
Abstract This paper is part of a two-year study to investigate the feasibility of
initiating a Clean Development Mechanism (CDM) project in an indigenous com-
munity of Eastern Panamá, Ipetı́-Emberá. We use participatory mapping and
matrices as well as household surveys to develop a land-use/land-cover baseline
scenario and examine the role of local participation in assessing land-use change. In
Ipetı́, land-use change has not occurred in a linear way over the last decades, and our
data unveils socio-economic factors as potential key drivers of change. The concor-
dance that we observed between geographic information and individual and collec-
tive perceptions of land-use change substantiates the possibility of using local
knowledge in the establishment of baseline data for CDM projects. Our calculations
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suggest that the total carbon (C) stocks in the Tierra Colectiva (TC) of Ipetı́-Emberá
in 2004 represents a 47% reduction from the estimated C stock at the onset of
settlement in the early 1970’s. Results from the participatory assessments predict that,
in 2024 and in absence of a CDM project, the C stocks will decline from 301,859 t C in
2004 to 155,730 t C, which constitutes a reduction of 52%. The scenario with CDM
estimates C stocks of 305,853 t C for 2024, a value slightly superior to the 2004 value.
In the TC there is ground to believe that cattle ranching is likely to become an ever
more important activity as the population is young and growing and cannot easily
move elsewhere. Forests tend to be cleared for cultivation while pastures are
established on short fallows. Our baseline scenario underlines the potential for a
CDM project to make a significant difference in the future C stocks of this landscape.

Keywords Carbon stocks Æ CDM baseline Æ Participatory approaches Æ
Pasture Æ Demography

1 Introduction

The Clean Development Mechanism (CDM), an agreement negotiated under the
United Nations Framework Convention on Climate Change (UNFCCC) Kyoto
Protocol, allows industrialized countries to meet part of their commitment of
greenhouse gases reduction by supporting initiatives, in developing countries, that
contribute to the reduction of atmospheric carbon dioxide (CO2) while enhancing
sustainable development in these host countries. Practices recognized in the first
commitment period of the Kyoto Protocol (2008–2012) include afforestation and
reforestation projects (AR) both of which refer to the human conversion of land from
non-forest uses to forest (Smith and Scherr 2003). Small-scale AR activities include
agroforestry, community forest plantations, forest regeneration, and improved fal-
lows while large-scale ones include industrial plantations. The capital requirement
necessary for investment in new land-use practices is a well-known barrier to the
adoption of potentially more sustainable or desirable land-use practices among poor
farmers (Place and Dewees 1999). In Panamá, the lack of financial resources prevents
successful adoption of agroforestry practices among smallholders (Fischer and Vas-
seur 2000). Therefore, the possibility of implementing CDM projects might present
unique opportunities to modify land-use patterns and increase carbon (C) sinks in this
‘‘environmentally important region of Central America’’ (Nelson et al. 2001). Plan-
tations on land previously dedicated to non-forest uses, from small to medium size,
have been proposed as viable AR strategies in several communities of Chiapas,
Mexico (Nelson and De Jong 2003). Benefits are likely to include increased pro-
duction to meet subsistence and monetary needs. However, potential drawbacks
include the reduction of land available for food production, increased vulnerability to
market forces, and uneven distribution of social and economic benefits among par-
ticipants (Smith and Scherr 2003; Brown and Corbera 2003, Brown et al. 2004).

There is still much debate surrounding methodological issues for CDM projects,
especially around the notions of leakage and additionality. To ensure that a CDM
project indeed contributes to the stabilization of atmospheric CO2, it must be shown
that AR activities will not be counter balanced elsewhere by deforestation, hence
the concept of leakage, and that they would not have occurred without the CDM,
hence the concept of additionality. Establishing the baseline scenario, i.e. the most
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plausible scenario of land-use and land-use change without the CDM project, is a
key step in this entire process. It provides the null or ‘‘business as usual’’ (BAU)
model with which the efficiency of a proposed CDM project at decreasing CO2

emissions must be compared.
This paper is part of a two-year study to investigate the feasibility of implementing

a CDM project in an indigenous community of Eastern Panamá, Ipetı́-Emberá. In
order to develop an effective land management plan, the pilot project comprises a
series of steps to assess the physical and social potential for C sequestration (Kirby
and Potvin in press; Tschakert et al. 2006) and to investigate realistic land-use options
that could both store additional C and improve local livelihoods. The specific
objective of this part of the study was to provide the information needed to establish a
baseline for C stocks by studying past changes and elaborating future trends in land-
use. In a recent review, Lambin et al. (2003) emphasize the intricate processes gov-
erning changes in land-cover. According to these authors, prediction of land-use
changes must be grounded in a solid understanding of the human-environment
system. Consequently, we largely rely on participatory exercises, carried out in 1998
and 2004, and on household surveys (2004) to develop a reliable baseline scenario.

2 Methods

2.1 Study site

The study took place in Ipetı́-Emberá, an indigenous community situated in the
watershed of Alto Bayano about 160 km east of the city of Panamá. Ipetı́-Emberá is
located in the District of Chepo in the Eastern part of the Province of Panamá. The
community holds 3,145 ha of communal land, the Tierra Colectiva (TC), which is
divided into plots or parcelas managed by individual households (Tschakert et al.
2006). Primary economic activities include subsistence cultivation, cattle ranching,
day labor, and handicraft production (Tschakert et al. 2006).

The Emberá settled in the Bayano region when they migrated from the eastern
Darién in the 1950́s. Between 1972 and 1976, the construction of a hydroelectric dam
on Lake Bayano forced the resettlement of 500 Emberás, 1,500 Kunas, and 2,500
colonist farmers within the region (Herrera 2000). The Emberás, mostly living in
dispersed family settlements, were relocated into two villages along the Pan
American highway, Piriati and Ipetı́-Emberá. In Ipetı́-Emberá, twelve families
constituted the first ‘‘official’’ inhabitants of the TC, a land promised to them by
General Omar Torrijos, then president of Panamá, in an agreement known as ‘‘el
Convenio de Majecito’’. It is reported that, before the flooding of the Bayano dam,
the landscape of Ipetı́ was largely pristine forest (McKay 1984).

2.2 Socio-economic and land-use data collection at the household level

In order to understand the socio-economic drivers of land-use change within the TC,
information on land-use patterns, demographic and economic household characteristics,
and the settlement history of Ipetı́-Emberá was obtained through formal interviews with
members of 36 different households, corresponding to roughly half of the households
from the TC. Details on the interview methodology can be found in Tschakert et al.
(2006). A stratified random sampling strategy was used to capture households from the
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various parts of the community and different wealth strata, as determined through a
participatory wealth ranking. The interviews were carried out by four local (MC, LaC,
JR, JB) and one McGill (PT) researchers. Questions on household demographics in-
cluded name, sex, age, education, place of birth, and, when appropriate, the arrival date
of each family member in Ipetı́-Emberá and the year at which the family built its first
house. Land-use information was obtained by outlining the household’s parcela(s) on a
piece of paper, indicating the proportions of the various land-use types and recording
parcelas’ histories, including crop-fallow rotations and establishment of pasture and
small-scale tree plantations. Household income and expenditures for 2004 were assessed
through a participatory household budget ranking.

Data from the household surveys were analyzed using two different types of
multivariate analysis. Multivariate analysis (MA), employed widely in ecology to
explain patterns of correlation within complex data (Legendre and Legendre 1998),
is now advocated to bridge the gap between anthropological and biological research
(Potvin et al. 2005, Pereira and da Fonseca 2003, Abel and Stepp 2003). MA allows
the relationships between multiple predictor and response variables to be quantified.
As in regression or correlation analysis, the patterns exposed do not imply cause and
effect relations; they do however highlight groups of variables that vary in a coor-
dinated way. We used MA to identify the socio-economic variables that are most
strongly associated with land-use change.

First, redundancy analysis (RDA) was used to provide a better understanding of
the relationship between land-use, demography and household economics. RDA,
akin to multiple regression, is based on a matrix of response variables and a matrix of
explanatory variables. The analysis constrains the response variables producing
vectors that are linear combinations of the matrix of explanatory variables (Legendre
and Legendre 1998). The first matrix summarizes the percentages of land assigned to
different uses for each household in the village. Two explanatory matrices were built
that summarized demographic and economic traits for each of these households. The
traits used in the input for the RDAs are presented in Table 1. A standard coding

Table 1 Input variables used in the redundancy (RDA) and the discriminant analyses

Demographic Economic

Children (<15 years) Income from labor
Male labor (15–64 years) Income from annual crops
Female labor (15–64years) Income from perennials
Elderly (>64 years) Income from animals
Total household members Income from forest products
Age head household Income from business
Dependency Ratio Income from land rental
Residence (years) Scholarships received
Year household head arrived Income from handicrafts
Year first house Subsistence value of annuals
Education Subsistence value of perennials

Days of help received
Days of help given
Total income

The demographic variables were used in both analyses while the economic variables were only used
in the RDA. The Dependency ratio is the ratio of the family members between 15 years and 64 years
of age over the family members younger than 15 or older than 64 years. Income from annual crops
(rice, maize, yucca, yam, etc) is separated from income from perennial crops (cacao, coffee, mango).
Likewise, income and subsistence values for certain crops are considered separately
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system was implemented for the qualitative socio-economic traits. The explanatory
variables were standardized and centered prior to the analysis. Monte Carlo per-
mutation tests were then performed with 999 permutations, in other words data were
reshuffled and re-sampled at random 999 times (ter Braak and Verdonschot 1995).
RDAs were performed using the program CANOCO, version 4.0 (ter Braak and
Smilauer 1998). Second, a discriminant analysis was carried out to identify demo-
graphic factors separating the respondents that did or did not have pastures within
their land portfolios. The analysis helped identify the socio-economic conditions
related to the presence of pasture. This is important as creation of pasture has a
drastic effect on land-cover. A discriminant analysis is akin to multiple regression but
proceeds in two steps. First explanatory variables are assigned to pre-determined
groups; then linear combinations of explanatory variables are identified for each
group. The analysis was performed using SYSTAT version 10.2.

2.3 Visualizing land-use change: Participatory mapping and change matrices

As a complement to the socio-economic household data, we relied on two locally
constructed maps that indicate the extent of various land-use types at two points in time
(1998 and 2004) and participatory change matrices to understand proportional changes
in land-use and management practices since the beginning of settlement in Ipetı́.

As part of a project examining the sustainable use of plants of cultural importance
(Dalle and Potvin 2004), a participatory map of land-use was produced for the TC in
1998 (Fig. 1), using a 1990 survey map of the TC as the base map. With the help of
one member of the local organization, each land owner drew his/her parcela(s) and
land-uses on the base map. The land-use categories were pasture, primary forest,
secondary forest and cropland. Once the land-use map was completed, it was pre-
sented and discussed in a community meeting to verify accuracy and ensure that the
different land owners agreed, not only on the position and use of their own land, but
also on the position and use of the land of their neighbors. The area occupied by
each of the land-uses from the 1998 exercise was measured by superimposing a
millimetric grid over the map. Knowing that the entire TC is of 3,145 ha, the pro-
portion of the area allocated to the different land-uses in 1998 was estimated. The
land-use information was verified by dividing the entire TC was in 50 blocks with one
random point selected by X–Y coordinates in each block. The exact position of those
50 points was estimated in the field using a Geographical Positioning System (GPS
12XL Garmin). For each point, the name of the plot owner and land-use were
recorded. The GPS points were revisited in 2005 and any changes in land-use
recorded.

The 2004 land-use map relied on a combination of geographic information
system (GIS) technology and participatory mapping. The first step in the 2004
mapping process was to create an updated base map of the TC. A detailed series
of 16 digital aerial photographs comprising the region of Ipetı́-Emberá taken in
2000 were joined to create a mosaic using Adobe PhotoShop. The mosaic was then
imported into a GIS software package, IDRISI32 to create a raster image file. The
raster image file was geo-referenced by taking GIS points along the boundary
of the TC as well as throughout the territory. Once the aerial photograph was
geo-referenced, the base map was created by digitising, on a new vector layer, the
various rivers, roads and key trails. To these features was added the territorial
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boundary made out of the relevant GPS points. This vector layer file was saved as
a map composition and then printed in a 36¢¢ · 42¢¢ format. Two members of the
community were trained to lead the participatory mapping exercise involving the

Fig. 1 Participatory map of the TC of Ipetı́-Emberá developed in 1998. The land-use categories
were pasture (pastos e potrero), primary forest (bosque intacto), secondary forest (bosque
secundario) and cropland (cultivo agrı́cola)
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large majority of all land owners who indicated the proportion of their various
land-uses within their outlined parcela(s), using different colors. The final version
of the land map (Fig. 2) was approved by individual land owners. A digital version
of the participatory map was obtained by photographing the hand-drawn map
according to the guidelines established by the Integrated Approaches to Partici-
patory Development for Participatory 3D Mapping group (IAPAD 2003). The
different land-uses were then digitized as polygons and attributed values both
according to land-use type and ‘‘ownership’’.

Fig. 2 Participatory map of the TC of Ipetı́-Emberá developed in 2004. The land-use categories
were: forest, tree plantation, tall fallow, short fallow, newly cleared land, agroforest, cropland,
mechanized rice, plantain, and pasture
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As suggested by IAPAD (2003), a cross-verification of the participatory map was
achieved by georeferencing the boundaries of every distinct land-use within the
parcelas of five owners using GPS. The GPS points for the five parcelas were then
imported into IDRISI and a vector file was created in which the GPS points for each
land-use in each parcela were connected to make polygons. The vector file was then
rasterized and the area within each polygon calculated. A Pearson’s correlation
coefficient of 0.862 was calculated between the areas estimated by the land owners
on the map and those measured by GPS in the field. The correlation rose to 0.88
when the percent of land attributed to different uses was compared rather than the
estimated area of land attributed to each use. Therefore, land owners were com-
fortable assessing the surface that they allocated to each land use but they were more
precise when expressing land-use as proportions of their total asset. Overall, the data
show that the participatory mapping can provide robust estimates of surface area per
land-use type.

In addition to the mapping exercises, two participatory change matrices were built
in Ipetı́ in 2004 in order to obtain a greater understanding of the extent of, and
factors contributing to, changes in land-use and management. Historical matrices
have been recognized as a valuable methodological tool to address resource use as a
dynamic process (Schoonmaker-Freudenberger and Schoonmaker-Freudenberger
1994). Community leaders were asked to select 8–10 participants including men and
women, community elders with recollection of the land when Ipetı́ was founded, and
people with a good perception of more recent changes. The first matrix exercise
addressed changes in land-use types. The land-use categories were: forest, reforested
land and tree plantation, tall fallow (5 years or more without cultivation), short fallow
(1 to 4 years without cultivation), newly cleared land, agroforest, cropland (bean,
rice, corn, yucca and/or yam), mechanized rice (rice fields managed using mechanical
equipment), plantain (Musa sapientum) and pasture. This classification represents a
consensus achieved during a prior community discussion. After the categories of
land-use were explained, the participants were asked to define specific time periods
to which they all could relate. The group chose four periods of time: the 1970’s,
1980’s, 1990’s, and present (2000 until the end of 2004).

For each time period, the participants were asked to distribute a total of 30
pebbles within the corresponding cells of the matrix representing the approximate
distribution of land-use in the TC. After some discussion, participants placed a
certain number of pebbles in each category based on their collective perception of
the correct values. Because each pebble represented approximately 3.3% of the total
land area, the values provided best estimates of land-use proportions not exact
figures. In addition, participants were asked to explain the reasons for changes
identified in the matrix. The discussion was directed by PT to ensure the involvement
of all participants.

Participants were also asked to give their perspective on two land-use scenarios
20 years into the future, one with the realization of a C offset project (CDM) in the
community and one ‘‘business as usual’’ (BAU) scenario without a CDM project. At
this point, after a series of workshops and discussion groups, the participants were
already familiar with ‘‘C’’ as an element, its relationship to vegetation, land-use, and
climate change. They were informed of the existing international agreement on
climate change and of emerging market mechanisms involving C sequestration. As a
counterbalance to large-scale deforestation surrounding the TC, community mem-
bers had discussed options for reforestation and agroforestry on their own parcelas,
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depending on livelihood needs and opportunities. Although no explicit financial
gains had been calculated for potentially available options, the assumption of the
community was that any C bond transaction would offset the economic opportunity
costs of not pursuing a BAU scenario. Participants in the land-use matrix did take
into account approximate economic and environmental health benefits, as collec-
tively understood and anticipated, when constructing the two future scenarios, one
with a CDM project and the BAU.

A second related exercise used the same matrix method to address changes in
land management. The same time periods were used so that comparisons could be
made between the two exercises. The land management categories included: use of
fertilizer and pesticide, pasture management, reforestation, timber harvesting, and
field burning. Changes in land management practices were quantified for most cat-
egories according to the proportion of people engaged in the practice. A maximum
of 10 pebbles per cell was used, 0 indicating that nobody in the community used a
certain practice and 10 indicating that the entire population used the practice. This
process differed only for the categories of cattle stocking and field burning. For
cattle, the average number of cattle per landowner was used. For burning, the unit of
measurement was frequency of burning, with 0 indicating that landowners never
burned their fields and 10 indicating that landowners burned their fields every year.
Similarly to the land-use matrix, scenarios for the next 20 years were addressed and
participants were asked to estimate future land management practices, with or
without a community C project. Information pertaining to the modernization of
agricultural practices (e.g. pesticide vs organic vs. chemical fertilizer) was also
gathered during this exercise.

2.4 Calculation of C stocks

The participatory maps allowed us to estimate C stocks in 1998 (C98) and 2004 (C04).
according to equation (1)

C ¼ RA�i Ci ð1Þ

where Ai is the total area (in ha) occupied by land-use i as obtained by either the
1998 or the 2004 mapping exercise and Ci is the above-ground C content (in t C ha–1)
estimated for land-use i (Table 2). The overall C content for pasture, forest, agro-
forest, cropland, plantain, mechanized rice, short fallow, and tall fallow were esti-
mated in 2004 (Kirby 2005; Tschakert et al. 2006) (Table 2). Estimates for teak
plantation are from sites in central Panamá (Kraenzel et al. 2003). Because of the
difficulties in assessing below-ground C content, estimates are based on above
ground values only. Although fewer land-use types were included in the 1998
mapping exercise, discussions with community members suggest that the 1998
‘secondary forest’ correspond roughly to the 2004 ‘tall fallow’ while the 1998 crop-
land were represented as cropland (including plantain) and short fallow in 2004. We
have no explicit information on agroforests, mechanized rice, or teak plantation for
1998, although it is possible that the cropland category of 1998 included agroforest.

Two future scenarios were developed based on knowledge of the current C
stocks and on the participatory land-use change matrix. The first is the BAU
scenario, while the second one reflects villagers’ perceptions of land-use change
under a CDM project. The area of each land-use type in the future was estimated
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as the proportion of the total land (3,145 ha) in 2024, as anticipated by the
participants in the matrix exercise (Table 3). For example, the villagers anticipate
that, without CDM, pasture will occupy 23.3% of the Tierra Colectiva in 2024,
equivalent to 730 ha. Land-use specific C values were then calculated and summed
for an estimate of total C stocks. Equation (2) was used in the determination of
the baseline C stocks:

C2024 ¼ Rð3; 145�q�i CiÞ ð2Þ

where qi is the proportion of land attributed to use ‘‘i’’ in the future by the partic-
ipants in the matrix exercise (Table 3) and 3,145 ha is the total amount of land of the
TC.

Table 2 Basic data necessary to estimate C stocks of the TC: (1) Above-ground C content values
(t C/ha) used to estimate the total stocks

Land-use Ci (t C/ha) Land-use
2004 (ha)
(mapping)

Land-use
2004 (ha)
(change matrix)

C stocks
(t) 2024 BAU

C stocks (t)
2024 CDM

Pasture 4.2 553 523 3,066 882
Short fallow 25.5 242 517 7,191 10,532
Tall fallow 41.3 586 207 8,549 8,549
Forest 181.1 1,432 1,043 75,338 188,887
Teak plantation 125.0 19 0 12,875 52,000
Cropland 27.3 78 310 11,275 7,699
Plantain 23.9 9 –
Mechanized rice 4.1 149 –
Agroforest 71.4 63 313 37,342 37,342

C content values come from Kirby (2005), Tschakert et al. (2006) and Kraenzel et al. (2003); (2)
Surface area per land-use type (ha) in 2004 estimated by participatory (i) mapping and (ii) change
matrix. The estimates of surface area from the change matrix were used to estimate the C stocks of
each land use in 2024 under business as usual (BAU) and Clean Development Mechanism (CDM)
project scenarios

Table 3 Entries from the participatory change matrix presenting the villagers’ perception of the
importance of different land-uses at different time

Land-use
(as % of total
land base)

1970’s 1980’s 1990’s 2000–2004 Baseline
under BAU
scenario (2024)

Future
with CDM
project (2024)

Forest 83.3 63.3 43.3 33.3 13.3 33.3
Plantation 0.0 0.0 0.0 0.0 3.3 13.3
Tall fallow 0.0 3.3 6.6 6.6 6.6 6.6
Short fallow 6.6 9.9 13.2 16.5 9.9 13.2
Cropland 3.3 9.9 13.2 9.9 13.2 9.9
Newly cleared 3.3 3.3 3.3 6.6 13.2 0.0
Pasture 0.0 3.0 13.3 16.7 23.3 6.7
Agroforest 3.0 6.7 6.7 10.0 16.7 16.7

The two last columns are future scenarios: BAU and with a CDM project. Entries in each cell are the
percent of the total land ascribed to that specific use
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3 Results

3.1 Socio-economic variables affecting land-use

The household survey sheds light on the demography of Ipetı́-Emberá. In the com-
munity, the 0–10-year olds represent 38.8% of female and 37.2% of male population
while individuals older than 50 years represent 7% of females and 11% of males. For
the 271 habitants that were included in our survey, 111 were born in Ipetı́. This group
of inhabitants ranges from 1 to 48 years with a median age of 12.5 years. The second
most important region of origin is the province of Darién, to the east, with 66 indi-
viduals reporting being born there. They range between 1 and 88 years of age with a
median age of 34.7. The importance that demographic traits have in explaining the
pattern of land-use was assessed through RDA. The RDA estimated aggregate
demographic variables, referred to as canonical axes, used to decipher the relation-
ship between demography and land-use. Age of the head of the household is the most
important loading on the first canonical axis with an inter-set correlation coefficient
of 0.4695, followed by the number of elderly family members (0.4176). The trait with
the highest loading on the second canonical axis is the number of children (–0.3293).
The cumulative proportion of the variance in land-use that is explained by the first
two canonical axes is 68.3%, the first axis alone explains 42.8% of this variation. The
RDA biplot for demographical traits (Fig. 3) suggests that households with numerous
elderly members and older household heads hold higher proportions of pasture,
whether to raise cattle or to rent the pasture to other cattle ranchers. The biplot
provides a way to visualize this relationship as percent pasture and age of household
head are similarly positioned on the far right end of the X-axis corresponding to high
values of both variables. In contrast, households with many children and a high
dependency ratio tend to have a higher percentage of forests on their plots.

In a second RDA, the first canonical axis explained 45.4% of variation in land-use
patterns and the second axis explained an additional 23.5%. Income from day labor
and help received had the two largest loadings on the first axis with correlation
coefficients of 0.3887 and 0.3763 respectively. The factor linked most strongly with
the second canonical axis was income from forest products (–0.4320). The biplot
(Fig. 4) shows that households with the largest proportional amounts of forests and
pasture are engaged in completely different economic activities. Most interestingly,
the total income shows no significant association with the proportion of land allo-
cated to pasture. In fact, the score for percent forest (0.6219, –0.3500) is closer to the
centroı̈d for total income (0.0388, –0.6862) than that of percent pasture (–0.5955,
0.0292). This is coherent with the observation that villagers value cattle more as an
insurance strategy against scarcity than as a source of regular income (Coomes et al.
submitted).

Two canonical discriminant functions, standardized by within variance, were
computed for households with and without pasture. The first included all 36
households while the second analysis was performed on the subset of 20 households
for which information on education was available. Pasture owners represented 17 of
the 36 households for the first analysis and 9 of 20 for the second one. The two
canonical discriminant functions obtained were:

(1) 1.065 + 0.672 Children – 0.821 Male – 0.692 Female – 0.848 Elderly
(2) –132.8 + 1.044 Children – 0.883 Male + 0.750 First house – 1.147 Education
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The success rate of the first discrimination function to predict the two groups
(pasture vs. no-pasture) was 78% while the second discriminant function has a
success rate of 85%. Both discriminant functions found significant differences in
demographic characteristics between the households that did or did not own pasture
(Pillai’s trace 0.425, df = 4,31, p < 0.01; Pillai’s trace 0.666, df = 4,15, p < 0.01
respectively for functions 1 and 2). Comparative scores of the two discriminant
functions show that the pasture owners have less children living at home, more men
and women available to work on the land, more elderly people in the household, that
they arrived in Ipetı́ earlier than the informants without pasture and finally that the
head of the household has a higher literacy rate. Pearsons’ correlation coefficient,
–0.605,v2 = 12.96, p < 0.001, further indicates that immigration in Ipetı́ (i.e. year
of arrival) is negatively correlated with the age of the household head. That is,
newcomers to Ipetı́ tend to be relatively young.

The results from the two participatory change matrices – one on land-use and the
other on land management – are shown in Tables 3–4. According to the participants,
the original 12 families practiced hunting and fishing with a limited amount of
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Fig. 3 Biplot of the redundancy analysis (RDA) between land-use allocation (in % of total land)
and the demographic variables as defined in Table 1. The land-use categories are: forest, agroforest,
cropland, tall fallow, short fallow and pasture. The explanatory variables (here demographic
variables) are labeled in italics while the dependent variables (land-use) are labeled in bold. The
canonical axes (X and Y) represent linear combinations of the explanatory variables. The length and
position of an explanatory variable’s arrow illustrate its significance on the canonical axes. The
longer the arrow, the more important is the trait. The relationship between an explanatory variable
and the axis is estimated by dropping a perpendicular between the tip of the arrow and the canonical
axes. Large numerical value of an explanatory variable will be found on the right of the X-axis or on
the top of the Y-axis. The dependent variables are then understood as a function of the main
canonical axes. The projection at right angle of a dependent variable arrow onto the canonical axis
approximates the value of that dependent variable on the axis
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subsistence agriculture. In 1980, 36 additional families migrated to the community,
followed by another group in 1985. Increased population pressure resulted in
deforestation, as migrant families cleared land in order to provide for their subsis-
tence needs. The completion of the highway to Ipetı́ in 1980 also led to the expansion
of cultivation, because it allowed people to sell their agricultural surplus by pro-
viding access to external markets. Deforestation was further accelerated after a
government agricultural extension project introduced cattle ranching to the com-
munity in the mid-1980’s. In the 1990’s, the process of deforestation continued
mainly due the expansion of cattle ranching, but also because of a relatively small
increase in cultivation resulting from internal population growth. Since 2000, how-
ever, cultivation has slightly declined due to increasing reliance on alternative
economic opportunities such as cattle ranching, day labor, and handicraft produc-
tion. In recent years, many households have made at least a partial transition from
exclusive subsistence production to the cash economy because they require money to
buy consumer goods and to pay for education. According to the informants, nearly
half of all families planted fruit trees, at a garden scale, in the 1970’s and by the
1980’s, the entire population was doing so.

The second matrix exercise (Table 4) shows that a small proportion of the pop-
ulation began clearing trees for the sale of timber in the 1970’s, and by the 1980’s
through the 1990’s, all families were reported to be involved in timber extraction,
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Subsistence annuals
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Forest productsTotal income
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Subsistence fruits

Animals

Perenials

Handicrafts

% Forests

% Tall fallows

% Short fallows% Pastures

% Agroforests % Croplands

% Other land uses

-1.0 +1.0
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+
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Labor
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Annuals

Fig. 4 Biplot of the RDA between land-use allocation and economic variables. The land-use
categories are the same as in Fig. 4. Livestock, land rental and handicrafts represent the total
monetary value that these activities bring to a given household. Total income is the total income of
the household calculated as the sum of income coming from crops, fruits, animals, business, land
rental, handicrafts, scholarships, forest products, labor. The arrows identified as subsistence fruits
and subsistence annuals represent an estimate of the retained output revenue (for yucca – annuals –
and mango – fruits) for the household
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although most of them at a very small scale. Small-scale reforestation with
commercial timber species increased between the 1970’s and the 1980’s, when the
majority of the population became involved in some tree planting activities.
The stimulus for the adoption of this practice was provided by the cash earning
opportunities through the local timber industry and increasing demands for wood for
construction. The household survey indicates that forest products represented
between 5% and 95% of household income. Aggregated at the village level, forest
products represent 11% of the earnings in the community. Cattle ranching devel-
oped in the 1980’s and is perceived to have expanded ever since. Participants esti-
mated that the number of cattle upon the introduction of ranching activities in the
1980’s was 10 cows per owner (Table 4), which decreased to 8 cows per owner in the
1990’s due die-offs as a result of a lack of management skills. From the 1990s until
the present, the number of cattle doubled to 20 cows per cattle owner in 2004 due to
improved skills and better access to credit. These participatory estimates of cattle
ownership compare with the information obtained in the 2004 survey where a total
of 103 cows were reportedly owned by seven families.

3.2 Area extent of land-use changes and implications for the baseline scenario

We compared two participatory maps of the TC drawn six years apart (Figs. 1 and 2)
to evaluate changes in land-use over time. The main land-cover in the TC was intact
forest with 1,458 ha in 1998 and 1,447 ha in 2004, respectively, which corresponds to
a loss of 2.5 ha year–1. Since Ipetı́-Emberá was largely uninhabited prior to the first
wave of Emberá settling along the Ipetı́ river in 1960, we assumed an initial forest
cover of 100 % (3,145 ha). The estimated forest loss between 1960–1998 is therefore
1,687 ha; that is 52% of the entire TC. The annual rate of forest lost in this 40 year
period amounted to 42 ha annually or 1.4% of the total area per year. General trends
in land-cover changes point to an increase in tall fallow from 488 ha in 1998 to 586 ha
in 2004 (+16 ha year–1) coupled with an increase in pasture from 453 ha in 1998 to
552 ha in 2004 (+17 ha year–1). Conversely, there seems to be a decrease in the
surface allocated to subsistence agriculture as croplands and short fallows shrank
from 600 ha to 407 ha in 2004 (–31 ha year–1), though this may reflect the fact that
agroforests were not mapped as a separate category in 1998 and might have been
included in the ‘‘cropland’’ category at that time.

Table 4 Results from the participatory change matrix on land management

Land Management 1970’s 1980’s 1990’s 2000–2004 Future BAU Future CDM

Chemical Fertilizer 0 0 0 0 100 0
Organic Fertilizer 0 0 10 10 20 60
Pesticide use 0 60 90 100 100 0
Cattle head 0 10 8 15 20 15
Improved pasture 0 0 0 0 10 10
Planted Timber 0 80 90 70 50 100
Agroforest 40 100 100 100 100 100
Timber Harvesting 20 100 100 40 100 0
Burning of Field 10 9 9 8 10 2

Data entries mostly are percent of landowning families who engage in an activity. However, for
cattle, numerical values refer to cattle stocking (number of cattle per landowner) and for burning of
field values refer to the frequency of burning (with 0 being never, and 10 every year)
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The comparison of 50 GPS locations recorded five years apart provides good
insight into land-use transitions in the TC (Fig. 5). Spearman’s coefficient indicate
that the 1998 and 2004 land-uses were significantly correlated (Spearman = 0.746,
v2 = 47.6, p < 0.0001). The most frequent land-use transition observed was the
conversion of short fallow to pasture. Thirty percent of the short fallows were
converted into pasture representing an annual rate of change of 4.3%. Sixteen of the
50 GPS locations were located in forests in 1998, 15 of these were still covered with
forest in 2005 (Fig. 5). The one site that was no longer forested had been converted
to short fallow. The rate of forest loss according to this analysis is 6.3% over a 5 year
period or 1.2% per year.

The household surveys allowed us to gather further information on the age of
these different land-use types. Across the 36 households interviewed, pasture age
ranged from 1 year to 34 years with a median age of 3.8 while fallows ranged
between 1 and 31 years with a median age of 5 years. According to the survey, the
first crops ever planted in the TC were planted in the early 1960s and new plots were
established at an accelerating rate thereafter. Clearly, the basic trajectory of land-use
in Ipetı́-Emberá over the past 30 years has been one of slowly shrinking forest cover
coupled, in more recent years, with an increase in the amount of land allocated to
cattle ranching. This trajectory is consistent across the various methods that we used
to assess land-use change (Table 5). Reduction in forest and increase in pasture were
highlighted by the participatory mapping, the participatory matrix exercises, and the
GPS data comparison. It seems that in Ipetı́-Emberá the cycle of land-use is the
following: forests are initially cleared to plant crops and pastures are later estab-
lished on fallows.
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The participatory matrix of land-use change through time (Table 3) was the
starting point of our baseline scenario (Fig. 6). Comparison of the area of each land-
use type based on either participatory mapping or on the change matrix (Table 2)
shows a significant correlation (Pearson’s r = 0.883, v2 = 6.81, p = 0.009). Villagers
predicted that under BAU, the land allocated to pasture, cropland and agroforests
would increase at the expense of forests (Table 3). They perceived that, under CDM,
forest cover would remain at its 2004 level while the total pasture area would de-
crease and timber plantations would increase. Additionality, here, is understood as
the difference between the two future land-use scenarios, BAU and CDM. Under
CDM, villagers contend that timber plantations would increase despite the fact that
Panamá no longer has any favorable legislation to encourage reforestation. Any
changes in C stocks due to tree planting or to reduction in pasture expansion are thus
considered additional because they would occur, unlike the 1980’s plantations,
without any governmental incentives.

Our calculations suggest that the total C stocks in the TC of Ipetı́-Emberá were
roughly 485,000 t of C in 1970 and shrank to 301,859 t C in 2004. The 2004 value
represents a 47% reduction from the assumed C stock at the onset of settlement. The

Table 5 Comparison of different assessments of land-use change between 1998 and 2004

Land-use Maps GPS Participatory matrix

Forest –1.3% –1.04% –2.3%
Pasture +3.6% +6.6% +2.6%
Cropland –7.8% +1.96% –2.5%
Fallow +2.5% –7.4% n.a.

The results are expressed as annual rate of changes (%). The estimates based on the two maps are
percent of surface area, the GPS data are percent of observation while the participatory exercise
yielded percent proportion of total land surface. The third column compares land-uses as estimated
by the 1998 map with the land-use value estimated for present (2004) by the change matrix. These
latter values were reported in Table 2
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of Fig. 2
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changes in C stocks through time appear to have been non-linear. C was lost from
the system at a faster rate in the first two decades following settlement than in the
most recent past. The baseline scenario, referring to changes in C stocks through
time under BAU, is illustrated in Fig. 6. The participatory land-use prediction
suggests that, over a 20-year period and in absence of a CDM project, the C stocks
will decline to 155,730 t C. This equals a reduction in C stocks of 146,129 t C cor-
responding to 52% of the 2004 level. Changes in C stocks are most closely related to
changes in forest cover (Table 2).

The scenario with CDM estimates C stocks of 305,853 t C by 2024, a value
superior to the 2004 value. Our participatory exercise suggests that by shifting to
more short fallow and tree plantations through partial reductions in pasture and
cropland, as proposed under the CDM scenario, the people of Ipetı́ would be able to
maintain the C stocks in the TC (Table 2).

4 Discussion

4.1 Determining a baseline scenario in a participatory way

As the Kyoto protocol emerges strengthened from the UNFCCC Montreal Con-
ference (Earth Negotiation Bulletin 2005), a large body of literature is developing on
the feasibility of AR CDM projects. A variety of issues are attracting attention: the
development of appropriate methodologies to measure and monitor C stocks (e.g.
Cacho et al. 2004; Tiepolo et al. 2002; Chambers et al. 2004; Chave et al. 2005); the
economic benefits coming from CDM projects (Asquith et al. 2002; Gundimela
2004); and the narrow focus of the Kyoto protocol in rejecting forest conservation as
an acceptable land-use strategy (Klooster and Masera 2000; Nelson and De Jong
2003). However, one of the areas in need of pressing attention pertains to the
development of appropriate methodologies to determine the baseline of C seques-
tration projects (De Jong et al. 2005; Brown et al. 2000). The Certified Emission
Reductions, that serve as the basis for the newly approved international C market,
are calculated as the difference between a baseline scenario and the observed CDM
C output. The document ‘‘Simplified baseline and monitoring methodologies for
selected A/R small-scale CDM project activity categories’’ (UNFCCC A/R working
group 2005) provides only one page of information on estimating the baseline. What
the document does indicate is that the baseline can come from statistical data,
available historical land-use maps and/or satellite images, and participatory rural
appraisals with concerned communities. Here, we examined the extent to which
a reliable baseline scenario can be obtained working closely with villagers in a
participatory way.

The conservation literature has examined the possibility of using local knowledge
to inform decision making regarding the status of biodiversity (Gadgil et al. 1993;
Hall and Bawa 1993; Lykke 2000; Hellier et al. 1999). These studies suggest that
local knowledge is useful, for example, in assessing the effect of harvest pressure.
Work in Ipetı́-Emberá, and other indigenous communities in Panamá, similarly
indicates that villagers have a complex understanding of threat to biodiversity loss
(Dalle and Potvin 2004). In this study, we used land-use maps and geo-referenced
land-use information for the period 1998–2004 to verify the perceptions of partici-
pants. The concordance that we observed between geographical information and
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individual and collective perceptions of land-use change substantiates the fact that
local knowledge has a role to play in the establishment of base-line data in the
context of the CDM, as put forward by Asquith et al. (2002).

Our participatory methodology allowed us to quantify and propose a baseline
scenario recognizing some of the key drivers of land-use change as perceived and
observed by community members. We suggest that an important benefit of partici-
patory methods for establishing a base line scenario lies in the transparency of the
approach and the ease with which local actors can agree upon, identify with, and
eventually monitor desirable future land-use options while taking into account dif-
ferential livelihood needs and opportunities. Both the baseline and the CDM sce-
narios were developed after numerous workshops, meetings, interviews, and
participatory exercises all of which provided ample room for discussion, debates, and
recognition of heterogeneity within a seemingly homogeneous community. The two
scenarios are the people’s best projections given current economic constraints, land
availability, and anticipated future demographic and environmental dynamics. Our
study therefore contributes to a growing body of evidence that remote sensing and
GIS information can be informed by participatory activities. For example, quanti-
fying land-use transitions can be challenging (e.g. Fearnside 1996) and participatory
methods could increase the precision of estimates.

4.2 Baseline scenarios, household life cycle, and land-use changes

Early studies on baseline scenarios have mainly focused on historical changes in
land-use (Brown et al. 2000; Dale et al. 2003) without incorporating in depth anal-
ysis of the factors influencing land-use dynamics (De Jong et al. 2005). The Castillo
et al. (2006) analysis of the causal factors of land-use change served as a basis for a
new baseline methodology, referred to as ‘‘Climafor’’, proposed by De Jong et al.
(2005). This methodology provides an important step forward by linking predictions
of land-use change to prevailing socio-economic conditions. However, as the authors
pointed out, the reliability of the prediction depends on the stability of the pressure
factors on land-use. In Ipetı́, land-use change has not occurred in a linear way over
the last decades, which emphasizes the importance of socio-economic factors as
drivers of change.

Most efforts to develop baseline scenarios for forest projects under the CDM
have concentrated at the regional (Brown et al. 2000; Dale et al. 2003; Grau et al.
2004; De Jong et al. 2005) or national level (Pfaff et al. 2000). Because of the
collective land tenure structure and management of the Emberá settlements, we
restricted our analysis to land-use dynamics inside the TC. As pointed out by
Lambin et al. (2003) land-use change is a spatial aggregate of many small local-scale
changes. Our approach allowed us to explicitly account for household level decisions
as a key element in developing land-use scenarios. It is recognized that household
formation has a more profound effect on land-use/land-cover change than popula-
tion growth per se (Lutz 1994; Perz 2001; Liu et al. 2003). For example, O’Neill et al.
(2001) report that the changes in the number of households is a better predictor
of greenhouse gas emissions than overall population growth. Field et al. (2003)
proposed that demographic data could readily be integrated within the framework of
a biophysical landscape allowing a better understanding of changes at the landscape
level.
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Our MA allows identifying which households are likely to engage in cattle
ranching and in turn better predicting land-use change through time. Indeed, while
only a small segment of the population is currently engaged in cattle ranching, this
activity is developing in importance through time; in 2004, pasture occupied 18% of
the total area of the TC. The discriminant and RDA analyses that we performed
suggest that households are more likely to engage in cattle ranching when children
are less numerous i.e. when the household is ‘‘older’’ (sensu Walker et al. 2002).
Households with pasture are usually those that find themselves at a fairly advanced
stage in their household cycle – meaning they can afford losing cropland to pasture,
they can afford investing in pasture, and they have the means (social networks) to
purchase cattle on credit. Our socio-economic analysis suggests that household life
cycle analysis (Walker and Homma 1996; McCracken et al. 1999) might provide an
appropriate framework to understand changes in land-uses and inform baseline
scenarios.

Residence time in Ipetı́ was also important in explaining the decision to engage in
cattle ranching as was reported elsewhere (Perz 2001). Adoption of cattle ranching,
however, seems to be slower in Ipetı́-Emberá than among small farm households in
the Brazilian Amazon. In the Amazon, small scale farmers began to invest heavily in
cattle ranching five years after arrival (McCracken et al. 1999), while in Ipetı́, the of
the average time of residence for households that did not own cattle was nine years.
We believe that these differences can be explained by the fact that pasture is not a
typical land-use for the Emberás who have traditionally relied on hunting and
gathering and then on subsistence agriculture (Dalle and Potvin 2004). Therefore,
adoption of cattle ranching does not only represent a shift in land-use, it is also a
completely new economic activity and, hence, involves a shift in landowners’s
relationship with the environment. Furthermore, it has been suggested that the
formation of Emberá villages in the 1970s brought about an increased need for
insertion in the economic system, hence the rather gradual adoption of new land-use
strategies (Pastor Núñez 1998).

The cycle of land-use under slash-and-burn agriculture has been well studied in
other parts of Latin America (Scatena et al. 1996; Fujisaka et al. 1998; Coomes et al.
2000). Typically, forests are slashed to grow crops for a few years. Farmers then
decide either to leave the land fallow or to convert the crop field into pasture. In the
TC where the population is young and growing and cannot easily move elsewhere we
expect to see the establishment of several new young households in the near future.
Our results suggest that these households will clear forests to cultivate crops and
subsequently will clear fallows to establish pasture. Therefore, our baseline scenario
suggesting a 50% reduction in total C stocks within the next 20–25 years is both
alarming and highly plausible.
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