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Relatively small periodic carbon (C) stock changes at national levels through forest loss and
forest degradation contribute, in sum, a substantial 12–15 % to worldwide C emissions (van
der Werf et al. 2009). However, a reliable quantification of C stock changes remains
difficult. Existing C stocks are fortunately still large; this means that even small relative
survey errors can lead to substantial absolute errors in C stock estimates, which may even
exceed their periodic changes. This fact makes reporting achieved emission reductions on a
credible basis difficult. In this issue, Plugge et al. draw our attention to this important
problem through elaborating the effects which uncertainties may have on REDD+ C
accounting.

REDD+, a mechanism for reducing emissions from deforestation and forest degradation,
which has now been extended to include conservation, management, and enhancement of
forest carbon stocks (thus REDD+), is intended to reward developing countries for the
mitigation of greenhouse gas emissions (UNFCC 2010). The implementation of effective
REDD+ mechanisms requires credibility of the emission reductions achieved. To accom-
plish the necessary credibility Plugge et al. (this issue) propose using the principle of
conservativeness to guarantee emission reductions. Inspired by their paper, I will develop
some considerations of my own in an attempt to broaden the discussion on possible
implications of an implementation of the conservativeness approach.

1 The principle of conservativeness

The principle of conservativeness is derived from the precautionary approach, which is
widely accepted as the best method when making decisions which will have long-term
consequences, and particularly where sustainability issues are concerned (Hahn and Knoke
2010). In a situation characterized by uncertainty about past, current and future states it is
advisable to utilize safety-first rules, which means assuming worst-case scenarios rather than
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average or optimistic estimates. Following this logic, and drawing on Grassi et al. (2008),
Plugge et al. (this issue) apply a variant of the conservativeness principle - the “Reliable
Minimum Estimate” (RME) (explained in detail in their paper) - to the issue of monitoring
terrestrial C stocks. In applying this approach, which is one of several approaches discussed
in Grassi et al. (2008), they assume a total error in estimating the actual C stock which covers
at least the radius of a 95%-confidence limit (it will most likely be bigger due to barely
quantifiable non-sampling errors). Following the RME approach, the estimated actual C
stock less the total error would qualify for REDD+ accounting, only if the resulting
conservative estimate is still greater than the expected C stock under a reference emission
level (Fig. 1). This reference emission level reflects the C stock which could be expected
without any effort being made to avoid deforestation and forest degradation.

Plugge et al. (this issue) show convincingly that applying the conservativeness principle
through the RME approach, while intended to guarantee emission reduction for every single
participating nation, allows for financial benefits from C accounting only if high levels of
deforestation and forest degradation activities are included in setting the reference emission
level.

2 Implications of applying the conservativeness principle

Please note that the following considerations are not meant to be absolutely correct and
empirically valid. They should be regarded only conceptually, as my aim here is merely to
demonstrate the importance of the perspective which is taken - whether a national or a global
view is applied - when considering uncertainties. In order to illustrate some of the implica-
tions of applying the principle of conservativeness, I will first consider possible uncertainties
in monitoring C stocks individually for 25 selected countries which have undergone
deforestation and forest degradation in the past. For my analyses, I will use information
reported by the FAO (2010) in their recent Forest Resource Assessment. Although the
selection of countries is certainly far from complete, I will then use the aggregated figures
for the 25 selected countries to analyze the uncertainty from a “global view”. As a rough
starting point, I further refer to information provided by the German Federal Forest
Inventory on obtainable relative standard errors (r.s.e.) depending on the area of forest under
survey (Table 1).

The standard error (s.e.) quantifies the uncertainty of a sample’s estimates. In our case, we
will use this measure as the standard deviation of total carbon stocks, as estimated by

Fig. 1 Schematic illustration
of the principle of conservative-
ness when a reduction of
deforestation and forest
degradation activities by
75 % and a total error of 2 %
is assumed (data for Cameroon,
FAO 2010)
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sampling1; s.e. includes both sampling error and random, non-sampling errors (e.g. unsys-
tematic measurement error). Commonly, s.e. is used to compute the 95%-confidence limits,
using a multiplier of 1.96 to obtain the radius of the confidence interval. For simplicity, I use
this radius as a proxy for the total error, although total error might be even greater (Plugge et
al. this issue). I consider the uncertainty in estimating both initial and (current) actual C
stocks and combine the two uncertainties, while providing a correlation (kinitial,actual) of 0.7
between successively recorded C stocks on permanent sampling units. Correlation of
uncertainties in successive measurements is an important consideration (see Grassi et al.
2008) not explicitly covered by Plugge et al. (this issue). Based on survey experience in
estimating standing timber volumes in Central Europe, a correlation of this order can be
derived by means of continuous forest inventories (CFI), where sampling is always carried
out on the same (permanent) sample plots which are marked in such a way so that they can
be found in the course of successive surveys.

Plugge et al. (this issue) refer to a tier-2 or a tier-3 approach for C stock change estimates
involving country-specific factors for carbon stock changes. Tier-3 includes developed
national-level surveys repeated over time, and thus applies CFI methodology. CFI concepts
are so far not overly common in countries preparing for REDD, but should be considered to
obtain reliable estimates in C stock changes. For such a survey, the s.e. of carbon stock (C)
changes can be computed as follows, if r.s.e. is the relative standard error:

s:e:ΔC ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

s:e:2initial C þ s:e:2actual C � 2 � kinitial;actual � s:e:initial � s:e:actual
q

s:e:initial actual C= ¼ r:s:e: � Cinitial actual Stock=

ð1Þ

For example, in the case of Cameroon (Table 2) this would mean:

s:e:initial C ¼ 2844 � 0:01 ¼ 28:44 s:e:actual C ¼ 2807 � 0:01 ¼ 28:07
s:e:ΔC ¼ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

28:442 þ 28:072 � 2 � 0:7 � 28:44 � 28:07p ¼ 21:89 � 22

The “guaranteed” emission reduction (achieved with a probability of 0.975) for
Cameroon - with ered as the best estimate for the expected emission reduction - would
then follow as:

guarantee ered ¼ ered � 1:96 � s:e:Δc ¼ 111� 1:96 � 22 � 68 ð2Þ
Although the principle of conservativeness applied through the RME approach certainly has

appeal - particularly for the buyers of emission reductions - given our results, it could obviously
be discouraging for developing countries in many cases, when applied at the country level.
Indeed, in our analyses, the lower confidence limit used to estimate guaranteed emission

1 In theory s.e. is the standard deviation of sample means or totals, which would be obtained when repeating
sampling often, so that a set of various means (or totals) would be obtained. In sampling practice s.e. is
estimated as the quotient formed by the standard deviation among sampling units (enumerator) and the square
root of the number of sampling units (denominator).

Table 1 Possible relative stan-
dard error in German national
forest surveying (GNFI 2012)

Forest area (hectares) Achievable relative
standard error, r.s.e. (%)

100,000 ~ 10

1,000,000 ~ 3

11,100,000 (area of German forests) 0.7
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reductions is frequently negative (Table 2). In the Central African Republic, for example, the
s.e. alone (without the 1.96 multiplication factor) is even greater than the avoided emissions. A
negative estimated emission reduction would mean, of course, that emissions actually would
have increased. However, this could also be only a statistical effect resulting from taking this
conservative approach, and may lead to the paradox that a country which has, in reality, reduced
emissions is obliged to report increased emissions. Such countries would thus be forced to
compensate for hypothetical emissions (e.g. through forest expansion), which most likely have
not occurred in reality. In an earlier study, Köhl et al. (2009) mention such effects. The above
analysis suggests that a situation where negative emission reductions result from
applying the conservativeness principle is not an exception, as it holds for 12 of the 25
countries analyzed.

Moreover, when summing up the national contributions, we see only 1,236 million tons
of reduced C emissions which would qualify for REDD+, although the best statistical
estimate of the actual emission reduction is 2,888 million tons. If, however, we leave the
national-level considerations aside and move instead to the global level - represented here by
the aggregated figures for the 25 countries analyzed -, we benefit from the compensatory
effects between the errors that occur at the level of individual nations. Such effects are
similar to those called risk compensatory effects when analyzing a portfolio of financial
stocks. One can assume the s.e. obtained for single countries are independent from one
another. Under this assumption we may sum the squared s.e. and obtain a relatively small
total s.e. for all of the 25 nations considered together, which is only ±286 million tons C.
Using this global level s.e. we may still apply the principle of conservativeness according to
Eq. 2, but would instead achieve 2,328 million tons of guaranteed reduced C emissions
which would qualify for REDD+, with a risk of not actually being achieved of only 0.025.

Another issue to be discussed is the effective insurance fee implicit in using the principle of
conservativeness. Guaranteeing emission reductions means that, on average, more emission
reductions must be achieved than what, in the end, would actually qualify for compensation
through REDD+. Our example shows that, even at the global level, the countries must achieve
an average of 560 million tons of emission reductions more than what could be rewarded under
the principle of conservativeness. The opportunity costs involved in this additional reduction -
obtained for “free” by the industrial nations - would be incurred by the developing nations
themselves. It may well be questioned whether this can be considered fair.

3 Conclusions

Climatic change is a global problem, and requires global solutions. We should thus consider a
global view when analyzing possible emission reductions achieved by REDD+ mechanisms.
Improved records about C stocks in any country contribute to better global information. It is not
important if the sampling units are located in Brazil - a huge country with large absolute
potential for emission reductions - or in Honduras - a much smaller country with lower absolute
potential for emission reductions. Any additional sampling unit enlarges the number of degrees
of freedom for our estimates. Of course, for reasons of fairness, detailed requirements on
sampling precision to be applied during national C surveys must be defined. However, we
should think about whether it is really necessary for each small country to guarantee its emission
reductions. Perhaps a global-level guarantee is sufficient. Additionally, agreement must be
reached about who actually pays the insurance fee to achieve guaranteed emission reductions.

Another basic problem illustrated by Table 2 is that of accurately measuring fluxes in
large C stocks, which, in short periods, remain more or less unchanged over much of their
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forest area, and where only the relatively small areas where change actually occurs are
interesting. If by using remote sensing techniques we stratify, by distinguishing areas which
remain more or less unchanged from areas where human activities have actually led to
tangible forest loss (this should already be possible) or to forest degradation (this is still
rather difficult to quantify), then we can concentrate sampling/ground truthing on those areas
which are, in fact, being affected by human activities. Promising results on a similar concept
have been reported for example, by Bucki et al. (2012), who stratify forests into intact/non-
intact for their remote sensing-based approach. Much better precision of estimates in C stock
changes can thus be expected, and even countries with low monitoring capacities can be
included in the REDD+ program on this basis.

Finally, the conservation of existing forests remains one of the most cost-effective options
for achieving reduction in C emissions (e.g. Fisher et al. 2011; Knoke et al. 2011, 2012).
Moreover, it is connected with many co-benefits, such as the possible alleviation of poverty
and conservation of biodiversity. Consequently, everything possible must be done to develop
practical survey concepts to enable utilization of this option.

The paper by Plugge et al. (this issue) identifies some potentially critical considerations
when assessing the combined effects of uncertainties of estimates, conservativeness and
costs of monitoring for REDD+. Some of these aspects could, however, potentially be
addressed by a global-level approach. Moreover, additional questions may arise, for exam-
ple, regarding the fairness of implementing the conservativeness principle for evaluating
developing countries. Each of these concerns must be carefully considered when designing
REDD+ implementation.

Acknowledgments I would like to thank the anonymous reviewer, who improved my springboard editorial
substantially by most useful comments. Furthermore, I thank Laura Carlson for the language editing.

References

Bucki M, Cuypers D, Mayaux P, Achard F, Estreguil C, Grassi G (2012) Assessing REDD + performance of
countries with low monitoring capacities: the matrix approach. Environ Res Lett 7

UNFCCC (UN Framework Convention on Climate Change) (2010) The Cancun Agreements. New York, NY:
UN. http://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf. Viewed 6 Oct 2012

FAO (Food and Agriculture Organization of the United Nations) (2010) Global Forest Resource Assessment
2010. FAO Forestry Paper 163, Rome

Fisher B, Lewis SL, Burgess ND et al (2011) Implementation and opportunity costs of reducing deforestation
and forest degradation in Tanzania. Nat Clim Change 1:161–164

GNFI - German National Forst Inventory - (2012) http://www.bundeswaldinventur.de/enid/5f3de5ae693476
d96af3791eb104e6b1,54e32e305f7472636964092d09353739/7c.html, accessed 02.08.2012

Grassi G, Monni S, Federici S, Achard F, Mollicone D (2008) Applying the conservativeness principle to
REDD to deal with the uncertainties of the estimates. Environ Res Lett 3

Hahn A, Knoke T (2010) Sustainable development and sustainable forestry: analogies, differences, and the
role of flexibility. Eur J For Res 129:787–801

Knoke T, Steinbeis OE, Bösch M, Román-Cuesta RM, Burkhardt T (2011) Cost-effective compensation to
avoid carbon emissions from forest loss: an approach to consider price–quantity effects and risk-aversion.
Ecol Econ 70:1139–1153

Knoke T, Roman Cuesta RM, Weber M, Haber W (2012) How can climate policy benefit from comprehensive
land-use approaches? Front Ecol Environ 10:438–445

Köhl M, Baldauf T, Plugge D, Krug J (2009) Reduced emissions from deforestation and forest degradation
(REDD): a climate change mitigation strategy on a critical track. Carbon Balance Manag 4

Plugge D, Baldauf T, Köhl M (this issue) The global climate change mitigation strategy REDD: Monitoring
costs and uncertainties jeopardize economic benefit. Clim Change

Van der Werf GR, Morton D, DeFries RS et al (2009) CO2 emissions from forest loss. Nat Geosci 2:737–738

Climatic Change (2013) 119:261–267 267

http://unfccc.int/resource/docs/2010/cop16/eng/07a01.pdf
http://www.bundeswaldinventur.de/enid/5f3de5ae693476d96af3791eb104e6b1,54e32e305f7472636964092d09353739/7c.html
http://www.bundeswaldinventur.de/enid/5f3de5ae693476d96af3791eb104e6b1,54e32e305f7472636964092d09353739/7c.html


www.manaraa.com

Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


	c.10584_2012_Article_662.pdf
	Uncertainties and REDD+: Implications of applying the conservativeness principle to carbon stock estimates
	The principle of conservativeness
	Implications of applying the conservativeness principle
	Conclusions
	References



