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SUMMARY

The lack of precise information about the extent and nature of the plantation resource in Lao PDR is viewed as
a constraint in development of the plantation sector as a whole. Improved knowledge of the extent and
condition of plantations is needed to support the development of strategies and policies for the sector and to
assist in government and industry decision making processes.

Plantations in Lao PDR include Eucalyptus, Acacia, Rubber, Teak and other indigenous species. While the main
tree plantation species by area is rubber (Hevea brasiliensis), most rubber plantations do not have wood
production as their primary use and are currently immature from the perspective of wood supply. Most
Eucalyptus and Acacia plantations have been established through projects involving foreign investors in
partnership with the government, as joint ventures, or with local landowners (refer Smith et al. 2017) and
resource information is held by those investors. Teak (Tectona grandis) is grown in small plantations
established by famers and it is this component of the plantation resource that this activity addresses, with a
focus on Luang Prabang Province.

Plantation teak in Luang Prabang Province of Lao PDR was mapped and classified in ACIAR project VALTIP2
(FST/2010/012); over 15,000 ha were mapped. This study updated that mapping in 2018; finding over 18,200
ha. A field inventory of the mapped teak plantations was conducted from November 2017 to Sep 2018, to
estimate a ‘snapshot’ of standing merchantable volumes at provincial level. Total merchantable volume of teak
in Luang Prabang Province was estimated at over 570,000 m3. However, the teak plantation resource is
dominated by smaller size trees and less than 10% of the basal area is in trees over 30cm DBHob. Tree quality
was found to be generally poor. Analysis of log mix shows only 43% of tree volume of as either A or B quality
logs which are ‘good quality’ merchantable logs; 43% is low but not surprising given the resource is made up
of a mostly small plantations, sourced from unknown seedstock, managed by many owners with little
silvicultural experience.

Spatial analyses were performed to characterise the teak resource in the landscape and to estimate the impact
of recent major infrastructure developments on the plantations. Impact on teak plantations of infrastructure
project construction has been relatively minor and most of the direct impact will be from dams still to be
constructed. More negative impact on teak plantations is likely to be caused by the current and ongoing
expansion of Luang Prabang city, networks of roads and powerlines, and general land use pressures resulting
from the rapid development of the nation as a whole. Nevertheless, the area of teak plantation is increasing,
indicating that teak is still viewed as a beneficial land use by farmers and land holders.
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1. CONTEXT

This research originates from ACIAR project VALTIP3 Advancing enhanced wood manufacturing industries in
Laos and Australia (VALTIP3), which is being undertaken jointly by Melbourne University, the National
University of Laos Faculty of Forestry and Australian National University in collaboration with Lao partner
organisations such as the Luang Prabang Teak Program, Department of Forestry and Ministry of Industry and
Commerce.

Project research activity Objective 1 aims to identify the key elements of the policy, governance and
administrative environment that constrain the development of plantation forests and plantation wood value
chainsin Lao PDR. It also aims to identify other constraints to improving plantation value chains, and to develop
strategies for engaging with this environment. Activity 1.3 involves characterising the current plantation
resource in Lao PDR, and assessment of options for modelling future wood supply. More specifically the activity
aims to:

1. Expand the characterisation of teak plantation resources, building on the results of VALTIP2 project
(FST/2010/012) through:
a) GIS analysis of the area and geographical distribution of teak plantations in the landscape in
Luang Prabang, and quantification of changes in the plantation area associated with major
developments (see section
b) Estimation of the standing volume of mapped teak plantations through field inventory and
biometrics
c) Evaluation of methods to quantify growth and yield of the teak resource using outputs from
other sources
d) Mapping the extent and structure of teak plantations, through training of PFS staff, in
Xayaboury province using methods developed by FST/2010/012
e) Testing the utility and reliability of other remote sensing imagery (some acquired under
VALTIP2) for mapping teak in order to estimate temporal change and scale up into other
provinces
2. Capture base information on corporate owned eucalypt plantations,
3. Researching methods for other significant plantation resources of potential benefit to future timber
supply for domestic processing.
This report describes progress against the tasks 1.a) and 1. b).
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2. METHODS

2.1. Objective

The objective of this research was to estimate the standing volume of merchantable log products of teak
plantations in Luang Prabang Province with a precision + 10% at 95% probability level.

2.2. Population

The area of teak plantations assessed in this study was the 15,000 hectares mapped by the VALTIP2 project
(Map 1, see Boer and Seneanachack 2016), and updated for this project (refer Section 3.2).

The nine mapped size classes established in the VALTIP2 study were used as the initial stratification to plan the
inventory in this activity (

Table 1). Reliably mapping the age class, which is typically done on the basis of tree size and crown
size/features, was found to be difficult due to significant variation between plantations in their tree size at the
same age. Size class was determined a more reliable and appropriate measure of the structure of plantations,
and more relevant to industry, and as result this was used as the classification for the mapping.

Mapping classes were subsequently designed to:

o Cover the range of plantation size and structure.
. Be consistently identified and mapped.
. Provide for stratification for future volume inventory.

Dominant size class describes situations in which more than 50% of the basal area (BA) of the plantation has a
diameter at breast height (dbh) range as specified. For classes 4, 5 and 6 this is not specified.

For partially stocked areas classes 1T, 2T, 3T describe stands where stocking is 60%-90% of a fully stocked
plantation as a result of partial planting failure, competition with other growth or a result of partial harvests.

Class 4 describes areas where no dominant size class occurs and a mix of 2 or more size classes are found. This
can be a result of adjacent small areas being planted at different times but more commonly by multiple partial
harvests with subdominant trees and coppice growth occupying the gaps. This class can have variable stocking
down to 60% of a fully stocked stand.

For partially stocked areas with 30%-60% of a fully stocked stand class 5 is used. Areas of <30% are not classed
as plantation.

Table 1: Mapping Classification

Class Dominant Size Class (dbh) Class Description
1 <15cm Small, fully stocked
1T <15cm Small, partially stocked
2 15-25cm Intermediate, fully stocked
2T 15-25cm Intermediate, partially stocked
3 >25cm Large, fully stocked
3T >25cm Large, partially stocked
4 all Mixed size
5 all Partial plantation
6 all Possible plantation
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Map 1: Teak Plantations in Luang Prabang Province, mapped under VALTIP2
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2.3. Sampling Design

A double sampling method was employed where all plots were measured in recording whole tree parameters
and characteristics. A subsample of 20% were randomly selected in which additional estimates of log type and
dimension within trees >20cm diameter at breast height over bark (DBHob) were included. The relationship
between whole tree quality and log volumes was used to extrapolate log volume estimates across all plots.

The total number of plots was estimated from the desired precision, estimates of plot measurement
productivity and constraints of budget and project limitations. Plots per stratum were proportional to stratum
area with weighting for expected standing merchantable volume. Strata of smaller size class had lower
weighting and strata of larger size classes had higher weighting so that more plots were in higher volume areas,
increasing the precision of the estimate of standing merchantable volume. A total of 500 plots was estimated
to be required and achievable. An extra 20% of plots were included to cater for inaccessibility, updating of the
teak mapping and additional plots if time and resources permitted. 568 plots were measured and used in final
dataset with 101 of those plots in the second stage subsample.

Initial testing of plot size found that 0.03 ha was a suitable size to capture between 15 — 40 trees/plot for most
plots. Circular, fixed area 0.03 ha plot size was used for all plots.

Plot navigation used a GIS locality map and a GPS loaded with plot locations as waypoints. The locality map
was used for navigation to within 1-2 km of a plot and then the GPS was used for final plot location.

For the plot measurement method see Appendix 1.

2.4. Training and teamwork

Luang Prabang Teak Program (LPTP) and Provincial Forest Section provided 4 staff for inventory measurement
and coordination. Training in inventory techniques was conducted in November 2017 and included methods
for plot location, tree measurement, tree quality assessment, GPS and Vertex hypsometer use. Training in log
estimation and measurement for second stage plots was conducted in February 2018. The plot measurement
program and team logistics was managed by the LPTP team. The measurement program concluded on time in
May 2018, under budget and with 68 extra plots measured.

2.5. Tree quality and log volumation

All teak trees were assessed for whole tree quality and assigned one of three classes. From the 101 Stage 2
plots the tree quality codes and estimated log types and dimensions were used to estimate proportions of log
types across all teak trees > 20cm DBHob. Log types were based on Luang Prabang Teak Program (LPTP)
Production and Marketing SOP3 — Measuring and Grading Logs (Figure 1). Log types were estimated in the
standing tree with start height and end height recorded.

10
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Figure 1: Log type assessment in standing trees

Log 2

Log1

2.6. Allometrics

Volume, taper and bark thickness equations were sourced from the most locally appropriate studies. The tree
volume and bark thickness equation are derived from Luang Prabang plantations and are relatively simple
(Dieters and McNamara 2010). The taper equation used was developed for teak plantations in northern
Thailand (Warner et al 2016) and is a more complex, cubic polynomial function with hyperbolic and parabolic
terms.

The Height - Diameter equation was calculated from the inventory data itself, using measured height trees in
each plot. Best fit was Chapman Richards function with r = 0.7745.

Ht = 23.6155 (1-exp(-0.1324DBHob)3**76

Where Ht is predicted tree height in metres, DBHob is diameter at breast height over bark in
centimetres.

Tree height was measured for 2-3 codominant teak trees per plot as well as all trees measured for log details.
The equation was used to estimate tree height for all remaining teak trees based on their diameter and indexed
by the plot predominant height by the ratio of actual : predicted predominant height.

Tree volume equation for plantation teak in Luang Prabang - equation 2 from Dieters and McNamara 2010.
Vol = 0.432 1 (DBHob/200)? Ht

where Vol is tree volume in cubic metres, DBHob is diameter at breast height over bark in centimetres,
Ht is tree height in metres.

11
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Bark thickness equation was from from Dieters and McNamara 2010.

Bt =0.0266 DBHob + 0.2399

Where Bt is single bark thickness in centimetres and DBHob is diameter at breast height over bark in
centimetres.

Taper equation from northern Thailand plantation teak (Warner et al, 2016). Equation ‘FIO — teakl’

dob = (Ht-h) [0.59256 Ht 0.40079(1.3-h) / (1.823004 (1+0.63308 h) (1+0.63308Ht)) + (0.77715/Ht +
0.012398(DbHob/10) - 0.0027653(DBHob/10)3(h-1.3) + DBHob/(Ht-1.3)]

Where dob is diameter over bark in centimetres at height h in metres, Ht is tree height in metres and
DBHob is diameter at breast height under bark in centimetres.

The taper equation was used to estimate diameter at intervals up trees assessed for log products in Stage 2
sample allowing log volumes to be estimated.

Log volume was calculated using Smalian’s equation.
Lvol = ((LED +SED)/400)% 1t Le

Where Lvol is log volume in cubic metres, LED is log large end diameter over bark in centimetres, SED is log
small end diameter over bark in centimetres and Le is log length in metres.

Figure 2: Tree Height — Diameter
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Whole tree volume was calculated using DBHob and height and the above tree volume equation.

For trees with log measurement details from Stage 2 plots the LED and SED were estimated using the taper
equation and log start and end heights. Log volumes were calculated using Smalian’s equation. Average log
volumes were calculated for each tree quality. The proportions of log volumes in each tree quality were
consistent across the diameter range.

12
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3. RESULTS

The teak plantation resource is dominated by smaller size trees with the median DBHob of 18cm. 50% of the
tree basal area is between 14.5 and 21.5cm DBHob and less than 10% basal area is in trees over 30cm DBHob.

Figure 3: Diameter distribution for all plots
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Tree quality was generally poor with 37% of tree volume in class 3 - trees with less than 25% of the bole straight
and clear of defects and only 23% in class 1 - trees with > 50% of the bole straight and clear of defects.

Figure 4: Tree Quality class x Tree volume
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Log volumation relied on the proportions of A, B and C class logs estimated in trees > 20cm DBHob in the 101

Stage 2 plots. Log volume proportions per tree quality were calculated by linear regression.

Figure 5: Tree Quality and Log Volume Proportions

Tree Quality x Log Volume%

50.0%

45.0%
40.0%
35.0%

30.0%

25.0% A logs

20.0% B logs

Tree Total Volume %

15.0% C logs

10.0%

5.0%

0.0%

1 2 3
Tree Quality Class

Log volume proportions were calculated as ratios of tree total volume for each tree quality. These proportions
were then used used to estimate log volumes for all trees > 20cm DBHob in Stage 1 plots.

3.1. Statistics for double sampling

Analysis of log mix for trees > 20cm DBHob shows 43% of tree volume of as either A or B quality. A and B logs
are the desirable logs that will sell, whilst C logs are more optional and if able to be sold will go to lower value
products. 43% of A and B log quality is low but not surprising given the resource is made up of a mostly small
plantations, sourced from unknown seedstock, managed by many owners with little silvicultural experience.

Table 2: Log volume % for merchantable sized trees

Log Grade % of Total Vol
A 28%

B 15%

C 28%

Total Tree 100%

Log sizes are generally small, as would be expected in standing volume assessment. Log 1, or butt log contains
almost two thirds of the merchantable volume and almost all the A logs are to be found in these log.

14
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Table 3: Log Mean Size and Lengths

Log No Log Grade Mean LED Mean SED Mean Length % of Merch Vol
1 A 26.8 20.3 3.6 36.8%
1 B 25.7 20.1 3.1 8.2%

1 C 27.2 15.5 8.6 19.8%
1 Total 26.7 194 4.4 64.8%
2 A 22.6 20.0 3.4 2.1%

2 B 20.2 18.2 3.0 13.2%
2 C 19.5 17.0 3.6 11.9%
2 Total 20.1 17.8 3.3 27.2%
3 B 20.7 17.3 3.7 0.5%

3 C 18.2 15.8 29 7.5%

3 Total 18.3 15.8 2.9 8.0%
Grand Total 22.9 18.3 3.7 100.0%

3.2. Teak Mapping Update

At the time of inventory, the VALTIP2 mapping was based on imagery five years old. Google earth was
investigated and found to have suitable, more recent imagery over most of the teak plantations in the province.
The opportunity was taken to update the mapping however this was not possible prior to the inventory field
measurement. The mapping was done concurrently with but independent of the plot measurement.

Table 4: Teak mapping update 2018

Google Earth Date Area (ha.) Area %
No Update 3,038 17%
2016 5,822 32%
2017 6,202 34%
2018 3,150 17%
Total 18,211

The total area of teak mapped was 18,211 ha compared to 15, 340 ha mapped from the 2013 imagery. 83% of
the area was updated from imagery from October 2016 or later. The mapping update resulted in 42 plots falling
outside the teak plantation area which were not used in the inventory calculations.

3.3. Post Stratification

Stratification was revised after measurement and remapping of teak. Initial strata based on mapped teak class
were tested to see if they were significantly different as to their plot merchantable volume using pairwise t
tests as well as Mann-Whitney tests for non-parametric samples. Both tests showed non-significant differences
for the same initial strata. Strata not significantly different were amalgamated. Initial strata 3 and 3T were
further investigated. The statistical tests show them to be close to non-significance and combined their small
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the combined strata

Table 5: Stratification testing initial strata. Pairwise t test.

Australian

Aid vt*

areal extent they have been combined for practical purposes. The difference in estimated volume is < 0.2% for

Mapped Teak Class Mapped Teak Class p-value Mean Significant
1 1T 0.0001 7.949843 yes
1 2 0.0000 31.70854 yes
1 2T 0.0000 32.21054 yes
1 3 0.0000 92.3052 yes
1 3T 0.0000 68.98671 yes
1 0.0000 24.6937 yes
1 0.1872 5.791065 no
1T 0.0000 39.65838 yes
1T 2T 0.0000 40.16038 yes
1T 3 0.0000 100.255 yes
1T 3T 0.0000 76.93655 yes
1T 4 0.0000 32.64354 yes
1T 5 0.0036 13.74091 yes
2 2T 0.9145 0.501998 no
2 3 0.0000 60.59667 yes
2 3T 0.0000 37.27817 yes
2 4 0.0711 7.01484 no
2 5 0.0000 25.91747 yes
2T 3 0.0000 60.09467 yes
2T 3T 0.0000 36.77617 yes
2T 4 0.1498 7.516838 no
2T 5 0.0000 26.41947 yes
3 3T 0.0310 23.3185 yes
3 4 0.0000 67.61151 yes
3 5 0.0000 86.51414 yes
3T 4 0.0000 44.29301 yes
3T 5 0.0000 63.19564 yes
4 5 0.0006 18.90263 yes

Almost half the area (46%) is in strata S3 whose mapped teak classes correlate well with the diameter profile

as shown in Figure 3. More than 94% of the area is in strata 1, 2 and 3 highlighting the small size of most of the

teak resource.
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Table 6: Final stratification

Strata Mapped Teak Class Area (ha) No. of Plots Average Merch. Volume (m3/ha)
S1 1T 2,407 33 4.8

S2 1,5 6,447 140 14.0

S3 2,2T,4 8,332 315 45.5

S4 3,3T 1,026 80 100.9

Totals 18,211 568 32.1

3.4. Standing Volume Estimates

Strata S4 is the most mature strata with more than half the basal area in trees > 25cm DBHob; it represents
only 5.6% of the area but make up 17.6% of the merchantable volume with an average LED of logs of 26cm.

Stratum S3 is the largest stratum with 46% of the area and 65% of the standing merchantable volume. Most
of the volume is in smaller logs with an average large end diameter of logs of 22cm. Strata S2 and S3 do contain
some larger trees, reflecting the mixed sizes of trees found in of many of the plantation areas.

Table 7: Strata average volumes (m3/ha)

Strata Alog B log Clog (l\/:lf;-[(‘:) Total
S1 1.8 1.2 1.9 4.9 53.8
S2 5.8 2.9 5.1 13.8 94.3
S3 18.4 10.0 16.4 44.8 126.7
S4 39.5 20.6 37.2 97.3 169.4
All 13.0 6.9 11.6 31.5 108.0

Table 8: Strata Total Volumes (m?3)

Strata Area (ha) Alog B log Clog (l\:f;i:‘:') Com; . Total Coni Int.
S1 2,407 4,385 2,883 4,565 11,832 7,133 129,430 38,518
S2 6,447 37,714 18,643 32,769 89,126 17,188 607,892 52,727
S3 8,332 153,652 83,036 136,262 372,951 28,770 1,055,305 55,752
S4 1,026 40,534 21,148 38,154 99,802 11,882 173,755 19,047

Totals 18,211 236,285 125,711 211,750 573,711 35,313 1,966,380 85,555

3.5. Errors and Precision
3.5.1. Non-Sampling Errors

Non sampling error sources were identified as location error, measurement error, measurement bias.
Mitigation or minimisation of these errors was implemented through:
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opportunity for error

e Training and supervision of measurement crews
e Equipment testing and calibration

e Auditing, error checking and correction

Australian
Aid vt*

e Method development and testing. Keeping methods as simple and targeted as possible reduces

Errors from direct measurement and equipment use can be minimised with training in correct techniques.

Errors from measurement bias, particularly for assessments or estimates of tree characteristics not able to be

directly measured (tree quality or log type in standing tree), are more difficult to minimise. Consistency

amongst measurement crews can be achieved group training, discussion and checking.

3.5.2. Sampling Errors

Table 9: Regression of Tree quality to Log Volume

Tree Quality A logs B logs Clogs
Coeff. R? C.I. (PLE) Coeff. R? C.1. (PLE) Coeff. R? C.I. (PLE)
1 0.471 0.899 12.5% 0.199 0.666 22.1% 0.086 0.388 26.2%
0.321 0.814 10.1% 0.166 0.609 13.1% 0.193 0.679 12.1%
3 0.159 0.397 18.3% 0.121 0.357 19.8% 0.424 0.589 13.6%
The coefficient values are the proportions of total tree volume.
Table 10: Stratum volume m3/ha Confidence Intervals
Strata A Cl+ B Cl + C Cl + A+B C.l + Merch Cl.+ | TotalVol | C.l.+
s1 1.82 1.22 1.20 0.75 1.90 1.14 3.02 1.95 4.92 2.96 53.78 16.00
S2 5.85 1.23 2.89 0.59 5.08 1.14 8.74 1.76 13.82 2.67 94.29 8.18
S3 18.44 | 1.66 9.97 0.81 16.35 1.43 | 28.41 | 2.40 44.76 3.45 126.66 6.69
S4 39.51 | 573 | 20.61 | 2.62 | 37.19 | 550 | 60.13 | 8.19 97.28 11.58 169.37 18.57
All 12.97 | 0.92 6.90 0.45 1163 | 0.82 | 19.88 | 1.33 31.50 1.94 107.98 4.70
Table 11: Error margins for total resource
A B C Merch Total Vol
Volume 236,285 125,711 | 211,750 | 573,711 | 1,966,380
C.l.+ 16,797 8,188 14,908 35,313 85,555
PLE 7.1% 6.5% 7.0% 6.2% 4.4%

PLE is Probable Limit of Error, the confidence interval expressed as a percentage of the mean.
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3.6. Teak in the Landscape
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Spatial analyses were done to provide a picture of the location of teak and volumes in the landscape using the

mapped teak plantation areas and the inventory strata volumes.

3.6.1. Haulage Indicators

Roads mapping was updated to calculate proximity of teak plantations to roads trafficable by small haulage
vehicles (Lot Sing) to give some indication of ease of access for timber harvesting. Direct line proximity to Luang

Prabang centre was calculated.

Table 12: Plantation proximity

Merch Vol.
Distance to roads < 200m 49%
Distance to roads < 1km 91%
Luang Prabang 25km radius 56%
Luang Prabang 50km radius 75%

Slope classes across the province were calculated from a 30m Digital Elevation Model (DEM) from the NASA
Shuttle Radar Topographic Mission data made available worldwide in 2014. Intersected with the mapped teak

plantation strata:

Figure 6: Merchantable volume x Slope Class

Teak Strata Merch Volume x Slope Class
300000
s1
250000 S2 |—
mS3
200000 —
mS4
Vol. <5000
(m3)
100000
50000
0 T T T _ 1
0-10 10-20 20-30 30-40 40+
Slope Class (deg.)

84% of the merchantable volume is on slope < 20°. The 40+° class is likely to be an error a result of the spatial
resolution mismatch between the 30m pixelated DEM used for slope class and the vector mapping of the teak

planation
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3.7. District Breakdown
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District subsets of teak area were used to estimate standing merchantable volume in each district.

Map 2: Teak Standing Volume in Districts

Teak Standing Merchantable Volume
Luang Prabang Districts
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3.8. Impact of Infrastructure Development

Major infrastructure projects are in construction across the province. Hydropower and the Laos -China railway
are two high profile projects that potentially impact teak plantations. To estimate their impact on plantations
the existing and proposed hydropower dam reservoirs were mapped or modelled. A total of 11 dams were
assessed with 7 either completed or under construction and 4 more planned as at July 2018. Direct mapping
of reservoirs was possible for all or part of 4 of the dams Nam Khan 3, Nam Khan 2, Nam Ou 2 and Xayaboury.
Modelling of dam reservoirs used the dam location and planned full supply level as made public by the Lao
PDR Department of Mines and Energy with a Digital Elevation Model (DEM).

<

The China - Laos railway location and impact was estimated in a similar way. Existing construction of the line

and station was mapped from Google Earth and the remaining corridor was estimated from the planned route.
The majority of the railway line will run underground through the province with majority of the above ground
impact being the Luang Prabang station and the line south to Xieng Nguen.
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Map 3: Teak Plantations and the Lao-China Railway
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Impact on teak plantations of the infrastructure project construction has been minor. Most of the direct impact
will be from dams still to be constructed.

Table 13: Infrastructure and Teak Plantations

Infrastructure Teak Area (ha) Merch Vol. (m3) Total Vol. (m3)
Dams - completed 168 6,374 19,477

Dams - construction 71 3,450 11,631

Dams - planned 827 35,670 99,972
Railway 63 1,992 7,021

Totals 1,129 47,488 138,100

% of Total Teak 6% 8% 7%
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More impact on teak plantations is likely to be caused by the current and ongoing expansion of Luang Prabang

city, networks of roads and powerlines, and general land use pressures resulting from the rapid development
of the nation as a whole.

Map 4: Teak Plantations and the impact of Hydro-power Dams
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4. DISCUSSION

The teak plantation resource in Luang Prabang province is small in global terms but it is an important and
valuable resource for both the many smallholders who grow teak and for the local economy. It is also
expanding with the area under teak is still increasing and most of the existing plantations are sub-merchantable
and yet to reach their full production potential. The standing volume estimates show a merchantable volume
of 573,000 m* with good quality logs (A and B) comprising 361,000 m3.

The older stands of the current resource are often quite mixed in tree sizes and quality reflecting the
management practices of the owners where partial harvesting of saleable dominants and co-dominants seems
to be common. The result is lower quality, mixed stands continuing on as plantations.

The inventory provides robust estimates with acceptable margins of error at a provincial level. Applying these
estimates to subsets of the area will result in corresponding larger margins of error and should be applied with
caution.

This inventory estimates standing volume of teak plantations in Luang Prabang province and thereby provides
a snapshot picture of the whole teak resource itemised by log type volume. Other significant factors influencing
availability of any or all of this volume over time:

e Increase or decrease in plantation area

e Growth and yield of plantations, incorporating site quality, genetic quality, stand condition and
silviculture

e Market conditions and owner decision making

The common difficulty in quantifying these factors is the thousands of owners of plantation making their own
decisions resulting in a complex mix of plantation states making estimates of teak timber availability difficult
indeed.
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APPENDIX 1: VALTIP 3 TEAK INVENTORY METHOD

Description

Inventory of mapped teak plantations in Luang Prabang Province. Population is defined by the area of teak
plantations mapped in VALTIP 2. Aim is to provide estimates of standing volume of teak in the province and
the general location of the teak volume. It will not provide estimates of volume for small areas of the teak
resource.

Low plot intensity randomly located across the teak plantation area. Stratified by mapped teak size class. Plots
measured on the ground for basic tree parameters.

Double Sampling with 80% of plots to have trees assessed for whole tree quality and 20% of plots to have
additional estimate of log type and dimensions for trees > 20cm DBH.

Measurement Method

Plots will be 0.03 hectare circular plots randomly located in mapped teak plantations. Radius is 9.77 metres.
Navigation

Use the map and/or GPS waypoint to locate plot centre:

e Use map to get to general location of plot

e Turn on GPS and wait for satellite connection

e Use map to get about 1 km from plot

e Use ‘Find’ button, then ‘Waypoints’, press ‘Enter’ button

e Scroll down to Plot number in the list, press ‘Enter’

e Map screen shows with ‘Go’, press ‘Enter’

e Map screen shows line to plot

e Use ‘Find’ to choose Road route or quit

e Use mapped roads to get close, then walk to waypoint as close as possible (<5m is OK).
e Mark plot centre with a stick and tape.

Permission

Contact DAFO to inform of inventory work in their district. If landholder asks what is happening, show official
letter and explain briefly the purpose of the inventory.

Measurement
Plot details:

e Record Plot Number, Date, Team names
e Slope — measure downhill using hypsometer

Plot radius is 9.77 metres
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Tree Details:

Identify start tree — select an easy to remember tree close to plot centre.

Move in a clockwise direction measuring each tree till you reach start tree again. Check carefully the distance
to trees that are close to the plot radius to make sure they are in the plot. Use Hypsometer to measure the
horizontal distance from plot centre to the middle of the tree.

Vertex Hypsometer

Turn on Transponder — Press DME button. Hold front speaker against Transponder speaker. Press and hold
DME button until you hear 2 beeps.

Turn off transponder — Repeat above until you hear 4 beeps
Horizontal distance measure

e Turn on transponder and hold on tree at 1.3m above ground

e Turn on Vertex with ON button. Use arrow keys to select ‘Height’

e Aim at the transponder and hold down the ON button until red cross goes out

& On screen will display SD —slope distance number, HD — horizontal distance number
e Record HD number

Measure all live trees for:

o Diameter at 1.3m (DBH) Use diameter tape.

Do not twist tape

Keep tape level

Measure 1.3m on the upslope side of the tree.

For Teak trees less than 5.0cm diameter, do not measure, record as ‘< 5’
For other species only measure if diameter > 15cm

O O O O O

For Bamboo group, do not measure diameter, but record Stem Origin as ‘B’

1.3m

o Ifthereis a bump, branch or defect at breast height that deforms the tree, measure diameter
equal distance above and below 1.3m to avoid defect. Average diameter and record.
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o Record in centimetres to nearest millimetre. Example: 17.3cm
e Tree quality class Estimate by eye

1 —tree bole is straight and clear of defects for more than 50% of bole height
2 —tree bole is straight and clear of defects for 25-50% of bole height
3 —tree bole is straight and clear of defects for less than 25% of bole height, Broken trees

Bole height is the bole from ground to first crown forming branch. Defects include open holes, scars, large
branches, multiple branches. Defects must be large enough to affect wood quality.

e Stem Origin

S — single stem. One main bole from ground to crown break. Not coppiced from stump of former tree. Any
branches below crown break must be < 50% of bole diameter just above branch

M — multi-stem. Two or more stems above breast height (1.3m). Each stem must be >50% diameter of biggest
stem. Tree is recorded as 1 tree

C — coppice. One or more stems below breast height growing from the stump of a former tree. Each stem to
be recorded as a separate tree.

N — non teak species. Only for trees bigger than 15cm diameter

B — Bamboo group
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STAGE 2 ONLY
Log Measurement

FOR TREES > 20cm DBH

Logs - Identify A, B and C class logs in the tree

Inventory Log Grades

Australian
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OK

diameter per 2 m

Fault Grade A Grade A/B Grade C

Minimum length 20m 20m 2.0m

Minimum small end diam. 10 cm 10 cm 10cm

Branch 1 Maximum < 3cm | 3 Maximum <5cm | No limit
diameter per 2m diameter per 2 m

Closed knot Small knots < 3cm | 3 Maximum 3-5cm | No limit

Open or Rotten Knot No No 3 Maximum of <5cm
diameter per2 m
Insect Holes, scar or damage | No No Yes
Bend Straight, no bend Maximum 2.5% - | Maximum 5% -10cm
5cm per 2m per2m
Double Bend No No No
Nails and other metal No No No
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Grade A =~ "

Min. length 2.0 m
Min diam. 8cm i
20m ‘/ No bend
/

Max. 1 branchin 2m
/
/
/
!

Max. 5 cm bend over 2 m Max. 3 branchin 2m

) Yo
g

Grade A \8 5ot

Min. length 2.0 m
Min diam. 8cm

2.0m

Grade C

Min. length 2.0 m
Min diam. 8 cm

2.0m

/
e

Max. 10 cm bend over 2 m Max. 5 branch in 2m

For each log in the tree measure the start height and end height using hypsometer. Record Grade, start ht.

and end ht. in metres. Example:

Log 1 Log2 Log3
Tree Diam. | Quality | Stem Height | Grade | Start | End Grade Start | End Grade Start | End
1 25.6 1 S 22.1 A 0.3 4.1 C 4.1 8.6
2 223 2 C 17.4 A 21 4.8 B 5.3 7.8
3 27.3 1 S 23 A 1.5 5.5 B 5.5 9.0 C 9.0 13.2
4 23.3 1 S 21.4 A 1.5
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Example 2 has a gap between Log 1 and Log 2 from big branch or damage

For tree with single log type for whole tree only necessary to put start height — see Tree 4 in example

For forked trees measure only the largest fork. If the forks are same size measure the best fork.

Measure
dominant
fork

Logs can be any length > 2.0m

Height Measurement

STAGE 1 - Measure height of the 2 tallest trees in the plot
STAGE 2 - Measure tree height for all trees > 20cm diameter
Vertex Hypsometer Height measurement

e Turn on transponder and hold on tree at 1.3m

e  Go away from tree with Vertex as far as possible to still see transponder and top of tree
e Turn on Vertex with ON button. Use arrow keys to select ‘Height’

e Aim at the transponder and hold down the ON button until red cross goes out

e Aim at the top of tree and hold down the ON button until red cross goes out

e H1 Height is shown on display
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2 for H1 - height

1 for HD - horizontal dist

1.3m

Record all details carefully on plot sheets to nearest 0.1m.
Troubleshooting

1. Plotis notin teak plantation.
o Record on plot sheet
= Teak Plantation - Cross ‘No’ box and put Reason — “Natural forest”, “Other
Plantation”, “Cleared”
2. Plotisin teak plantation but no Teak trees in plot. Plot falls in a gap amongst teak trees
o Record plot details
o In Comment box put ‘No Teak’
3. Recent logging. If plot area has been logged recently, put ‘recent logging’ in Comment
4. Cannot get to teak plantation. Roads and tracks do not get to within 1km of plot, rivers cannot be
crossed safely, plantation is in a restricted area
o Record plot details
o In Comment box put ‘No access”
5. Treeisdead
o Do not measure or record
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VALTIP3 Teak Inventory Plot Sheet — Stage 1
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Flat Mo Dats F | Crew

Slope Teak Plantation Yes Mo Reason

Comment

Tree Diamn. | CQuality | Stem Origin | Height Tree Diam. | Cuality | 5tem Origin | Height

1 Exl
2 32
3 33
4 34
5 5
5 38
) Er
S 3&
3 35
10 20
11 41
12 42
13 23
14 44
15 45
1 45
17 a7
13 43
19 a5
20 50
21 51
22 52
23 53
24 54
25 ES
25 =13
27 57
28 L&
25 55
30 60
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VALTIP3 Teak Inventory Plot Sheet — Stage 2

Flat Mo Date i Crew

Slope “ Teak Plantation Yes Mo Reason

Comment

Log 1 Log2 Logz3

Tree | DHam. | Quality | 3tem | Height | Grade | Start End Grade Start | End Grade | Start | End

Iad

s

LM

eyl

=l

o | ca
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Log 1 Log2? Log3

Tree | Ddam. | Ouality | 3tem | Height | Grade | Start | End Grade | Start | Top Grade | Start | End
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. coavogltﬁm D‘)CUOS‘U/PIot number?vuvaosvcnuauv 30590 ‘Enter’

o 2770 Go'cicc@nl 1I93BCSB0, 170 ‘Enter’

. ~U°mocm1)csvcw8vﬂ20mﬁoavcnuauvcmgccwvm MIFIWCHO

o 12 Find’ cocdoncEnnrncduiivimiudncdn

. m?accw1)mcsvmgcw8cw8‘2mc2920?n08vmnncban 30e99cENUMA0  waypoint
?m’?nmﬁocmm@u?nlo (?m’?ncaﬁinao?n/»nm 5 cchoccnfoal]lod)

. mmvUme)'ao?'amgeagosvcnueuuoovmn €t CLEIHS

2
N

NIV2DIBINC2IDVY
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WOWDNLYDYMIVNETNI L U‘)Z»cusgcwaccaa?msmmmmogm@omgwmuomusﬁmoo
ccot cnumam)Z,Usn@esucaocusgaagaucmmncmnowaowmcUn
‘ZnnowvmcmeagzoDUnanmucoagmncsoo;n NTQLIVITLCEVCONEIIVNIINIY  CCL
prHLIBROUTTH luNILFHcE0o N v nyosLYIL

NIVIOCCUIN
20129909VIINO0:

e  ULHBNCG0D, SVODVUDY, Qmu‘ymcaooccmmnum
o Q0WNBOV — ooccm:nccmcmi)ogm‘wooaaaeqn?o@m?qca83 hypsometer

D0ITTVODVCCLD 9.77 CCDO

2992930299 lL:

[
2 o

MSocLiazcdnsocun-luicdoncuiigrelunwdnstiennuanlanigzegoeniigo.
c%'a‘_)é'uUuﬁv?ﬁccdmc%‘v‘lvé‘gﬁulﬁﬁné’occmmf)uf)‘)ioemeéw?siﬁm?ﬂﬁﬁvﬁé’occmm’iev
cczocaauew?smvmlt}ooccmnmvmwmocovaei)cauibi) m?qcaagooccmn Hypsometer
cweooccmnloeumvgaagmvl,umwccvovevmn@cﬂ@‘mf)aef)o8vcn02nvm‘)i)®oca§)mgaeg
Sl

1098 OCNNOOI LYY Vertex Hypsometer

waclocdo)SuFFuen - AVIOTHBDVLT VI (ScmdegiisoHonudn)
D999(F9995LFY)Fvea)cd9)daccN. NOYL DME

06795 9VIOELTFHINBLSLSVBIVHININWINITU 2 €9.

WoUncd99SuI)FveIw - U003 DHVEVODVEI)CNY
PVN0I9OBOVLIIIFVEIVBININWITITUL 4 €9

NIVOCUNNIDOLTIIYCINVCVOVDOL)

. cUocaags"mavsvmv Qs C%Zc’)”t%agomg@‘mfsvav 1.3
CC.UOCCU“2‘)31DCUD’«DOCE)35)‘)3283C’)1)2.U

. cUoc989Vertex Q0eNILNOUL ON. ‘Zacasgmﬁsonssvcwscosnooccmn ‘Height’

. ccvcmmy)elu?zcaai)z"mavzvmv e HOUL ON §29193VNINFLIOTcCOIPTMIBLU

. gcmgaaagcaagooccmn'@"?a sD - FocanlaetmInase HD -
Focanlaertin9mannIven

o UI9INIVBVLVNCIOCIN HD

SoccnnLiien BadougudacacHuna:
o U970 1.3 ccbo (1IICI9IWIIEN) Loemwnalgceoncocnnu’aci.
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o O O O

O

O

2
[

Q“é’gé?ﬁcasnccbogoﬁﬁué

83cqenccuo‘lmaccowloo"ou

S0cCNRO 1.3m Eos)ejDmf)gcusocmgaeeasgmvm
s‘;muZusnmummmgvsemm 50 QU CHVLIOCLN , CALHVVLHNCTY “<5
Syluwen

93000 VHLBSNccBVITSocCKHNBVILEFIOS LW BBV IMEND 15
§9SccHosnlu HiyulvosveHvayy
FrHulFLINEHLIVeY CHVVIOCHNINICI?),

CCC’)(ZU)lﬂ‘))')‘)DUDmT)(ZSU)S‘)C')DT)‘)CDO cOn“B“

1.3m

N2 BLIBY0, M99 mmn?vuoconaoznggcan mcso‘lmmuluusvswwoc&gu
‘Zmooccmncawom;ucmwcmg co¢ 30 90 1.3 CHORDOPNIION0ILBEOWIO.
wamndolacdasagicde ccor Cudn

NIVEOVLHNCCLHVCTVLFYOCDO
20LU9E999IN9AcHOlUBNCTocaNBICRVCI0E99: 17.3cm

o QLAVLIWIV229ILIY CWVLUINIVULDBVAOLTIV

9

2

o~ (%

1- 5965290 DOorwych ar 5009520959 VH0CAVMIONST 50% 289209I99¢T L)

2 - 29670290 DOorngeh ar HR009529959

] 2

(<% (%

0can M99 25-50% 2892097999
38



Australian

P -
Australian Government Ald
Australian Centre for
International Agricultural Research

3 - 296T0299) Doorngeh oy DROMIB29999TDHFOCAVIVDBNSI25%, AVIIHNUIE

20999299990 CCBVIINVHCDLMNBLELYIMGICH).  HID29POLUYSCTO, VIOLESN,
w92lme, m9actnnn. Mbaovarlngcarn lticRocdnEuNTLOYLLEWIVLZEYNLS,

2 2
o~

e AVCMTYNICDO)

s - AN DCMHI1030. cUDIIVOJOFINBLOLVLINGINCCONCTVCEDLODO.
DCCUVAIVHCCBRYCHOPINCMFNICACHA. m99cN0ZVaINILMYICOHNCTVESDLBOO

©0VDHVBONDT < 50% YVICIIYSOCUNCLVIOFINSING)

M - v Bmrecnyo. LN DFIITNDI©IICHOZVNIFOFIWIJICEN(1.3m)

VLYNICI9 513119 !mensa >50% 2e9miacinciucdr. Suiincdduain

de

[ [

C — H9NCHOPMNCCTVY. DITNI9I9TLRCHOLINR0IIWIIENHcHOINCEDI2E9HLICHI

9

cc3R@LITLHNCONCTVCECOITAND.
N — P2DDccIxrBolOW L8 LHLCCLVINTN.

B — gLl HIIUe9.

Stage 2
VSN Winien ar 20979
F930ALH BIIc19 90 1,30 WiwNd9 20 cm (> 20cm )

LuBD- NIVAOCCUY Utcwo LIndD A, B ¢t C 20908V (VL)
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MIDGOTNGE9 Uwo A ¥WO B Utwo ¢
2099700990 2.0m 20m 2.0m
HVICIIYEVOOFO 10 cm 10 cm 10cm
99 90 199 VVICIIY | FIFO 3 92 YV | VHINO
Boeno 3 cm & | Yoens 5 cm G099
20970 2m ©902m
©900(020)L) ciee, Yoensy | FII0 3 0 LBICHY 3- | VHIMO

3 cm 2¥B0

5cm 1209 ©90 2 m

0cOvs G ¢ Oone 0l VoI ND 930 3 cticlvs
mIICIYIPONI 5
cm 1909 ©10 2 m

sccwyld,clnvInced D | DorneI0lvd Oo¥eI0 YD YN0

90IVCIOVI®

00 Q V&0 J9IJ0 2,5 %, 5 cm O | FIFYO 5%, 10cm O

209 ©902m 209902 m
§0 999 che Oone 0t OorRBI0 D Oone0lnd
Dowy ez Lomedy Oorne 0t OoERBI0 D Oone 0t

40



Australian

. -
Australian Government Ald
Australian Centre for
International Agricultural Research

8cm
(O A S
2099900990
2.0m
/
2.0m No bend

9990199 9209 79 2 m

NO A
2098700930
20m
/ {/<
9303 3‘) moog ©970 2
60 F990 5 cm 1999 ©90 2 ,
1\8 cm
O C 5 /
! n
2098900990 /
2.0m

2.0m

§0 F9I0 10 cm G209 ©90 2 F9I0 7 97 1209 ©70 2

vamandacuniivien ynuiow Tl C')Dt.‘)’l)f) toedacun oogﬁgczumv cco ;)o‘)sjgzomw ?oe)
NIV ‘Zacaagooccmn (Hypsometer), L1997 Ouiin Urcwo(cno)ldnen Ba0 oz :ao‘_)si)c:a,umv
€t 2097970u98 cOvEHO . CQ:

41



Australian Government

Australian Centre for
International Agricultural Research

o~ D

Australian

Aid vt*

00879
vV 1 VoL 2 VOV 3
. |8 (9)¥) 20 |90 20 | @0 |us 20 |20
& & [ OV9 ’ . 209 WO | & ’ WO | & ’ & ’
OVY) | . VEWI | NI AL | IO AL | JO0 | WO L | 0
79 . 79 (CNO) X S (%219 X . & .
U LD On | 1Y O (VI [ ENO) OV | VI
1 25.6 1 S 221 A 0.3 4.1 C 4.1 8.6
2 22.3 2 C 17.4 A 2.1 4.8 53 7.8
3 27.3 1 S 23 A 1.5 5.5 5.5 9.0 C 9.0 13.2
4 23.3 1 S 21.4 A 1.5
Y0879 :

]

2
o~

950U Bivevojo 299D

D o~ v

Al 4 0899

Q

F30AWH cOvgIv vanwdacun Puiilve

ccnINGILY cCOLNOI

9900990
99c0LO0

ccnn

«Q

030 <

]
o

A 2 B 9olvie § cRosowcgomIe (wa:mo) eni 1 ccar BeLh 2

S0cCNIL
oD

- 2099902995U1eVTIVINNIVO YILLLTVINCONINIV 8I09¢ ©90N59 2.0 m (> 2.0m)

LSYEI0L 99c0nI99M1502099c3DAVENI0JO-FIcN0cDY

29D, Hamngandervuroiiony Wwido
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203970

Stage 1 CNO0IVFI2LIIVWFIFOHIWODL 2 AVIWSHHTVSOCVN Measure height of the 2 tallest

Y

trees in the plot

[}
(1 2

Stage 2 50CCND9979289IVIIYNIAL KD LIIc179 WiwNS 20 cm (> 20cm)

2 for H1 - height

1 for HD - horizontal dist

1.3m

VERTEX N9D90CCNI09Y9

. cﬁogéagsxtﬁavé’vew L c%lo”f'r’)agomgmngvan 1.3 ccH0ccuEEIc LS

. ﬁvc%agé’occmn Vertex
co1)ee:ntmf)m1)Lucm‘nn@ucU1)2Uloccmmef)suUmv?mccv»cmvcaegcaegzumavsvew
o cssveaongsoaagmvlu

o Boc@o930ccum Vertex o&NIVHOUL ON. ‘chaajlﬂwwznzavcwacoanwm ‘Height’

o cuclmecdodocun  Vertex  WiScBogmmionsuen o Hody  ON
619153V NIMELIOSccoImIBlY

o CCVCUITVIOCHDIIOLCYN  Vertex ZUYscssvssomsgﬁoasgmvlu ccor Houn ON
790 PVNINTVLIOSCOINIVIU . '

. E)O‘),U§3283C’f){:l)2ﬁ®30ﬁﬁO?ﬁcﬁDCaOU§?fb283C583 Vertex (200019 5;31)31))

WINILULHNYNILITEJOENID02v39 FHTVE FIWOO Dt CHUNIZYL 28908VTOVISN
NIVECH2ULTINDL

1. Oo2LHooD éccﬂve}?vzovumﬂﬁn
o Uvmnog‘ZDSﬂj 000 cat (HUMZHL 28908VIOVLS
« Zouldy Sn N 80 X ‘Zsaagmoccuv ot IScmoducdy © varawzgao®,
' “IOVULWOBY”, “Ci0eeN)”
2. n:3ovt?)081)meJ‘ZU:50DU:nZu:5nccomU»QUZ»:m‘ZDoaucnueuv
oevmnnnmovgmuumzn

¢ UDU)‘DQ‘)&)QwS,)OQSf)OSD
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3. :n:)u'nmummoca‘)ZUmvsonlusnlo v m‘umuem‘no bBSo s
mgca‘)cmzovogmo Tover 1 Blachio , bgwogincsilumsonldegueolw
o Uuhindresrejnesiosy o
o I‘sziaf)fﬁéwé’)ocﬁm?tﬁeg).)‘Z:’J'dﬂ”f):mmocgvcﬁ‘_)ﬂ‘)m?)lc?”
4. AuliHioe
o 'é?ﬁtﬁmwovoccmn ccar Buihn
5. ‘f)ozﬁfBU:cg13’1)Bmv9;0gnlu’?ﬁa;v?ﬁésaév%oct’ﬁnd‘) ” Smngos’fvvlﬁ”
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VALTIP3

. . s a oA wer

conuuIRae] SiNA] ol 'ﬁ-:.; NLELy
S Twy R 31=10a% I = gouldig, duu ur:.t-u B

1 1]
2 iz
3 15
5 5
7 7
i in
k| 39
10 4]
11 4]
12 42
13 £
14 44
15 45
16 45
17 7
18 43
1t 449
z0 5
| 51
23 52
23 53
24 54
5 55
2 S5
27 57
2B 54
25 59
0 B
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EFECIL

Log 1
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Emd
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Emd

arade
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Log 1

Log2

Logz3
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Dz,
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Stem

Height
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End

Grade

Start

Top
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End
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