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FRIM / UNDP / ITTO Conservation of Biodiversity through Improved Forest 
Management Tools Activity 1.2 ~ Development of Rapid Biodiversity 
Assessment Tools 
 
BACKGROUND 
 
The development of biodiversity protocols sets forth a methodology to assess 
the biodiversity of hill dipterocarp forests in approximately 2-week sample 
periods. Nine taxa groups were selected for sampling based on a number of 
selection criteria:  
 

(i) information content in terms of measuring habitat change;  
(ii) across groups sensitivity to different scales of sampling;  
(iii) taxonomic tractability; 
(iv) ease of sampling during a limited period.   

 
Other factors taken into account during the development of the methodology 
included availability of local expertise as well as budget and time constraints 
in conducting effective assessments on the ground.  
 
The following groups were selected:  
 

1. Trees 
2. Ants  
3. Social bees  
4. Dung beetles 
5. Moths  
6. Stream macro-invertebrates  
7. Bats (insectivorous) 
8. Birds (understory)  
9. Frugivores  

 
The following protocols are being applied in two studies: (i) the value of small-
protected areas within logged forests (Activity 1.3.1) and (ii) a logging 
experiment using a modified harvesting protocol (Activity 1.3.4).  
 
Based on the experience of these studies a rapid biodiversity protocol will be 
developed. The rapid biodiversity protocol (RBA) is envisioned to be a 
simplified assessment protocol with less intensity and effort without 
compromising accuracy through the following steps: 
 

i) Identifying a subset of groups of organisms that can be used to 
measure biodiversity of the landscape without substantial lost of 
accuracy 

ii) Identifying bioindicator groups which statistically demonstrate close 
association with habitat change i.e. forest structure, soil stucture 

iii) Statistically determine minimal amount of data or sample collection of 
identified bioindicators species to achieve (i) and (ii) 
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To ensure wider acceptance and implementation of the RBA by stakeholders, 
taxanomic identification of selected bioindicator species will be simplified and 
assessment guidelines produced. 
 
SAMPLING LAYOUT  
 
A single sampling unit consists of nine 20 x 80 m plots parallel to nine 300 m 
transect lines set along the topographic contours positioned ca. 200-500 m 
apart (Fig. 1). Transects and plots are placed so as to sampling a single 
topographic unit (eg hillside, ridge top, or valley bottom). The exact sampling 
locations for the nine study taxa vary but are restricted to within plots or along 
transects.  
 
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
 
Figure 1. General sampling design consisting of nine 20 x 80 m plots 
and nine 300 m transects

> 300 m 

> 500 m 

Direction 
of slope 

> 500 m 
Ridge 

Slope 

Valley 

> 300 m > 300 m transect 

20 × 80 m plot 



Biodiversity Assessment 
UNDP/GEF/ITTO/FRIM CbioD 

_____________________________________________________________________ 

D:\Comm Project Files\IAP\Methodologies\RBA Protocols Compiled v3.doc                              
Created on 10/12/2008 11:34:00 PM 

1. TREES 
 
Introduction 
 
Trees in tropical rainforest provide resources and habitat for fauna in 
additional to be highly species diverse in their own right making them an 
essential component of any biodiversity survey in tropical rainforests.  
 
Tree surveys are conducted in all nine 20 x 80 m plots.  
 
Plot establishment methodology 
 
1. The 0,0 post is positioned using a GPS.  
2. The baseline of the plot (80 m) is laid out parallel to the slope along a 

constant compass bearing. 
3. Each 20 x 80 m plot is subdivided into 20 x 20 m subplot and further 

subdivided into 10 x 10 m quadrates (Fig. 2).The corners of each subplot 
and quadrate are positioned to compensate for topography.  PVC posts 
mark subplot corners.  

4. The 20 m perpendicular lines are positioned upslope of the baseline. 
5. The line opposite the baseline must be checked with a compass. 
6. A temporary line is also laid out 1 m upslope of the baseline. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Layout of a plot 
 
Abiotic data collected 
 
1. Latitude and longitude of 0,0 post 
2. Compass bearing of baseline 
3. Compass bearing, slope angle, and distance to each 10 m quadrate post. 
4. Convexity / concavity of each quadrate. 
5. Altitude of each corner of the plot (0,0) 
6. GRS densitometer reading and 28 mm photo at 1.3 m height in every 10 m 

quadrate. 
7. Fine root mat (none, present, abundant) in centre of each quadrate. 
8. Soil sample to 20 cm depth collected from centre of each subplot. 
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Tree data collected 
 
1. All trees ≥ 5 cm diameter tagged (at base), measured (diameter at 1.3 m 

(dbh) or diameter above buttresses), and a voucher (tag no., field id 
recorded on label) collected by subplot and quadrate. 

2. All trees ≥ 5 cm dbh measured for height using laser tree height measurer. 
3. All trees ≥ 0.5 m height to < 5 cm dbh within 1 m of baseline tagged (at 

base), measured (if ≥1.3 m height dbh, else height), and a voucher 
collected (tag no., field ID recorded on label). 

4. Bamboo clumps with individual stems ≥ 5 cm dbh recorded (scale: 1-5 
stems, 6-20 stems, >20 stems) by quadrate. 

5. Percentage unoccupied quadrate area covered by skid trails, ferns, or 
bare soil (e.g. landslide). 

 
Treatment of specimens 
 
Voucher specimens for herbarium and DNA analysis are prepared in the field. 
1. Herbarium vouchers of all individuals are placed individually in newspaper, 

pressed, dipped with methylated spirit and kept in a plastic bag. 
2. Approximately 50 g of leave material is cut out and placed in a small 

resealable bag with 50 g of silica gel and stored in an airtight box. 
 
Upon returning to FRIM, the material is sorted in the herbarium to genus 
before being treated by specialist taxonomists. The DNA vouchers are stored 
in a freezer. 
 
Organization of work  
 
The tree survey team comprises of 8 persons in four sub-teams: Tree ID (3), 
trees and saplings measurement (4), and site assessment (1). 
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2. ANTS 
 
Introduction 
 
Ants have been well correlated with soil and habitat type, while some species 
have been proven good indicators of habitat changes and disturbance. 
Hence, ant sampling takes place within the tree survey plots so as to establish 
these relationships; between the plants (trees), soil and ant community. As 
described in the tree sampling protocol each 20 x 80 m plot is subdivided 10 x 
10 m quadrates (Fig. 3). Either a trap or a bait stations is placed in each 
quadrate.  
 

Ridge plot Quadrat 1 Quadrat 2 Quadrat 3 Quadrat 4
x x x x x x x x x

3 4 3 4 3 4 3 4
20 m x x x x x x x x x

1 2 1 2 1 2 1 2
x x x x x x x x x

20 m

Slope plot x x x

O ●

x x x

O ●

Valley plot x x x
10 m  

 
Figure 3. Placement of trap and bait stations within each quadrate. x -  
tree census 10 m marker; O - trap (arboreal and pitfall); ● -  bait trap. 
 
Ground pitfall traps  
  
Ground pitfall traps are constructed out of 5 cm diameter hard plastic cups 
sunk into the soil with the mouth level of the cup even with the ground. A 
coarse (5 x 5 mm) wire net encircling the mouth of the cup is placed on top to 
exclude larger organisms and support a 15 cm diameter translucent plastic 
plate 2.5 cm above the trap. To capture ants ~20 ml water and fragrance-free 
detergent (100:1 dilution rate) are placed into each cup. After 48 hours the 
water is decanted from the cup into a filter paper cone and placed flat into 
individual zip-loc bags for processing back at the field laboratory.  
 
Arboreal pitfall traps  
 
An arboreal trap is placed alongside each pitfall trap. It is constructed from a 5 
cm diameter disposable plastic cup with a snap-on lid twist-tied at breast-
height level on a tree (~2 to 20 cm dbh) nearest to the pitfall trap. Five 1 x 1 
cm holes located 2 cm from the mouth of the cup allow for entry of ants. Two 
1 x 1 cm cotton squares moistened with honey solution (20% v/v) and 
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smeared with tuna flakes, respectively are affixed to the inside surface of the 
cup about 3 cm from the base of the cup. To capture ants ~20 ml water and 
fragrance-free detergent (100:1 dilution rate) are placed into each cup. After 
48 hours the water is decanted from the cup into a filter paper cone and 
placed flat into individual zip-loc bags for processing back at the field 
laboratory. 
 
Bait stations 
 
A teaspoon of tinned tuna and a cotton ball moistened with honey solution 
(20% v/v) is placed on a transparent plastic plate. Visual counts of all ant 
morphospecies at the baits are recorded after 60 minutes. An ant will be 
deemed to be at bait if it is observed feeding from it for at least three seconds. 
Opportunistic hand collection of ants using soft forceps is carried out during 
each baiting period. Ants are preserved in 95% ethanol, with one vial 
containing all ants from one bait station.  
 
Leaf litter sifting 
 
Four points will be sampled for leaf litter ants within subplots no. 4 for each 
quadrat. Leaf litter is sifted in batches over a 100 x 80 cm white sheet using a 
coarse (5 x 5 mm) rectangular (15 x 30 x 3 cm) wire sieve. All ants seen on 
the sheet are collected using soft forceps and placed into vials containing 
95% ethanol. Leaf litter sifting is conducted for a total of 30 minutes at each 
point.  
 
Abiotic data recorded 
 
Micro-habitat data will be collected using a 1 m2 quadrat at point 2 and 4 of 
each subplot; vegetation characteristics; litter depth (cm) and cover of litter 
(%), abundance of fine roots, bare rock, pebbles, bare soil, grass and dead 
wood (%).  
 
Laboratory processing 
 
Trap catches are removed from the filter paper with soft forceps and placed 
into a 3 cm diameter white dish with 95% ethanol.  Ants are separated from 
other organisms, which are preserved separately in 95% ethanol. Ants are 
sorted to morphospecies and the number of individuals recorded. 
Morphospecies abundances are scored according to a 6-point scale: 1, 1 ant; 
2, 2-5 ants; 3, 6-10 ants; 4, 11-20 ants; 5, 21-50 ants; 6, >50 ants. The scaling 
of abundances aims to minimize possible distortions caused by large numbers 
of individuals falling into small numbers of traps, due to the placement of traps 
near nest entrances or foraging trails. Bait and leaf litter catches are 
processed in a similar fashion. Two representatives of each morphospecies 
will be taken out for pinning and identification while others will be stored for 
DNA barcoding at a later stage. 
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Identification 
 
Two individuals of each ant morphospecies are mounted and pinned, then 
identified to genus (following Bolton (1995)) and species by trained 
taxonomists.   
 
Organisation of work  
 
The survey team will comprise three workers. For the 1st day, the first 
individual will set the baits (15 min) while second individual sets up the pitfall 
traps (40 min). The first individual will then return to the first bait station and 
proceed to record and collect the ants at the bait stations (40 min) while 
second individual records site characteristics with the 1m2 quadrat (30 min). 
The third individual will then sift litter for 30 min at each of the three subplots. 
The estimated time at each plot is 2 hours. The 2nd day will be spent sorting 
and recording bait catches. On the 3rd day, the pitfall catches will be collected, 
sorted and recorded. Therefore, each line will take three days.  
 
 



Biodiversity Assessment 
UNDP/GEF/ITTO/FRIM CbioD 

_____________________________________________________________________ 

D:\Comm Project Files\IAP\Methodologies\RBA Protocols Compiled v3.doc                              
Created on 10/12/2008 11:34:00 PM 

3. SOCIAL BEES 
 
Introduction 
 
The Apidae, especially honeybees and stingless bees, are important 
pollinators in tropical rain forests, and their diversity has often been shown to 
vary according to habitat quality. The bee census is conducted along each 
~300 m transect line.   
 
Sampling methodology 
 
1. Sampling is conducted at nine sites per sample line (transect) located at 

approximately 30 m intervals. 
2. Three sample lines (ridge, valley, and slope) are surveyed at one time. 
3. Each site is pre-baited 1 day prior to sampling. 
4. Sugared water (~40 % by mass) with a common cake flavoring (usually 

banana) is spayed over leaves in an approximately 1 m radius from the 
ground to 1.5 m height. At each point an artificially flower, consisting of a 
tupper-wear box (approximately 15 x 10 cm) containing a yellow sponge 
soaked in the same flavoured sugar-water is placed on the ground 
beneath the baited leaves. The sites are sprayed in the early morning from 
0800-1000 hrs. When ever possible sites should be placed in sunlight or 
sun-flecks. 

5. Sampling is conducted from 1100 hrs, in the same order the lines were 
baited (i.e. approximately 2 hours after bating). 

6. Sampling can only be conducted on warm, rainless days. If poor weather 
intervenes, the sites must be re-baited. 

7. Each bee species observed at the baits is collected using an 
entomologist’s net. 

8. Three individuals are placed directly into absolute alcohol for DNA 
analysis. 

9. Three individuals are placed in a killing jar with ethyl-acetate and later 
pinned. 

10. Samples from each site are kept separate. 
11. The pinned specimens are identified to species using available keys and 

collections at FRIM. 
12. The DNA specimens are stored in a freezer. 
13. The specimens are be label with a collection number (e.g. 

GEF.BEES.00.00/00) that reflects each survey (first 2 digits), and 
collection site (next 2 digits), with pinned specimens receiving a further 
number (after the forward slash).  

14. A labeled reference collection is being built up to speed up the sorting. 
15. The sampled material is sorted and pinned in the evening after collecting. 
 
Organization of work 
 
1. The survey requires two warm rainless, or nearly so, days. 
2. Two people working together survey three sample lines in one day. 
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4. DUNG BEETLE  
 
Introduction 
 
Dung beetles are important components of the decomposer community in 
tropical rain forests, and are often suggested as good indicators of forest 
quality because of their dependence on animal dung.  
 
Sampling Methodology 
 
1. Pitfall traps, consisting of plastic cups 12.5 cm deep and 8 cm diameter at 

the top, are dug in flush with the ground at approximately 30 m intervals, 
and set 0.5-1.0 m off to the side of the sample line. 

2. Nine traps are set on each sample line. 
3. The traps are baited by suspending a spoonful of elephant dung in a 

pocket, made from plastic mosquito screening, 1-3 cm above the trap. A 
dead leaf is used to protect the bait and trap from rain. The bait and leaf 
are suspended above the trap using a bamboo skewer. 

4. Salted water with a small amount of detergent is as the killing agent. 
5. The traps are left in place for 48 hours. 
6. In the field, the material collected from each trap is filtered with a 

household sieve, placed in a pre-labeled Whirl-pak, and preserved in 95% 
alcohol until processing. 

7. The traps and plastic screen pockets are collected for re-use, and the 
elephant dung carried out of the forest to avoid introducing foreign seeds. 

8. In the laboratory, the material is pinned and sorted to morpho-species. 
Two legs from each specimen are preserved in reagent quality 99% 
alcohol for DNA analysis. Each specimen is placed separately in a 0.2 ml 
pcr vial, and these are collectively placed in larger jars with more alcohol. 
The DNA specimens are stored in a freezer.  

9. The specimens are all labeled with a collection number (e.g. 
GEF.DUNG.00.00/00) that reflects each survey (first 2 digits), and trap site 
(next 2 digits), and the individual (after the forward slash). One copy of the 
same label is placed in the vial with the alcohol material. Thus, pinned and 
alcohol stored specimens may be traced to the correct survey and trap. 

10. The pinned specimens are identified to species using available keys and 
collections at FRIM. 

 
Organization of work 
 
1. Two people working together lay out each sample line (30 minutes). 
2. Two people working together will collect the traps (30 minutes) 
3. The material is processed as soon as possible upon returning to the 

laboratory to preserve the quality of the DNA samples. 
4. A labeled reference collection is being built up to speed up the sorting. 
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5. MOTHS 
 
Introduction 
 
Moths are good pollinators with some species show a conservative mutualism 
with their host. Some groups of moths have specific niches, for example 
Geometrid moth species can only be found in pristine forests, making moths 
in general a good bio-indicator group. Home-made modified light traps are 
used to sample moths in the understory. 

 
Sampling 
  
1. A sampling point is placed in each of the 20 × 80 m plots.  
2. Sampling is conducted for three rainless consecutive nights avoiding the 

full moon phase 
3. Light-traps are suspended approximately 2 m above the ground in an area 

with limited undergrowth to allow maximum light penetration. The light is 
switched (automatically triggered by timer) on at dusk and remains on until 
8 am the following day.  

4. In the field, collected specimens will be placed in zip bags per light trap 
and then put inside a Tupperware plastic container with cover. These 
specimens will be sorted out in the base station or in the laboratory.  
 

Treatment of specimens 
 
1. All lepidopterans (moths and some butterflies) are sorted and grouped by 

morphological species.  
2. An unspoiled specimen are selected from each morphospecies and pinned 

unto a polysterene with wings spread open and covered with waxed paper 
and kept as reference. 

3. Duplicates will be kept in waxed paper envelopes with proper 
codes/labels. 

4. Collected moths and butterflies are dried in an electric oven with a 
temperature around 30-40 0C for 1-2 days. After drying, pinned insects are 
be placed in insect boxes and are being kept at the Forest Research 
Institute of Malaysia (FRIM). 

5. The three legs from the left side of the body are cut off and placed in vials 
of 99% reagent quality alcohol for DNA analysis. These are stored in a 
freezer.  

6. Wingspan and UV wing pattern in every moth are measured for 
correlations with abiotic factors and with data sets of other taxa. Wingspan 
is the distance from the base to the farthest tip of a forewing. UV wing 
pattern is being obtained through photograph (Lyytinen et al. 2004).  

7. All lepidopterans are identified to families, genus and possibly to species 
using pertinent literatures. Priority is being given to Geometriidae. 
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Organisation of work 
 
Moth sampling is carried out by one researcher and one assistant to set up 
the collapsible light traps and remove the collection. Further laboratory work 
can be conducted by the lead researcher/taxonomist. 
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6. AQUATIC MACRO-INVERTEBRATES 
 
Introduction 
 
Differences in macroinvertebrate diversity are driven by variation in the 
physical environment (altitude, geology, soil, habitat). Stream morphology in 
the forest varies from high gradient, cobble dominated to low gradient streams 
with sandy or silty sediments. Therefore a method suitable to sample a variety 
of habitat types is desired. Streams closest to the transects used by the other 
taxa groups are selected as sampling sites.  When there are a number of 
streams available, a more permanent stream is selected. 
 
Sampling methodology 
 
1. A 100 m reach representative of the characteristics of the stream is 

selected. There should be no major tributaries discharging into the stream 
in the study area. Samples are collected from productive areas (areas 
most likely inhabited by the macroinvertebrates) such as riffle, pool, run, 
leaf pack, stream margins with vegetation and woody debris within the 
100m reach of the stream. 

2. Macro-invertebrates are sampled using a D-frame dip net. Dimensions of 
frame are 0.3 m width and 0.3 m height and shaped as “D” where frame 
attaches to long pole.  A net of 500 µm-mesh is used.  This net can be 
used in a variety of habitat types and as a kick net or for “jabbing”, 
“dipping” or “sweeping”. 

3. Ten samples are collected from each station, as this is known to collect 
close to 100% of the faunal diversity available in an area. In the laboratory, 
the macro-invertebrates are identified to family level using standard 
taxonomic keys. 

4. Sampling begins at the downstream end of the reach and proceeds 
upstream. After every collection the sample is washed by running clean 
stream water through the net 2 to 3 times. If clogging does occur the 
sample is discarded and that site is resampled in a different location.  
Large debris is removed after rinsing and inspecting it for organisms.  
Samples are place in a plastic bag and taken to the laboratory for sorting, 
or they may be sorted at the site if necessary. The specimens are 
preserved in 80% alcohol. 

5. Environmental data recorded include parameters such as: stream 
characterization, watershed features, riparian vegetation, instream 
features, presence of large woody debris, aquatic vegetation, water 
quality, sediment or substrate types. 

6. Different types of habitat are sampled in approximate proportion to their 
representation of the surface area of the total macro-invertebrate habitat in 
the reach. Habitat types contributing less than 5% of the stable habitat in 
the stream reach are sampled. 

7. Percentage of habitat types in the reach is recorded. Comments on 
conditions of the samplings are also included e.g. high flows, treacherous 
rocks, difficult access to stream or anything that would indicate adverse 
sampling conditions. 
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Water quality measurement 
 
Parameters that are important in determining macro-invertebrate distribution 
are measured. They include temperature, depth and width of river, 
conductivity, pH, and dissolved oxygen (DO). These parameters are 
measured in situ.  Laboratory analysis is carried out for other selected 
parameters. In this case water samples are collected and stored in 
polythylene bottles (500 ml). They are analyzed for Phosphate, Ammonical-
nitrogen, Nitrate and Total Suspended Solids (TSS) using standard 
procedures. To ensure the similarity of habitat characteristics, four criteria will 
be measured and compared among stations: a. substrate particle size, b. 
substrate embeddedness c. current speed and d. canopy cover. 
 
 
Organisation of work 
 
A team of three to four people is sufficient to conduct the sampling. At each 
sampling point, one person will hold the D-frame dip net in front at the face of 
a pool, riffle, run or leaf pack while another one or two will stir the water bed, 
turn over small rocks and wash the surface of rocks into the dip net. Another 
or the same person will then take water quality measurements. 
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7. BATS 
 
Introduction 
 
Forest interior insectivorous bats have attuned their echolocation frequencies 
to suit cluttered and dense forest environments. They are forest-specialists 
and hence their absence is a good indicator of habitat openness 
(disturbance). Insectivorous bats are sampled using harp traps along the 300 
m transects. Three transects are sampled for three consecutive nights. All 
nine transects are sampled over a two week period.  
 
Field sampling methodology 
 
1. Three transect lines are sampled on any one trapping night with three harp 

traps set on each transect. Each trap should be placed at least 50 - 75 m 
apart at suitable locations. 

2. The ideal location for traps is a clear pathway with trees and undergrowth 
on either sides and above the harp trap (ca. 2 m width and 3 m height). 
This creates ‘tunnel effect’ to lure the bats into the trap direction 

3. If the pathway does not have good coverage then branches with leaves 
from nearby trees can be use to cover the exposed area. 

4. The traps should be placed approximately 1 m above ground level.  
5. Traps are left overnight and checked in the morning at 0800 hrs. 
 
Identification and measurements 
 
1. Captured bats are removed from the trap bag and placed into individual 

cloth bags for measurement.  
2. The forearm (mm) and weight (g) of the bat are measured using a caliper 

and a 30 or 100 g weighing scale, respectively. 
3. The sex of the bat are determined and if it is a female bat, the reproductive 

status is recorded as; 
a) Non-Reproductive (NR)  
b) Lactating (L)  
c) Late lactating (LL) – nipples are elongated (not swollen) and only 

very little milk can be expressed. 
d) Recently Post-Lactating (RPL)  
e) Post-Lactating (PL) 
f) Pregnant (P)  

4. The age of the bat is determined as adult (A) or (J) juvenile  
5. The bats are individually marked with a wing band with FRIM initials and 

unique 5-digit identification number.  
6. Bats are identified using the following guides; (i) Medway, L. 1983. 

Mammals of Peninsular Malaysia and Singapore, 2nd Edition, (ii) Payne, J. 
& Francis, C.M. 1985. Mammals of Borneo and (iii) Kingston, T., Lim, B. L. 
& Zubaid, A. 2006. Bats of Krau Wildlife Reserve. 

7. Recaptures are indicated in the data sheet. 
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Organisation of work 
 
Only two persons are needed to check the harp trap and to process the bat 
captures; one to take measurements and identify the capture, and another to 
scribe the records. However, up to three strong men, preferably from the 
Orang Asli (indigenous) community are needed to carry and position the traps 
through the rough terrain. 
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8. BIRDS 
 
Introduction 
 
Understory forest bird species not only show distinct preferences across 
vertical heights of a forest but also across topography (ridge, slope, valley) 
and landscape (rivers, gaps) hence making them good indicators of habitat 
structures.  
 
Mist nets are set-up along the 300 m sampling lines (transects). Nets are 
placed randomly along the sample line. If possible the nets are placed along 
the transect as this will enhance the capture rate. Birds often use trails, forest 
gaps, and open areas within the forest as their flight paths. 
 
Sampling methodology 
1. Ten mist nets are set up along each transect line, three transect lines at a 

time for three consecutive days before moving to the next three transect 
lines.  

2. All nets are opened from sunrise to sunset and checked every hour if 
possible, or at least every two hours. 

3. All netted birds are identified, measured, photographed and immediately 
released back at the point of capture 

4. All birds are ringed for future identification 
 

Organisation of work 
 
Ten mist nets are set up on each transect line for three consecutive days to 
enable the entire sampling unit (nine transects) to be conducted in a shorter 
period of time. Nets need to be checked every our and so to efficiently carry 
this out, ideally a team of six persons are needed; 2 persons to set up and 
periodicaly check the nets from 0800 -   1800 hrs on each transect. 
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9. FRUGIVORES 
 
Introduction 
 
The presence and abundance of large mammals and birds of particular 
interest for conservation and ecotourism is assessed through surveys of 
frugivores feeding at fruiting fig trees. Frugivorous animals are suitable for this 
purpose, because (1) they include many charismatic species, such as 
hornbills and gibbons, (2) they are sensitive to hunting and other forms of 
disturbance, and (3) are relatively easily observed when feeding. Continuous 
availability of fruiting figs makes them suitable for observing frugivore 
assemblages year round.  
 
Sampling 
 
1. Fruiting figs are located by surveying figs along ridges and following 

barbet calls.  
2. Once a fruiting tree has been located it is observed for 3 hours each 

morning (from ‘start of activity’) for 3 consecutive days. The following 
data are recorded; 

a) all new frugivore species entering the crown and time of entry  
(if there is doubt frugivory should be confirmed by observing the 
animal eat or take a fig), 

b) relative abundance of frugivore species, assessed by the following 
2 methods: 

i. for species regularly encountered, sweeps of the crown will 
be conducted every 30 minutes and all individuals counted 

ii. for species that are occasionally observed, the number 
arriving and leaving the crown in every 30 minute period will 
be recorded. 

3.    In addition the species of fig and the fruit size (length, breadth, and dry 
weight) is recorded. 

 
Organization of work 
 
A team consists of a research assistant and a field competent (local) research 
officer. The most difficult aspect of the work is locating the fruiting figs as 
these occur at low densities – so a research officer familiar with the forest is 
essential. If there is a large amount of fruiting, as in a Dipterocarp mast year, 
this method is not appropriate, as the abundance of other fruit would affect the 
frugivory at figs. 
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FRIM / UNDP / ITTO Conservation of Biodiversity through 

Improved Forest Management Tools Activity 1.1 ~ Determining 

the value of local refugia on biodiversity recovery 

 

Introduction 

The CBioD Project will establish biodiversity assessment plots in 6 

Virgin Jungle Reserves (VJRs) of varying size in Peninsular Malaysia, in 

adjacent logged forests, and in similar logged forests more distant 

from the VJRs. The project will use the estimates of biodiversity from 

these plots to determine the value of local refugia in conserving 

biodiversity and their effect on the recovery of biodiversity in the 

logged forests. The assessment of selected taxa will provide 

information on biodiversity conservation and recovery over a medium 

to long-term time scale and for a range of organisms that respond to 

disturbance from a microhabitat (< 1 m) to a landscape scale.  

Objective  

To test the hypothesis that local forest refugia of limited size 

contiguous with logged forest are important to biodiversity 

conservation and recovery. Conventional ecological theory suggests 

that small refugia are not of great value. However, forest 

fragmentation studies are entirely based on highly altered matrix, 

usually conversion to pasture. The situation is likely to be very 

different for a small refugia nested within a disturbed but compatible 

matrix, such as a logged over forest. This output will be used in 

activity 3.1.2 to model the influence of adjacent plots on the rate of 

recovery of biodiversity of harvested plots.  



General approach  

The VJRs, which have been a part of the overall forest management 

plan of Malaysia since the colonial era, provide a excellent 

experimental framework to test this hypothesis. A selection of VJRs 

will be assessed, along with adjacent and nearby logged forest, to 

determine whether or not their presence and size has had an effect on 

the conservation and recovery of biodiversity in the logged forest.  

Methods  

From the study of island biogeography, there is a well known 

relationship between the number of species surviving in a site and the 

site area. This species-area relationship applies to scales from one 

meter squared up to a continent. The implication is that small 

conserved areas do not support a large enough representation of the 

species in a larger forest to be of much benefit in re-establishing the 

natural diversity of a larger contiguous harvested area. This theory 

and its empirical foundation, however, pertain to long-term steady 

states and to islands surrounded by a hostile environment, such as 

real islands in the sea or, for example, mountain tops isolated by 

inhospitable lowlands. It is possible that on a transient basis or when 

surrounded by a more compatible environment, small areas may be of 

considerable value.  

The VJRs in Malaysia have suffered a variety of fates, but some appear 

to be intact and adjacent to logged areas and thus provide an 

experimental context in which to answer this question. We will select 

six intact VJRs ranging in size from 20 ha to more than 1000 ha, each 

with adjacent logged forest. The logged forests will have been 



harvested at least 15 years previously. A potential flaw in this 

experimental design is that there is no control for the previous state of 

the forest. Using the VJR as a control, that is as an estimate of the 

diversity of the logged forest, is inappropriate because the VJR may 

have lost species through the species-area effect or as a direct result 

of harvesting the adjacent forest. Therefore, it is an assumption in the 

design that the original diversity of all the sites is comparable. For this 

reason we will select sites that are similar in terms of their geology, 

topography, and elevation. 

In addition, we propose to sample a sites within, near, and further 

away from the VJR. This will permit an analysis of a distance-from-

source effect in the recolonisation of the logged over forest. Eight taxa 

groups will be investigated including, trees, moths, ants, dung beetles, 

stingless bees, stream macro-invertebrates, understorey birds, and 

understorey bats. The species-area relationship for each group will be 

estimated in the VJRs, and a multivariate analysis of effects of VJR size 

and distance (near or far), will be made for the logged sites. 

VJR Site Selection Criteria 

1. Ideally the Virgin Jungle Reserve (VJR) should be located at the 

centre of the forest reserve or at least partially surrounded by it. 

2. All VJRs should share a similar management history. Harvesting 

in areas adjacent to the VJR should have occurred at least 15 

years ago. 

3. Similar geological, topographic and elevation – should be 

overlying granite and in hill dipterocarp forest from 300 – 800 m 

elevation. Plots will be places to capture the elevational gradient 

of a site. 



4. The VJRs should be readibly accessible  

 
Plot design and lay-out 
 

A generic version of the sampling layout has been described in the 

rapid biodiversity assessment protocol. A single sampling unit consists 

of nine 20 x 80 m plots parallel to nine 300 m transect lines set along 

the topographic contours and positioned ca. 200-500 m apart (Fig. 1). 

Transects and plots will be placed so as to sample a single topographic 

unit (eg hillside, ridge top, and valley bottom). The exact protocol for 

the respective taxa groups varies but each is restricted to sampling 

within plots or along transects. Three plots of different topographic 

position (ridge, slope and valley) will be laid out in the virgin forest, 

while two sets of three plots, one near (200 m) the VJR boundary and 

one far from the boundary (~1 km) will be laid out in the logged 

forest. 
 
 
 
 
 
 
 
  
 
 
 
 
  
 
 
 
 
 

Figure 1. Sampling design and layout of three sites in VJR and six sites 

in logged forest.  
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Status 
 

Sixteen VJR were short listed as potential study sites based on an 

analysis of the criteria mentioned above from published sources. 

However, upon making site visits several of these were found to be 

inappropriate due to reasons such as encroachment, alienation from 

the surrounding logged forest, size of the current VJR, time since 

logging of the surrounding forest, or accessibility. Thus far, four VJRs 

have been selected and surveyed. As such the team will continue to 

look for other sites to determine the remaining two VJRs to be selected. 

The VJRs that have been surveyed are as follows: 

• Semangkok forest reserve, Selangor (28 ha) 

• Berembun Forest Reserve, Negeri Sembilan (344 ha) 

• Gunung Tebu Forest Reserve, Terengganu (51 ha) 

• Gombak Forest Reserve, Selangor (262 ha) 

 

Surveys of all eight taxa were completed across all nine plots at each 

site. Birds and bat surveys are complete as these do not require 

subsequent processing. The teams conducting the trees and arthropod 

taxa groups have completed initial sorting to morpho-species for the 

first three sites, with work on the forth site ongoing. It will be 

necessary to follow up the initial morpho-species identifications with 

more detailed study with museum collections, possibly supported by 

DNA barcoding in some taxa. This work is expected to take a further 

six months after completion of the field work. 

 

Future plan 



• To survey two more sites of approximately 700-1500 ha and 

greater than 1500 ha.  

• To complete the initial sorting of tree and arthropod taxa groups. 

• To provide training opportunities for taxa leaders to study under 

taxonomic experts at leading museums. 

• To obtain digital compartmental maps of the VJR and 

surrounding logged over forests to permit context based data 

analysis. 

• To submit initial scientific papers on individual taxa by June 2009 

and on the overall study by Jan 2010.  
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ITTO-FRIM PROJECT  
CONSERVATION OF BIOLOGICAL DIVERSITY THROUGH 

SUSTAINABLE FOREST MANAGEMENT PRACTICES 
 

 
 
Research Activity: Assessment of the value of maintaining the vertical structure of 
harvested stands for biodiversity conservation 
 
Background 
 
Previous research suggests that the abundances of many animal species and the process of 
forest regeneration are dependent on the degree to which the three-dimensional physical 
structure of the forest is impacted during timber harvesting.  
 
While there have been previous efforts to reduce the detrimental impacts of harvesting they 
have mainly focused on reducing the volume of timber extracted, which has a direct and 
significant economic cost.  In addition, the canopy structure is not maintained by harvesting 
protocols that use a minimum diameter-limit to select trees without addressing their relative 
location, because large trees are often clumped. Simply avoiding trees over a maximum 
diameter is also not expected to maintain canopy structure for similar reasons.  A new 
protocol that selects trees to be felled from a spatially explicit inventory so as to maintain a 
contiguous canopy and the distribution of tree height diversity (vertical structure), for a given 
harvest volume, may the best way to minimize the detrimental impacts of harvesting.  Our 
aim here is to develop a protocol that better maintains the canopy structure while permitting 
a similar or only slightly reduced volume of timber to be harvested. 
 
Objective 
 
The objective of the study is to test the hypothesis that biodiversity is better conserved if the 
vertical structure of the forest is better maintained. In addition, the results of this experiment 
will be important in constructing forest regeneration models under GEF project Activity 3.1.2.  
 
A harvesting protocol will be designed to help conserve the vertical and horizontal structure 
of the forest. This will involve placing buffers zones around selected trees (horizontal 
structure) and selecting trees from a greater range of size classes and timber quality, rather 
than just the biggest (vertical structure). Sample plots in compartments logged with the 
modified protocol and the current protocol (Malaysian Selective Management System) will be 
assessed before and after harvesting to estimate differences in biodiversity impacts between 
the two approaches. 
 
Study Site 
 
This study is being conducted in Block 5, Compartment 44 of the Perak Integrated Timber 
Complex (PITC) Concession area located in Temenggor Forest Reserve, within the Hulu 
Perak District, Grik, Perak. The concession covers a total area of 9,000 hectares, while the 
total area of the study area in Block 5 is about 300 ha (Figure 1).  
 
The study area is a typical lower and upper hill dipterocarp forest from the northern part of 
the Malay peninsular and ranges in elevation from approximately 600 m to just over 800 m 
above sea level. The forest is typified by emergent trees such as Meranti Bukit (Shorea 
platyclados), Mersawa (Dipterocarpus costulatus V. Sl.), Keruing mempelas (Dipterocarpus 
crinitus Dyer) and Merbau (Intsia palembanica) trees, and by patches of bamboo in naturally 
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disturbed areas. The forest concession area forms part of Peninsular Malaysia’s Titiwangsa 
Main Range. To the north is the Royal Belum State Park while not far to the east is the 
Perak-Kelantan border. Thus, the study area comprises part of the largest contiguous 
forested area in the northern Peninsular Malaysia, and contains a full complement of local 
fauna including such charismatic species as Malayan tiger (Panthera tigris corbetti) and 
Asian elephant (Elephas maximus).  The area also supports ten species of hornbill, the 
largest assemblage of hornbill species in the world. 
 
The study area has a typical tropical monsoon climate characterised by uniformly high 
temperatures and high humidity. It is not surprising therefore that Temengor FR receives rain 
in excess of 3,000mm per year at times. The nearest Perak town of Gerik which lies about 
80km away receives about 2,200mm of rain fall per year but in the case of PITC concession 
area, since it lies much closer to the state of Kelantan (the Kelantan town of Jeli being only 
about 40km away), it is expected that its climate tends to be more similar to the general 
Kelantan climate.  Periods of lower rainfall usually occur during the months of July and 
February. Average daily hours of sunshine are usually around 10 – 11 hours with potential 
evapotranspiration of about 1,300mm. 

PITC concession has been operational since 1998 and has received Forest Stewardship 
Council (SFC) certification for forest management. The harvesting methods follow the 
Malaysian Selective Management System and include reduced impact logging prescriptions. 
Felled timber is extracted from the forest using a system of skid trails and bulldozer tractors. 
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Figure 1. Map showing the Research Site  
 

 

 
 
Methodology 
 
The research involves three related components; (1) the development of a modified 
harvesting protocol aimed at better maintaining the vertical and horizontal structure of the 
forest canopy, (2) a comparative study assessing the impact on canopy structure of current 
harvesting practice and the modified harvesting protocol, and (3) a comparative study 
assessing the impact on biodiversity of the current harvesting practices and a modified 
protocol. This will provide a test of the hypothesis that biodiversity is better conserved if the 
three-dimensional structure of the forest is better maintained.  
 

Development of a modified harvest protocol aimed at better maintaining canopy 
structure 
 
The harvesting protocol being developed will be compared with current harvesting practices 
applied by the Perak Forestry Department, which is based on the Malaysian Selective 
Management System and reduced impact logging principles. The overall research 
framework is illustrated in Figure 2. The harvesting experiment will be implemented in part of 
Block 5 covering ~200 ha in total. The experimental area will be divided into four 50 ha 
experimental areas (1A, 1B, 2A, and 2B), in a typical split block design. Experimental areas 
1A and 2A will be used for the modified harvesting treatment while 1B and 2B for the current 
practice.  The impact of forest harvesting will be assessed over the entire experimental area.  
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The new harvesting protocol requires the complete enumeration and location of all 
harvestable trees (>30 cm dbh), while the current practice is based on a 10% pre-felling 
inventory and takes no account of tree position. However, in our experiment a complete 
(100%) inventory of the entire experimental area will be undertaken. This will allow us to 
design appropriate harvesting plan which considers the spatial distribution of commercial 
timber trees as well as trees to be retained.    

 
Current Management Practice  
 
The current management practice being applied in the PITC concession area is based on 
the Malaysian Selective Management System (SMS). It is the system that is currently being 
applied to all inland forests in Peninsular Malaysia. The SMS was introduced in the 1970s 
when the previous Malayan Uniform Systems (MUS) was found to be unsuitable for 
managing hill dipterocarp forests in Peninsula Malaysia. The comparatively more difficult 

Figure 2:  Overall Research Framework 
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terrain, uneven stocking, lack of natural regeneration on the forest floor, and uncertain 
seedling regeneration after logging meant the MUS failed to promote adequate post-harvest 
rehabilitation. Problems with erosion and the difficulties in regenerating the cut-over forest 
did not favour drastic opening of the canopy as practiced under the MUS. The SMS is a form 
of selective felling with diameter limits. It ensures an economic cut and emphasizes leaving 
sufficient intermediate sized trees (30-45 cm dbh) to form the next crop in 25 to 30 years 
instead of depending on the seedlings as in the MUS. It allows for a flexible cutting limit 
determined from pre-felling inventory (10% systematic sampling) data. Provided the stand 
has a minimum of 32 intermediate-sized (dbh >30cm to below cutting limit) commercial 
residuals the SMS allows the removal of non-dipterocarps >= 45 cm dbh and dipterocarps  
>=50cm dbh.  
 
Under the current (SMS) practice in PITC the following procedures are followed: 

 
1) Estimation of the stocking from a 10% pre-felling inventory (volume, basal area, 

number of stems, species/species group, climber infestation) and setting the 
minimum diameter cutting limit such that 32 sound commercial timber trees are 
maintained per hectare over the designated sub-blocks (~300 ha). The residual trees 
are the trees >30 cm dbh but smaller than the cutting limit. 

2) Proportion of dipterocarps in the residual stand should be maintained in relation to 
the overall number of trees larger than 30 cm dbh.  

3) The current minimum economic cut is maintained  
4) Tagging of the trees to be felled. 
5) Marking of parent trees (those designated as seed sources for future crops) 
6) Riparian buffers and steep slopes will be protected 
7) Fruit trees are identified as protected trees and not selected for felling 
8) Maximum timber volume of harvest of 85 m3/ha 
 

 
New Harvesting Protocol 
 
The new harvesting protocol will ensure that trees to be removed will be spatially separated 
to avoid the creation of large gaps in the residual stand. Vertical structure will be maintained 
through the proportional removal of trees across diameter classes, thereby leaving an 
equivalent proportion of trees in the different canopy layers of the residual stand. Thus, a 
selective cutting based on minimum diameter limit as currently practiced will not be imposed.  
 
Information on all trees above 30 cm based on a 100% inventory will be collected, including 
their locations so that a tree map can be produced. Parameters to be enumerated include, 
species, diameter, height, tree quality, and crown size. With tree location available, selection 
of trees can be based both on distance as well as merchantable volume and timber quality. 
The maximum volume for harvesting (85 m3/ha), as determined by the Forestry Department 
methods, will be followed. 
 
Similar to the current practice (and thus compliant with reduced impact logging protocols), 
the following criteria will be followed: 
 

• 50% (based on stem density) of trees >30 cm dbh or at least 32 trees/ha will be 
retained. These should consist of trees that are free of damage. 

• The number of trees to be removed will not exceed 12 trees/ha. 
• Proportion of dipterocarps in the residual stand will be maintained in terms of density 

of trees. 
• Trees to be harvested will be spatially distributed to avoid the creation of large gaps.   
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• The current minimum economic cut will be maintained at 40 m3/ha 
• Riparian buffers and steep slopes will be protected 
• Fruit trees will be identified as protected trees and will not be selected for felling 
  

In addition, the following new criteria will be introduced. 
 
1. The volume of timber to be felled in each experimental area will be calculated based 

on current practice prescriptions, thereby controlling for volume extracted. This 
volume can be estimated either (i) directly from the Forest Department tagging, or (ii) 
by re-calculating the pre-felling inventory statistics using the complete census data. 

2. Trees will be selected for felling such that the minimum distance between logged 
trees is 30 m. This is achieved by introducing a 15 meter buffer around each tree with 
dbh >30 cm.  

3. The proportion of trees selected for felling from each diameter (height) class will be 
equivalent to the proportion in each diameter class in the stand, to maintain vertical 
structure. 

4. We will continue to select trees until the volume calculated from (1) above is 
obtained. 
 

 
In addition, we will produce a GIS map of the area that will show the position of the trees, the 
optimum alignment of the roads, the stream buffer zones and the protected areas. The GIS 
map might also be enhanced to include the direction of felling and prediction of damage to 
the residual stand, gap opening, slope classes, drainage pattern and be used to deduce the 
most efficient skid trail patterns.  
 
Assessment of impact of harvesting methods on canopy structure 
 
To investigate the impacts of treatments on forest structure and assess the damage to the 
residual crop, monitoring plots will be established and enumerated as follows. 
 

1. Transects covering 10% of the experimental area will be established. Each transect 
will be 5 m wide and will be positioned along the 50 m gridlines (Figure 1), running 
perpendicular to the sub-block boundary, i.e. from ridge to valley. Transects will thus 
incorporate the full topographic and elevation gradient and be distributed evenly over 
the entire experimental area. 

2. The baseline of each transect will be offset 1 m from the gridlines to avoid the 
damage caused by the gridline marking. 

3. Transects will be divided in 5 m quadrates. 
4. The slope along the gridline from one 5 m marker to next will be measured to 

generate a profile of the transect and for topographic mapping of the entire 
experimental area. 

5. In each 5 x 5 m quadrate the number of stems in the following size classes will be 
counted;  

(a) >2 cm dbh – 5 cm dbh; 
(b) >5 cm dbh – 10 cm dbh; 
(c) >10 cm dbh – 30 cm dbh. 
(d) bamboo stems >2 cm dbh (and dbh of biggest measured) 

6. The diameter of all trees  >10 cm will be measured. 
7. A hemi-spherical photograph will be taken in the centre of every 5th quadrate. 
8. A ground based LIDAR will be used to measure the structural profile at the same 

points as used for the hemispherical photographs. The LIDAR measures an 
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approximately 20 cm wide band that will be swept in a circle of radius 50 cm using a 
tripod. 

 
In addition, 24 biodiversity (80 m by 20 m) sample plots have been established as part of the 
biodiversity sampling (see below). These will also be used for detailed structural 
measurements as follows. 
 

1. Topography of each plot will be surveyed at 5 m intervals. 
2. Diameter of all trees >5 cm dbh. 
3. Canopy profile (top height, height to first branch, x and y coordinates the canopy) of 

all trees > 5 cm dbh will be measured.  
4. Nineteen hemispherical photographs will be taken at 5 m intervals, omitting the 

edges of the plot. 
5. A ground based LIDAR will be used to measure the structural profile at the same 

points as used for the hemispherical photographs. 
 

The structural measurements will be repeated 3-6 months after harvesting in both the 
biodiversity plots and the monitoring plots and again after 3 years. 
 
Assessment of impact of harvesting methods on biodiversity 
 
The biodiversity of the experimental area will be assessed before and after logging using the 
Biodiversity Protocol as described in Activity 1.2. Twenty-four biodiversity plots (80 x 20 m) 
and their associated 300 m transects have been established in the study area, such that 
there are six replicates per block/treatment in the split block design (Figure 3). The plots and 
transects were laid out to maximise the area covered by the survey and incorporate the full 
elevational / topographic range of the study area. Within the limits imposed by the 
topography and road alignment plots are located approximately 200 m apart down the slope 
and on alternate sides (East-West), but at least 100 m from the edge, of the experimental 
areas. 
 
The biodiversity survey involves assessing the diversity of nine groups; trees, ants, moths, 
dung beetles, stingless bees, stream macro-invertebrates, understory birds, insectivorous 
bats, and frugivores (see report on activity 1.2). The before-logging assessment was 
completed in Feb/Mar 2008 and biodiversity surveys will be repeated approximately 6 
months after logging and again after 3 years. A second before-logging assessment may be 
undertaken for some animal groups in Feb/Mar 2009, time and budget permitting. 
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Figure 3 The study site in PITC showing the location of the 24 biodiversity plots (each plot is 
also associated with a 300 m transect that is aligned parallel to the topography) 
 
 
Research Implementation Status 
 
To date, the following activities have been conducted: 
 

• Pre-felling inventory of Block 5 has been conducted by the Forestry Department and 
a harvesting regime has been determined. 

• The boundaries of Block 5 including the sub-blocks and sampling lines have been 
established. 

• The road alignment has been completed and established on the ground.  
• A reconnaissance survey of the study area has been undertaken to facilitate the 

planning and implementation of the harvesting study. 
• Several discussion with the Forestry Department and PITC on the modified 

harvesting protocol have been conducted and will be continued as work progresses 
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• Implementation of the 100% survey and mapping of all trees with diameters 30 cm 
and above of the sub-blocks within the study area is underway. To date about 35 ha 
in Sub- block 1B has been completed. Progress of this activity has been hampered 
by unusually heavy rains that have occurred from July –September 2008. 

• Structural measurements, including the hemispherical photographs and LIDAR 
readings within the 24 biodiversity plots is underway, with about 12 plots completed 
to date. 

• The before-logging biodiversity assessment was completed in all 24 plot/transects in 
Feb/Mar 2008 for all groups, except for frugivores which is currently in progress. 

 
 
Future plans 
 

Work will be intensified to complete the 100% enumeration. This will be followed by the 
asseement of the monitoring plots. All data collection prior to logging is planned to be 
completed by February 2009. Logging is expected to commence in March 2009. 
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Conserving Biodiversity through Improved Forest Planning Tools:  Valuing Use and 
Nonuse Use Values for Forest Recreation and Biodiversity in Tropical Countries 

 

1.  Introduction.  Purpose and Intent of Study 

The overarching goal of this project is to develop tools that will enable forest planners to assess 

the adequacy of existing protected areas for biodiversity conservation and, if there is a need to 

establish additional areas, to determine the size and location of protected areas as well as the 

economic trade-offs associated with those areas.  While the ecological component of this project 

will focus on identifying biophysical relationships among alternative forest configurations, forest 

management, and the sorts of species and diversity that result, the economic valuation 

component of this research aims to estimate society’s value for these alternative configurations 

and management strategies and identify the factors which seem to influence these values.  

Factors could include the different types and quantity of flora or fauna that exist under different 

forest management configurations or plans, elements of the alternative uses of the forest, 

characteristics of the individual or household, or even the constituents of the forest management 

and financing mechanisms themselves.  Both market and nonmarket values are necessary for 

understanding the full array of trade-offs society confronts under different forest management 

plans; this research, though, will give particular attention to the nonmarket values as these values  

are often overlooked and are difficult to measure.  Additionally, the methods required to estimate 

these nonmarket values are less well-known than their market counterparts.   

 Achieving the above-mentioned goal and identifying those factors serve two important 

functions.  First, these outputs will help address global concerns that current forest planning 

procedures do not give sufficient consideration to the conservation of biodiversity.  Specifically, 

current procedures for identifying forest areas that should be protected within the permanent 

forest estate and within individual concessions have been found to be deficient in certain critical 

aspects.  Second, it is often the case that the level of expertise and/or resources in developing 

countries to carry out environmental nonmarket valuation is limited.  As such, it is our intention 

to identify the critical elements of the application that are important to capture if one desires to 

accurately estimate society’s value for alternative forest conservation schemes and the services 

these schemes provide.  An understanding of the critical elements should be helpful to future 



practitioners in their efforts to carry out similar such studies by either illustrating how the study 

can be streamlined for time and cost savings, and/or by reducing the level of experience and 

expertise necessary to carry out such an evaluation accurately.  So while the particular focus of 

this research is on the conservation of biodiversity through forest management and the values 

that go along with conservation in Malaysia, the lessons learned are intended to be transferable to 

other developing countries with biologically rich tropical forests. 

 The economics research will adapt existing nonmarket valuation methods, which have 

largely been applied to temperate forests in high-income countries, to the valuation of the 

benefits of protecting biologically rich tropical forests.  It will encompass both direct use values, 

like nature-based recreation, and non-use values, like existence values.  It will entail carrying out 

careful valuation studies aimed at understanding the key determinants of the economic value of 

each major good or service.  The findings from these valuation studies will support the 

subsequent development of a set of simpler valuation tools more suitable for routine application 

by forest managers. 

 Finally, by combining the biodiversity assessment and economic valuation tools into an 

integrated computer-based forest-planning model, forest planners will be given a tool that will 

assist them with practical decision-making surrounding the conservation of biologically rich 

tropical forests.  It will be linked to a spatial database.  For example, given information on the 

characteristics of forests in a planning region, an expert system could recommend how to 

allocate those forests between production and protection categories in order to maximize 

biodiversity, while achieving timber management goals.  The system could also predict how 

changes in timber management goals would affect biodiversity conservation. 

 

1.1. Background 

Our primary economic hypothesis is that nontimber values of Malaysian forests and elsewhere 

are rising relative to timber values and will continue to do so in the future.  This is not a new 

hypothesis for advanced industrial societies.  Krutilla and Fisher (1975) posited that the amenity 

value of natural areas in the United States was rising more rapidly than the prices of natural 

resource commodities.  For developing countries, however, there has been great debate over the 



impact of economic development on demand for environmental quality (the “environmental 

Kuznets curve” debate; see Arrow et al. 1995).   

 Anecdotal evidence from Malaysia suggests that unlogged forests are increasingly valued 

by the public: recreation forests and national parks are attracting more Malaysian visitors, local 

environmental nonprofit organizations like WWF-Malaysia are attracting more donations, and 

large-scale development projects that threaten to harm the natural environment (e.g., the Bakun 

Dam and a proposed road along the Main Range) are attracting more criticism in the press.  On 

the other hand, standing timber is one of the few natural resources whose price has risen more 

rapidly than the rate of inflation (Barnett and Morse 1963, Nordhaus 1994).  Studies suggest that 

this upward trend will continue into the middle of this century, as global timber supplies 

gradually shift from the “mining” of old-growth forests to sustainable management of timber 

plantations and second-growth natural forests (Sedjo and Lyons 1990, Vincent 1992, Vincent 

and Binkley 1988). 

 

1.2 General Methodology and Outputs 

Using data from a survey of households within the Klang Valley, we will use revealed and 

stated-preference methods to study how recreational and passive uses differ based on 

characteristics of the goods and services being valued, characteristics of the individual or 

household, and characteristics with how the good and services are to be financed and managed. 

Such methods are commonly employed by economists to value nonmarket goods and services.  

Indeed, a review by Carson et al. (2000) reported more than 5,000 applications of the contingent 

valuation method alone in over 100 countries.  Most studies in developing countries have 

focused on improvements in access to safe water and sanitation (Whittington 1996), but a few 

studies in the refereed literature have begun to consider either conceptual (Carson) or empirical 

(DeShazo, Holmes) aspects of the valuation of tropical forests using these methods.  A more 

detailed description of these methods is given in the next section.   

 

We intend to generate three specific outputs as a result of this research: 



(i)  An econometric model that allows one to estimate a system of demand functions that relate 

the number of visits to recreational sites in Peninsular Malaysia, including forest-based 

recreational sites, to access costs, site characteristics, and individuals’ socioeconomic 

characteristics.  The survey we perform will include questions that will permit the use of a choice 

modeling approach to value specific site characteristics (such as wildlife viewing opportunities) 

and specific park services, at both existing and prospective new parks. 

(ii)  A choice model that allows one to estimate the value Peninsular Malaysian households place 

on the continued existence of virgin forests they do not visit for recreation or use in other direct, 

tangible ways (“passive use value”).  Data for this study will be collected during the household 

survey and the biodiversity assessment.  As in the case of recreational values, willingness-to-pay 

functions relating passive use values to income and other socioeconomic variables will be 

estimated.   

(iii)  An analysis of simpler and less data-intensive models relative to the benchmark models.  

For example, passive use values will also be estimated using only a subsample of the households 

surveyed and only a subset of the variables from the surveys, to mimic the situation in countries 

where “quicker and dirtier” valuation methods must be employed.  The estimates of economic 

values generated by these simplified models will be compared to those from the benchmark 

models to measure the loss of accuracy associated with use of the former. 

 

1.3 Survey Research Team and Incidentals 

The survey instrument will be developed by FRIM, in consultation with PE Research and 

international collaborators, who include Dr. Richard Carson (UC-San Diego), Dr. J.R. DeShazo 

(UC-Los Angeles), Dr. Kurt Schwabe (UC-Riverside), and Dr. Jeffrey Vincent (Duke 

University).  In addition to demographic and socio-economic questions, it will include modules 

related to a respondent’s recent outdoor recreation choices, preferences for different types of 

forest attributes within the recreational forested areas of the Klang Valley, and preferences for 

alternative types of forest preservation schemes that have differential impacts of the services 

more pristine tropical rainforest are capable of providing and, conversely, losing (e.g., unique 

types of flora and fauna).  The survey instrument will be approximately 20-30 pages long and 



will be written in at least two versions, English and Bahasa Malaysia.  The survey likely will also 

be translated into Chinese and Tamil as well, the extent to which will depend on the results of 

our focus groups and pretests.  PE Research will be responsible for translating the survey 

instrument from English to the other languages.  The initial survey instrument will be translated 

from English to these other languages by FRIM and PE staff whom are fluent in these languages.  

They will then be back translated to English to ensure whether the content remains the same.  

Further iterations may be required until FRIM, PE, and the international collaborators 

requirements are satisfied.  Printing of the survey will be done by FRIM. 

 The next section will present the particulars of the survey instrument and valuation 

methodology.  Much of the detail associated with the survey instrument will be gleaned from the 

five focus groups and six pretests we will perform.  Hence the following is meant as a general 

approach with the caveat that the information from each focus group and pretest will go into 

helping us create a more accurate and useful survey. 

 



2. Methodology 

This section describes the central methodological plan for the study.  These involve the 2.1— 

conceptual goals of modules of the survey design and associated the estimation methods; 2.2— 

the performance of focus groups to further refine the survey design; 2.3—the pretesting of a pilot 

survey; and 2.4—the sampling plan for the final survey.    

2.1  Survey Design  

The survey will contain three major modules. The first module is designed to obtain revealed and 

stated preference estimates of recreational use value of forested and non-forested sites.  The 

second is designed to obtain stated preference estimates of the passive use values (and some use 

values) that arise from alternative management programs for the Belum-Temengor Forest 

Complex. The third module will collect a variety of attitudinal and socioeconomic information 

from the respondents and their households. 

Module 1.  Use Values from Recreation at Forested and other outdoor sites 

A) Individual record of recreational travel behavior over the last 12 months 

The purpose of the subsection is to document the respondent’s recreational travel over the 

preceding 12 months in order to estimate a recreational demand model for forest sites.  A list of 

sites will be presented to the respondents that include local, regional and national recreational 

destinations.  We will ask whether the respondent has been to any of these sites over the last 

twelve months. If so we will ask how many times the he has visited the sites, how long on 

averaged he stayed on site, and what mode of transportation was typically used to reach the site.  

We will also ask if they visited the site during the Monsoon season. For those sites that 

respondent indicated they have not visited we will ask if they have ever heard of the site. 

Because we assume relatively low levels of visitation to forested sites we are adding Section C—

an SP choice exercise that will collected similar preference information for prospective visitation 

to forest and other outdoor sites.  One of the issues that we will pay special attention to during 

the focus groups is the relationship between the respondent in responding for him- or herself and 

how well those responses might be representative of the family as a whole.     



Methodological analysis: These data will be analyzed using a share model which will yield 

estimates of the marginal utility of a day spent at each site.  A revenue analysis may also be 

possible to document the quantity of expenditures associated with visitation to each type of site.  

B) Stated preference evaluation of onsite services 

The purpose of this subsection is to understand what on-site services tend to be associated with 

increased visitation to forested sites.  The more general goal here is to determine what onsite 

services and natural amenities respondents would prefer if a new forested park were established 

close to KL.  The respondent will be told that the government is considering establishing a new 

park at one of several possible locations within a two-hour drive of KL.  Respondents will then 

be presented with a choice of alternative site descriptions which vary with respect to (a) water 

and toilets, (b) picnic tables and grilles, (c) quantity & quality of trails, (d) likelihood of viewing 

wildlife, (e) likelihood of view birds, (f) various natural amenities (waterfalls, rivers, etc) and (g) 

parking and entrance fee costs. 

Methodological analysis: These data will be analyzed using logit models to recover the 

marginal utility (and WTP) associated with improvements in on-site services and natural 

amenities.  

C) Stated preference evaluation of 1-3 day trips for forested and beach sites 

The purpose of this subsection is to provide a cross validation of the estimates generated in 

Section A above. Beyond the goal of cross validation, we also wish to have a backup set of data 

since we fear that recent visitation to forested sites may be too limited to estimate robust revealed 

preference estimates for a day spent at forested and other outdoor recreation sites.  A stated 

preference choice set of 1-3 day trips to forested, beach and related sites will be constructed and 

presented to respondents. These packages will describe (1) time spent at specific sites, (2) 

available on-site recreational activities, and (3) hotel cost and other related costs. The selection 

of the types of the sites visited will be guided in part by the existing market for such hotel 

packages based on current advertising. 



Methodological analysis: These data will be analyzed using a share model which will yield 

estimates of the marginal utility of a day spent at each site.  A revenue analysis may also be 

possible to document the quantity of expenditures associated with visitation to each type of site.  

Module 2.  Valuing management alternatives at the Belum-Temangor Complex 

The purpose of this module is to measure individuals’ values for alternative forest management 

plans for the Belum-Temengor Forest Complex. These values likely will be compromised of 

both use and non-uses values since the amenities being managed involve a distant forest 

containing plant and animal species.  As we discuss below, the central focus of management is 

on conserving forests through logging restrictions and environmentally sensitive logging as well 

as conserving animal species through the prevention of poaching. 

 We do not expect the average respondent to have any familiarity with this forested area. 

Therefore, we begin by assessing their perceptions of the benefits that would be achieved 

through increased conservation.  Possible benefits include increased habitat and species 

preservation, decreases in the number of likely species extinctions, increase watershed services 

(reduced droughts and flooding), climate regulation with respect to the monsoons and global 

climate change and possible recreational opportunities.  

 We will also assess individuals’ perceptions of the severity of various threats to the park. 

These are likely to include (1) illegal logging, (2) legal logging, (3) poaching, and (4) land 

encroachment.   Because of individual lack of familiarity with this park and forested parks in 

general, we will slowly introduce several park attributes that will eventually be valued. We will 

describe the Belum-Temengor Forest Complex in terms of landscapes and species.  We will then 

introduce that idea that certain types of landscape and species can be conserved or even 

enhanced through three types of policies: protection from logging, switching to reduced-impact 

from traditional logging, and reduced poaching through the increased presence of game wardens.  

The first two management alternatives are obviously spatially mutually exclusive.  Poaching 

prevention, however, could be achieved on both protected and low-impact logged landscapes.  

 We will need to introduce or re-enforce several causal linkages in the respondents’ minds 

prior to introducing the choice sets.  These include: 



• Traditional logging causes forest habitat destruction, 

• Reduced-impact logging causes less habitat/species destruction than does traditional logging. 

• Poaching causes the demise of animal species, 

• Forest cover causes improvements in watershed services, 

• Management plans costs money to implement. 

The choice sets will contain two alternative “improved” management programs plus the option to 

select neither, which will be represented by the status quo. The exact attributes presented in final 

choice set will depend upon what we discover during the focus groups. However, we anticipate 

presenting respondents with between 4 to 6 attributes.  These are likely to include hectares (and 

percentages) of land (1) unlogged/protected, (2) logged with reduced-impact methods, and (3) 

land effectively protected from poachers. In addition to these attributes the number of plant and 

animal species and the number of endangered species protected will vary. Finally the costs of 

these alternative management plans will be presented through a payment vehicle.  While the 

focus groups will be used to determine the payment vehicle, our initial guess is the use of the 

households’ monthly water bill.     

 The variation in landscape management achieved by these scenarios will roughly reflect 

changes in the management of four major administrative areas in the Belum-Temengor Forest 

Complex (BTFC), including:   

• Royal Belum State Park (117,500 ha): This is the only area in the BTFC where logging is 

currently prohibited, 

• Belum Forest Reserve (14,633): Royal Belem State Park was carved out of the original forest 

reserve, which covered 132,133 ha, 

• Temengor Forest Reserve (147,505 ha), 

• Gerik Forest Reserve (34,995 ha). 

These four areas represent a total area of 314,633 ha.  The catchment for the 2nd or 3rd largest 

hydropower facilities in the country (the big reservoir on the map) is entirely contained within 

the B-T Forest Complex.  



Methodological Analysis.  Respondents’ choices will be analyzed using a conjoint based logit 

model.  This analysis will allow us to estimate the marginal utility derived from each alternatives 

and the aggregate value of changing the several attribute levels at once (from the status quo) in 

response to the implementation of management alternatives.    

Module 3.  Socio-economic, travel cost and attitudinal variables

This module contains questions that collect: (i) standard socio economic variables needed to 

validate and differentiate the demand estimates, (ii) expense information on travel by household 

members, and (iii) attitudinal variables of forest use and forest protection.  Common survey 

methods and questions will be used that will be refined via the focus groups and pretests.  

 

2.2.  Focus Group Process 

The components of the survey are being developed in through the use of focus groups. Focus 

groups aid in the development of the survey instrument in several ways.  First, they help 

researchers understand what the public currently knows about the Belum-Temengor Forest 

complex.  This knowledge is critical in defining “where to start” the description of the alternative 

management plans. Second, and qualitatively, focus groups help to evaluate how the public 

values the forest and why it holds these values. This knowledge is critical in selecting the core 

attributes and the metrics in which attributes are presented to respondents. Third, focus groups 

help us to evaluate the ex ante plausibility of the causal linkages upon which our scenarios 

depend.  We expect to conduct approximately five focus groups in preparation for the pretest 

survey. Early focus groups will consist of respondents who are likely more knowledgeable about 

forest issues than the average Malaysian (e.g., members of the Malaysian Nature Society).  As 

the survey instrument is refined it will presented it to a more representative set of focus group 

participants.   For instance, the second focus group will consist of approximately five 

respondents from an urban environment; the third focus group will consist of approximately five 

respondents from a suburban environment; the fourth focus group will consist of approximately 

five respondents from a small town environment; and the fifth focus group will consist of 

approximately five respondents from a village (kampong) environment.  After each focus group, 

the choice experiments and survey instrument will be adjusted and updated.   



 PE Research is responsible for recruiting focus group participants, arranging meeting 

places, facilitating the discussions, recording the discussions on cassette tap or other media, and 

providing a written summary (not a transcript) of key findings from the discussions.  Discussion 

questions will be developed by the international collaborators, in consultation with PE Research 

and FRIM. 

 

2.3. Pretesting a Pilot Survey 

The survey instrument will be pre-tested to determine whether respondents comprehend the 

questions and whether there is sufficient variation in their responses.  Pre-testing will be done in 

six locations (2 urban, 2 suburban, 2 rural), with 25 households sampled at each location.  

Similar to the focus group, the choice experiments and survey instrument will be adjusted and 

updated after each pretest.  PE Research will be responsible for conducting the pre-testing, 

including the selection of households.  Again, ample time will be provided between pretests to 

discuss and update the survey instrument.  The pretests are planned from February 1st, 2009 to 

the first week in May, 2009.   

 

2.4. Sampling Technique for Household Survey 

A household survey is planned to include respondents from Kuala Lumpur (KL) and the 

surrounding Selangor region.  These two areas consist of urban, suburban, and rural households 

which will allow us to delineate the demand for forest recreation by resident location, among 

other covariates. The household survey also aims to estimate the willingness to pay for forest 

recreation or passive use value of Belum-Temengor Forest Complex by residents in KL and 

Selangor.  The reason to include the more density populated areas is to allow for variation with 

respect to livelihood conditions that is likely to exist throughout developing countries and, 

subsequently, test whether and to what extent values differ across these locations.  Given the 

exorbitant cost of surveying throughout the whole country to capture this variation, we have 

made the strategic decision to capture such variation within and around the capital of Malaysia. 



The population of KL and Selangor are estimated at 1.6 and 5 million respectively for 

2008. While all the population in KL is categorized under the urban area, in Selangor 

approximately 4.5 million of the population resides in urban areas and slightly more than half a 

million reside in rural areas.   

The sample for the survey will comprise 1,200 households spread over Kuala Lumpur 

(KL) and Selangor (all within 1 hour’s drive from KL).1 The sample selection is decided jointly 

by the study team (the international scholars, FRIM and the Consultant) based on the updated 

population frame used by the Department of Statistics (DOS) in annual household income and 

expenditure surveys. A two-stage sampling technique will be used for the sample selection, with 

a 5% desired error margin at 90% confidence interval. 

The sample will be divided into three categories: (i) urban (comprised of households in 

KL), (ii) sub-urban (urban households in Selangor), and (iii) rural (rural households in Selangor). 

All living quarters (LQs) in KL are listed under the urban category.  Ninety-six enumeration 

blocks (EBs) will be selected randomly from the updated population frame for KL, of which 16 

EBs will be selected randomly to pre-test the questionnaire.  Seven living quarters (LQs) will be 

selected randomly for each EB, with an estimated response rate of 60%.2

Enumeration blocks (EBs) in Selangor will be stratified by the urban and rural categories 

as defined by DOS. Approximately 96 EBs will be randomly selected from each category, with 

16 EBs to be randomly selected from each pool as the sample to pre-test the questionnaire. Seven 

living quarters (LQs) will be selected randomly for each selected EB for the urban and rural 

categories to pre-test the questionnaire with an estimated response rate of 60%. 

Six or seven3 LQs will be randomly selected for the remaining eighty enumeration blocks 

(EBs) for each of the three categories for the sample of the main survey. The intended 

respondent would be the head of the selected households, the spouse or any family member that 

contributes to the payment of utility bills.  

                                                 
1 The Study Team will review the definition of sub-urban and rural areas to be in line with the definition used by the 
Department of Statistics to ensure the selection of households are done correctly.  

2 The response rate for the pre-test will be used to estimate the response rate for the three categories. These response 
rates would be used to determine the number of LQs to be selected in each EB for the main survey. 

3 This will be determined by the response rate of the pre-test of the questionnaire. 



3. Research Timeline and Fieldwork/Survey Specifics 

The focus groups sessions are planned to occur from October, 2008 through January, 2009.  The 

pretests of the pilot study are planned to occur from February, 2009 to May, 2009.  The 

distribution of the finalized survey is tentatively scheduled to begin in early June, 2009.  As the 

final pretest will have been completed by the first week in May, we will allow for three weeks to 

a month to make any final adjustments in the survey instrument based what we’ve learned from 

the 6th pretest and additional discussions from FRIM, PE Research, and the international 

collaborators.  Of course, adjustments and discussions will have been taking place throughout the 

focus group and pretest phases.  We will plan on completing the survey in August of 2009.  A 

tentative timeline is presented below in Table 1.  

 

4. Interview Specifics and Recruitment 

Interviews using the final survey instruments will be in-person and are anticipated to require 

approximately 35 minutes to complete.  The household head or spouse or someone who is 

responsible for helping to finance the expenditures of the household will be interviewed.  

Households will be contacted via postcard in advance of survey.  The postcard will: (i) briefly 

state the purpose of the survey and the length of the interview, (ii) indicate the possible dates and 

times when an enumerator will arrive at the respondent’s residence to conduct the interview, and 

(iii) provide contact details for additional information about the survey (telephone, e-mail, 

website).  We will identify researchers at PE Research, FRIM, and the international collaborators 

to serve as information providers; a link to an appropriate webpage will be provided as will the 

webpage.  If a household refuses to participate, then the enumerator will request basic 

demographic information necessary for making sample corrections (e.g., age, gender, race).  

Callbacks will be made: a 3 call-back routine will be required with each call-back made at least 3 

days in advance. In view of non-response (due to either refusal or vacant unit, or inability to 

conduct an interview), the Consultant suggests to over-sample 15% in anticipation that samples 

will be replaced. In similar studies conducted by PE Research Sdn Bhd, the non-response 

exercise was carried out.  Finally, households that complete the survey will receive a small gift, 

which will be provided by FRIM. 



5. Fieldwork 

PE Research will be responsible for recruiting, training, transporting, and supervising all 

personnel required for the survey.  Given that all sampled households will be within a 1-hour 

drive of Wilayah Persekutuan Kuala Lumpur, funds will not be provided for overnight lodging 

unless a compelling case is made that overnight lodging will reduce the total cost of the survey. 

 Criteria that will be used in selecting field staff require that the enumerator must have 

arithmetic or computation skills and have ability to spot logical mistakes. The number of field 

enumerators is estimated to be 20, with a minimum of 10 years of schooling with preference 

given to those who have work experience, especially in canvassing surveys. Two rounds of 

recruitment will be made. The first round will be for the staff to conduct the pre-test.  The ratio 

of supervisors to field staff will be within the ratio of 1:8. We believe this is sufficient to ensure 

close supervision and to conduct all the quality checks required in the survey. The supervisors 

will be given special training on supervision, and the duties on re-interview and validation 

checks. They will be selected on the basis of previous experience, ability to understand the key 

concepts, and good soft (communication, interaction) skills. The supervisors will stay in the field 

throughout the fieldwork period and be responsible for collecting back the questionnaires. 

 

6. Data entry 

PE Research will deliver to FRIM an electronic database containing cleaned data from the survey 

within 1 month of the completion of the survey.  FRIM will provide a codebook containing 

variable names and preliminary value ranges for each variable.  The contractor will use this 

information to design the survey database.  Completed surveys are considered the property of 

FRIM and must be delivered to it at the same time as the electronic database.  
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1 Introduction 
 
1.1 Watershed services and payments for ecosystem services 
 
 Watershed services have been identified as one of the most important ecosystem services 
provided by tropical forests (Brauman et al. 2007).  They have both a quantity dimension and a 
quality dimension.  The quantity dimension usually refers to total annual streamflow and its 
distribution within a year.  Forests affect both evapotranspiration and the relative amounts of 
infiltration and runoff during rainfall events, and as a result they affect the portion of rainfall that 
winds up in streams as well as when it does.  For example, does streamflow rise rapidly after 
storms, thus causing flooding?  Or does rainfall percolate slowly through the soil as baseflow and 
thus maintain dry-season flows?  These characteristics affect the availability of freshwater for 
human use and the risk of damage caused by extreme events (floods, droughts).   
 

The quality dimension most often refers to sediment loads: does a restriction on forest 
conversion or logging methods reduce soil erosion and thus the amount of sediment in streams 
and coastal areas?  If so, then society may benefit from lower expenditures on harbor dredging, a 
longer lifetime for reservoirs, reduced flooding thanks to less clogged river channels, enhanced 
tourism thanks to healthier coral reefs, and so on.  Implicitly, forests provide additional benefits 
to water quality if alternative land uses generate pollution that degrades water quality (e.g., 
fertilizer or pesticide runoff from agriculture, sewage from human settlements).   

 
In recognition of forests’ role in supplying watershed services, programs to institute 

payments for watershed services are expanding more rapidly than for any other ecosystem 
service besides carbon sequestration.  Payments for ecosystem services (PES) related to the 
watershed values of tropical forests are evidently most common in Latin America (Engel et al. 
2008), but some experience exists in Asia (e.g., The and Ngoc 2006). 
 
1.2 Watershed services and biodiversity conservation 
 
 Watershed services have an important economic connection to biodiversity conservation 
in a production landscape.  Virgin forests tend to have higher conservation value than forests that 
have been logged.  If they also enhance watershed services, then the net cost of retaining virgin 
forests is reduced.  Ordinarily, the major social cost of conservation is an opportunity cost: the 
forgone returns from the next best alternative land use.  When the next best use is logging, the 
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opportunity cost is thus forgone returns from logging.  If biologically rich virgin forests provide 
enhanced watershed services compared to logged forests, however, then the net social cost of 
conservation is less than this: it is the net returns to logging minus the value of the enhanced 
services.  In some cases, the enhanced watershed services might be sufficiently valuable to 
justify protecting virgin forests even without accounting for the direct benefits of biodiversity per 
se (for example, passive use and recreation; see the methodology paper for Activity 2.1.3). 
 

Similarly, the impact of logging on biodiversity is generally believed to be lower if 
logging is conducted using reduced-impact methods instead of conventional methods.  If 
reduced-impact methods also enhance watershed services (Mohd. Shahwahid et al. 2001), then 
the net social cost of requiring loggers to use such methods is the increased cost of logging 
minus the value of the enhanced services.  Watershed services can thus be an important co-
benefit of biodiversity conservation efforts, representing a positive externality that increases the 
economic justification for conservation. 
 
 Forests’ ability to enhance water quality is widely accepted by forestry and water experts.  
Forests’ beneficial impacts on water quantity are more controversial, however.  Claims that 
forests reduce flooding and sustain dry season flows (the “sponge theory”) have received 
particular criticism (Bruijnzeel 2005, FAO & CIFOR 2005).  To the extent there is a point of 
agreement in this controversy, it is that the impacts of forests on water quantity are site-specific.  
So, in some areas a forest’s impact on evapotranspiration might outweigh its impact on 
infiltration, thus resulting in lower dry-season flows instead of higher ones compared to 
alternative land uses; in other areas, perhaps not even very far away, the reverse might be true 
(Pattanayak and Kramer 2001).  Similarly, a forest’s ability to reduce flooding might depend on 
scale, i.e. whether the area of interest is a small catchment or a large river basin.  A forest’s 
ability to reduce sediment loads at a given downstream point (e.g., a harbor or a marine park) can 
also depend on scale: the larger the catchment, the more likely that sediment will be trapped 
upstream. 
 
 These ambiguities complicate benefit-cost analyses of conservation programs and the 
design of water-related PES.  The direction of forests’ impacts on watershed services is not 
necessarily the same everywhere, nor is their magnitude.  The issue of scale is particularly 
important because conservation decisions are made at different scales, and the “market” in a 
payment system for some particular watershed service might in some cases encompass a single 
downstream municipality and a relatively small upstream forest area and in other cases an entire 
river basin.  Without reliable information on the impacts of forests on watershed services in 
specific locations and at different scales, tropical countries might err by either understating or 
overstating the positive externalities of conservation, and they might get the prices wrong for a 
PES system or promote such systems in areas where they are less likely to succeed.  
 
1.3 Options for modeling the impact of forests on watershed services  
 
 The dominant approach for resolving ambiguities in the relationship between forests and 
watershed services is to develop process-based hydrological models for individual catchments.  
These are structural models that consist of a large number of equations that explicitly describe 
the fundamental biophysical processes that relate vegetation and other catchment characteristics 
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to hydrological outcomes.  This is a useful approach, but the development of process-based 
models is typically time-consuming and requires data that most governments do not routinely 
collect.  Moreover, extant process-based models are mostly designed for analyzing relatively 
small catchments, whereas conservation policy issues often occur at larger scales. 
 
 We are taking a different, complementary approach in activity 2.1.2: we are developing 
reduced-form statistical models.  Our goal is to develop reliable, single-equation models that can 
predict streamflow and sediment loads with known levels of precision for tropical catchments of 
various sizes and with varying forest characteristics.  Fundamental hydrological relationships 
will not be explicit in these models.  Instead, they will be implicit in the relationships among the 
variables in the models.  The simplest possible example—simpler than the models we are 
actually developing—would be 
 
 W = β0 + β1F, 
 
where some measure of a watershed service (W; e.g., tons of sediment) is predicted simply on 
the basis of a linear function of some forest characteristic (F; e.g., percent forest cover in the 
catchment).  Note that this model does not contain detail on the impacts of forests on infiltration, 
evapotranspiration, etc. 
 

We will develop a suite of statistical models that vary in their data requirements.  
Malaysia is an ideal location for developing such models because, as we will discuss below, it 
has an unparalleled combination of the necessary hydrological, forestry, and meteorological data.  
We can thus use data on Malaysian catchments to develop very sophisticated statistical models.  
A slightly more sophisticated version of the model shown above would be 

 
 W = β0 + βVFV + βLFL, 
 
where forest cover has been split into virgin (FV) and logged (FL) components.  Even more 
sophisticated versions would include variables representing land uses other than forests, 
meteorological conditions, and physical characteristics of a catchment.  Given that the rich set of 
data available in Malaysia enables us to develop not only very simple models but also much 
more sophisticated ones, we can compare the models on the basis of their in-sample and out-of-
sample prediction errors.  This comparison will indicate the reliability of the models for valuing 
watershed services and designing PES systems, and it will also enable tropical countries with 
less data than Malaysia to identify the gains from investing in additional data collection. 
 

The statistical approach will also allow us to determine the presence of thresholds in the 
delivery of watershed services.  For example, do forests in certain regions (e.g., on steep slopes) 
suffer a permanent loss of their ability to provide services if they are logged, e.g. due to a loss of 
soil or the ecosystem “flipping” to a qualitatively different vegetation type (e.g., bamboo, bertam 
palm, lalang)?  If so, then the analysis could generate management guidelines to avoid crossing 
those thresholds and could provide estimates of the value of maintaining ecosystem resilience 
(Mäler 2008). 
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1.4 Scope of the research 
 

In addition to the statistical modeling of forests’ impact on watershed services, we will 
conduct research on two more purely economic topics.  The first is the opportunity cost of 
supplying watershed services, which we will measure as the net returns to logging that are 
forgone if larger areas of forest in a catchment are either put off limits to logging or are required 
to be logged in ways that are less damaging but more costly.  The second is to quantify, in 
monetary terms, the benefits associated with watershed services, such as reduced expenditure on 
harbor dredging and reduced damage from flooding. 

 
In sum, the research on valuation of watershed services consists of three related studies: 

1. Econometric modeling of the impacts of forests on watershed services 

2. Analysis of the opportunity cost of supplying watershed services 

3. Analysis of the benefits of watershed services. 

The remainder of this document provides more detail on each study.  It places more emphasis on 
the first, as that is the study where we have made the most progress. 
 
 
2 Econometric modeling of the impacts of forests on watershed services 
 
2.1 General approach 
 

Extending the discussion above, our statistical models have the general form 
 
 Wit = f(Fit, Lit, Mit, Pit) + eit. 
 
The data for estimating the models come from multiple catchments (each denoted by i) and 
multiple time periods (denoted by t).  That is, the models are panel models.  The specification 
above indicates that a particular watershed service (W) is a function (f) of four types of variables: 
forest (F), land use outside the forest estate (L), meteorology (M), and physical characteristics of 
a catchment (P).  These variables do not necessarily span the full range of those that affect the 
watershed service.  The impacts of other variables are captured by the error term (e). 
 
 We are developing separate models for two measures of W, streamflow and sediment.  
Furthermore, we are considering several aspects of streamflow: mean annual streamflow, peak 
flows (i.e., floods), and low flows (i.e., droughts).  We are also testing several forest-related 
variables (F), such as total forest area and areas of virgin and logged forest separately (all as 
percentages of catchment area) and annual log production.  Variables for land use (L) outside the 
forest estate refer to major land-use categories, such as urban, perennial agriculture, and annual 
agriculture.  The most important weather variables (M) are rainfall, which directly affects runoff 
and infiltration, and temperature, which mainly affects evapotranspiration.  Physical 
characteristics of a catchment (P) include area, elevation, slope, and soil.  The functional form (f) 
of the model is flexible, allowing for lags, higher-order terms (e.g., squared or cubed values of 
the variables), and interactions between the variables.  Because the model is estimated using 
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panel data, the error term (e) can be decomposed into components that are unique to each 
catchment and each time period,  
 
 eit = xi + yt + uit. 
 
These error components control for unobserved catchment characteristics that are unchanging 
over time (x), and unobserved events in particular time periods that affect all catchments (y).  
Inclusion of these two additional components reduces the residual error (u). 
 
2.2 Data analysis, availability, and issues 
 
 Table 1 provides information on the sources of data for each of these variables and 
comments on their availability.  Table 2 shows the states and river basins for which we are 
compiling the data.  Maps showing the locations of the stations are in the appendix. 
 

The steps in analyzing the data are as follows: 
 

1. Locate a given streamflow (or sediment) station on the digital elevation map (DEM) for 
Peninsular Malaysia. 

2. Use the DEM and a GIS to determine the catchment boundary for the station and to 
calculate catchment area, average elevation, and average slope. 

3. Use a digital soil map and a GIS to calculate areas of different soil types in the 
catchment. 

4. Use GIS files from the 4 National Forest Inventories (NFI) to calculate areas of different 
forest types (e.g., virgin, logged) in the catchment from 1971 to the early 2000s. 

5. Use district-level data on log production to approximate log production in the catchment. 

6. Use GIS files from the 5 national land-use surveys (1966/67 to the mid 2000s) to 
calculate areas of different land uses in the catchment. 

7. Use rainfall and temperature data from different stations in and near the catchment to 
calculate mean rainfall and temperature in the catchment. 

8. Repeat the above steps for all other stations, and pool together the data for stations of a 
particular type (streamflow or sediment). 

9. With the pooled data from step 8, use econometric methods to determine how the 
streamflow (or sediment) readings (W) are statistically related to the forest data (F) from 
steps 4-5, the land-use data (L) from step 6, the weather data (M) from step 7, and the 
data on physical characteristics (P) from steps 2-3. 

 
One issue with the analysis is the widely varying frequency of the data: streamflow, 

sediment, and rainfall are daily; temperature is monthly; log production is annual; and forest and 
land use areas are measured at roughly 10-year intervals.  At the moment, we are using a 
monthly frequency in the analysis, which entails reducing the frequency of some of the variables 
(by summing or averaging them) and increasing the frequency of others (by interpolating them). 
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 Two other issues are the construction of dams and other hydraulic structures, which alter 
hydrological processes, and the frequency of updating of ratings curves at the streamflow and 
sediment stations, which affects the risk that the data series contain spurious trends.  We are 
working with the Drainage and Irrigation Department to compile data for constructing variables 
that control for these factors. 
 
2.3 Pilot analysis of Perak River basin 
 

We have pilot-tested the analysis for the Perak River basin, which contains 7 streamflow 
stations and 7 sediment stations.  We needed to skip steps 3, 5, and 6 due to a lack of data at the 
time.  In addition, the DEM that we used in steps 1-2 was of lower resolution than the one we 
currently have, and the GIS files that we used in step 4 were only for NFI 1 and 2 (1971, 1981) 
and were of lower resolution than the files that we recently received from the Forestry 
Department.   

 
Figures 1-4 and Table 3 illustrate the steps in the analysis.  Figure 1 shows the boundaries 

of the Perak River river basin.  Figure 2 shows the locations and catchments of the 7 sediment 
stations in the river basin.  The streamflow stations have the same locations.  Figure 3 shows 
slopes, and Figure 4 shows areas of virgin and logged forests, according to NFI 2 (1981, not 
1980 as the figure says).  Table 3 shows the results of using a GIS to calculate the areas (in 
pixels) and average slopes (in degrees) of each catchment.   

 
The statistical portion of the pilot analysis yielded encouraging results.  For example, we 

found that monthly sediment loads during 1971-81 were significantly lower in catchments with 
more virgin forest area, significantly higher in ones with more logged forest area, and 
significantly higher in months with more rainfall.  These are the expected impacts.  A simple 
model containing just these three variables explained more than half the variation in sediment 
loads across catchments and over time.  This is promising evidence that relatively simple 
statistical models can do an acceptable job of predicting the impacts of forests on watershed 
services. 
 
 
3 Analysis of the opportunity cost of supplying watershed services 
 
 The statistical models described above will contain information on forest characteristics, 
with a key one being the area of a catchment under forest cover.  As already discussed, we can 
split forest cover in the models into virgin and logged components, which are basic categories in 
the NFI.  (In fact, the NFI provides even more detail, such number of years since logging, which 
we will use to examine the impact of forest recovery on watershed services.)  This will enable us 
to run conservation-relevant simulations of the following sort.  Suppose the estimated statistical 
model has the multiplicative form  
 
 Wi = aiFV

bFL
c, 

 
where ai is an intercept unique to catchment i, and b and c are exponents on virgin area and 
logged area, respectively, that are the same across catchments.  (For example, if a higher virgin 
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area results in a higher level of the service, then b is positive.)  Starting with the most recent NFI 
data, we can use this model to predict how changes in virgin or logged areas (or both together) 
would affect the watershed service, by varying FV and FL.  We can then plot the resulting 
relationship, which is a production function (W is the output, FV and FL are the inputs), and 
literally see how increases or decreases in forest cover affect the service.  
 

Although the production function might be useful on its own, we can go further and 
convert it to a marginal cost curve, which indicates the cost associated with incremental changes 
in the watershed service.  By this we mean that we can develop a relationship that answers 
questions such as, “What is the opportunity cost, in terms of forgone net logging returns, of 
reducing sediment by one ton?”  We can do this because the NFI also provides information on 
timber stocking in virgin and logged forest categories and the Forestry Department regularly 
publishes data on log prices and logging costs.  So, if we predict the impact on the watershed 
service of reducing logged area by 1 hectare and correspondingly raising virgin area by 1 hectare 
(which is a relevant scenario for biodiversity conservation), then we can also calculate the 
associated loss in net logging returns.  That loss represents the minimum amount that the forest 
owner (i.e., a Malaysian state) would need to receive in order to willingly supply the service, 
which is a key piece of information for setting the price in a PES system.  We have compiled 
much of the data on timber stocking, log prices, and logging costs necessary for constructing the 
marginal cost curve in Perak and in the process of compiling the data for other states.   

 
The preceding discussion focused on forest-related opportunity costs, not opportunity 

costs associated with land uses that compete with forests (e.g., oil palm plantations).  The latter 
are certainly relevant for conservation decisions, as they pertain to deforestation (the net 
reduction in total forest cover, virgin and logged combined).  If time and data permit, we will 
also account for nonforest opportunity costs in the cost analysis. 
   
 
4 Analysis of the benefits of watershed services 
 
 The marginal cost curve tells the supply side of the economic story about watershed 
services.  The other side of the story is the demand side: what are the marginal benefits of 
incrementally higher amounts of the services?  By putting supply and demand together, one can 
determine the economically optimal level of provision of watershed services: the point where the 
benefits of the services exceed the costs by the greatest amount. 
 

Constructing the marginal benefit curve is more challenging than constructing the 
marginal cost curve for two reasons.  First, the range of potential benefits is much wider, 
including reduced sedimentation of water supplies, hydropower reservoirs, harbors, and coral 
reefs, reduced risk of flooding, and reduced risk of drought.  For each of these, there is a need to 
determine both the physical relationship between streamflow or sediment as measured at the DID 
stations and a physical measure of the benefit (e.g., how quickly do harbors silt up?), and the 
economic relationship between the latter physical measure and impacts on human society (e.g., 
what does it cost to dredge harbors?).  Second, there are not government agencies that can 
provide “one-stop shopping” for the data in the same way that the DID can for streamflow and 
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sediment data and the Forestry Department can for forestry data.  The data must be sourced from 
a wider range of agencies. 

 
We are approaching these challenges by beginning with a scoping exercise aimed at 

identifying data sources for different benefits and gauging the cooperativeness of the agencies 
that collect the data.  So far, the most promising benefits for valuing appear to be reduced 
sedimentation of water supplies and harbors, and reduced risk of drought to municipal supplies.  
We have also compiled considerable data on floods that have occurred in Peninsular Malaysia 
and are determining whether the data are sufficient for valuing the benefits of reduced flooding 
risks. 
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Table 1. Description of data used in analysis. 
 
Variable Source Comments 
Watershed service (W) Drainage and 

Irrigation Department 
(DID) 

DID has provided text files containing daily 
data for 59 streamflow stations and 42 
suspended sediment stations.  These stations 
are in 13 rivers basins in 9 states, all in 
Peninsular Malaysia.  Data availability varies 
but is within the range 1960-2008. 

Forest (F) Forestry Department 
(JPSM) 

In late September 2008, JPSM provided GIS 
files from all four national forest inventories 
(NFI 1-4) for the state of Perak.  It might 
provide files for other states, pending the 
outcome of the pilot analysis of Perak.  The 
inventories are conducted every 10 years at the 
start of a decade.  They span roughly 30 years 
(1971-early 2000s).  Data on district-level log 
production are available in annual state reports 
and still being compiled. 

Land use (L) Ministry of 
Agriculture (KM), 
Economic Planning 
Unit (EPU) 

Land-use surveys are conducted in the middle 
of decades.  They complement the NFI by 
providing information on land use outside the 
forest estate.  The first survey was conducted 
in 1966/67.  We have been unable to obtain the 
GIS files for this or the later surveys from KM.  
We are currently experimenting with digitizing 
the 1966/67 survey map. 

Meteorology (M) DID, Malaysian 
Meteorological 
Department (MMD) 

DID has provided text files containing daily 
rainfall data from 16 stations in Perak.  Data 
availability varies but is within 1960-2008.  
DID has agreed to provide data from stations 
in other states; we are currently deciding which 
stations to request data for.  MMD has 
provided spreadsheets containing monthly 
temperature data from 5 stations in Perak for 
the 1951-2008.  It has agreed to provide data 
from stations in other states upon our request. 

Physical 
characteristics (C) 

Online sources We originally obtained a digital elevation map 
(DEM) from an online source, but FRIM’s GIS 
unit has a much higher quality one.  From the 
DEM, we can determine catchment boundaries 
for the DID stations and calculate catchment 
areas and average elevations and slopes.  We 
have done this for the 7 stations in Perak.  We 
have not yet identified a source for a soils map. 

 



 11

Table 2. River basins included in the analysis 
 
State River basin No. streamflow stations No. sediment stations 

Batu Pahat  3 1 
Endua 5 2 

Johor 

Muar 1 1 
Kedah Muda 3 1 
Kelantan Kelantan 7 5 
Melaka Melaka 1 1 
Negeri Sembilan Linggi 1 0 
Pahang Pahang 16 13 
Perak Perak  7 7 

Kelang 5 4 
Langat 4 4 

Selangor/WP 

Selangor 2 2 
Terengganu Terengganu 4 1 
    
Totals 13 59 42 
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Table 3.  Summary statistics for Perak catchments as of December 31, 1981. 
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Figure 1 
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Figure 2 
 
 

 



 15

Figure 3 
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Figure 4 
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Appendix:  
 

Maps of Streamflow and Sediment Stations included in the Study 
 









































 
 
 
 
 
 

Forest Data  
Management Tool 

 
 
 
 
 



FRIM / UNDP / ITTO Conservation of Biodiversity through Improved 
Forest Management Tools Activities 1.1.1, 1.1.2, 1.1.3 – Developing 
Project Data Management Tools 
 
Objective  
 
Capturing, storing and analyzing ecological and economic data is crucial for effective 
planning, design and implementation of multi-use sustainable forest management 
systems.  The objective of these three interrelated project activities is to develop a 
computerized tool for the storage, management and retrieval of project related data.  
Existing biodiversity, forestry and economic data pertinent to the project as well as 
data collected, as part of the current project will be entered, standardized into a 
common data format, and centrally stored on one integrated database.  In addition 
during the later half of the project the computerized tool will be expanded to allow 
users to analyze data and simulate various forest management scenarios based on 
the models parameterized from project data. 
 
Approach 
 
The eventual end-users (forestry staff, officers and policy-level planners in 
developing tropical countries) are guiding the design of the tool.  These end-users 
are reflected in the hardware and software choices as well as the overall feel of the 
application being developed.   
  
The final application will be a web-based application with all data storage, processing 
and analysis done on a central web-accessible server and the end-user interacting 
with the management tool through any number of modern web-browsers.  The 
advantages of this approach are numerous.  Any existing relatively up-to-date 
computer may use the application with minimal or no additional costs.  In addition, 
the application may be easily scaled to run on smart phones and other Internet 
appliances allowing for field data entry.  Finally, having all storage and processing 
done server-side means data loss may be minimized and data security better 
insured.  The major potential disadvantage of this design is the requirement that all 
client side computers can access the server via a private or public network.   Given 
the penetration of wire and wireless technology throughout the developing world this 
disadvantage is not significant1.   
 
The hardware requirements for the central web server are minimal.  The developed 
system will run on standard readily available web servers connected to expandable 
RAID data storage disk arrays with a purchase cost of less than US $5000.   
 
All software developed for the project will be based on existing open-source 
software.  In addition the web-based application will be accessible on any computer 
running any common operating system (Microsoft Windows, Apple OSX, or Linux) 
through any freely downloaded web browser, such as Mozilla Firefox or Microsoft 
Internet Explorer.    
 
 
 
 
 
                                                 
1 Running a background local webserver on client machines when they are not network accessible 
eliminates this problem.  The local webserver then synchronizes with the central server when the client 
connects to the network. 



Status 
 
Hardware and Software Installation 
 
• A server has been purchased and set up in the computer control room at FRIM 

and the Potts lab at the University of California, Berkeley.   Each server features 
dual quad core Intel Xeon processors, dual 73 GB hard drive and 8 GB RAM. 
Each server is connected to a RAID disk array with space for 15 1 TB hard drives 
with a maximum storage potential of 13 TB in a RAID 5 configuration.  Presently 
4 x 500 GB hard drives are installed.  On each server the open-source Linux 
Ubuntu 8.04 server operating system has been installed.  Software and data on 
the servers are regularly synchronized. 

 
• The open-source PostgreSQL object-oriented database has been installed on 

each server to store project data. PostgreSQL is rich fully developed enterprise 
class database system with over 15 years of active development.  Prominent 
industrial users of the database include Yahoo! for web behavior analysis and 
Skype.   In addition, the support for geographic objects in PostgreSQL may be 
added by installing the open-source PostGIS add-on.   

 
• The Django open-source web application framework has been installed on each 

server.  Django is a relatively new high-level Python web-frame with a number of 
features that allow for fast development of web application including: an object-
relational mapper with a dynamic database-access API for PostgreSQL; 
automatic admin interface; a template system that separates design, content, and 
python code; and internalization for multi-language applications.  The add-on 
module, GeoDjango, can also be installed to allow support of GIS data and 
interactions with the PostGIS add-on in PostgreSQL. 

 
Web Application for Project Data Management 
 
• Substantial progress had been made on the development of a web-application to 

support the management of newly generated project data as part of the VJR, 
rapid biodiversity assessment, and harvesting experiment.  The design of 
PostgreSQL data tables was guided by the detailed sampling protocols 
developed for the biodiversity field surveys.  By the time of completion early next 
year project team members will be able to enter, edit and export data from the 
central server via a web-browser.  The export feature will allow team members to 
export their data in a format for easy import into the open-source R statistical 
package.  In addition, a feature to organize and provide access of pertinent 
background literature to project team members is also being developed.  Below 
are two screen shots of the application in its current form.    

 

 
 



Views of Application Home Page & Page to Add Data 
Entering & Obtaining Existing Project Relevant Data 
 
• The table below lists project relevant existing datasets that need to be obtained 

and entered into the data management system.  Up to now, the project has had 
limited success in obtaining these data sets. 

 
Data Holder 

NFI (I-IV) PFD, FFD 
PITC Pre-F/Post-F surveys PFD, PITC 
VJR Pre-F/Post-F surveys PFD, OFD 
VJR management plans PFD, OFD 
VJR – 10% inventory FRIM, PFD 
VJR – species lists FRIM, PFD 
VJR – ecological data  FRIM, PFD 
CTFS – Lambir plot data CTFS, SFC 
CTFS – Pasoh plota data FRIM, CTFS 
4 ha Semangkok plot data FRIM 
2 ha Semangkok plot data FRIM 
2 ha Buik Lagong, Kg. Melayu plot data OFD 
Hydrology data (DID) PDF, FFD 
BRAHMS species list for Perak Unknown 
Economic Valuation in Air Hitam FFD 
Bird list in Belum MNS 
Quickbird Images of PITC PITC 
Logging Plan in PITC PITC 
ITTO silviculture treatment study in Perak PDF 
Existing Growth and Yield Plots FRIM 
 
Abbreviations: PDF – Perak State Forest Department, OFD – Other State Forest 
Departments, FFD – Federal Forest Department, SFC – Sarawak Forest Corporation, MNS – 
Malaysian Nature Society 
 
Future plans 
 
Web Application for Project Data Management 
 
• The application will be finished and user-tested by the project team to identify any 

bugs and to modify the interface to allow for efficient data entry.  The system 
should be on-line for the second pre-harvest survey of faunal taxa in PITC and 
the post-harvesting faunal assessments. 

 
• Install and integrate the GRASS open-source GIS system into the existing 

database.  Django and PostgreSQL already have extensions that support 
GRASS.  This will allow for existing GIS datasets to be more easily entered into 
the database. 

 
Entering & Obtaining Existing Project Relevant Data 
 
• We will increase efforts to obtain project relevant datasets and integrate them into 

the project database to support modeling and analysis. 
 
Web Application for Forest Planning 
 



• Working with project stakeholder we will hold a series of workshops and small 
focus session with potential end-users to develop software requirements 
specification for the final forest-planning tool and then initiate its development. 




