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Kalimantan Forests and Climate Partnership
The Kalimantan Forests and Climate Partnership (KFCP) is one of the most advanced large-scale REDD+
demonstration activities in Indonesia. The activity is being implemented on 120,000 hectares of forested and
degraded tropical peatland in the province of Central Kalimantan. KFCP aims to demonstrate a credible,
equitable and effective approach to REDD+ and inform discussions and negotiations on climate change, both
in Indonesia and globally. It is one of the few demonstration activities in the country that attempt to
implement the full suite of REDD+ interventions including supporting institutional development,
implementing activities to cut emissions and trialing a benefit sharing mechanism.
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1.

INTRODUCTION

A.

Objectives

Overall objective
To determine the ecological interventions which will most effectively reduce forest destruction and
degradation and reduce greenhouse gas emissions below business as usual levels and facilitate forest
ecosystem recovery.
Objective
To determine the forest structure, composition, biomass and rates of change of these elements in the KFCP
study site in relation to environmental conditions, level of disturbance and intervention activities.
B.

Project background

Indonesia has taken a leading role among developing countries in exploring how to integrate Reducing
Emissions from Deforestation and Forest Degradation (REDD+) in developing countries into the emerging
international carbon market.
Australia and Indonesia have established the Kalimantan Forests and Climate Partnership (KFCP), to
undertake a REDD demonstration on Peat Swamp Forests (PSF) in Central Kalimantan, Indonesia. The
goal,which the Indonesia-Australia Forest Carbon Partnership is seeking as input to negotiations for a new
global climate change agreement, is to demonstrate a credible, equitable, and effective approach to
reducing greenhouse gas (GHG) emissions from deforestation and forest degradation, including from the
degradation of peatlands. This demonstration is intended to strengthen Indonesia in its participation in
future international carbon markets.
A location map of the KFCP site is shown in Figure 1.
In order to achieve this goal three bio-physical interventions are being implemented:




re-wetting of the degraded peat ecosystems by raising the water table through canal blocking
reduction in the incidence of unwanted fire in peatlands
the promotion of forest rehabilitation by facilitating natural regeneration complemented by directed
planting of PSF seedlings.
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Figure 1. Location map of KFCP study area
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C.

Forest monitoring background

The KFCP study is an area of tropical peatlands stretching across approximately 120,000 ha. The southern
section (approx. 45,000 ha) is located in the North-East corner of Block A and the Northern section (approx.
75,000 ha) is located centrally within Block E of the Ex-Mega Rice Project in Central Kalimantan. Once this
area was covered by PSF but the area is now bisected by a major canal, and the two sections of land differ in
terms of level of disturbance and forest quality. Block E has one 12 km long canal running North-South
impacting upon its hydrology, and has been subjected to both concession logging (1980s-1998), illegal
logging and numerous small hand built canals. However, relative to the extensive canal establishment that
has occurred in Block A, large sections of the Block E forest remain relatively undisturbed. Block A is
crisscrossed by a network of canals 6-10 m wide with two large 30 m wide canals dividing Block A from Block
E. Almost all of Block A, apart from about 5,000 ha have been deforested or very badly degraded.
Due to repeat fires, drought, flooding and peat subsidence, the remaining PSF in the KFCP area continues to
be disturbed and degraded. Activities are being undertaken by KFCP to reduce deforestation through rewetting of the peat, fire management and forest rehabilitation.
In order to understand the effectiveness of the designed intervention activities on woody vegetation
regeneration, to facilitate accurate calculations of changes in above-ground biomass and carbon content to
be used in the Indonesian National Carbon Accounting System (INCAS) Program, and Reference Emission
Level (REL) scenario development, it is necessary to measure baseline environmental and vegetation
conditions and then to monitor changes over time in vegetation structure, biomass and composition.
PSF tree species are adapted to living in year-round flooded forest environments. Few species are adapted
to disturbed, high-light and fire or drought conditions. In order to restore the PSF in the KFCP study site it is
essential the tree species that display some degree of tolerance to these extreme conditions are
determined, such that these species can be prioritised for implementation in forest rehabilitation activities.
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2.

PERMANENT FOREST MONITORING PLOTS

A.

Plot locations

To facilitate calculation and description of biomass, forest structure and composition, and rates of
regeneration, it was necessary to establish a series of Forest Monitoring Plots (FMP) in a range of selected
locations across the KFCP study site. Eight locations were selected as to be representative of the forest types
spread throughout the study site, based on the previous ecological and forestry studies conducted in the
area (BOS-Mawas KFCP Report Phase II, Wetlands KFCP Report on Land Cover Assessment, Master Plan KFCP
Strategic Peatland Rehabilitation Plan) (described in Table 1, and presented in Figure 2).
Table 1. Plot locations, codes and descriptions

Plot Location Code

Plot location

Forest Description

L2

Block A, compartment M1, running
south from SP2

Burnt 2009

L3

Block A, compartment C2, running
south from upper E-W canal

Disturbed, forested, deeppeat compartment

L4

Block A, compartment B2, running
south from upper E-W canal

Disturbed, semi-forested,
deep-peat compartment

L5

Block A, compartment C7, running
south from upper E-W canal

Degraded, non-forested,
shallow-peat compartment

L6

Block E, running west from canal
SPU7, at position where KF21 meets
SPU7

Forested, canal-disturbed,
deep-peat

L7

Block E, along western-third of KF21

Forested, deep-peat

L8

Block E, along central-third of KF21

Forested, deep-peat

L1

Block E, along eastern-third of KF21

Disturbed forest, mid-depth
peat
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Figure 2. Map depicting the locations of plots L1-L8
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B.

Nested plots

P

T

ure 3)

Table 2. The nested-plot sizes and measurements of plants found there-in

Plant classification

Size description

Plot size

Tree

dbh>20 cm

32 x 32 m

Pole

20 cm>dbh>10 cm

16 x 16 m

Sapling

10 cm>dbh, height >1.5 m

8x8m

Seedling

height<1.5 m

2 x 2 m*

*occasions where seedling number was especially low, seedling plot size was increased to 4 x 4 m, but the
individual seedlings present only in the 2 x 2 m area of this nested plot were noted to facilitate same plotsize comparison.

32 m

16 m

Trees

Poles

8m
Saplings
Seedlings
2m
2m

8m

16 m

32 m

Figure 3. Nested plot design
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C.

Locations associated with canals

At each location associated with a canal (L2, L3, L4, L5, L6), three transects were established that ran
perpendicular to the canal and parallel to the hydrology transects (fig. 4). Along each transect, four plots
were established, at 50 m, 100 m, 400 m and 700 m from the canal, thus reaching near to the centre of each
compartment. Each plot received a unique code based on its location, transect number and plot number. For
example, in fig. 4, if this were location 5, the plot in the top right corner would be L5T3P4. This code,
followed by a plant individual code describes the exact location and strata of the individual e.g. L4T2P1C34
would be the 34th tagged pole (see 2.e for tagging of plant individuals) in plot 1, transect 2 of location 4. This
same coding method applies to locations not associated with canals also (see 2.d).

150 m

150 m

Plot 4 700 m DFC

100 m
Plot 3 400 m DFC

50m

200 m
Hydrology transect and
LIDAR route

mm

Plot 2 100 m DFC
Plot 1 50 m DFC

Canal
T1

T2

T3

Figure 4. Arrangement of plots at each canal-associated location (L2, L3, L4, L5, L6), in relation to canal. DFC Distance from canal
(not to scale).
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D.

Locations not associated with canals

Three locations were not associated with canals; L1, L7 and L8. These were positioned along the KF-21
hydrology transect, representing different sections of the relatively undisturbed, closed-canopy forest (fig.
5).

Figure 5. The forest monitoring locations, in relation to the KFCP study site; L7, L8 and L1 highlighted in yellow, running from
west to east respectively.
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For each of these locations 12 plots were established under a similar design to the canal-associated
locations, but running parallel to the hydrology transect KF-21 (fig.6).

Plot 4
700 m DFS

Plot 3
400 m
DFS

T1

Plot 2
100 m
DFS

Plot 1
50 m DFS

150 m
100 m

Hydrology
transect KF-21

T2
200 m
mm

150 m

T3

Figure 6. The layout of plots associated with the hydrology transect KF-21 (L1, L7, L8). DFS Distance from start.
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E.

Forest measurements methods

All methods were designed to follow the Measurement and calculation of carbon stocks
Field
measurement for estimating forest carbon stocks (ground based forest carbon accounting) from the Centre
for Standardization and Environment, Ministry of Forestry, Indonesia (SNI 2011).
Arrival at the designated plot locations was attained through compass bearings and measurement from the
start of the relevant hydrology transects and Global Positioning System (GPS) positioning.
Plots were measured out as shown in figure 3, and marked using plastic piping for corners and rope.
For plant individuals found along the boundary of the plot. Those with the base of the trunk/stem mainly
inside the plot were marked as inside the plot, and those with base of the trunk/stem mainly outside the
plot were marked as outside the plot, regardless of the canopy. If a plant individual occurred exactly along
the plot boundary it was included.
In a visible corner of the plot a plaque denoting the plot number/code was attached to a post, facing
outwards.
GPS position was recorded in the South-West corner of the plot.
For the subB
-Blunquet coverand Ellenberg 1974) was carried out for all non-tree species.

M

-Dumbois

Each plant individual was tagged with a unique number respective for that plotusing prepared numbered
metal tags.


Trees = D1, D2, D3...



Poles = C1, C2, C3...



Saplings = B1, B2, B3...



Seedlings = A1, A2, A3...

The plant individuals were tagged at approximately 160 cm, in anticipation of the Diameter at Breast Height
(dbh) paint mark at 130 cm. Plant individuals smaller than 10 cm had their tags secured with a loose copper
wire.
Before measuring the dbh point, loose bark/climbers/epiphytes were cleared away. The base of the plant
individual to 130 cm in height was measured and the point marked with tree chalk, the measuring tape was
placed round the plant individual and the diameter recorded. A circular band was painted round the plant
individual, the top edge of which corresponded to the chalk mark.
If the plant individual was under 5 cm dbh it was measured with calipers. If calipers were used, the two
points of contact between the calipers and the tree were marked with two paint points.
Seedlings were not measured for dbh, only height.
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Once the plant individual was painted, this point was always measured, regardless of height change.
Plant individuals with difficult dbh:



Leaning:
Inside of lean measured

1.3m



Marked as two plant individuals and given
code.

1.3m

1m

1.3m



Branching:



Buttressed:
If buttress was higher than 1.3m, dbh was
placed 1m above buttress and the new POM
(position of measurement) recorded.

Deformation at 1.3 m: Measured at nearest normal point above the deformation. The new
POM recorded.

The measurement was always rounded up if the measurement fell between a millimetre.
The species were recorded in the field, or a morpho-species/code given, and a coded sample taken for
identification.
The height to the top of each plant individual was measured using a clinometer (degree to upper most
branch of the plant individual) and a tape measure (distance from base of plant individual to measurer).
Seedlings and saplings under-4m were measured using a height pole. Seedlings that bent were not
straightened, but their maximum natural height was recorded.
Room was provided on each worksheet to describe both the plot and each plant individual found therein.
Rather than using a general description, coded notes were used to ease later analysis. See appendix B for
codes. The codes could be used in combination.
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3.

PERMANENT REFORESTATION MONITORING PLOTS

A.

Introduction

At the end of 2010 the KFCP Reforestation Team planted two areas totaling 50 ha, with 25 ha within Block A
compartment B3 (within the Katunjung Village district), and 25 ha within Block A compartment C3 (within
the Mantangai Hulu Village) (fig. 7). The reforestation took place in an area that was already open,
previously burnt and degraded, near the banks of canals. Three species were planted; Jelutung (Dyera
polyphylla), Pulai (Alstonia sp.) and Balangeran/Kahui (Shorea balangeran), with a planting spacing of 3 x 3
m. Care for the planted seedlings, including replacing dead or damaged seedlings with their corresponding
species, took place in the first three months.
In order to establish the level of growth and development of the seedlings, it was necessary to establish
Permanent Reforestation Monitoring Plots (PRMP) that evenly represented the conditions of and quality of
all the seedlings, whilst also considering the efficiency and affectivity of the PRMP. It was also important to
measure and understand the effect of the environment on the results or success of the implemented
reforestation activities.
B.

Objectives

To establish PRMP in the re
Mantangai villages:

L

L

K

1. To monitor and establish the level of success of the transplanted seedlings; survival and growth,
respective for each transplanted species.
2. To determine the influencing environmental factors, such as the distance from the canal and fire
history, that affects the transplanted seedling.
3. To establish if there is an increased rate of forest regeneration through the transplanted seedlings,
when compared with the natural regeneration, such as that occurring and being monitored in L1
through L8.
It should be noted that further PRMP will be established in the future at new locations, within future
reforested areas that include a greater variety of species planted,
-shadow them. The
methods for plot establishment will be similar to those described below.
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Figure 7.The KFCP study area with the reforestation areas shown in dark green.Those in compartments B3 and C3 (northern west
and east corners respectively) are the locations of the first PRMP, described below.
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C.

Reforestation plot design

The planting design implemented by the Reforestation Team with each respective village was 25 ha (201 m x
1245 m, the length running along the side of the canal) which was then divided into 5 blocks each of 5 ha
(201 x 249 m). The distance of the seedlings from the canal ranged from 1 to 201 m (fig. 8)

201 m

B3
249 m

201 m

1245 m

C3

1245 m
Figure 8. The layout of planted reforestation plots in B3 and C3, thick lines denote compartment edges, thin lines denote
reforestation plot edges, and dashed lines denote canals.

Within one block there were 83 columns and 67 rows planted, with a planting distance of 3 x 3 m:
Per hectare

Per block (5 Ha)

Shorea balangeran (Balangeran)

371

1855

Alstonia sp. (Pulai)

371

1855

Dyera polyphylla (Jelutong)

370

1850

Total Seedlings

1112

5560
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D.

PRMP plot design

Based on the above details the PRMP were designed as follows:
1. PRMPs were established, measuring 25 x 25 m², at two specified distances from the canal (KF 01),
50 m and 125 m. Every PRMP included 64 seedlings (occasionally slightly more when the seedlings
had not been planted in straight lines), with approximately 21 seedlings of each of the three
species.
2. The PRMPs were established in only two of the five planted blocks respective to each village, thus
there were a total of four 25 x 25 m PRMPs established (fig. 9). The blocks in which the PRMP were
established were chosen based on the ownership status of the land with the respective villages
(those under disputed ownership rights were avoided), and also placed at least 400m from each of
the north-south adjacent canals in order that only the east-west canal on the north side of each
compartment would affect the seedlings.
3. C
-south adjacent canal) the
distance from this point to the start of each PRMP was 125 m and 375 m, such that the PRMP were
centered in each of the two inner most blocks (fig. 9).

B3

50m

50m

25x25m

25x25m

50m

50m

25x25m

25x25m

50m

50m

250m

50m

50m

25x25m

25x25m

50m

50m

25x25m

25x25m

50m

50m

125m

125m

C3

250m

Figure 9: The location of the PRMP (small white squares) at L9 (Block A) Compartment B3, Katunjung (a) and Compartment C3,
Mantangai Hulu (b) (not to scale).
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E.

Seedling measurements
1.

2.

3.

4.

5.

In the corners of each PRMP a marker was placed by means of a pipe pushed vertically into the
ground with the upper end painted red. The code for each PRMP was: L9B3T1P1 and L9B3T2P2
(Katunjung, at distances of 50 m and 125 m respectively) and L9C3T1P1 and L9C3T2P2 (Mantangai
Hulu, at distances of 50 m and 125 m respectively).
In every PRMP the height and basal diameter of every seedling was recorded. The height was
measured from the ground surface to the shoot apical meristem. The basal diameter was
measured using calipers, at the point where the stem emerged from the ground. The basal
diameter was measured twice, at positions perpendicular to each other, and the basal diameter
calculated by averaging these two diameters.
Every measured seedling was given a tag with number A1, A2, A3 etc. (fig. 10). The numbering
started from the north-west most corner of the PRMP, and ran in order up and down each column
of seedlings
In every north-west corner of the PRMP, an 8 x 8 m plot was established and a quantitative
assessment of ground cover of non-tree vegetation was recorded following the Braun-Blunquet
method.
At the south-easterly corner of the 8 x 8 m plot photographs were taken at 1 m and 0 m height
from the ground surface to record the percentage of open canopy.

8m

A1

A16

A17

A64

A2

A15

A18

A63

A3

A14

A19

A62

A4

A13

A20

A61

A5

A12

A21

A60

A6

A11

A22

A59

A7

A10

A23

A58

A8

A9

A24

8m

A25

A40

A41

A56

25m

A57

25m

Figure 10. The design of the PRMP, showing the transplanted seedlings recorded (white circles), with ordered number sequence
shown from 1 64 in given tag numbers, the location of the photos taken for the light intensity data marked with a star. The
shaded area indicates the area to be assessed for ground cover using the Braun-Blunquet method.
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4.

LIGHT INTENSITY MEASUREMENTS

A.

Introduction

Plants source their chemical energy through harnessing light energy from the sun and using this to power
photosynthesis. Being autotrophs, if plants are limited in their source of light, they are effectively limited in
H
must also protect themselves from the dangers of too much light. Across plant species there is a wide
S
forest canopy. Shade tolerant species tend to have much larger, thinner leaves to capture as much light
energy aspossible, they have low photo-assimilation, growth and respiration rates, preserving the small
amount of energy they capture. These species are adapted to competing for light, and invest in aboveO
light levels. These species more commonly must compete for below-ground resources such as water and
nutrients, and as such invest more in below-ground rather than above-ground biomass.
Specific adaptations restrict the range of light levels that a particular plant species can tolerate. Sun-loving
plant species would respire themselves to death if placedin shade conditions, as the growth rate they adopt,
achievable in high light conditions, cannot be sustainably maintained in low light levels. Equally, shadetolerators under extended high intensity light-levels can undergo overheating, leaf death, and desiccation.
Forest clearing subsequent to fire or logging, leads to an increased light intensity which can restrict many
species from regenerating in the degraded area.
There is little published information on light-tolerances of PSF tree species, or the impact increased light
level (post-disturbance) has on seedling regeneration. However, like other wet forest ecosystems, native PSF
tree species are adapted to low-light levels of the under-storey, compete for light with their neighbours, and
can utilise gaps to serve as regeneration foci. It is likely that only a few native species are adapted to cope
with the extremely high light levels associated with cleared forest areas. Regeneration studies have
highlighted which PSF appear first as pioneers, in secondary succession after disturbance, indicating light
tolerance (Lee 1979, Kessler 2000), but as with other forest ecosystems, this would only a be a fraction of
the total forest species.
It was therefore necessary that the forest vegetation monitoring plots couple their forest dynamics data
with light intensity data. This highlights which locations have low enough light intensity for shade-loving
species to survive, and which species are able to tolerate the highest light intensities. This data can also
guide the planting locations, species selections and methods adopted for the reforestation activities.
Furthermore, light intensity, proportional to canopy closure can be used as an indicator for forest health,
and serves as useful data in assessing forest recovery, especially as its rate of change is more rapid than
changes in other measured elements such as dbh and height. Finally, given that collecting light intensity data
in the field is extremely easy with low time or resource cost, this makes it extremely useful data to collect.
B.

Objectives

To collect percentage canopy cover data as a proxy for light intensity in all permanent forest monitoring
plots which provide:
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C.

An indicator of forest health and rate of forest recovery at each location.
Information for reforestation activities regarding species and location selection based on light
intensity data coupled with forest dynamics and species-composition data.

Methods

Light level is measured indirectly. A quantitative light-intensity reading could be attained for an individual
point, and several points within close proximity of each other, using a light meter. However, over different
times, days, and weather conditions light intensity varies, and it becomes difficult to compare over a widerange of positions. Instead, the percentage canopy cover at each position is recorded as a proxy for light
intensity. To achieve this, a digital camera is set-up on a flat surface (using a tripod with spirit-level) and
photographs are taken, first at 1 m above the ground, then at ground level. This is done for each height
within each plot, with four replicate locations for each plot (fig. 11 and table 3). Each location is GPS
recorded, in order to return to the same place in future years. The photos taken are converted to percentage
of black and white pixels using a basic photo analysis package, The GNU Image Manipulation Program, and
the percentage of white pixels is given as a proxy of percentage of open canopy.
Table 3. The relevant codes and order to be used for each photo location; example L3T2P2

Photo order

Photo

Photo 1

Location 1.a (1 m above ground) (Code given: L3T2P2.1a)

Photo 2

Location 1.b (0 m above ground) (Code given: L3T2P2.1b)

This is repeated for all four photo locations as shown in fig.11, resulting in 8 photos for each plot.

Trees

32 m

16m
8m

Transect

8m

N
Position 3

Position16m
4
8m

16m

16 m

Position 2
8m

Poles

8m

Position 1
Saplings
Seedlings

8m

2m

8m
32 m

16 m

8m

2m

Figure 11. Depicting the layout of the Permanent Forest Monitoring Plots and the four locations (red crosses) where the canopy
cover photos are taken, and the measurements necessary to ensure fixed locations.

KFCP Vegetation Monitoring Methodology

Page 23

5.

REFERENCES

BOS-Mawas KFCP Report Phase II (2009).
Kessler, P.J.A. (2000). Secondary forest trees of Kalimantan, Indonesia. A Manual to 300 selected species.
Tropenbos-Kalimantan Series 3. MOFEC-Tropenbos-Kalimantan Project, Wanariset, Samboja.
Lee, H. S. (1979). Natural regeneration and reforestation in the peat swamp forests of Sarawak. Tropical
Agricultural Research Center, 12: 51-60.
Master Plan KFCP Strategic Peatland Rehabilitation Plan (2009).
Mueller-Dumbois, D. and Ellenberg, H. (1974). Aims and methods of vegetation ecology. J. Wiley &Sons Inc.,
New York.SNI (2011) Measurement and calculation of carbon stocks Field measurement for estimating
forest carbon stocks (ground based forest carbon accounting). 7724. Centre for Standardization and
Environment, Ministry of Forestry, Indonesia.
Wetlands International KFCP Report on Land Cover Assessment (2009).

KFCP Vegetation Monitoring Methodology

Page 24

6.

APPENDICES

A.

Photos from the field

Determining the location of a new plot

Establishing a new plot
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Marking the plot with corner poles and a code
plaque

Tagged Seedlings
Tagged saplings and poles
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Measuring the dbh of a pole and the basal diameter of a sapling

P
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B.

Examples of field data worksheets
Vegetation ground cover example worksheet
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Seedling example worksheet
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Sapling example worksheet
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Pole example worksheet

KFCP Vegetation Monitoring Methodology

Page 31

Tree example worksheets
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