken into account [11]. Even breeding 
crops with improved nitrogen uptake ability will be lim-
ited by the amount of nitrogen available in the soil, and 
increasing nitrogen use efficiency implies lower protein 
content, adversely affecting nutritive value. While there 
is considerable evidence that improved cropland man-
agement, such as use of cover crops, no-till and inter-
cropping, can result in higher and more stable yields 
(e.g., [12]), these benefits are often at the lower end of 
the yield range and can also be characterized by a time 
lag, during which production costs and yield variability 
increase [13]. The best way to increase food production, 
therefore, is likely to be through an ‘integrated nutri-
ent management’ approach to intensification, in which 
both organic and inorganic nutrient sources are used in 
combination (e.g., [14]).

“ The best way to increase food production, therefore, is 
likely to be through an ‘integrated nutrient management’ 

approach to intensification, in which both organic and 
inorganic nutrient sources are used in combination… ”

However, agricultural intensification itself releases 
GHGs into the atmosphere, particularly N

2
O if nitrog-

enous fertilizers are used, or CH
4
 if livestock numbers 

or rice production are increased. In 2005, land use 
change accounted for 6.0 Gt CO

2
-e emissions globally, 

while agricultural production accounted for 5.1–6.1 Gt 
CO

2
-e, together representing approximately 26% of 

total anthropogenic emissions. The problem is to what 
extent an increase in the latter, through intensifica-
tion, can offset any reduction emissions from avoided 
deforestation. At a local level, assuming a standing 
carbon stock of 273 t C ha-1 in pristine rainforest [15], 
clearing this would represent emission of some 1000 t 
CO

2
-e ha-1. Added to this are changes in soil carbon, 

which depend on the soil type; drainage and cultiva-
tion of peatlands, for example, can result in losses of 
40 t CO

2
-e ha-1 yr-1 [16], while losses from mineral soils 

following clearing could be as much as 230 t CO
2
-e ha-1 

after 20 years [17]. Intensification involving increases 
in livestock numbers could potentially emit between 
30 and 50 kg CH

4
 head-1 yr-1 for cattle (0.75–1.25 t 

CO
2
-e head-1 yr-1), although particular intensification 

practices such as use of improved pastures, concentrates 
or agroforestry could actually reduce this by increas-
ing productivity per head [18]. Methane emissions from 
rice production can typically be 17 t CO

2
-e ha-1 yr-1 

[19]. Applying nitrogenous fertilizer emits considerably 
less than these figures – 100 kg N ha-1 yr-1 (using the 
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default IPCC emission factor of 1%) represents approx-
imately 0.3 t CO

2
-e ha-1 yr-1. The net benefit of avoided 

deforest ation clearly depends on the land use and its 
duration that would have followed clearing, but these 
figures illustrate that intensification on existing agricul-
tural land emits considerably less GHGs than clearing 
new areas. As an example, Gockowski and Sonwa argue 
that if cocoa production systems in West Africa had 
been intensified in the 1960s through increased use of 
agroforest shade/timber trees (i.e., ‘sharing vs sparing’) 
and non-nitrogenous fertilizer, that over 21,000 km2 of 
deforestation and forest degradation, and the result-
ing emission of nearly 1.4 billion t CO

2
-e could have 

been avoided to date, while also preserving biodiversity 
[15]. At a global level, Burney et al. estimated that 34% 
more GHGs (CO

2
-e) would have been emitted into 

the atmosphere since 1961 if forest land had not been 
saved by the intensification brought about by the Green 
Revolution [20].

“ …the use of REDD+ finance to fund research aimed  
at increasing agricultural production and reducing  

losses from the food chain may be an effective  
way of reducing deforestation. ”

It is in light of all these considerations that the 
opportunity of using REDD resources to finance the 
transition from low to high-productivity agriculture, in 
some environments and for some production systems, 
becomes a legitimate empirical question. The issues of 
population growth, climate change, food production 
and environmental protection facing the world in the 
next 40 years are formidable, and it is essential that 

the right solutions are found. Although REDD+ began 
as an initiative to reduce deforestation, it is becoming 
apparent that if we are serious about reducing net GHG 
emissions a systems approach is needed. This systems 
approach should take into consideration the many and 
complex interactions between forestry, agriculture and 
urban sectors, so as to optimize the flows of carbon and 
other nutrients between different parts of the land-
scape. A combination of regulation through designated 
conservation areas, intensified agricultural production 
on existing prime land (i.e., the use of agroforestry 
where appropriate), and reducing waste and returning 
nutrients from urban to rural areas may, therefore, be 
the most robust way forward. In this context, the use 
of REDD+ finance to fund research aimed at increas-
ing agricultural production and reducing losses from 
the food chain may be an effective way of reducing 
deforestation. Indeed, Burney et al. make the point 
that investing in agricultural research is a mitigation 
strategy in its own right and estimate that the avoided 
emissions through agricultural intensification since the 
1960s have cost approximately only US$4/t CO

2
-e, 

cheaper than many other abatement measures [20]. 
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