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Abstract The northern mountain region of Vietnam
(NMR) is dominated by swidden/fallow farming systems.
The fallow land of these systems is populated by small trees
and bushes. Since the 1960s the government of Vietnam has
tried to limit or stop swiddening and replace it with per-
manent upland agricultural fields, paddy, fruit trees and
animal husbandry. Discussion in the policy debate and lit-
erature focuses on the impacts these changes have on local
people’s livelihoods. There have been no attempts to eval-
uate the impact of these changes on greenhouse gas (GHG)
emissions. This paper examines the realities of current
farming system changes taking place at the hamlet level and
other changes that could take place due to government land
use policies and extension programs. The paper answers the
following questions: How could farming system changes
influence net GHGs? Which farming system changes in the
NMR, the trajectories of changes that are currently observed
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or those that would be followed if farmers adhere strictly to
government policies and programs, will have a greater affect
on the GHG contributions from agriculture in the region?
Could ‘clean development mechanism’ (CDM) projects
make a difference in the profitability of the pathways
mentioned? Results show: (1) if farming systems in the
NMR continue along currently observed change trajectories
there will be increases in GHG emissions; (2) if the NMR
farming systems change according to government policies
and programs there will be a net sequestration of carbon in
regrowing vegetation during the initial 20 years; (3) over the
longer term, in areas where systems change to fit govern-
ment policies, increased GHG emissions from other changes
in the farming systems (e.g. increased paddy and increased
pig raising in sties) will overtake the amounts of carbon
sequestered in vegetation; (4) CMD projects only make a
difference if (a) maximum biomass potential of regrowing
fallow can be reached; (b) a favourable baseline is chosen;
(c) timing and length of the accounting period is correct; and
(d) farmers do not take compensatory action in response to
government policies. Given these conditions it does not
appear that currently envisioned clean development mech-
anisms would be beneficial to farmers in the NMR.

Keywords Greenhouse gas emissions - Carbon
sequestration - Farming system change - Vietnam

Introduction

Since the early 1990s there have been many regional and
some global studies looking at changes in carbon pools in
vegetation and soil, as well as net-emissions of CO, and
non-CO, greenhouse gases (mainly CH; and N,O) from
natural and agricultural ecosystems. Smith et al. (2001) and
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Smith (2004) investigate the effects that various changes in
agricultural land use could have on the emissions of
greenhouse gases (GHGs) for Europe in light of different
agricultural policies that the European Union is considering.
Similar studies have also been done for North America. In
the case of the tropics, where the focus has been on defor-
estation, and sometimes on more subtle changes in forest
structure and composition, the changes in forest lands and
the attendant affects on GHGs have been discussed and
debated (Skole and Tucker 1993; Foody and Curran 1994;
Foody et al. 1996). Tropical agricultural production sys-
tems’ roles in carbon storage and net-emissions of GHG
were mainly looked at through the 1990s with respect to
paddy cultivation and slash and burn agriculture’s rela-
tionship to deforestation (Tinker et al. 1996; Skole 2000).

The focus began to change in the late 1990s and early
2000s with research on mitigating GHGs in the humid tropics
focusing on slash-and-burn agriculture (Palm et al. 2000,
2004; Mutuo et al. 2005). These studies point out that other
changes and potential changes to agricultural production
systems in the tropics need to be described in more precise
terms in order to assess their impacts on GHGs. In order to do
this the effects of various soil treatment techniques, use of
irrigation, use of burning, application of fertilizers, and the
expansion or contraction of animal husbandry in the farming
systems need to be quantified. The rate of regeneration of
natural vegetation during fallow periods, which may be af-
fected both by cultivation techniques and the use of fallow
for grazing, also needs to be taken into account. In short,
detailed analysis of agricultural development trends and
alternative ‘pathways’ is required to understand current and
predict future changes in carbon pools and net-emissions of
GHGs from moist tropical agro-ecosystems.

In Vietnam, the focus of this paper, the research on GHG
contributions from agriculture has been directed at an
analysis of emissions from flooded paddy and the conse-
quences of the expansion of this type of agriculture in the
lowlands and deltas (Hydrometeorological Service of
Vietnam 1999). There is no mention of contributions from
shifting cultivation, also referred to as swidden/fallow, the
main farming system in the uplands, nor any discussion of
the effect that replacing swidden/fallow systems with per-
manent (yearly) upland fields will have on future GHG
contributions from the agriculture sector. In Vietnam, as in
many other countries where swidden/fallow is practiced,
sloping land is classified as forest land and officially should
not be cultivated. The result of this official viewpoint is that
land used for swidden is not officially recognized and is
usually considered as ‘forest’ land (Fox et al. 2000; Car-
tography Publishing House 2003; Leisz 2007). With respect
to GHG contributions on a country level, this means that the
contributions from the uplands are only discussed in terms
of the forestry sector, mainly with regard to carbon and the
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role mountainous areas play as carbon sinks (see for
example the Economics of Greenhouse Gas Limitations:
Country Study Series Vietnam. Hydrometeorological Ser-
vice of Vietnam 1999). Given the reality that the largest land
use system in many parts of Vietnam’s mountainous regions
is not ‘forestry’ but rather various types of shifting culti-
vation based farming systems (Leisz 2007), the other GHGs
contributed from these areas need to be recognized and
changes in these contributions need to be considered when
discussing the overall GHG contribution of the country.

The ‘Clean Development Mechanism’ (CDM), part of
the Kyoto Protocol, allows third world countries to ‘sell’
carbon storage/sequestration projects to ‘annex 1’ coun-
tries. It is worthwhile considering whether the relative
economic profitability of various agricultural development
pathways in the uplands of Southeast Asia may be affected
by including carbon storage/emission reduction among the
products and services delivered by the agricultural systems
in question. Exact calculations of the potential value of
carbon storage/sequestration projects are difficult to make,
since both the rules regulating such projects and the market
price of carbon sequestration are still unstable or even
unknown. Nevertheless, scenario analyses may be carried
out to gain insight as to whether ‘carbon trading’ may
influence land use significantly. In this paper, we base such
scenario analyses on agricultural system development
pathways that are currently being followed in the northern
mountain region (NMR) of Vietnam.

Carbon and nitrogen cycles of agro-ecosystems must be
studied together, both at the micro-scale of process studies
in soil and vegetation, and at the macro-scale, when dis-
cussing alternative agricultural pathways. An example is
swidden/fallow, also called slash-and-burn and shifting
cultivation, in the upland areas of northern Vietnam that
relies on the build up of nutrient-pools in fallow vegetation.
If replaced by permanent cultivation mineral fertilizers or
manure are required and will cause increased N,O and
carbon emissions. In addition, the production of mineral
fertilizers requires large energy inputs, giving rise to fur-
ther CO,-emissions. Besides these considerations, the role
of animals in the system and the amount of GHG emissions
from both intensive and extensive animal husbandry needs
to be considered. If a system that previously included little
animal raising switches to increased production of cattle,
water buffalo and pigs, there will be a corresponding in-
crease in CH4 and N from the system; and if the animal
husbandry practices also change, this will cause further
changes to GHG contributions from the system.

The objectives of this paper are:

1. Identify the likely effects on GHG contributions of
present and expected future farming system develop-
ment pathways for Vietnam’s mountainous areas; and
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2. Initiate a discussion on the feasibility of CDM-projects
and their possible desirable and undesirable effects on
the environment and livelihoods.

Materials and methods
Farming system development pathways in the NMR

The study reviews the current farming systems and associ-
ated activities found in the NMR, government policies aimed
at guiding the development or changing these systems, and
knowledge gained from recent fieldwork to forecast the
trajectories along which these systems are changing.
Knowledge regarding the types and relative amounts of GHG
emissions from each of the activities within the farming
systems was used to indicate whether the change scenarios
would increase or decrease GHG emissions. A case study
methodology is used to illustrate how these change trajec-
tories will quantitatively affect four study sites in the NMR.

Current farming systems in the NMR and associated
GHG contributions

Based on research done over the last six years in the
provinces of Nghe An, Hoa Binh, Son La, Lao Cai, Phu
Tho, and Yen Bai, of the NMR (Fig. 1), combined with

satellite image analysis, the activities found in the region’s
most common farming systems follow:

Shifting, slash-and-burn, or swidden/fallow cultivation.
These terms, often used interchangeably, refer to a
system where one or a number of years of cultivation is
followed by a period of fallow during which time the
vegetation grows back. There are many different ways
to categorize swidden/fallow systems. In the NMR two
main types, following Schmidt-Vogt (1998), are pres-
ent, secondary forest swidden systems, where a short
cultivation period (1-3 years) is followed by a medium
to long fallow period (4-10 years) and primary swidden
systems, where a long cultivation period (3-5 years) is
followed by a very long fallow period (20+ years). This
paper uses the term swidden/fallow for both of these
systems.

Paddy systems (irrigated or seasonally inundated wet
rice agriculture). These systems are found in the valley
bottoms and on some terraced hillsides of the NMR.
Composite swidden systems. A combination of swid-
den/fallow and paddy systems. These systems have
been found in the NMR for hundreds of years and do
not appear to be a response to limited paddy land, but
rather are traditional and follow a rationale of risk-
spreading, re-use of plant nutrients, flow of nutrients
from swiddening to paddy fields by leaching/erosion,
and better use of labour resources (Rambo 1998).

Fig. 1 Provinces visited and
case study hamlets in the
northern and north-central
mountain regions of Vietnam

Vietnam

@

A Can Hamlet
® Ma Hamlet
@ Que Hamlet
@® Tat Hamlet

Research provinces
since 2000
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e Animal husbandry systems. The economic and subsis-
tence importance of animal husbandry in most hamlets
has traditionally been moderate. The main elements are
cattle production, water buffalo rearing, pig raising
(traditional free-ranging and, more recently, intensive
pig raising in sties), and poultry production, mainly
chickens and some ducks depending upon proximity to
water. Animal husbandry is found as a component of all
of the farming systems. In recent years the raising of cattle
and pigs is beginning to dominate some of the systems.

Within each of these systems farmers incorporate some
type of agroforestry and the extraction of forest products
for domestic use and for sale. Extraction of timber and non-
timber forest products currently plays a minor economic
role in hamlets, though the subsistence role is often
important. Timber extraction until recently was the
responsibility of large para-statal companies and it is illegal
for hamlets to cut and sell trees. In relation to carbon pools,
illegal extraction of timber may prove to be important.

Recently some of the swidden/fallow areas have been
transformed into farming systems dominated by permanent
upland cultivation. This follows years of government poli-
cies aimed at sedentarizing the upland populations (Tran
2003). Wezel (2000) and Tachibana et al. (2001) both dis-
cuss how this is developing in different parts of the NMR
and Leisz et al. (2005) illustrate that in one district the
number of communes that have only permanent cultivation
based systems has increased from 2 out of 38 in 1992, to 13
out of 38 in 2000. Whether this shift has an impact on GHG
contributions is an open question. GHG contributions may
increase from areas where cultivation is intensified and
becomes permanent, while areas that are no longer peri-
odically cultivated and have trees planted on them or forest
regeneration takes place may act as net sinks (Table 1).

Government development and land use policies oriented
to mountainous areas

Since independence in 1954 The Government of Vietnam
has issued a number of laws and decrees aimed at promoting
preferred development pathways in the mountains. The first
of these policies (Tran 2003) was the “Sedentarization and
Fixed Cultivation Program” implemented in the 1960s and
1970s. Other laws followed many of which had the goal of
replacing cultivated sloping land (e.g. land used in swidden/
fallow systems) with tree cover and reflect the government
view that sloping land in mountainous areas is classified as,
and considered forest land, not agriculture land (Tran 2003).
Some of these are detailed in Table 2.

Specific agriculture practices have also been applied to
and promoted for use in mountainous areas by policies and
programs. The most prominent are:
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e [Irrigated and seasonally inundated rice cultivation. This
activity is promoted through the VAC/RVAC programs
(promoted in the NMR since the mid-to-late 1990s
depending on the specific locality) and other credit
programs that provide money for the building of
terraces. The VAC program promotes the creation of
paddy land, in-tandem with gardens (vuon), fishponds
(ao) and livestock (chuong). The RVAC program
includes the promotion of tree crops, e.g. fruit trees,
tea trees, etc. (rung) on hillsides and also promotes the
other VAC activities. Both of these programs were
initially developed for the delta and midland areas and
have been extended to the uplands.

e Animal husbandry. Billboards proclaiming “Con heo
vang” (gold pigs) are seen in the countryside comple-
menting the VAC/RVAC and rural credit programs
funded by the government or by non-governmental
organizations’ projects. Many of the projects promote
the raising of pigs in sties (pens) to replace traditional
free ranging pigs and the building of fish ponds. Credit
programs are oriented to providing money for buying
and raising cattle, though little extension work appears
to be done in this area. Road building indirectly
supports these activities providing better transportation
networks to move animals to market.

e Permanent agriculture. Projects under the Ministry of
Agriculture and Rural Development (MARD) promote
crops grown on permanent upland fields. The most
notable of these is the promotion of hybrid maize (Le
and Rambo 2001; Wezel et al. 2000). This program
(started in the late 1990s) provides inputs (hybrid
seeds, fertilizer) and credit, as well as marketing
channels, and seeks to replace the cultivation of
swidden rice with the raising of hybrid maize for the
market on permanently (year-to-year) cultivated fields.
Other projects specific to provinces and districts are
found that use similar mechanisms to promote perma-
nent cultivation of crops for the market (see for
example the project described by Castella and Quang
2002). Land allocation programs (Table 2) support this
initiative through the permanent allocation of plots of
land to farmers.

Methodology for calculating greenhouse gas
contributions from farming systems

Assessment of emissions from livestock,
paddy rice fields and fertilizers

In order to calculate the contribution of GHGs for each of
the case study farming systems, the methods described in
IPCC Guidelines for National Greenhouse Gas Inventories
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Table 1 Present farming systems activities in the NMR and their role as a source of GHGs

Activity

GHG contribution

Swidden/fallow

Wet paddy rice (irrigated)

Wet paddy rice (rainfed—
periodically inundated)

Permanent upland agriculture fields
Free ranging cattle

Penned cattle (similar to drylot)
Free ranging water buffalo

Free ranging pigs

Penned pigs (similar to drylot)

Free ranging chickens

No net contribution to CO, (Tinker et al. 1996) assuming that cleared area regenerates
to pre-cleared level of vegetation. CH, will be released when burning humid fallow
vegetation. No fertilizers are used in swidden/fallow, so N,O emissions are small

No net contribution to CO,-CHy is contributed, but the amount depends upon the
irrigation practices and whether dry matter (e.g. manure) is applied to the paddy. N,O
is contributed if mineral fertilizer, animal manure, crop residues are used in the paddy

No net contribution to CO,-CHy is contributed, but the amount depends upon the depth
of the standing water and amount of period when no standing water is found in the
rice paddy area and whether dry matter (e.g. manure) is applied to the paddy. N,O is
contributed if mineral fertilizer, animal manure, crop residues are used in the paddy

CH, and N,O will be released from burning and from manure and fertilizer application.
C from burning of yearly stubble will be released

CHy, is contributed from the animal; little to no CH4 from manure. Trace amounts of
N,O and NO, from urine

CHy, is contributed from the animal and from manure collecting in the pen. N,O and
NOy are contributed from the concentrated faeces and urine in the pen

CHy, is contributed from the animals; little to no CH,; from manure. Trace amounts of
N,O and NO, from urine

Little to no CH, from manure. Trace amounts of N,O and NO, from urine

CH, is contributed from manure collecting in the pen. N,O and NO, are contributed
from the concentrated faeces and urine in the pen

Little to no CH,4 or N,O is contributed

Table 2 Government policies and programs in the uplands and their objectives since 1983

Year Government policies/program Objectives and implementing body

1983 Directives 29/7CP Allocation of forest land not only to forest enterprises and co-
operatives, but also to farm households

1986 Decision no. 1171/QD Management regimes of production, protection, and special use forest

1988 Land reform Allocation of agricultural land directly to land users

1990 Decision 72—HDNT Socio-economic development program in the uplands

1991 Forest law Law on forest protection and management

1992 327 program Re-greening barren hills and making use of waste land

1992 1586/QDUB The province policy on forest management renovation in state owned
farms and forest enterprises

1994 Resolution no. 02/CP Forestland allocation for forestry purposes

1995 Resolution no. 01/CP Allocation of contract land for agriculture, forestry, and aquaculture

1998 661 program Reforestation of 5 million ha during the period: 2000-2010

1999 Decision 245/TTg State management of forest with recognition of the role of communes

1999 Circular letter 56/1999/TT/BNN-KL Guidance reagreements for protecting and developing forests in native
hamlet communities

2001 Direction 52/2001/CT/BNN-KL To promote local groups and local people’s participation in forest
protection and development activities

2001 Determination 178/2001/QD TTg Allow local people to collect NTFPs except for those noted on the
protected species list

2004 Determination 04/2004/QD-BNN-LN Regulating the exploitation of timber and other forest products

(1997, 2000) have been used. Details of the methods and
parameters used are given in Appendix 1. Since little data
from the area is available, standard values, fitting the
farming systems and production methods best, have been

used. It is evident that large uncertainties exist, and the
figures calculated should be considered only as indicative.
An exception from the use of the IPCC methodology will
be made as regards carbon storage in, emissions from, and
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sequestration by, vegetation and soils. This is due to the
availability of in situ information.

In situ measurements of changes in soil and vegetation
carbon pools

The agricultural change scenarios, presented below, involve
changes in land use/cover which will have great impacts on
carbon pools in and GHG emissions from vegetation and
soils. Since measurements/estimates of these pools have
been carried out in the study area, these will be used for
assessing the effect of the agricultural change trajectories on
emissions, rather than default IPCC figures.

The vegetation carbon pool may be determined directly
from a chronosequence of biomass in fallow vegetation and
secondary forest. While such a chronosequence may be
established for fallow/forest ages of up to 30 years, what
happens beyond this period, including the development of
secondary into primary forest, is not well known and may
be very hard to establish since little information on logging
activities is available. Carbon pools may be estimated by
sampling the different forest/fallow vegetation age classes,
carrying out measurements of diameter at breast height
(DBH), and using an allometric equation to compute the
dry weight. The carbon content may be assumed to be 50%
of the dry weight. In the present case vegetation sampling
was carried out in the village of Ban Luu Phong, see
Christiansen (20006).

The soil carbon pool may be estimated by taking sam-
ples from the upper 0.5 m of the soil profile and measuring
the amount of soil organic carbon (SOC) as a function of
depth. Land use change is assumed to have little effect, at
least at the time scales studied here, on SOC pools below
the upper 0.5 m. Ideally, by measuring SOC under forest,
fallow, cultivated fields, etc., it should be possible to
establish the effects of land use on SOC pools.

Global warming effect

The estimated emissions of CO,, CH, and N,O can be added
and compared by converting them into CO, equivalents by
multiplying their mass with their 100-year ‘global warming
potentials’ which describe their ‘efficiency’ as GHGs rela-
tive to CO,. These are set to 21 for CH,4 and 310 for N,O.

Results

General effects of changes in GHG contributions
from farming system change trajectory scenarios

The laws, decrees, and programs described above reflect
the government’s desire to provoke the following changes
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in the farming systems in the NMR: increase permanent
agriculture on fixed fields; increase animal husbandry
(mainly pigs, cattle and buffalo); increase paddy rice cul-
tivation; expand fruit tree and other tree crop cultivation;
and increase fish raising. From both government and
market pressures, farming systems are changing at a system
level and also on a ‘within-system’ level, e.g. individual
agricultural activities within the systems are changing, or
the emphasis placed on the different activities are chang-
ing, but the overall farming system remains the same.

Based on our fieldwork in the NMR we have noted the
following main farming system change trajectories, some
of these trajectories mirror the governments efforts, others
vary from what the government promotes, either implicitly
or explicitly.

1. Reductions in the area available for swidden/fallow,
resulting in shortening of fallows;

2. Replacement of swidden/fallow with permanent and/or
semi-permanent cultivation on upland fields, possibly
market oriented agro-forestry;

3. Areal expansion of paddy production, and integration
with swidden/fallow in “composite swiddening” sys-
tems;

4. Areal expansion of paddy rice production in combi-
nation with permanent or semi-permanent cultivation
on neighbouring hillside fields;

5. Expansion of animal husbandry (free ranging cattle)
(either as bush/forest cattle, or associated with con-
version of fallow and secondary forest into grassland/
bush);

6. Expansion of animal husbandry (penned cattle and
penned pigs), no associated conversion of fallow and
secondary forest into grassland/bush.

The projected effects on carbon pools and greenhouse
gas emissions, associated with each of these pathways are
outlined in Table 3.

Specific results from case studies illustrating
the general trajectory results

In order to illustrate the above trajectories, the situations in
four hamlets studied since 2001 are illustrated (Table 4).
These hamlets are found in Nghe An and Hoa Binh prov-
inces and the farming system change trajectories in the
hamlets are representative of the farming system changes
going on in the NMR.

Que hamlet is emblematic of a community that is tran-
sitioning from a strictly swidden/fallow farming system,
with medium fallow lengths of 5-10 years, to a community
that practices composite swiddening and is establishing
permanent upland fields. As part of this transition, the
farmers in Que are starting to raise, or are trying to
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Table 3 Trajectory of farming system and system component changes in the NMR of Vietnam and the projected effect on GHG contributions

Initial farming system and components

Trajectory of changes in the farming
system activities

GHG contributions (increase T,

no change —, decrease J/)

CO, N,O CH,
Swidden/fallow dominated system
Swidden/fallow cultivation Decrease in fallow length from 5 to <5 years T - -
Animal husbandry
Cattle Increase in free ranging cattle - — T
in forest/fallow areas
Increase in penned cattle - T T
Buffalo Increase in free ranging buffalo - - T
Pigs Same number of free ranging pigs; - - -
Increase in penned pigs - T T
Chickens/ducks Increase in chickens/ducks raised - - -
Forest products
NTFP Increase in NTFP collection - - -
Timber Decrease in timber collection 2 - -
Wet paddy rice dominated system (both irrigated and rainfed)
Paddy rice cultivation Expansion of paddy rice area - - T
Increase number of crops per year from 1 to 2 - — T
Increase in input use (chemical fertilizer) - T -
Increase in input use (manure) — — T
Animal husbandry
Cattle Increase in free ranging cattle - - T
in forest/fallow areas
Increase in penned cattle - T T
Buffalo Increase in free ranging buffalo - - )
Pigs Same number of free ranging pigs; - - -
Increase in penned pigs - T T
Chickens/ducks Increase in chickens/ducks raised - - -
Forest products
NTFP Increase in NTFP collection - — -
Timber Decrease in timber collection - - -
Composite swidden system
Swidden/fallow cultivation Decrease in fallow length from 5 to <5 years T - -
No change in fallow length - - -
Paddy rice cultivation Expansion of wet paddy rice area; - - T
Increase number of crops from 1 to 2 - - T
Increase in input use (chemical fertilizer) - T -
Increase in input use (manure) - - T
Animal husbandry
Cattle Increase in free ranging cattle - - T
in forest/fallow areas
Increase in penned cattle - T T
Buffalo Increase in free ranging buffalo - - T
Pigs Same number of free ranging pigs; - - -
Increase in penned pigs - T T
Chickens/ducks Increase in chickens/ducks raised - - -
Forest products
NTFP Increase in NTFP collection - - -
Timber Decrease in timber collection 2 — -
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Table 3 continued

Initial farming system and components

Trajectory of changes in the farming
system activities

GHG contributions (increase T,
no change —, decrease )

CO, N,O CH,
Other components (animal husbandry; NTFP, timber) Trajectory same as found in Effect same as above
swidden/fallow system
Swidden/fallow system to permanent agriculture system
Swidden/fallow cultivation Change to permanent upland fields - - -
no fallow time;
Increase in input use (chemical fertilizer) - T -
Increase in input use (manure) - - T
Animal husbandry
Cattle Increase in free ranging cattle - - T
in forest/fallow areas
Increase in penned cattle - T T
Buffalo Increase in free ranging buffalo - - T
Pigs Same number of free ranging pigs; - - -
Increase in penned pigs - T T
Chickens/ducks Increase in chickens/ducks raised - - -
Forest products
NTFP Increase in NTFP collection - - -
Timber Decrease in timber collection l - -

Table 4 Key features of each hamlet studied

Hamlet/province

Population

Topography

Access/isolation

Que Hamlet/Nghe An

Can Hamlet/Nghe An

Ma Hamlet/Nghe An

Tat Hamlet/Hoa Binh

409 (69 households)

835 (183 households)

580 (138 households)

476 (107 households)

Elevation 180 to 520 m. One long narrow
valley, steep mountains over most of the
hamlet area

Elevation 100 to 1,000 m. Valley area where
hamlet is, rolling hills then steeper
mountains moving away from valley
towards the Pu Mat National Park

Elevation 100 to 940 m. No flat land,
moderate to steep mountains, deep ravines
running at right angle to the Ca River

Elevation 360 to 1,000 m. One long narrow
valley, steep mountains over most of
hamlet area

Moderate access—30 km from market; on
dirt road, passable for most of the year

Accessible—11 km form market; year round
access, located on an all year secondary
road, 2 km from the national highway

Isolated—43 km from market; no road
passable by vehicles; foot-path and river
access to market

Accessible—17 km from market; on an all
season road; daily bus to province capital

increase, the number of free-grazing cattle and water buf-
falo they raise. In recent years this has been difficult due to
rice shortages that have necessitated the selling of cattle.
The cattle and buffalo raising is oriented to serve the
growing cattle market in the area. Que has been affected by
land allocation policies and, since 2002 when enforced land
allocation took place, the area available for swiddening has
been limited to the south-eastern portion of the hamlet.
Can hamlet is an example of a community that has
transitioned from a composite swidden community to one
where the fallow lengths of upland fields have fallen to
2 years or less. This hamlet is firmly on the pathway to a
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farming system that features permanent cultivation of up-
land fields; two crop a year paddy fields; and an increase in
large animal husbandry that is pastured in defined fields.
The upland areas are becoming grass dominated as the
pasturing of cattle prevents the reestablishment of bush
vegetation. Cattle and buffalo are transitioning from free-
grazing to free-grazing during the day and penned at night.
The transition in the farming system practices have been
influenced by the enforced land allocation that took place
in the late 1990s and by the increased attention of local
authorities due to the hamlet’s inclusion in the Pu Mat
National Park buffer zone.
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Ma hamlet is an example of a community where swid-
den/fallow systems have been practiced for as long as
anyone can remember. Farmers report that they will con-
tinue to practice this form of agriculture and note that the
main change they are making is in the increased investment
in raising cattle for the market. The cattle are raised as free-
ranging/grazing ‘forest’ cattle. Land allocation was at-
tempted in the hamlet in 1998 but effectively rejected by
the hamlet leaders. Extension agents almost never visit the
hamlet or the surrounding hamlets within the commune due
to its isolation.

Tat hamlet is an example of a community that has
always practiced composite swidden cultivation and is
currently in the process of modifying this system by
increasing paddy area, changing the crop varieties grown in
the swidden/fallow fields, and increasing the number of
cattle raised within the hamlet. Cattle are mostly free-
grazing, but some households have cattle that return to the
housing compound at night and are penned beneath the
house.

Pigs are also raised in each hamlet, with about one-half
being raised in a traditional fashion, they are left to forage
for themselves, and the other half are newly introduced
varieties raised in small pens or sties. Table 5 details the
observed farming system change trajectory of each hamlet
under current conditions.

In order to estimate the future changes in GHG contri-
butions, several assumptions are made for each farming
system based on Table 3’s change trajectories. The chan-
ges to the activities that contribute GHGs and the
assumptions made for each hamlet are summarized in
Tables 1 and 2 in Appendix 2. A scenario representing the
changes in the NMR hamlets’ farming systems desired by
the government is outlined in Table 2 of Appendix 2. It is
based on an interpretation of the government’s develop-
ment, land allocation, forestry and agriculture policies for
the uplands and outlines the changes to the farming sys-
tems of each case study hamlet that would take place if the
government policies were strictly followed as well as the

Table 5 Farming systems of four case study hamlets

assumptions involved. Table 6 overviews the situation
regarding each hamlet’s activities that output GHGs under
the presently observed farming system change trajectory
and under an assumed trajectory if the government rec-
ommended farming system changes are made.

To illustrate the amount of GHGs that are contributed to
the atmosphere at the time of the study, under the presently
observed change trajectory scenario and under the full
implementation of government policies scenario, calcula-
tions based on the IPCC guidelines are done. Tables 7 and
8 summarize the amount of GHGs (converted into CO,
equivalents) that are contributed by changes from the ‘time
of study’ scenario to the ‘presently observed change’ (O)
scenario and the ‘full implementation of government pol-
icies’ (G) scenario. In the O scenario, only changes in
emissions from increased livestock numbers and paddy
fields are listed, while in the G scenario effects of changes
in land use/cover are given as well. The emissions have
been summed up over a 20-year period to allow compari-
son of effects of changes in carbon storage in vegetations
and soils with annual emissions from livestock and paddy.
The land use/cover conversion, associated with imple-
mentation of government policies, has a time horizon of
several years, the effects on carbon storage in vegetation
and soils will be measurable at time scales of decades, and
in relation to CDM projects time scales of 20 years are also
of the relevant magnitude.

Vegetation and soil carbon pools

Field work data shows that the live (above ground) vege-
tation carbon pool increases from close to zero in a har-
vested plot to around 50 ton/ha over a period of up to
30 years. Whether this accumulation takes place linearly
or, more likely, following a logistic curve is not known, but
if a linear increase is assumed, this involves an average
carbon sequestration in the order of 1.7 ton/ha per year.
These estimates, however, are based on the assumption that
present illegal logging levels (2-3 ton timber/ha) are

Hamlet Historical farming system Current farming system Observed trajectory of farming system change
Que Hamlet  Swidden/fallow system Swidden/fallow system with a few  Composite swidden system expand paddy,
paddy areas decrease fallow length/permanent upland
fields; increase large animal husbandry
Can Hamlet Composite swidden system Composite swidden system; some Paddy (2 crop/year) and permanent upland fields;
(1 crop/year in paddy) permanent upland fields increase large animal husbandry and pigs
Ma Hamlet Swidden/fallow system Swidden/fallow system Swidden/fallow system; increase large animal
husbandry
Tat Hamlet Composite swidden system Composite swidden system Composite swidden system expand rice paddy

(1 crop/year in paddy)

(2 crop/year in paddy; paddy
area increasing)

area; decrease fallow length for upland fields,
even moving to permanent fields; increase
large animal husbandry and pigs
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0

maintained. Christiansen (2006) concluded, that present
levels of logging in fallows and secondary forests leads to
considerably lower carbon sink potentials, than what is
found in undisturbed forests of the same area (up to
250 ton/ha). It is therefore very likely, that a reduction in
logging pressure could increase yearly accumulation
potentials to a level of at least 3 ton/ha per year, and that
this accumulation will continue over a period of more than
50 years.

The total carbon pool, CP,, associated with a given
land use at village scale, may be determined as

C, B and P:
freel

P freel penT
PpenT P free

(0]
C—
B—

(grass or fodder

ranging
Buffalo—free
ranging
Pigs—half
free ranging;
half penned
(drylot)
All local feed
collected by
household)

Cattle—free

Ma Hamlet

0

CPo =Y (An x Cy),

n

C, B and P: free

dpen
P freel TP: free
—

where A,, is the area of fallow/secondary forest of age n,
and C,, is the carbon pool per unit of area of a n year old
fallow/secondary forest. This calculation needs only to be
carried out for the land area affected by agricultural
change. For each village and scenario we therefore need to
establish A, (n) for values of n between 0 and 30 years (or
whatever time frame we work within). C,(n) is assumed to
be known, and in the above we have used a linear
approximation (C, = 1.7 X n ton/ha or C, = 3.0 X n ton/
ha, depending on whether illegal logging is taking place).
We have defined the O scenarios to be identical to the
baseline with respect to upland fields, so no change in
carbon stocks takes place. The G scenario, on the other
hand, is defined as having much smaller areas of upland
fields, which are cultivated permanently or in short fallow
rotation. The upland areas given up are assumed to develop
into secondary forests. The resulting increases in carbon
stocks are shown in Tables 7 and 8.

The assumptions made involve two problems: (a) the
assumption of linearity causes shifting cultivation in up-
lands to have greater negative impacts on carbon stocks
than a more realistic growth curve. The effect is estimated
to be relatively small, however, when considering only a
time period of up to 20 years. More realistic growth curves,
not the least for fallows/secondary forest not affected by
illegal logging, would be very useful. (b) The assumption
of carbon stocks being only a function of the age of the
fallow, rather than the full history of the plot, is unrealistic
in a situation where the rotation system is changing: the
accumulation of carbon in a plot may be expected to be
slower the more intensively the plot has been cultivated in
the past. Again, this effect is estimated to be small.

The soil organic carbon (SOC) pool in the upper 0.5 m
(which is assumed to correspond to the soil layer directly
affected by land use/cover change) is found to be between
3 and 6 kg/m?® with an average of 5 kg/m” (Bruun, in
preparation). The spatial variability, however, is so large
that it hinders the estimation of the losses/gains associated

P penT

(0]
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B—
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penned (night)

penned (drylot)

All local feed
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Can Hamlet
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Que Hamlet
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Management

of annex 2) and G forecast changes if government policies are effectively implemented. T indicates increased inputs relative to present, | indicates decreased inputs relative to present, and —

Present values are given in the table; projected changes in GHG relevant parameters are indicated for two future scenarios: O observed farming system change trajectory (as outlined in Table 2
indicates unchanged inputs relative to present. Quantitative details found in annex 2

Table 6 continued

Livestock
feed

Activity
Manure
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with land use change. Claims in the literature (Palm et al.
2000) of losses on the order of 25% of the ‘original’ carbon
pool over a 50-year period, when moving from a situation
of medium length fallow (approx. 5 years) to continuous
cultivation, would involve an annual average loss of around
0.25 ton/ha per year. Similarly, a shortening of the fallow
period from 5 to 3 years may involve a loss of 10% of
SOC, corresponding to 5 ton/ha. If this loss is assumed to
take place over a 50-year period, it would correspond to an
average annual loss of 0.1 ton/ha per year. We consider
these values to be somewhat speculative, and further
research into the effects of land use change on SOC is
required. The orders of magnitude involved are, however,
so large that they potentially dominate the estimation of net
emissions from agricultural change in the region, and they
will strongly influence the overall conclusions, especially
concerning the feasibility of CDM projects.

Tables 7 and 8 do not include entries on other sources of
GHG emissions, such as changes in burning and production
and use of mineral fertilizers. These are either of insig-
nificant size or impossible to estimate on the basis of
available data.

The result from examining these scenarios is that if the
hamlets studied continue on their current farming system
change trajectory an increase in net emissions over a
20-year period (—2024) would occur in all villages,
ranging from 7 to 14.5 Gg CO, excluding soils, and from 7
to 15 Gg CO, including soils. The estimate of emissions
including soils is very uncertain. Similarly it is suggested
that if the government successfully implements its land
allocation and VAC and RVAC programs in these hamlets,
the present net emissions would be replaced by a net
sequestration of between 0 and 45 Gg CO, excluding soils,
0-52 Gg CO, including soils, over the same 20-year per-
iod, generated primarily by increased soil and vegetation
uptake in abandoned upland fields.

It should be noted that the “observed farming system
change” trajectory ignores potential sequestrations resulting
from “unforced” upland field management shifts. Since the

studied villages represent different stages in an ongoing
process of land allocation policies, it could easily be argued
that this static view is not entirely justified, and that a clearer
separation between baseline management and projected
future management would be more realistic. If upland
management, therefore, was allowed to change in the “ob-
served farming system change” trajectory, i.e. as a result of
continued adaptation to present land policies (reduced area
and/or reduced fallow times) or adoption of improved fallow
management strategies, which are just beginning to be seen
in Tat hamlet, the vegetation and SOC values would be
similarly affected, changing the above conclusions.

Uncertainty and sensitivity of estimates

It is evident that many of the estimates of emissions are
uncertain. Standard values of emission factors are used,
even though local variations may be great. These uncer-
tainties are most serious in cases where the estimated
emissions are of a significant size. The overall GHG
emissions and changes in carbon storage are believed to be
particularly sensitive to uncertainties on the following
points:

e Assumptions concerning the long-term accumulation of
carbon in above-and below-ground biomass, beyond
the level of typical fallow vegetation.

e Estimates of the carbon content of soils and assump-
tions concerning its response to changes in land use and
cultivation techniques.

e CH, emission factors for livestock (and in particular
cattle and buffalo). Standard IPCC factors have been
used, not taking into account the feed used and other
local factors.

e N,O emissions factors for manure, depending strongly
on assumptions concerning manure management tech-
niques.

e CH; and CO emissions factors related to burning.
Standard factors do not take the characteristics of the

Table 7 Total effect of land use changes on carbon emissions and sequestrations over a 20-year period relative to baseline values for the

‘observed farming system change’ trajectory

Hamlet GHG emissions from GHG emissions GHG emissions GHG emissions Net effect
livestock and manure from paddy from vegetation from soils (incl. soils)
Tat -11.0 -0.4 0 -0.24 -11.4 (-11.64)
Can -7.2 -0.4 0 -0.25 -7.6 (-7.85)
Que -6.2 -1.0 0 -0.14 -7.2 (-7.34)
Ma -14.6 0 0 -0.50 -14.6 (-15.1)

GHG emissions are calculated as net change from tables 1, 2 and 3 in Appendix 3 multiplied by 20 years. Emissions from vegetation caused by
the shortening of fallow cycles are relatively small and not included. The emissions from SOC changes caused by shortening of fallows are given
in brackets due to large uncertainties. Results are given in Gg CO2 equivalents. Net emissions have a negative sign, sequestration positive
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Table 8 Total effect of land use changes on carbon emissions and sequestrations over a 20-year period relative to baseline values for the

‘implementation of government policy’ trajectory

Hamlet GHG emissions from GHG emissions GHG emissions GHG emissions Total
livestock and manure from paddy from vegetation from soils (incl. soils)
Tat -11.0 -14 16.0 1.77 3.6 (5.37)
Can -7.2 -1.8 8.5 0.63 —0.5 (0.13)
Que -6.2 2.6 9.2 1.01 0.4 (1.41)
Ma -14.6 0 59.5 7.50 44.9 (52.4)

Net emissions from vegetation are calculated as 20 years multiplied by the average annual change in carbon stocks multiplied by the area of land
use changes assumed to take place over 20 years. Emissions associated with SOC changes, resulting from changes from swidden/fallow to
permanent cultivation, from swidden/fallow to forest and from shortening of fallows are given in brackets, due to large uncertainties. Results are
given in Gg CO, equivalents. Net emissions have a negative sign, sequestration positive

burn and the humidity of the fuel into account, and lead
to estimates of insignificant magnitude. Humid fuel will
cause a higher proportion of the carbon to be emitted as
CH,, giving rise to a much stronger GHG effect.

e Assumptions concerning fertilizer use in both paddy
and semi-permanent upland fields.

The first two of these sources of uncertainty have the
greatest potential impact, and in particular the observed
spatial variability of SOC causes uncertainties in estimates
of emissions caused by land use change.

Discussion

The farming systems changes and the related effects on
carbon pools and GHG emissions in Vietnam’s NMR may
be discussed from a number of different perspectives:

1. A carbon accounting and CDM perspective: do current,
or foreseeable, agricultural development trends imply
significant contributions, positive or negative, to atmo-
spheric concentrations of GHGs? Do these contributions
provide a basis for establishing CDM projects?

2. A broader environmental perspective: will conserva-
tion and climate change mitigation interests coincide
in Vietnam’s NMR?

3. Anational, economic perspective: will the development
of a global market for carbon quota allow Vietnam to
sell carbon storage, in the form of CDM-projects, and
are the potential profits large enough to influence gov-
ernment policies on land use and land tenure?

4. A local livelihood perspective: will the option of
CDM-projects be to the benefit or loss of local farm-
ers? How will they affect food security?

The carbon accounting and CDM perspective

This paper has mainly addressed the first of these ques-
tions and, given the data available, only very preliminary

conclusions can be drawn in relation to it. The four cases
studies presented here and the overall trajectory of farm-
ing system changes seen in the NMR suggest that the
direction and size of GHG flows in the NMR will pri-
marily be determined by the amount of carbon seques-
tered by the vegetation. The vegetation carbon pool
clearly dominates calculations even given the rather
conservative estimations taken here. Despite the potential
net-sequestrations that appear to be possible by decreasing
swiddening, this study shows how such changes come at
the expense of significant “leakage” effects, since the
replacements for swiddening activities (primarily paddy
cultivation and animal husbandry) cause significant GHG
emissions. As the accumulation of C in re-growing veg-
etation is fastest over the first 30-year period, net emis-
sions will be negative seen over this period. Since this
accumulation effectively stagnates beyond the first
30 years (at least without changed tree/forest management
as suggested below), the other elements of the agricultural
development trajectories, that cause increasing emissions,
take over after this period, and eventually lead to positive
net-emissions for the system as a whole. As shown earlier,
one way to delay this is to assure that C accumulation,
above- and below-ground, continues over a longer period,
which would require ‘C maximizing’ tree/forest manage-
ment, allowing the secondary forest to develop into ‘real
rain-forest’.

These reflections lead us to suggest that the net-GHG
effect of future agricultural development trajectories, and
thus the potential for establishing ‘green’, sink CDM pro-
jects, depends on at least four key factors related to the
management of the vegetation carbon pool:

(a) The maximum biomass potential of re-growing fal-
lows. This depends on logging activities. As sug-
gested above, reducing or abandoning logging
practices in the fallows could significantly increase
total sequestration potential as well as yearly uptake.
In the present scenarios the maximum biomass level
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was kept to 50 ton C/ha over a period of 30 years. A
simple calculation example in Ma hamlet suggests
that even a modest increase in the yearly accumula-
tion rate up to 3 ton/ha per year would double net
sequestrations over the 30-year period and reach a
level above 300 Gg CO,. When considering CDM
options in the NMR, therefore, policies, enforcements
and incentives aimed at reducing logging below
present levels could constitute an all-important
parameter.

(b) Choice of ‘baseline’. What baseline or “business as
usual” emission/sequestration scenarios are used for
the area, and what is considered ‘“additional”
developments? In relation to this, the most important
factors are how (i) existing (but in some hamlets not
yet implemented) policies, especially concerning
land allocation, and (ii) existing bans on logging, are
dealt with. If full implementation of government
policies, aimed at limiting swidden/fallow and
eliminating illegal logging, are included in the
baseline scenario, the potential for CDM projects is
strongly reduced.

(c) Timing and length of accounting periods. Sequestra-
tion gains are maximised if accounting periods coin-
cide with the primary growth period of re-growing
vegetation, but are lower or even negative for sub-
sequent or longer periods (i.e. greater than 30 years).
This indicates the relevance of suggesting that CDM
projects produce ‘temporary carbon credits’, rather
than permanent ones.

(d) Leakage problems. If ‘green’” CDM projects were to
be established in upland areas of the NMR, and if
farmers were not fully compensated for their loss of
income/subsistence due to limitations to upland
shifting cultivation, they may be pushed to find other
upland areas, e.g. in the Central Highlands, where
they could settle and take up agriculture. This would
imply that vegetation carbon pools would be reduced
in other parts of Vietnam as a consequence of CDM-
projects. This is what is normally termed ‘carbon
leakage’. The way to avoid leakage is to make ‘car-
bon management’ economically attractive to farmers.
This may be achieved under three assumptions:
firstly, there must be a sizeable potential for increased
carbon storage, measured relative to a relevant base-
line, as discussed above. Secondly, the opportunity
costs of using upland areas for carbon storage must be
sufficiently small and the price of CO,-quota suffi-
ciently high to make CDM projects profitable.
Thirdly, CDM projects must be designed and orga-
nized in such a way that farmers, rather than gov-
ernment institutions at all levels, harvest the benefits.

@ Springer

The first of these assumptions have been discussed in
extenso in this paper. The second depends, in a
30-year perspective, very much on the outcome of the
ongoing negotiations of the second commitment
period of the Kyoto Protocol. The third assumption,
concerning organizational aspects of CDM, will be
discussed below.

The broader environmental perspective

The second question is often assumed to have a positive
answer: increasing carbon stocks generally coincide with
increasing forest cover, which is a central environmental
concern. However, the positive relationship between
increasing forest cover and biodiversity is not always
present and in the NMR, where population densities in the
highlands are generally low, conservation interests may not
be best served by increasing forest cover alone. The land
cover mosaic, created by swidden/fallow, may actually
support higher biological diversity than dense secondary
forest (Schmidt-Vogt 1998; de Jong 1997), and if envi-
ronmental protection gives priority to biodiversity conser-
vation this implies that the positive relationship between
building up carbon stocks and environmental protection
breaks down.

The economic perspective

With respect to the third question, rich, industrialized
countries (‘Annex 1 countries’ according to the Kyoto
protocol) will be in the market to acquire emission quota by
funding CDM project activities in non-annex 1 countries.
The question raised here is whether such sink projects are
likely to be attractive to the countries on the market to buy
credits, to the Vietnamese government, and to local farm-
ers. The interests of the national government and provincial
authorities are closely linked to the above discussion on
‘additionality’ and choice of base-line scenarios. There
seems to be agreement between present government land
allocation policies (aimed at limiting swidden/fallow cul-
tivation) and increased carbon storage that, on one side
makes CDM projects an attractive option, yet on the other
side creates problems with claiming that CDM projects
limiting swiddening are really ‘additional’.

From the case studies above, it appears that only under
certain conditions will these trajectories lead to significant
increases in carbon storage and reduction in emissions.
However, viewed in isolation from other agricultural
changes, an abandonment of swidden/fallow will increase
carbon storage. The potential income from carbon credits
obtainable from such a change depends on a number of
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factors: (a) how much carbon can actually be stored, and
over what time period, (b) the market price of carbon
credits, and (c) the ‘transaction costs’ of such projects. If
projects are implemented they need to be checked against a
set of rules requiring proof of their additionality and
sustainability. Both demands may be difficult to fulfill:
considerable ‘carbon-leakage’ may occur, as discussed
above, and local livelihoods and food security may be
threatened by abandoning swidden/fallow cultivation, as
argued below.

The option of benefiting from CDM may require that
‘carbon optimized’ development pathways are identified.
Such pathways, as discussed above, may involve forest
management with carbon storage as one among several
objectives. If a slow but continuous increase in above- and
below-ground carbon storage could be obtained by such
management, expected increases in the price of carbon
credits might make carbon storage a realistic ‘product’ or
‘service’ produced by upland farmers.

There are substantial challenges related to establishing
‘green’ CDM projects in Vietnam’s NMR. These are
associated with (a) the establishment of an efficient mon-
itoring system, documenting the increases in carbon stocks,
(b) assuring that increased carbon stocks (which represent
an economic value as timber) are protected against illegal
logging, (c) reducing the risk that the fires used to clear
fields for cultivation do not destroy carbon stocks, and (d)
organization of community-based carbon management,
assuring a fair distribution of incomes and tasks between
farmers. Dealing with these challenges will create ‘trans-
action costs’, which may offset the economic gains of
CDM projects. However, in Vietnam even remote villages
are relatively well structured, which may form the basis for
a CDM-related organization.

If the carbon credits sold to Annex 1 countries are
permanent, farmers would be excluded from ever farming
the abandoned swidden/fallow fields again since this would
release the carbon stock. Given the population growth in
Vietnam in general and in the uplands specifically, this
may not be a viable solution. Rather, it might be worth-
while considering the option of selling only temporary
credits in this type of ‘green’, sink CDM project. This
would, however, imply a lower price.

The local livelihood perspective

The fourth question does not have a simple answer, since
livelihood strategies vary widely, between regions and
even between hamlets as documented by the case studies.
Taking these case study hamlets as examples, it is obvious
that the restrictions on swiddening, which would cause a
considerable build-up of carbon stocks in vegetation and
soils, would also threaten food-sufficiency and incomes.

This is already the case in Que hamlet, where the land
allocation process has been effectively enforced and
swidden/fallow areas have decreased from 120 ha in 1998
to 43 ha in 2003 (Jakobsen et al. 2006). The result is that
the hamlet households have had to sell cattle in order to
purchase rice. It is also clear that Que has the lowest
contribution of GHGs from its farming system. The
example from Que shows that while it may be tempting to
enforce restrictions on swiddening to increase carbon
stocks and increase forest cover to obtain the benefits noted
above, these restrictions may severely threaten the farmers’
livelihoods and food-sufficiency.

Illegal logging is a very important factor determining
the build-up of carbon stocks in fallow vegetation, sec-
ondary forest, and mature rainforest. If this logging could
be substantially reduced, much larger carbon sequestration
would result, which, in the case that a CDM project was in
operation, would create income. Abandoning logging im-
plies a serious income loss to the local population, yet in
cases where the price of carbon credits is high enough; the
sale of these credits may replace the loss of logging in-
come. It is thus suggested that if income generated from
selling carbon credits does benefit farmers/forest land
managers, CDM projects could become an attractive ele-
ment in local livelihood strategies. The world market prices
on carbon credits are, however, still quite low.

Conclusion

The analysis shows that ongoing farming systems devel-
opment trends in the uplands of Vietnam have significant
effects on GHG emissions and carbon storage. Change in
the vegetation and soil carbon pools are the largest factors
in villages where substantial land use change takes place. If
government policies aimed at reducing swidden/fallow
cultivation and replacing it with paddy cultivation and
animal husbandry were fully and continuously imple-
mented, the result would be a considerable increase in
carbon stocks. In particular, the data for Ma hamlet illus-
trates this. Both the increase in paddy cultivation and in
animal husbandry would increase GHG (and particularly
the CH4 and N,O) emissions, yet this is more than balanced
by the CO, sequestration in the fallow vegetation devel-
oping into forest and in the soils lying undisturbed under
these vegetation types.

The size of the negative net emission is controlled mainly
by the effects of logging activities. Logging severely limits
both the rate of tree/forest growth of the first 20 years and
the maximum level of carbon stocks. This implies that if the
carbon sequestration were to form the basis of CDM pro-
jects, it is of crucial importance that a ‘carbon maximizing’
forest management strategy that reduces logging activities
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is implemented. This would require the active participation
of the local population. This is probably only realistic if
incomes from the sale of carbon credits compensate farmers
for their losses from giving up illegal logging and swidden/
fallow cultivation. Thus, prices of carbon credits must be
high enough for this to be realistic.

The possibility of establishing CDM-projects that create
local income is further conditioned by whether such pro-
jects fulfill the requirements with respect to a well-defined
baseline and to ‘additionality’. Both demands may create
problems in the current case: the baseline scenario may (or
may not) include the expected effects of the effective
implementation of current Vietnamese government policies
on land allocation. If it does, it would seriously limit the
obtainable carbon credits, since current policies in them-
selves promote reduction of the area under swiddening, and
will lead to increases in carbon stocks. If a more conser-
vative ‘business as before’ scenario is used as a baseline,
much higher carbon sequestration could be claimed. This,
however, may be difficult to argue due to the fact that
implementation is well underway. The same problem can
be expressed in terms of ‘additionality’ of a CDM project:
if high carbon sequestration would happen due to ongoing
processes of reducing swiddening, it will be difficult to
consider as ‘additional’ a CDM project that has the exact
same result.

There are a number of additional problems associated
with organizing CDM projects in remote upland areas, as
those in question here. Whether the transaction costs
associated with these problems will offset the potential
benefits from CDM projects is not known.

It may also be argued that ‘green’ sink CDM projects of
the sort described here should only produce temporary
carbon credits, since national and local population growth
may require that land given up to CDM projects is brought
back into agriculture at some future time. There is likely to
be a market for such temporary carbon credits, but the
exact rules controlling the market as well as the prices are
presently not known.

Finally, it needs to be emphasized that the improvement
in carbon sequestration that is demonstrated above result-
ing under the ‘full implementation of government policies’
scenario is conditioned on the people’s response to the
implementation of the government policies. If the farming
system changes promoted by the government do not pro-
vide adequate support for the people living in the area, then
they will take compensatory actions that may decrease or
eliminate the positive effect of the scenario on GHGs.
These compensatory actions may be in the form of the
inhabitants moving to another location where they can
continue to practice their present farming system, a situa-
tion discussed in the section on CDM ‘leakage problems’;
or the farmers may seek compensation for accepting the

@ Springer

government policies by practicing illegal logging in areas
that are not easily monitored; or the farmers may, after a
time, restart their swidden/fallow system in areas that are
officially relegated to tree/forest growth. If any of these
compensatory actions take place after the government
scenario has been in place for some years, the overall result
could be a situation where the GHG contributions from the
government scenario, modified by compensatory actions,
equal or become greater than the contributions calculated
for the presently observed change scenario. The key to
gaining the decreased GHG contributions calculated for the
full implementation of the government policy scenario is
the provision of benefits to the local people so that they
adhere to following the necessary policies and allow the
scenario to stay in place over the time span needed for the
carbon sequestration to take place.
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Appendix 1: Methods for estimating GHG emissions

In the following, we briefly summarize the methods and
parameters used in the estimation of the changes in GHG
emissions caused by changes in agricultural practices in the
four hamlets studied. The methods are based on the ap-
proach described in IPCC Guidelines for National Green-
house Gas Inventories (1997, 2000).

1. Methane from enteric fermentation

The methane emissions from enteric fermentation depend
mainly on animal type, production level, feed intake and
feed quality. The IPCC methodology distinguishes meth-
ods with increasing detail. The simplest methodology,
which is applied here, uses a fixed emission factor per
animal. The emission factors that are used for the NMR of
Vietnam are shown in Table 9.

Table 9 Enteric fermentation

emission factors (kg CH, per Livestock ﬁ(ngnscs;({)n
4
head/year) (IPCC 1997) head/year)

Cattle, non-dairy 44
Pigs 1




Impacts of local farming system development trajectories on greenhouse gas emissions 203

2. Methane from manure management

Methane is emitted during storage of animal manure, and
the emissions depend on manure type, storage conditions
and climate. The emissions increase with increasing tem-
perature, and IPCC (1997) therefore consider three differ-
ent climates depending on mean annual temperature: cool
(temperature below 15°C), temperate (temperature from 15
to 25 °C) and warm (temperature above 25°C). The NMR
of Vietnam has an average yearly temperature of 23.2°(C),
a temperate climate, heavily influenced by the fact that
winter temperatures can average in the teens and come
close to freezing at night during December, January and
February.

The following types of manure management are con-
sidered:

(a) Grazing The manure from animals grazing on pas-
tures or grasslands is allowed to lie as is. This applies to
cattle and buffalo in the study area.

(b) Drylot Animals kept on unpaved feedlots where the
manure is allowed to dry until periodically removed (dry
climates). This is assumed to apply to pigs in the study
area.

3. Nitrous oxide from manure management
Nitrous oxide will be emitted from faeces and urine ex-

creted by animals, primarily during storage of the manure.
The emissions are estimated using emission factors (kg

Table 10 Default values for

N,O- per kg N excreted) that differ depending on the type
of manure management. The same categories of manure
management systems as applied for methane from manure
management are used. No specific information on the
amount of N excreted was available, so the values in
Table 10 from IPCC (1997) for Asia were used.

4. Methane from rice production

The methane emissions from rice production strongly de-
pend on the production system. The factors primarily
affecting emissions include the water status of the rice
system and the amount of plant residues applied. The
emission factor is thus estimated as (IPCC 2000):

EF = EF, SF,, SF,

where EF is the resulting emission factor (kg CHy/ha), EF,
is the seasonal integrated emission factor for continuously
flooded fields without organic amendments (200 kg CH,/
ha), SF,, is a scaling factor to account for ecosystem and
water management regime (Table 11), and SF, is a scaling
factor to account for the amount of organic amendments
applied (Table 12).

5. GHG-emissions from burning
In agricultural burning, the CO, released should not be

considered a net emission (IPCC 1997). The biomass
burned is generally replaced by regrowth of the subsequent

Table 12 Scaling factors (SF,)

3 1 a
nitrogen excretion by livestock Animal type g(ge );?retlon for organic amendments (IPCC ggli?;mr SF,
(kg N per head/year) head/year) 2000) (ton ha™")
Dairy cattle 60 0-1 1.0
Non-dairy cattle 40 1-2 1.5
Sheep 12 * The organic amendments in 4 1.8
Poultry 0.6 rice straw, animal manure, 4-8 2.5
Pigs 16 green manure, compost and 8-15 35
Other animals 40 agricultural waste is specified in >15 4.0
dry matter per ha :
Table 11 Scaling factors (SF,) for rice ecosystem and water management regimes (IPCC 2000)
Category Water management regime SF,,
Upland None 0
Lowland Irrigated Continuous flooded—standing water throughout the rice growing season and may only 1.0
be dry for harvest
Intermittent flooded—single aeration (more than 3 days) during cropping season 0.5
Intermittent flooded—more than one aeration period during the cropping season 0.2
Rainfed Flood prone—water may rise up to 50 cm during the cropping season 0.8
Drought prone—drought periods occur during every cropping season 0.4
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years, and an equivalent amount of CO, will be removed = = 8 &
) . 59 = g
from the atmosphere during this regrowth. However, the 2 g E > oz
. . =9 o Q
burning will also release non-CO, greenhouse gases (CHy Fs R = - 3
.. . . g g s Z [Ye)
and N,O). These emissions may be estimated following the 28 E 8 = 8
. . . = X S - =]
IPCC methodology, where the emissions are proportional 2L =g g g
. . o kvl ="
to the amount of carbon in the biomass burnt. o Ele Vo g f-j
I = - S < ‘9 > —
The methane emissions Ecy, (kg CHy/ha) are calculated S5 =2 2 g - &
as 214 € 2 g =% 8
= o z s)
5| & < = Z g 9 o
- = ~ O = o
55| 2 25 3 & IE %
Ecn, = C Rcp, 16/12 S1S|2 o E3 & a9
= .
) g = 7]
ES é
where C is the carbon released by burning (kg C/ha) and E Sz £ « g:)
. . . . . . |7 o = (5] [=¥ <
Rcpy is the emission ratio, which is set to 0.004 for > g;f <= e 23 ?
. . . 5] =z @)
savannah burning and 0.005 for crop residue burning. 2 s = 2 = O <
. . .. o S O — =
The nitrous oxide emissions En,o (kg N,O/a) are cal- % = N ) g % = 2
- = = = o o
culated as < w 2% S8 §_585 2
= 2 2% E£8 285 3%
3 2 °& L e¢ EBE L =
En,0 = C Rn,0RNc44/28 S |3 g =20 =8 E5Z2 2
P 2 v 2 =3 L] s -
o | E g O £ o g g %z §
. . . . £ |8 fo 2E B F Z28E%°
where Ry, o is the emission ratio (0.007), and Ry is the N/C s 3 on g 3 2 38= 2 -
. 2= 5] gl = 8w B = 8 o &z 5 £ 3 5
ratio of the biomass burnt. 9|88 28 23 B2 & & SA
z g 23 %
° — S 5 =
. . o = < L O
6. Nitrous oxide from fertilisers, manures and crop bl % F S 2 =
. = = B=E) =
residues g 25 5@ 2 Q8
: 2 58 2 F %oz
= = = DS O Q
== =
. . . . . . g = o = o 8 v _05
All inputs of nitrogen to the cropping system will give rise B = 3 § N« =) ‘
- o S = 8 s 2 o «@ S
.. . . .. . O = 2 .
to emissions of nitrous oxide. The emissions are estimated L g j g = g 8 =] g o
. . . 2] s D £ g ] 5 = Q
from the amount of nitrogen applied as input to the system 3 A s = 3 s _ 9 5
Itiplied with ission f hich varies dependi 3 €7 6 VE 22§
multiplied with an emission factor, which varies depending E >, & g - g8 2 =
. .. . - _— > = = == Q
on input type. The default emission factors are shown in . % 2 E SF £ 9 E § <<
=] oo S o B s 2
< < E Q- & & <+ & — L 5 o
Table 13. L . s|T|z2% 2838 T8 o222 ¢4
The ammonia volatilisation is subtracted from mineral Sl2|l - EaSEs8 S 8 o3 £8 § E
o . Lo SO % - £ & O @ A/
fertilisers and manures before applying the emission factor. S & 2 8 E °
. . . . 2] =] 9 > —
An ammonia emission factor of 10% is used as default for = g 0o S8 0
1: (S a )
fertilisers and 20% for manures. g 8 5z 2o =
. . - — %] o= =
The amount of crop residues and the N-fixation from ) = 5 & g S & 0 %
. . . . . . El T2 ~ <&
crops with biological N fixation is estimated from the crop = 2 2z EEEC T 8
. o 5] < o <® o o
yields. =) =3 3 5§ 2 sb e g &
. . .. . . < =l = < =]
There are also nitrous oxide emissions from indirect o v Zz2 g2 g g g g
. . o . . - N S 4 'z 2 =
sources, i.e. from ammonia volatilisation and nitrate S = —~ g 8 % g e S 2 § 2 i
. . . .. 0 = =} . O et o =
leaching. These are also estimated using emission factors, E - 3 S Ber = é 5 5 £ & e
. s . . L = O s -2 S 5298 S ~
and the amount of ammonia volatilisation and nitrate ol E §a S é =2 a% g o = g
. . . . = < a g L ¢ — 50
leaching may be estimated as a fraction of the nitrogen 2T = g = §_§~§ o S g 2.8 3 % £
. = 1 = o RER i =)
input. SR R £ 5 & 34
E
5]
Table 13 Default emission factors for N,O emissions for N applied % ®
to soils (kg N,O-N per 100 kg N) (IPCC 2000) : % % ﬁ
=) < = L
) . . —_ =
Type of nitrogen input Emission factor (%) % 2 a 2 >
(=} =]
g = S = g
Mineral N fertiliser 1.25 Z . 5‘ 3 g &
i < S < = 2 o = £ £
Animal manure 1.25 - s & %» 8 g_ 8 § 3 .% .%
Crop residues 1.25 : oy 9 E‘ g g' @) E‘ i 2 o o
. . =2 = =
Nitrogen fixation 1.25 =252 2 8 2 F 2 % = 5 g
Hli<l b < X < = < A =) O O
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Table 15 continued

Ma Hamlet

Can Hamlet

Que Hamlet

Tat Hamlet

Activity

All local feed (grass or fodder All local feed (grass or fodder All local feed (grass or fodder

All local feed (grass or fodder

Livestock feed

collected by household) collected by household)

collected by household)

collected by household)

Same assumption as in Table 1

Assumption

7. CO, and nitrous oxide from fertiliser production

The average GHG emissions associated with the supply of
mineral N fertiliser representative for the conditions in
Central Europe were used due to lack of local representa-
tive data (Patyk and Reinhardt 1997). The emissions also
include N,O from fertiliser production. The emissions
associated with production of 1 kg of fertiliser N is esti-
mated at 2.85 kg CO,, 7 g CH, and 15 g N,O.

Appendix 2: Assumptions concerning agricultural
pathways

Using the methodology outlined in Appendix 1, emissions
for each scenario may be calculated, based on assumptions
concerning the extent of changes. The exact assumptions
made are outlined in Tables 14 and 15.

Appendix 3: Emissions from baseline, observed change
trajectory, and government change trajectory farming
systems

Emissions (in Gg CO, equivalents) from the baseline-,
O- and G-scenarios, computed using the IPCC Guidelines
(Tables 16, 17, 18). Emissions from vegetation burning
and from production of mineral fertilizers are not included
because they are insignificant. Emissions from use of
mineral fertilizers have not been included because of great
uncertainty concerning future fertilizer use.

Table 16 Emissions from livestock and paddy in the baseline sce-
nario

Tat Que Can Ma

Total emissions in Gg CO,-eq

Livestock 0.51 0.28 0.35 0.66
Manure management 0.39 0.27 0.42 0.48
Paddy (CH,4 from flooded area) 0.10 0.01 0.15 0

Total 1.00 0.56 0.92 1.14

Table 17 Emissions from scenario O

Tat Que Can Ma

Total emissions in Gg CO,-eq

Livestock 0.90 0.50 0.55 1.17
Manure management 0.55 0.36 0.52 0.70
Paddy (CH4 from flooded area) 0.12 0.06 0.17 0

Total 1.57 0.92 1.24 1.87
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Table 18 Emissions from scenario G

Tat Que Can Ma

Total emissions in Gg CO,-eq

Livestock 0.90 0.50 0.55 1.17
Manure management 0.55 0.36 0.15 0.70
Paddy (CH,4 from flooded area) 0.17 0.14 0.24 0
Total 1.62 1.00 0.94 1.87
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