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LANDSCAPE-WIDE LAND USE CHANGE [N
DEVELOPING COUNTRIES'
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* Emissions of greenhouse gasses from land use, land use change and forestry (LULUCTE)
gccount for abour 200 of the global wotal

* Existng (A/R CDM) and proposed (REDD) mechanisms cover only a part (~ (11 and
= 10%) of these emissions and miss major opportunitics

* Consistent accounting schemes exist that can deal with the landscape-wide spectrum of

avordable land use emissions

Achieving the goals of the UN Framework Conventon
on Climate Change (UNFCCC) will require reducing
emissions well below the levels currently mandated in the
Kyoto Protocol. Countries have two options for mecting
cmissions reductions rargers: reducing  domestic
emissions or using the Flexible Mechanisms,  Flexible
Mechanisms provide for aequiring part of a country's
reductions commitments in other countrics, There are
currcntly three Flexible Mechanisms available to Annex
B Parties for meeting commitments between 2008 and
20112: the CDM, |1 and International Emissions Trading,
Most Annex B countries are using these mechanisms to
meet the modest targets of  the first commitment
period. Emissions rrading systems are operational in the
countries of the European Union. Voluntary trading
systems are functioming in Australia and the United
States,

In order to make greater reductions more palatable to
Annex B countries, it is desirable to mainramn and even
expand these mechanisms to allow for greater flexibility
so that maximum reductions can be achicved at the
lowest costs.  Flexibility over how emission reductions
are 0 be achieved, with a wide choice of sccrors,
technologies, sinks options and inclusion of non-CO2
emissions 1§ necessary to achieve greenhouse gas (GHG)
abatement at lower costs. As Parties make commitments
m gmq!ﬂ ¢mlsaimﬁnru.§w;lium, the meoq:taugc pf

One of the most contentious arcas within the Flexible
Mechanisms has been the possible role of Land-Use,
Land-Use Change and Forestry (LULUCE), The IPCC
report issued on 2000 on LU LUCF showed significant
sequestration potential from these activities, particularly
in grassland and forest management and agroforestry
(Figure 1). Cropland management offers moderate
sequestration potental. Other land-use options such as
rehabilitation of degraded land and wetland restaration
have relatively low porentials, plobally, to contribute to
mitigation, although locally their potential may be
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sigmificant. These low values are the combined result of

livw arca availability and slow carbon accumulation rates,

The potennal of LULUCFE options has not been realized
within the context of the CDM., Even the approved
approaches, namely afforestation and reforestation
(A/R), are not contnbuting in a meaningful way to
climate change mingation in the CDM because they are
excessively regulated.  With current regulations, a high
level of expertise is required to develop and register a
project, and this expertise is beyond the reach of
communities and organizations in most developing
countries. Even the simplified modalines for small seale
A/R, which were developed specfically to allow
communities to participate in the CDM, are bevond the
capacities of these poor communities. The recent
UNFCCC report on Investments and Financial Flows to
Address Chmate Change (UNFCCC, 2007) sugpested
thart for reasons of efficiency, between one-hall and rwo-
thirds of abarement spending berween 2000 and 2050
must occur in developing countries if the world is going
to make significant cuts in GHG emissions.

The high growth of emissions in these countries and the
oppartunities for reducing emissions in forestry make for
more cfficient investment opportunites (Enkvist et al,,
] T
2007),

The Encrgy Modcling Forum (EMF) conducted a study
on controlling carbon emissions and used a series of

madels to assess costs and policy options for significant
reductions of carbon emissions. A number of plausible
scenarios were considered in the analysis.  The study
concluded that carbon trading could reduce the cost of
climate change matigation by one-third or more by
equalizing the marginal cost of control across all nations
(Weyant 1993). The study also pointed to the need forall
major emitters to participate in reductions and Flexible
Mechanisms offer opportunities for developing country
participation. A more recent modeling exercise carried
out by the 21st EMEF showed that cost reducnions
berween 30U and 4% could be achieved by pursuing a
multi-gas strategy that included sinks (van Vuuren et al,,
205y,

A Agorous analvsis of costs and mingation potental of
LULUCF options does not exist in the literature nor have
appropriate regional or global abatement curves been
developed, Current estimates of the costs and
mitgation potential of LULUCE options are based on
rough approximations and generalizations from global
models (Sathaye et al, 2007) and site-specific estimates
of the tradeoffs associated with different land uses
(Chomitz et al, 2006),
examples caleulations on the costs of sequestration in
agroforestry and reduced emissions from deforestation
and forest degradanon (REDLDY).

Here wee will present two




The IPCC (2000) Special Report on LULUCE presented
an illustration of the potential of carbon sequestration to
contribute to climate change mitigation. The IPCC
scenario suggested that it would be possible, with
considerable international effore, that 20 percent of the
available land could be under this land management
practice by 2010 and 40 percent by 2040, These
sugpested targets have not been achieved and we are at
almost the same state of land availability as we were in
2000, when the report was written, so we will use these
values in this exercise,

For this analysis, consider an example of a moderately
intensive agroforestry system, which has been modelled
using the ENCOFOR decision support Carbon Model
(www.joanneum.at/encofor: Figure 2). The system is a
timber producing system, with food or cash crops grown
in the understorey. Examples of this system might be the
rotational woodlots of Tanzania, the pine-coffee-banana
systems of central Java, Eucalvptus and Poplar based
agroforestry  systems of the Indo-Gangenc Plain
(Bekele-Tesemma, 2007). In this system, the trees ane
harvested after 12 years, and regenerated. The
ENCOFOR model sugpests that the average annual
accumulation in this example over 30 years is 1.26 tonnes
C per ha and over 60) years, this average figure drops o
(.52 tonnes per ha per year. The 1PCC Special Report
suggested an average C accumulation rate in an
agroforestry system was about 3.1 tonnes per ha fora 30
to 50 year time horizon. These values are appropriate for
a mult-strata system that is kept in place over a long
period of ome, such as the home garden systems of
Africa or the jungle rubber agroforestry systems of
Indonesia.
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Figure 2: Projection of carbon accumulation in o multi-strata
ﬂﬂrﬂfﬂrﬂ"ﬂ? 1ystem

Case study 1:

Agroforestry

These two examples are used beeause they provide useful
bounds to our calculagons. In one case we have a system
which is regularly harvested and therefore has lower
annual accumulation rates because the aboveground
hiomass 1s regularly brought back to zero. In the ather
case, we have a permanent tree-based farming system.

Carbon sequestradon potential can be calculated by
taking the time frame proposed in the IPCC Special
Report, taking the projections of area of land adopting
the improved practices, and using both the IPCC and
ENCOFOR projections for carbon accumulation rates
(Table 1) If we rake the sum of the annual accumularion
rates over the next 30 vears, the results sugpest that the
total potental sequestration i1s on the order of 189
billion tonnes of C or 69.3 billion tonnes of CO2¢, This
does not account for the carbon sequestered in harvested
wood products from the agroforestry plantations.

To caleulate these costs, the ENCOFOR
financial analysis ool was used. Values are in 20053,
The total cost in this scenatio is S1470 per ha, and the
costs of establishment and maintenance of these
plantations globally comes to $308.7 billion (See Verchot
2007 for more details of this caleulation). This is
equivalent to US$36.75 per tonne of €, or $10.02 per
tonneof CO2c

However, notall of these costs need 1o be borne
by the internatonal community or by cutside investors.
Agroforestry systems are profitable in their own right.
The example given here has a 22% internal rate of return.
Agroforestry systems vary considerably across reglons
and have varving income generation potential.  This
means that the costs of expanding the adoption of
agroforestry do not have ro be fully borne by external
investors, Costs can be shared with rural farmers who
will benefit from these profitable systems. In most cases
agroforestry  systems are more profitable than
subsistence agriculture,

The idea of additionality in financing carbon
s-cqu::ﬂl:ratmn is already embodied in the UNFCCC and
its kyoto Protocol.  Additonality is the enteria for
carbon offset projects to determine offsets that occur 1n
addition to businessas usual, Additonality is determined
by analvzing barriers. Many barniers to adoption of these
systems exist, and prevent them from contributing more
fully to rural development, including: delayed returns on
investments, lack of knowledge, labour shortages, etc,
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Figure 3; Cosh flow over hwo rotofiom of o mederotely infensive
ogroforetry plantation i the troples; valuss ore i 20055

Investments to facilitate wider adoption of higher
carbon and higher profit production systems need to
target removing these or other barters thart exist in rural
areas. In the example above, one of the most important
barriers for resource poor farmers to engage in this type
of projectis financial. Figure 3 shows that the cash flow
for this type of plantation is negative for the first three
years of the project.  This is fairly common in
agroforestry projects. In most cases it takes 3 to 5 vears
to recoup initial investments in agroforestry systems.
This is prohibinvely long for smallholder, subsistence

farmers.  Alternative and shorter-term income sources

are required to bridge the gap berween planting and
INCome generation.

Asecond barrier is lack of knowledge abour agroforestry
systems.  Thus, despite the favourable internal mre of
return resource poor farmers cannot undertake this type
of production system because of the financial barrier
early in the conversion phase to a new production system
and because of the knowledge barrier.

If addioonal investments were to be made to overcome
these barriers, wider adopuon of agroforestry could
occur. In this case, investments of $640 per ha would be
required and the cost of sequestering the carbon would
be only $16.00 per tonne of carbon or 4.36 per t(CO2e,
Finally, to put this in a global perspective, the technical
potential C sequestration of this scenario is 30.8 BtCO2¢e
for a total cost of $134.4 hillion, The actual potental
suggested by the IPCC scenariois given in Table 2,

Greater consideration of these land-use mitigaton
options is warranted, as these types of activines can offer
multiple benefits.  1f well designed, agroforestry,
grassland management, land rehabilitation, and wetland
rehabilitation projects can contribute 1o biodiversity
conservation, watershed protection, reduction of
desertification, and poverty reduction in additon o
carbon sequestration,

Toble 1: Extimotes of C sequestrotion in agricultural lands for agroferesiry over 10 yeon. Two
wcenarfiod are prezsented: one bosed on the IFCC [2000) LULUCF report) and one bared on the

projections of the ENCOFOR Corbon Modal.

Rotaticonal
Permanent Agroforestry
_agroforestry (IPCC) [ENCOFOR)
Land
areq Conversion Rate of C Rate of C
Time available of area gain Carben gain Carbon
[years) (Mha) (%) (fCha' y') (Mty') (Cha! y'] [Mty']
Agrofarestry
10 630 20 3.1 a1 1.26 159
20 27 5N 212
30 33 631 265

Table 2: Calculations of ochvol sequeviration and costs for ogroforestry wing the IPCC wenorio for
adaption/converilon; cest are caleuloted using total cotls per tome C and the valves suggested far

reestments olmed at remgving barriers only

Permanent ogroforestry (IPCC)  Rotational agroforestry (ENCOFOR)

Time, Assumed area Carbon, Mt Totol cost, Borriers  Corbon, Mt Total cost, Barriers only

yrs  converted COey') SM only, $M COzey!'  SM M
10 20 1434 14,369 6,256 583 5843 2,544
20 27 1910 19,147 8,336 Fi7 77N 3,392
30 33 2387 23924 10416 972 9739 4,240
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Case study 2: Reduced emissions from deforestation

The ASB Partnership for the Tropical Forest Margins
has conducted hiophysical, socoeconomic and
institutional research on the tradeoffs associated with
alternative land vses in the humid tropics of Southeast
Asia, the Amazon basin, and the Congo basin, Building
on previous research ar the ASB benchmark sires,
Swallow er al, (2007) present a spanally-explicit analyses
of the tradeoffs between carbon and economie returns
in three sites in Indonesia, and one site in cach of Peru
and Cameroon. Located in the humid forese zones of
these countries, these sites represent a range of the
conditions that shape tree and forest management
across the humid mopics. Indonesia is particularly
distinguished by having the world's highest levels of
land-based emissions of preenhouse gases and larpest
CO2 emissions from conversion of peat lands, The
Indonesia and Peru analyses are conducted for
provinees, cach of which has area roughly equivalent 1o
the size of European countrics, Because the
Cameroon analysis was conducted for much smaller
areas, the results are not reviewed here,

The approach is retrospective, answering the question:
what would have been the oppormunity cost to land
users of keeping land in uses with high carbon values
compared to switching that land into land uses with
lower carbon values? Two time periods are considered:
1990 to 2000 and 2000 to 2005, Opporrunity cost
estimates are standardized into 2005 values per CO2-
equivalent of carbon loss. In Indonesia, the analysis
was conducted for two different levels of market
access (high and low) and two types of soils (mineral
and peat). The Indonesia analysis was conducted for
Jambi, Lampung and East Kalimantan provinces. The
Peru analysis was conducted for the Ucalayi province
in the eastern Amazon basin.

Key inputs into the analysis are a detailed land use
characterization, calibrated land-use change analysis,
updated calculations of the net present value of each
of the land uses over a 25-year time horizon, and
estimates of the ame-averaged carbon stock associated
with each land use. The results show the prevalence
and peographic distribution of land use transition and
the tradenifs associated with those land use changes,

Results indicate similarities and differences across the
sites. The patterns of land use transition over the last
10-20 years vary considerably, with some sites
experiencing general trends of carbon-emitting land
use changes, while others experiencing a balance of
carbon-emitting and carbon-sequestering land use

changes. In general, however, the carbon losses due to
carbon-emitting forest conversion vastly exceeded the
carbon gains due to carbon-sequestering land use
changes, This is exemplified by the Indonesian
province of East Kalimantan, Although it has
experienced more sequestering land use changes than
emirting land use changes, the provinee has lost huge
amounts of carbon overall since 1990, This is because
the carbon-emitting land use changes have resulted in
average losses of 230 tonnes per heetare per in the year
that they occur, while shifts from lower to higher
carhon-sequestering land uses have resulted in just 4
tonnes of sequestration per hectare per year.

Further results from across the 3 provinces of
Indonesia indicate that there 15, even without specific
support programs, substantal activity to restore carbon
to landscapes that have been previously degraded. In
East Kalimantan, the bulk of the carbon-sequestering
land use changes are natural regrowth on cleared land,
while in Jambi the transition to carbnmscqucst::nng
land uses mosty represent transitions from cropland to
rubber agroforestry systems. Win-win solutions are
possible: transitions from cropland to rubber
agroforestry in Jambi and from coffee o complex
damar agroforestry in Lampung increase returns to
farmers and time-averaged carbon stocks. In
Cameroon, shifts from crap-fallow systems agriculture
into shaded cocoa systems can also be such a win-win
solution,

The analysis of the economic rerurns associated with
the land use transitons (measured in terms of
discounted net present value) shows that there is clear
economic ratonale for almost all of the land use
transitions occurring in the 5 sites. That is, almost
every land use transition has been economically
rational from the perspective of private land users
responding ro: market incentives to harvest and sell
timber; market opportunities for new cash crops; the
lack of incentives they have to maintain the value of
standing carbon, and high interest rates in local
financial markets,

Expressed in terms of tonnes of emissions of carbon
dioxide equivalents (CO2e), however, the economic
ains associated with deforestation are very low: In the
three provinces of Indonesia included in the study,
between 6 and 2006 of the area where emissions
increased have generated returns less than 15 per tonne
of C02e and berween 64 and 92% of the emission
generating changes have resulted in returns less than 5%
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per tonne of CO2e. In the benchmark site in Ucayali
Province in Peru, over 90% of emissions from land use
change have generated returns less than 58 per tonne
of CO2e If carbon stock of standing forests were
valued and sellable during the last 20 years, a large
percentage of preenhouse emissions from
deforestation in the Indonesia and Peru sites mught
have been avoided, Current market and incentive
conditions in the humid rropics continue to
inadequarely provide incentives for cost-etfective
reduction of CO2 emissions,

The analysis also reveals heterogeneity in carhon stocks
in humid tropical forests. Results from the Indonesian

Multiple benefits through LULUCF

LULUCF actvities have the potential to do great harm
if improperly implemented. Forests and other
ecosystems provide goods and services to familics and
communitics and are sources of livelthoods. Both A/R
and REDD projects have the potential to dispossess
communities from essental resources by restricting
access to land and its associated resources, by depleting
non-timber forest products involuntarily, by consuming

province of Jambi show that pear forests, as well as
other peat lands, should be given special artention in
negotiations and programmes for reduced emissions
from deforestation and forest degradation. The
customary slash-and-burn system known as “sonor™ is
particularly damaging to the atmosphere, releasing large
amounts of carbon from the rich peat soils, while
providing very lietle return in terms of income o the
local farming populations, The return per mane of
CO2 emirved is as low as USS0.10-0.20 in those
landscapes.

water or by foreing resettlement of populations (Smith
and Scherr, 2002). People could be displaced from
their land and essential resources and poverty could be
increased.

Some actvities could simply displace emissions, The
current biofuel debate is essentally based on the
linkage berween fossil fuel emission reduction in
Annex B countries and their LULUCF countries that
are outside of the accounting system. This is now
widely seen as a "perverse’ policy, because the net
emissions may well increase through biofuel use,
depending on the type and ongin of the biofuel.
Attaching a 'carbon footprint’ to the biofuels, as such,
will lead to further debate on the atributdon for C
losses prioe to plantation development. A
comprehensive LULUCFE accounting in all UNFCCC
countries with consequences for the C markets may be
the only principled solution,

At the same time, there are a number of good
examples community based LULUCF projecrs thar
generate biodiversity and /or livelihood benefits,
Agroforestry and community forestry projects can
generate benefits for subsistence (Food, fuel, etc), for
assct building through the sale of tree products and for
sustainable land management, including degraded land
rehabilitation (Smith and Scherr, 2002), In addidon,
these types of projects run lower risks of leakage as
they enhance livelithoods rather than displace economie
activities.

Besides providing appropriate monetary or in-kind
compensation for avoided land-use change, REDD




schemes should address both the need for
alternative sources of livelthood for the
affected populations, as well as the need 1o
produce alternative sources of wood
products for local uses. Both agroforestry
systems and community forestry can
produce such win-win solutions.

It is necessary to build safepuards into the

rules of Flexible Mechanisms to ensure that multiple
benefits are created and thar poor communities and
individuals are not harmed. Gender and social equity
issues must be addressed explicitly in the rules. Several
measures could be built into the furure of Flexible
Mechanisms to improve the ability of a country to
assess full costs and benefits, such as requiring a social
impact assessment and setting minimum standards for
stakeholder consulmnons. Several other internatonal
conventions have established social principles and
these could serve as puidelines for future Flexible
Mechanisms.

Safeguards must be built into the program in such a
way as they do not impinge on natonal sovereignty and
the right of a country to determine whether a project
meets sustainable development criteria. However,
proactive measures are desirable when market
imperfections, such as lack of adequate information,
do not allow a country to properly assess the full costs
and benefits of a project (Smith et al., 2002), Possible
increased transactions costs of these measures must be
weighed against the benefits of promoting better

projects,

At the nanonal level, forestry LULUCF projects are
limited by excessive regulation of forest marker actvity.
For example, the dependence of A/R and REDD on
the term "forest’, may create unnecessary delineation
issues, e.g. where agroforestry systems do not meet the
"forest’ definition, or where peat soil emissions fall
outside of the REDD domain. A more comprehensive
approach to LULUCF acecounting (following 1PCC
AFOLLU guidelines) is both possible and desirable,
ensuring that 'nothing falls through the eracks’ of the
accounting system. Policy reforms will be required to
reduce the regulatory burden on producers and open
the door for participation in the market. At the same
time, the desire by many countries to participate in
LULUCF activities mipht provide the incentive for the
needed policy reform,

Finally, implementaton of LULUCE projects is
complex under current rules, Simplified rules will go a

leng way to creating a more enabling environment for
these types of projects. However, it is unlikely that
even with simpler and more straightforward rules, thar
these types of multiple benefits projects will be
developed on a wide scale without significant
international investment in capacity building,
particularly in Least Developed Countries. ODA and
other philanthropic investments in capacity butlding
and support for project development should be
encoutraged.

The Way Forward

No other area has generated such a heated and
sustained debate in the climare change negotiations and
in civil society fora as the potential role of LULUCF in
Flexible Mechanisms. Despite all the efforts over the
vears by Parties and by development NGO's, LULUCE
still contabutes neglgibly to climate change minganon
efforts. The miin reason for this is that LULUCE
activities are highly over regulated. Transactions costs
are prohibiuvely high for LULUCF projects and this
has led tw few of these types of projects being
proposed.

There are two principal reasons for the high level of
regulation of LULUCE projects by the COP/MOP
One is political, where a number of Parries are
concerned that inexpensive LULUCKE credits nught
flood the market, lower the value of carbon credits,
and shift the emphasis of investment away from other
sectors. The second reason is technical, where there is
legitimate concern that LULUCTE sequestraton is
temporary, reversible, difficult to venfy and subject w
leakage. Itis clear from the preceding case studies, that
some LULUCF options offer low-cost opportunities
for ernissions reductions and emissions offsets. These
optons could lower the toral cost of achieving the
objectives of the Convention, and, as we have argued
above, generate additional benefits that conrribute
toward meeting the adaptation objectves as well. With
respect to the second reason for the high level of
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regulation, we suggest that the current approach of
limiting the options available to Parties is
counterproductive. For example, there is no defensible
logic behind the decision to allow reforestation and
disallow other types of revegetation. A more
constructive approach would be for the COP/MOP to
set standards for these projects with respect to the
uncertainties cited above and ensure rigorous
enforcement of the standards. The Executive Board
of the CDM would be charged with ensuring that
approaches meet the standards. This would foster
wider experimentation than we have seen to this point,
which would lead to creative solutions to these
problems.
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