DRAFT

Report on a preliminary assessment of the scope for implementing a Carbon Neutral
Transport Corridor in the GMS

By Alastair Fraser, Lothar Linde, Kritsana Kityuttachai and Chatchai Tantasirin, Dec 2007

1. Background:

1. The GMS Core Environment Program has embarked upon Phase | of pilot testing
certain measures and interventions that could lead to substantial investments in Phases Il
and 1. One of the emerging international concerns that is of particular relevance in the GMS
due to rapid population and economic growth, is the need to reduce carbon emissions and
increase carbon sequestration through maintenance and expansion of forest cover in
watersheds along transport corridors.

2. Purpose of the Report:

2. The prime purpose of the study and report is the identification of the scope for
implementing a Carbon Neutral Transport Corridor (CNTC), and the preparation of a pre-
feasibility assessment of a viable approach in at least one selected GMS Economic Corridor
or critical segments thereof (either East West or North South). The study will include
estimations of projected freight traffic and emission levels over the next ten years and the
carbon sequestration potential of natural forests and plantations along the transport corridor.
In addition the current and future, watershed protection, carbon sequestration potential
through greening of the corridor, and potential for reduction of emissions by applying engine
and fuel mix in freight traffic are to be assessed.

3. Approach and methods:

3. The report covers both the East-West Economic Corridor (EWEC), between Da Nang
in Vietham and Moulamyaing in Myanmar and the North-South Economic Corridor (NSEC)
between Kunming in Yunnan Province, China, and Bangkok, Thailand. The Geographic
extent of the corridors is not defined precisely and so the investigation has been undertaken
in a buffer strip, 8 km wide on either side of the main road (16 km total width) that provides
the most direct link between the various major population centres that are considered to be
within the corridors, and taking account of specific infrastructure projects such as bridges and
road re-alignments that are considered to be part of the corridor development.

4, The main road that forms the backbone to the corridors is not formed by a single
national or Asian Highway, but is comprised of a series of interconnecting sections of various
national and Asian Highways that connect the existing population centres. For the EWEC
the main population centres along the Corridor are:

Da Nang, Dong Ha and Lao Bao, Vietnam; Densavanh,and Savannahkhet, Lao PDR,;
Mukdahan, Khon Kaen, Phitsanalok, Sukothai, Tak and Mae Sot, Thailand; and Myawadi,
Thaton and Moulamyaing, Myanmar. The total length of the corridor is about 1,600 km.

For the NSEC the main population centres along the corridor are:

Kunming, Jinghong, Meng-La in China to the border with Lao PDR; Boten, Nateuy, Luang
Namtha and Houaxay in Lao PDR: and Chiang Kong, Phayao, Lampang, Phitsanalok,
Nakhon Sawon and Bangkok in Thailand. The total length of the corridor is about 1,770 km.



Traffic and emissions data:

5. Data was obtained, mainly from the Asian Highway database on traffic counts at as
many points as possible along the two corridors; 28 points along the EWEC and 42 points
along the NSEC recording the Average Annual Daily Total (AADT) for 6 motor vehicle
classes at each sample point. The AADT is a standard measure of traffic flow and is
calculated as the average from samples for various set periods during the day and night and
during all seasons of the year. The six motor vehicle classes covered are: cars, pick-ups,
buses, light goods vehicles, heavy goods vehicles and motorcycles; data for a further class,
covering pedestrians and animal drawn vehicles is available but has not been included.
Some national data, especially from Thailand gives more vehicle classes, but the six used in
this study are the only classes common to all countries that appear in the Asian Highway
database.

6. The data gives the average traffic flow at each sample point but it does not
distinguish between local traffic that may be traveling a few kilometers either side of the
sample point and long distance traffic that may be traveling between major centres that will
be sampled several times during its journey. It has therefore been necessary to convert the
point sample data into an overall corridor flow, and this has been done with the following
approach and assumptions:

« It has been assumed that the traffic count at each point is equally split between the
two possible directions. (More detailed data from the Thai Ministry of Transport road
traffic census suggests this is a reasonable assumption, although the split is not
always exactly 50:50)
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It has been assumed that for each direction of travel: if the traffic count at the next
point is greater, then the additional traffic has commenced the journey on average at
the mid point between the sample points; if the traffic count at the next point is less,
then the reduction in the number of vehicles are those that have ceased their journey
on average at the mid point between the sample points. The lower number of
vehicles recorded at either end of the section are assumed to have traveled the full
length of the section. In reality it may not be the same vehicle that travels the full
length of the section since one could stop and another could start, but since either
could start or stop at any point within the section it must also be assumed that on
average two vehicles overlapping by almost the full length of the section are
compensated for by others whose start and stop points are near opposite ends of the
section.

7. The traffic data from the Asian Highway database is generally 2002/3 and so is
already somewhat out of date. For Thailand slightly more recent data for 2004 has been
obtained from the Thai Ministry of Transport, which suggests a slight increase in traffic flow,
but the use of different sample points and more vehicle classes by the Thai MOT, makes
comparison unreliable. The traffic data for Lao PDR and China is very limited. Since the
ground surveys along the corridors were conducted over a few days at one time of the year,
it was not possible to carry out a statistically valid comparison between traffic encountered
during the survey with that in the databases, as the latter covers counts made at different
times of day, on different days of the week throughout the year, in order to obtain a valid
estimate of the Annual Average Daily Total at each sample point. To illustrate the limitations
of a rapid traffic count one of the sample points used by the Thai MOT was identified at Km
785 on Road 1 near Phan in Chiang Rai Province in northern Thailand. Vehicles traveling in
both directions were counted for a 30 minute period between 1350 and 1420 on a Sunday,
when the team arrived at the location. The count for cars, pick-ups and motorcycles was
higher than the MOT figure, but for trucks and buses it was lower, so that the overall total
was lower than the MOT annual average. This difference could be because of the time of
day, the day of the week or the season of the year, and demonstrates the importance of
using correctly sampled data.



8. Despite these limitations on the precision of traffic data from a quick count, for some
sections of the corridors where no data is available some rough estimates have been made
based on a traveling count. This was done for sections of the NSEC in China and Lao PDR
for which data from the Asian Highway database does not exist. The method used was as
follows. The time and odometer reading in the vehicle that the team was traveling in, was
recorded at the start and end of a counting period of at least one hour. During the counting
period the number of vehicles of each of the six vehicle classes referred to in paragraph 5
above was counted and recorded. The difference between the time and odometer reading
at the start and end of the period gave the elapsed time, the distance traveled and the
average speed. An average travel speed for each vehicle class was then assumed, so that
their speed relative to the team’s vehicle could be estimated, and the number of vehicles
counted could be adjusted into the equivalent number that would have passed a fixed
sampling point in the same time. It was also necessary to assume that a more or less equal
number of vehicles were traveling in the same direction as the team, because only a few of
those traveling substantially slower than the team’s vehicle would be overtaken, and a few
traveling substantially faster would overtake and be counted; other vehicles traveling more or
less at the same speed as the team’s vehicle would not be encountered.

9. This method of estimating gave results in Thailand which were generally lower than
the MOT data overall, but showed similar proportions of the different vehicle classes. For
Lao PDR the vehicle counts by this method were higher than the limited national data for
Road #3, while in China they were quite similar to the data for current traffic flow from an
Environmental Impact Assessment for the new Highway between Simao-Xiao Meng Yang-
Mohem in Xishuangbanna prefecture.

% An average carbon dioxide emission has been assumed for each class of vehicle
based on current industry standards, although there is no data available on the age
distribution of the vehicles that might be a proxy for engine efficiency. The emission
levels assumed are as follows:

> Cars: 160 g CO»/km
» Pick-ups: 160 g COy/km
» Buses: 250 g COy/km
» Light goods vehicles 250 g COy/km
» Heavy goods vehicles 400 g COy/km
» Motorcycles 50 g COy/km

The model allows these figures to be changed should more precise data become
available or to allow the impact of improved engine efficiency to be taken into
account.

10. The above assumptions enable the current CO, emissions for each section of the
corridor to be estimated for each class of vehicle, and from that the total emissions for the
full length of the corridor. The assumptions have been built into a model that allows the
traffic for each vehicle class and the emissions to be changed (increased or decrease) by
any desired percentage to estimate the impact of growth in traffic and reduction in
emissions.

11. Data could not be collected in the time available on the types of goods being
transported or on origins and destinations that could be used to examine the differential
growth rates in various classes of freight, such as manufactured goods, agriculture and food
products and raw materials, depending on the comparative advantage of the corridor in
different economic sectors. Data has been collected on the population of the settlements
along the corridor that allows a more detailed examination of the likely growth in local traffic.
At the present time the international trade along the corridors between Vietnam, Lao PDR



and Thailand in the EWEC and China, Lao PDR and Thailand in the NSEC is minimal, but it
is expected to grow significantly in the coming years. How much of the growth will be within
the corridor and how much will merely pass through to other centres is anyone’s guess.

12. Table 1 below gives the projections for traffic growth assumed by the GMS Transport
Sector Strategy for each of the countries in the Sub region, for freight and bus traffic. The
data seems to assume that growth will be more or less uniformly spread around the countries
and as it is given as the estimated total distance travelled, it cannot be directly related to the
traffic counts. However for comparative purposes the table gives a 2004 freight traffic total
daily kilometres travelled for Thailand as 245,030,000 km, while the estimate made by this
study, based on traffic count data and the assumptions discussed above for the Thai portion
of the EWEC, is 6,530,000 km, or just under 3% of the total, which seems reasonable®. For
the NSEC the equivalent figure, excluding greater Bangkok is 10,200,000 km or about 4% of
the total. The average annual growth rate for the freight traffic in Thailand assumed in the
Strategy is around 7.4%, giving slightly more than double the traffic flow in 11 years. The
average annual rate of growth of freight traffic in China, Lao PDR, Myanmar and Vietham are
respectively 8.7%, 10.3%, 10.3% and 8.4%.

Table 1. Daily Traffic Volume in the GMS (2004 and 2015 projected)
Road Based By Mode (in 000'km)

2004 2015 % increase 2004 2015 % increase

Country Bus Truck

Cambodia 3,832 7,993 108.6 4,216 12,299 191.7
Guangxi/Yunnan 260,884 472,858 81.3 72,923 182,808 150.7
Lao PDR 2,993 6,853 129.0 2,459 7,269 195.6
Myanmar 43,377 73,395 69.2 14,664 42,952 192.9
Thailand 932,901 1,470,051 57.6 245,030 540,901 120.7
Viet Nam 187,868 326,460 73.8 64,394 156,126 142.5
GMS Totals 1,431,855 2,357,612 64.7 403,686 942,354 133.4

Source: GMS Transport Sector Strategy 2006

13. Table 2 below is also taken from the GMS Transport Sector Strategy and shows the
assumptions made in the strategy on rates of economic and population growth and the
consequent expectations on traffic growth by vehicle category. The assumed growth rates
for truck (freight) transport in the five countries are slightly lower than those implied by the
projections in Table 1. (8.41%, 9.36%, 7.76%, 5.75% and 7.20% for China, Lao PDR,
Myanmar, Thailand and Vietnam respectively compared with 8.7%, 10.3%, 10.3%, 7.4% and
8.4%), while car traffic is expected to show higher growth rates. The slower forecast growth
rate for trucks may reflect an assumed increase in truck size, so that some of the increase in
freight does not need additional trucks to move it Since assumptions on rates of growth are
very speculative, and those quoted by the transport strategy seem to be too precise,
appropriate values within the range referred to in the transport strategy of 8.5% for China,
10% for Lao PDR, 8.5% for Myanmar, 6.5% for Thailand and 8% for Vietnam have been
assumed for this study.

14. These projections will be applied to both of the corridors in the discussion below, as
there is no quick way to differentiate growth rates within countries.

! (An estimate of the population within the buffer strip, based on District statistics and the length of the
buffer strip passing through the District suggests a Corridor population of around 1.6 million and
annual CO, emissions of around 4.9 million tonnes or about 2.6% of the national total)



Table 2. Assumed growth rates in Macroeconomic, Demographic and Traffic Growth

2004-2015 (% per annum)

China
Indicator Cambodia | Yunnan | Guangxi | Lao Myanmar | Thailand | Viet
Zhuang PDR Nam
AR
Macroeconomic and Demographic Indicators
GDP/cap.¥ | 3.94 6.21 4.94 5.22 4.13 3.94 6.41
Population 2.27 0.36 0.53 2.27 1.82 2.27 0.79
Transport Growth rates by road -- Domestic
Motorcycle | 6.73 10.31 10.31 7.76 14.90 5.03 9.37
Car 7.66 11.87 11.87 16.99 9.42 12.27 14.70
Bus 4.71 4.53 4.53 5.90 4.50 4.03 5.65
Truck 8.72 8.41 7.29 9.36 7.76 5.75 7.20
Transport Growth rates by road — GMS Cross Border
Motorcycle | 8.21 10.83 10.83 8.45 13.34 5.49 9.57
Car 8.87 12.04 12.04 16.00 8.41 11.41 13.95
Bus 6.84 6.73 6.73 7.09 4.21 4.73 6.76
Truck 8.86 9.98 9.98 10.65 9.55 58.40 10.19
Source: GMS Transport Sector Strategy 2006

15.

Geographic Information System (GIS) methods and data sources

Considering the explicit geospatial dimension of transport infrastructure, the

associated socioeconomic developments (pressures), and the resulting impacts on the
environment, a Geographic Information System (GIS) was developed to support the planning
of Carbon Neutral Transport Corridors. It integrates infrastructural, socioeconomic and
environmental information allowing for assessment of relationships and dependencies
between these layers, both geovisually and geostatistically.

16.

Inputs

The GIS for the planning of Carbon Neutral Transport Corridors (CNTC-GIS) contains

the following geospatial input layers:

GMS Economic Corridor outlines — EWEC and NSEC (adapted from ADB maps);
EWEC and NSEC roads digitized from 1:50.000 toposheets (Thailand) and GPS
tracking (other countries);

EWEC and NSEC road buffer of 8km at each side of the road;

Elevation, slope and terrain characteristics (hillshade) at 90m pixel resolution (SRTM
DEM);

International / national boundaries (ADB / UNEP SEF Il);

Major settlements (point location) within 8km EWEC and NSEC buffer (Digital Chart
of the World);

Population density (1x1km? Grid) within 8km EWEC and NSEC buffer (LandScan
2003);

Biodiversity Conservation Landscapes intersected by EWEC and NSEC buffers
(WWF et al);

BCI Pilot Site Corridors intersected by EWEC and NSEC buffers (BCI);

Protected Areas (by designation) intersected by EWEC and NSEC buffers (compiled
from datasets published by national environmental ministries, gaps filled from IUCN
WDPA);

Satellite image mosaic of 56m pixel size, made from AWIFS and LANDSAT scenes
recorded between 2005 and 2007.



The information processed for and stored by the CNTC-GIS provides the base for a range of
geospatial outputs.

Products

17. Two Interactive Map Tools were developed for the EWEC ( see Figure 1) and the
NSEC to support the team in getting an overview of the geographic context in an easy to
customize format. The tools work with free GIS software and don’t require internet
connection to ensure they can be used during field missions as well.

Figure 1. CNTC Map Tool of the EWEC
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18. Land cover classifications were prepared from 56m AWIFS / Landsat’ image
mosaics for both EWEC and NSEC. The original approach to produce a full classification has
been applied for the EWEC area, but the low resolution of the input images (spatial scale)
and temporal inconsistencies (different recoding times) of the satellite image scenes covering
the length of EWEC produced results below the required accuracy level (see “Challenges”).
Responding to that, the NSEC has been classified with a more thematic focus, i.e. areas of
particular interest for the project were identified only, using auxiliary information such as
terrain features as supporting information. Areas with slopes <1° were generally considered
being heavily used (rice paddy) and only temporarily fallow. Fallow areas on slopes between

% Downgraded to 56m ot be compatible with AWiFS, originally 30m resolution



1 and 20° were considered target areas for growing bio-fuel crops. Any bare land on slopes
above 20° was considered a target for permanent reforestation (carbon offsets).

19. Geostatistical summaries were calculated from the land cover datasets for sections
along the EWEC and NSEC. These sections were identified and defined through expert
judgement based on broad terrain and vegetation characteristics.

20. GPS tracking and Google Earth KMZ files were produced to support expert
judgement with actual ground truth information, particularly for guiding the land cover
classification and the definition of sections along the corridors. The GPS tracks also were
used to replace geospatially less accurate road information in China, Lao PDR, and Viet
Nam.

Challenges

21. The large (elongated) geographical extent and the trans-boundary nature of the
transport corridors poses challenges with regard to data quality that can not be solved
completely within the scope and time frame of this evaluation mission. These challenges fall
into two main categories: a) spatial scale (level of spatial detail), and b) temporal scale
(mismatch in recording dates).

22. Given the size of the area covered and stretching over several countries, almost all
sub-regionally compatible layers come spatially (and often thematically) aggregated. Even
though this enables a seamless overview of the entire study area, it comes with limitations in
spatial accuracy at the local level / planning scale®. Particularly two key layers of the CNTC-
GIS are required to be more precise than available within the cost and time frame of this
study: a) the digital elevation model (90m resolution) and b) the satellite imagery that is the
base for land cover interpretation (“classification”).

23. Besides the spatial scale (resolution) that limits the land cover / use detail that can be
interpreted from the satellite imagery, there are several other quality criteria that further
complicate the interpretation process. The area of both EWEC and NSEC is so large that it
requires several satellite images (scenes) to cover it fully. Because of the flight path of the
satellite, cloud cover issues, and selective recording intervals of the satellite operator”, high
quality images are not available for same or even close recording dates. In the case of the
EWEC and NSEC images, they had to be mosaiced from two sensors (AWFIS and
LANDSAT), across a period of three years (2005-2007), and with seasonal changes (dry
season vs. monsoon), to provide seamless cloud free cover for the entire area of interest. As
a result, the mosaicing process alters the signatures to provide a seamless and colour
balanced image mosaic. While this significantly increases the broad visual clarity of
information over the entire image, it reduces the already limited accuracy for detailed and

® This follows two common principles with regard to geospatial information: 1) Spatial coverage (area covered) is
often negatively correlated with spatial detail (resolution), i.e. the larger the area of interest a layer needs to
cover, the lesser detail per unit area. 2) Spatial detail (resolution) is often positively correlated to thematic detail
(attributes), i.e. the better the resolution per unit area, the more attributes can be recognized and interpreted
within that same unit. These correlations are largely not a result of technical limitations, but a result of related time
and cost factors. In this context it is also important to understand that there is an “ideal” scale for each study: too
low resolution can not answer the questions because of a lack of information, too high resolution provides more
information than required which results in more complex processing and increased cost (time, budget) without
that this access information is utilized. Thus, a GIS should not be built following a “the more the better” approach,
but the scale of its application is to be defined very carefully.

* To rationalize on costs of receiving and storing data from the satellite, satellite operators often record on
demand only or for areas of high interest (usually urban / peri-urban areas).



reliable image interpretation. The alternative option would be to process each satellite image
(scene) individually. Given that the quality of the classification process is determined by the
quality of the visual sampling of training and test areas (TTAs), and that this tedious process
has to be repeated for each individual scene for each image, it was considered not a feasible
option within the given time frame.

Forest and land cover data:

24. Satellite data was used to identify and measure the land cover along the corridors.
An initial land cover map was produced for the buffer strip showing the main road alignment
and the boundaries of Protected areas that overlapped with the buffer (National parks,
National Biodiversity Conservation areas, Nature reserves and Wildlife sanctuaries).

25. The satellite imagery was used for a ground survey, undertaken from 25" to 29" July
2007, along the length of the E-W corridor, and 23™ September to 2" October 2007, along
the N-S corridor, to verify the interpretation and identify appropriate land management
approaches for various classes of land use that were identified, such as former “shifting
cultivation” and heavily logged and degraded forest. The survey allowed the precise
alignment of the road to be tracked with GPA and the road map and buffer strip were
updated following the survey. The ground survey also led to the identification of
“landscapes” where topography, land cover and land-use patterns were similar within the
landscape but distinct from adjoining landscapes. For the EWEC a total of 12 landscapes
were identified as follows:

i) Da Nang to Dong Ha (180 km): coastal plain with intense agriculture on better
soils but with some areas of poor bleached sands on raised beaches and foothills
of the Annamite mountain range along the western edge of the buffer having fairly
dense tree cover. (7% of the buffer strip on slopes of > 20°)

i)  Dong Ha to Lao Bao (100 km): V shaped river valley on the eastern side of the
Annamite mountains, with steep hills on either side and extensive areas of former
shifting cultivation (some now replanted) with some residual natural forest on the
upper slopes and more remote side valleys (especially within the Dak Rong
Nature Reserve). Limited flat land for agriculture in the valley bottoms. (15% of
the buffer strip on slopes of > 20°)

i)  Densavanh to Muang Phin (82 km): U shaped river valley on the western side of
the Annamite mountains with a steep escarpment on the southern side, mostly
covered with logged and degraded forest that still provides ground cover.
Population mainly along the road with agriculture on flatter land and perennial
crops on sloping land near the road. (4.6% of the buffer strip on slopes of > 20°)

iv)  Muang Phin to Savannahkhet (150 km): Flat to rolling countryside with substantial
areas of former dry deciduous forest with evidence of compacted soils with iron
pan allowing rain-fed paddy among scattered trees. Trees general of limited
stature and scattered with occasional plantations (mainly Eucalyptus) (0% of the
buffer strip on slopes of > 20°)

v)  Mukdahan to Som Det (125 km): Flat to rolling countryside with substantial areas
of residual forest and plantations interspersed with agricultural land intensively
utilized but clearly more fertile and productive than on the Lao side of the river.
Good forest cover on the hills especially in Phu Shi Tan Wildlife Sanctuary. (1%
of the buffer strip on slopes of > 20°)

vi)  Som Det to Phu Wang NP (265 km): Flat intensively used and populated land
with many settlements centred on Khon Kaen. Crops such as sugar and corn
predominate, on the better soils with cassava on the knolls and some areas of
Eucalyptus plantations to supply the pulp-mill in the city. (0.2% of the buffer strip
on slopes of > 20°)



26.

vii)

viii)

Xi)

xii)

Nam Nao NP (115 km): Hilly to mountainous terrain on the eastern slopes of the
Dong Phaya mountains with generally dense forest cover, mostly protected within
Phu Paung WS, Phu Pha Man and Nam Nao NPs and Phu Pha Daeng WS, low
population density and prominent NP presence. (16.1% of the buffer strip on
slopes of > 20°)

Lom Sak to Yaeng (56 km): Hilly, well wooded landscape on a separate hill range
from the Nam Nao NP on the western side of the Dong Phaya mountains, not
protected forest, but low population density has probably enabled forest to
survive. (8.6% of the buffer strip on slopes of > 20°)

Tung Salaeng NP (50 km): Hilly to mountainous land west of the river Nam Po
Sak, but demsely populated along road by Hmong refugees. Extensive former
shifting cultivation, much now grassland and some planted, mainly with pine
trees. Land-slides apparent on many steep slopes, little residual natural forest.
(5.7% of the buffer strip on slopes of > 20°)

Wang Tong to Tak (180 km): Generally flat land in the Mae Nam Yom and Mae
Nam Ping river valleys with extensive irrigated rice and some plantations on
higher and drier land, with Ramkhamhaeng NP on a hill ridge forming the divide
between the two river basins. The forest in the NP has good crown cover but
appears mainly secondary forest with relatively short trees. Some extensive
Eucalyptus and Teak plantations to the west of the NP. (0.9% of the buffer strip
on slopes of > 20°)

Tak to Mae Sot (80 km): Hilly to mountainous terrain with natural pine forests
above about 700m and dense natural broadleaved forest on the lower land.
Much of the area is protected within the Lansang and Thaksin Maharat NPs, but
even the protected forest has substantial areas of former shifting cultivation, of
which some has been replanted but much is grassland. (9.7% of the buffer strip
on slopes of > 20°)

Myawadi to Maulamyine (120km): the western slopes of the Dawna mountains
sloping down to the Salween river basin. (not visited)

For the N-S corridor the following landscapes were identified:

a).

b).

d).

Kunming — Jinghong (538 km) A highland plateau at around 1650 m crossing
several river valleys (Red (Yuan) and Pa Dien) running South and South-east,
before descending to the Mekong (Lancang) valley. Densely populated, forest
confined mainly to the hills, corn, tea and vegetables widely planted. Many
industries. Rubber plantations in the last 60 km from Jinghong (19.3% of the
buffer strip on slopes >20°)

Jinghong - Lao border (100 km) mainly in the Mekong (Lancang) river valley, at
elevation around 730m, hills well wooded, many rubber plantations also fruit
trees, and corn. Several protected areas (Meng La) with denser forest on the hills.
(22.2% of the buffer strip on slopes >20°)

Boten, (Lao PDR border) - Ban Ta Fa (165 km). A mountainous area with the
road at elevations around 950m and steep slopes with much recent shifting
cultivation, some of it covered with secondary forest, generally very poorly
stocked. The road passes through the Nam Ha NBCA. At the southern end of
the section there are large lignite mines, which have filled with water and
surrounded by cleared forest. The lignite is transported to Thailand. (11.2% of
the buffer strip on slopes >20°)

Ban Ta Fa — Houaxay Lao PDR border on Mekong river (75 km) Hilly terrain with
flatter areas and more agricultural land and many villages along the road (21



villages in about 60km) descending to the Mekong valley at elevation of around
350m. (11.8% of the buffer strip on slopes >20°)

e). Chiang Kong (Thai border on Mekong river) — Lampang (400km) Generally flat
terrain with extensive agriculture and some forest on hills along the buffer zone.
Elevation near the Mekong around 350m rising gradually to around 430m near
Chiang Rai then descending again to about 300m near Ngao, and on hilly region
with the road elevation up 550m when passing along the border of Tham Pha Tai
NP. (3.2% of the buffer strip on slopes >20°)

f).  Lampang - border Uttaradit and Pitsanalok provinces, (200km) just north of the
intersection with the EWEC. The vegetation along the buffer strip appears to
have been mainly dry deciduous forest, with some residual reasonably dense
secondary forest on the hills, in Wiang Kosai NP. The road crosses several
ridges of hills running N-S at elevations of 400m+ and the upper slopes are
generally covered in the residual secondary forest with more densely populated
land in the valleys at elevations around 200m with a mixture of paddy, agricultural
crops and plantations. (2.9% of the buffer strip on slopes >20°)

g). Uttaradit/Pitsanalok Provincial border- Sak Lak, Junction R 111 to Pichit (85 km)
flat predominantly paddy and agricultural land elevation less than 200 m. (0.9% of
the buffer strip on slopes >20°)

h). Sak Lak - Khok Samrong (167 km) Flat land, but appears to be unfertile with
much grass and many cattle. The trees and plantations are generally of low
stature, and the area was probably formerly dry deciduous forest and subject to
drought. (0.6% of the buffer strip on slopes >20°)

i).  Khok Samrong — Saraburi (62 km) Flat land, increasingly densely populated and
industrialised. Some limestone granite mountains, probably in the buffer strip,
are being heavily exploited for cement, marble and granite in need of reclamation
work. (3.0% of the buffer strip on slopes >20°)

j).  Saraburi - Bangkok, (125 km) Flat mainly urban interspersed with irrigated paddy.
Dense traffic and industries. Large volumes of traffic but mostly local servicing
the population. Difficult to assess what proportion of the traffic travels north along
the NSEC. (0.1% of the buffer strip on slopes >209°)

27. Within each of these landscapes, six land cover classes were identified from the
satellite imagery and correlated with the ground survey data by examining photographs taken
at various locations along the corridor and fixed with GPS readings. The land cover classes
recognised were: water, dense forest, reforestation/shrubland/grassland, degraded forest,
agriculture/cropland and bareland. A digital elevation model has been used to assess the
proportion of land within each of the landscapes identified that is on slopes greater than 20°,
which is considered to be the marginal slope for soil in the tropics, with the risk of landslides
and serious erosion increasing rapidly on slopes steeper than this limit. The percentages of
the buffer area on the steeper slopes are given with the brief description of the landscape
above, and indicate that those landscapes described as hilly or mountainous have 10-15% of
the area on steep slopes.

Carbon sequestration

28. In estimating the amount of carbon that could be sequestered by tree plantations, it is
important to consider the amount of carbon dioxide being sequestered by the existing
vegetation on any site that might be planted with trees. The ground survey identified two
current land uses that could be used for new tree planting that would have the dual function
of sequestering carbon dioxide and protecting soil on steep slopes; these sites were both
generally abandoned shifting cultivation, but one had deteriorated to the extent that it is now



predominantly grassland, while the other was predominantly a herbaceous ground layer with
some shrubs and small trees.

29. A study entitled “The Golden Forest” by SNV describes a pilot project in Vietham to
test methods for carbon sequestration that would comply with the CDM requirements. As
part of the study they obtained measurements of the Carbon content for several vegetation
conditions and a few plantation species. Data from the study is reproduced in Table 3 below.
The table appears to assume for the baseline vegetation in the upper part of the table, that
the total carbon biomass is sequestered annually. This may be true for annual plants, but the
vegetation types studied all include perennial species, and so the annual carbon
sequestration will only be a proportion of the total. The major proportion of the biomass is in
the roots, and so if it is assumed that the annual carbon sequestration is only that in the
above ground matter the annual CO, sequestration by the baseline vegetation is around 5-7
tonnes per ha.

30. The lower half of the table gives data for a few plantation species, and here the
figures shown do average the carbon content over the age of the crop at the time of
measurement, so that for carbon and carbon dioxide the figures are the annual averages, but
the crops are generally very young. The oldest crops measured (Pinus khasya and Acacia
mangium) show mean annual CO, sequestration at 17/18 years of around 18 tonnes. Both
have a stem carbon mass of around 80-90 tonnes at that age, which is equivalent to about
200 tonnes of dry matter or 400 tonnes of fresh wood, which would have a volume of around
450m?® giving an MAI in the conventional forest measure of around 22m%ha/an, which is
good for Pine but by no means exceptional for Acacia mangium. If annual carbon dioxide
sequestration of 18 tonnes per ha is assumed for the tree crop and the existing vegetation is
assumed to be sequestering around 8 tonnes per ha annually, then the annual net gain from
Afforestation is around 10 tonnes per ha.

Table 3. Carbon content for various vegetation types and plantation species as
reported in “The Golden Forest” by SNV for an Afforestation-CDM Project in
central Vietham

Carbon content (KgC per ha or per tree)
Carbon Annual CO,
Stems/ | Stems/woody content  sequestration
Vegetation type Age ha parts Branches Leaves Roots Grasses | (tC/ha) (tCO,/ha)

Burned Erianthus and

Arundinaceus 7.43 1.62 9.05 33.49

Imperata cylindrica 0.54 4.15 1.84 6.53 24.16

Asarum spp. 0.60 5.44 3.25 9.29 34.37

Shrubs (M.candidum

& R. tomentosa 6.02 0.89 6.48 0.48 13.87 51.32

Cinamomum cassia 8 2000 5.68 1.64 0.88 2.34 21.08 9.75

17 2000 7.26 34.48 3.06 3.82 97.24 21.16

17 2000 6.67 1.61 1.18 3.04 25.00 5.44

Pinus khasya 12 600 7.55 1.60 1.59 2.06 7.68 2.37

15 1200 51.55 4.36 3.39 5.01 77.17 19.04

18 1200 62.16 5.15 3.55 4.20 90.07 18.51

Acacia mangium w. 4 600 8.45 3.64 4.55 4.40 12.62 11.68

honea odorato 4 620 4.60 0.99 1.48 1.35 5.22 4.83

4 640 3.60 0.86 1.83 1.21 4.80 4.44

7 950 10.40 1.40 0.69 1.40 13.20 6.97

12 850 13.29 1.63 4.00 1.63 17.47 5.39

17 700 57.00 35.56 4.57 18.83 81.17 17.67

Acacia hybrid 3 1450 7.04 1.32 1.73 2.29 17.95 22.14

3 1500 2.59 0.64 0.74 0.93 7.35 9.065

3 1500 6.37 1.36 1.75 1.83 16.97 20.92




31. Without details of sites that might be planted with trees, that would allow appropriate
species to be selected and growth rates to be determined with some degree of precision, it is
only possible to use a general rule of thumb to determine the order of magnitude of the area
of plantations required to sequester the CO, emissions, and for the purposes of this initial
investigation, it has been assumed that one hectare of plantation would sequester an
additional net 10 tonnes of CO, annually over and above the vegetation that it replaced, in
accordance with the data presented above and shown in Table 4 below..

4. Results

East-West Economic Corridor

32. Land-use: The proportion of agricultural land, bareland and dense forest show a
distinct correlation with the proportion of the land on steeper slopes as shown in Table 4 and
Figure 2 below. The higher the proportion of steep slopes in a landscape the more dense
forest there is, while the proportion of agricultural land and bare land declines as the
proportion of steep land increases. The fact that up to 25% of the land within the flatter
landscapes is identified as “bareland” has implications both for likely land ownership and
future land-use. Reforestation of bareland on more gentle slopes is likely to be more suitable
for commercial crops producing such products as bio-fuels rather than being mainly for soil
protection purposes.

Table 4. Percentages of land on slopes > 20°, currently used for agriculture, currently
dense residual forest and bare in each of the Landscapes in the EWEC

Landscape % land >20° % agriculture | % dense forest % bareland

1 7.0 34.5 40.6 6.4
2 15.0 32.4 41.7 2.1
3 4.6 50.5 41.1 1.6
4 0 64.0 18.3 13.1
5 1.0 57.5 14.1 24.7
6 0.2 67.0 6.0 26.0
7 16.1 27.0 66.8 0.9
8 8.6 72.2 21.3 6.0
9 5.7 59.2 36.6 1.2
10 0.5 54.5 16.3 13.3
11 9.7 41.4 51.2 1.3
12 - - - -

Overall 4.1 53.4 26.3 11.0




Figure 2. The relationship between the proportion of land within a landscape that is on
slopes greater than 20° and the proportion of the area that is agricultural
land, bare land and residual dense forest.
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33. Freight traffic emissions: The analysis of the traffic data, suggests that the total
annual emissions of carbon dioxide along the corridor is of the order of 1 million tonnes, of
which just over a half is from freight traffic. Since the whole corridor is connected by road,
with a new bridge over the Mekong between Savannahkhet in Lao PDR and Mukdahan in
Thailand, and there are no rail links, either at present or in the foreseeable future, the growth
in traffic will not be influenced by transference to or from alternative transport modes, (rail or
water).

34. Using the assumptions on growth rates for freight traffic given in paragraphs 12 and
13 above for each of the countries through which the EWEC passes, and assuming no
improvement in engine efficiency, the total CO, emissions will have reached around 1.44
million tonnes by the year 2015, compared with the current emissions of around 530,000
tonnes, with the bulk of it (1.38 million tonnes) coming from traffic in Thailand.

35. The current volume of freight traffic in the corridor will require around 50,000 ha of
plantations, based on the data discussed in paragraph 22 and 23 above, to sequester the
current emissions and around 150,000 ha to sequester the likely emissions in 2015, if there
is no improvement in engine efficiency. This area would be slightly reduced if there are
significant improvements in engine efficiency.

36. The interpretation of the satellite imagery for the corridor shows a total area within the
16km wide buffer strip of around 2.4 million ha, of which around 83,000 ha is classified as
shrubland/grassland and 250,000 ha is classified as bareland. The slope classification for
these areas shows that most of these areas are on slopes of less than 20°. About 200,000 ha
of the bareland is in the four predominantly agricultural landscapes on the Lao and Thai side
of the Mekong river, in the river Chi basin around Khon Kaen and in the River Yom basin
around Phitsanalok. This implies that much of area potentially suitable for plantations is
likely to be in private ownership and may be fallow agricultural land, making it more suitable



for commercial crops either for bio-diesel or fibre. Little of the current bare land would have
the dual function of slope protection and carbon sequestration.

37. There would appear to be sufficient scrubland on steeper slopes in and around
protected forest areas in Vietham, Lao PDR and Thailand to plant with trees to offset the
current levels of CO, emissions from freight traffic, but without more detailed surveys it is hot
possible to be sure if the growth in emissions can be sequestered. However, there does
appear to sufficient bare or apparently unused land within the agricultural landscapes for the
production of a range of bio-fuels.

38. Renewable fuels: The use of biological fuels would have the effect of neutralizing
the CO, emissions, since the plants would re-absorb the CO, emitted to produce the next
crop of fuel. The current total annual fuel consumption by freight traffic along the EWEC is
estimated to be around 208 million litres or about 206,000 tonnes of diesel fuel. Potential
yields of usable bio-diesel from crops such as Jatropha are very difficult to estimate without
details of the sites where they will be grown. There is, as yet little scientific data on the
growth and yield of Jatropha, since it has only begun to be cultivated on any scale in the past
few years. However anecdotal information from India (Jatropha World) suggests that yields
are very varied and depend on water availability, so that irrigation may be needed in semi-
arid areas. Assuming that crops for the production of biodiesel would be grown under rainfed
conditions, and average yield of around 1.8 tonnes per ha after 4-5 years seems to be a
reasonably conservative average to assume”®.

39. Meeting the current freight transport fuel requirements with bio-diesel would require
around 115,000 ha of Jatropha plantations. The land-use data suggests that there could be
sufficient land, currently bare or unused within the corridor, especially within the flatter
predominantly agricultural landscapes. Since most of the land is intensively occupied, most
of it is likely to be in private ownership or with individual rights to use, so that a financial
incentive scheme would be the most efficient way to promote the cultivation of such bio-
diesel crops. This would leave the decision with farmers as to what is the most beneficial
crop to grow on any particular site, and the level of any grant support could be set so that it
does not result in a wholesale shift from existing crops, which could threaten food security
and existing agro-industries, and mainly promotes the growing of bio-diesel crops on
marginal or unproductive land.

North-South Economic Corridor

40. Freight traffic emissions: The analysis of the traffic data, suggests that the total annual
emissions of carbon dioxide along the corridor is of the order of 2 million tonnes, of which
about 1.2 million tonnes is from freight traffic. However, 0.6 million tonnes and 0.4 million
tonnes respectively of the above totals are generated within greater Bangkok and therefore
probably should not be attributed to the corridor emissions. The whole corridor will be
connected by road within about 2 years, once the bridge between Houayxay (Lao PDR) and
Chiang Kong (Thailand) is completed, and the new expressway between Kunming and the
Lao PDR Border will also be completed at around the same time.

41. There are no international rail links, either at present or in the foreseeable future, but
some seasonal traffic uses the Mekong river between China and Thailand, and this is
expected to be mainly transferred to road once the infrastructure is complete. However the
total volume of traffic in 2002 (the latest year for which statistics are available) was only
around 300,000 tonnes. The total distance over which the river traffic is used is around 350
km, and the road distance is almost exactly the same. Assuming that the average truck will
initially transport around 20 tonnes this will require an additional 15,000 journeys and it would

° www.worldagroforestrycentre.org



require an additional 20-40 trucks each way daily depending on the relative proportion of
traffic in each direction. At the present time the same tonnage is transported by river in about
90 barges each of 100 tonne capacity, making about 30 round trips annually. The additional
emissions of CO, from these road vehicles will be around 2000 tonnes annually, while
current emissions from the barges is probably around 400 tonnes annually (assuming that
the barges have about half the emissions of a truck despite its greater capacity, because it
does not have to climb hills and gets some assistance from the river current on the
downstream journey) Therefore the likely net increase in emissions were all the traffic to
switch from river to road would be around 1,600 tonnes, or about 0.04% of the current freight
emissions excluding greater Bangkok.

42. Using the assumptions on growth rates for freight traffic given in paragraphs 12 and
13 above for Lao PDR and Thailand and assuming that China will have similar growth rates
to Thailand (since no separate analysis has been done for Yunnan province), and assuming
no improvement in engine efficiency, the total CO, freight traffic emissions will have reached
around 2.2 million tonnes by the year 2015, compared with the current emissions of around
0.7 million, with the bulk of it (1.9 million tonnes) coming from traffic in Thailand.

43. The current volume of freight traffic in the corridor will require around 120,000 ha of
plantations to sequester the current emissions, based on the data discussed in paragraphs
22 and 23 above, and around 220,000 ha to sequester the likely emissions in 2015, if there is
no improvement in engine efficiency. This area would be slightly reduced if there are
significant improvements in engine efficiency.

44, The interpretation of the satellite imagery for the corridor shows a total area within the
16km wide buffer strip of around 4.8 million ha, of which around 860,000 ha are classified as
degraded forest and 370,000 ha are classified as bareland. The slope classification shows
that most of these areas are on slopes of less than 20°, with only about 11% (532,000 ha) of
the area overall on steeper slopes, of which about 105,000 ha is degraded forest and 27,000
ha is bareland. About 127,000 ha of the bareland is in the four predominantly agricultural
landscapes in Thailand. This implies that much of area potentially suitable for plantations is
likely to be in private ownership and may be fallow agricultural land, making it more suitable
for commercial crops either for bio-diesel or fibre. Little of the current bare land would have
the dual function of slope protection and carbon sequestration.

Table 5. Percentages of land on slopes > 20°, currently used for agriculture, currently
dense residual forest and bare in each of the Landscapes in the NSEC

Landscape % land >20° % agriculture | % dense forest % bareland
1 19.3 14.2 10.5 21.0
2 22.2 7.4 8.4 1.8
3 11.1 1.6 3.9 0.2
4 11.8 1.4 4.6 0.6
5 3.2 10.6 3.6 55
6 2.9 3.1 14.1 8.9
7 0.9 30.1 0.1 5.8
8 0.6 35.8 0 16.5
9 0.3 26.0 0 20.6
10 0.1 51.0 0 14.7
Overall 11.1 12.8 4.4 7.7

45, There would appear to be about 100,000 ha of land classed as reforestation or bare-

land on steeper slopes that could be planted with trees for the dual purpose soil and water
conservation and offsetting much of the current levels of CO, emissions from freight traffic,
but without more detailed surveys it is not possible to be sure if the growth in emissions can



be sequestered. However, there does appear to sufficient bare or apparently unused land
within the agricultural landscapes for the production of a range of bio-fuels.

46. Renewable fuels: The use of biological fuels would have the effect of neutralizing
the CO, emissions, since the plants would re-absorb the CO, emitted to produce the next
crop of fuel. The current total annual fuel consumption by freight traffic along the NSEC is
estimated to be around 150 million litres or about 130,000 tonnes of diesel fuel.

47. Meeting the current freight transport fuel requirements with bio-diesel would require
around 80,000 ha of Jatropha plantations. The land-use data suggests that there is likely to
be enough suitable land within the buffer strip, on flatter land in the predominantly agricultural
landscapes to meet all or most of the current diesel fuel demand within the corridor. Since
most of the land is intensively occupied, it is likely to be in private ownership or with
individual rights to use, so that as with the EWEC, a financial incentive scheme would be the
most efficient way to promote the cultivation of such bio-diesel crops. This would leave the
decision with farmers as to what is the most beneficial crop to grow on any particular site,
and the level of any grant support could be set so that it does not result in a wholesale shift
from existing crops, which could threaten food security and existing agro-industries, and
mainly promotes the growing of bio-diesel crops on marginal or unproductive land.

5. Conclusions

48. The preliminary investigation has shown that the freight traffic in the EWEC is about
3%, and the NSEC about 4% of the total freight traffic in the region and is therefore making a
measurable contribution to the overall emissions of carbon dioxide. With the assumption that
the freight traffic in the corridor will grow at the expected national average rate, carbon
dioxide emissions will almost treble in the coming decade. If national policies for economic
development emphasise the corridors, and continue to improve the infrastructure, it is likely
that the growth of traffic in the corridors will be faster than the national average, with a
consequent higher growth in carbon dioxide emissions.

49, About 200,000 ha within the buffer strip of the EWEC is Protected forest, while
around 600,000 ha is classed as dense forest. Further analysis is required to determine
whether Protected area status should be extended to cover more or all of the remaining
dense forest, and also to determine the proportion of each of the protected areas that is
either bare or reduced to shrub or grassland. The field survey suggested that a significant
proportion of several of the protected areas is deforested and in need of restoration.
Reforestation of Protected areas should use species from the natural vegetation that may be
slower growing than other alternatives, though local fast-growing pioneer species may be
used in some circumstances. This will mean there is a trade off between the protection and
the sequestration functions that will need to be assessed for each individual location.

50.The general conclusion must be that within the corridors, land is likely to be a limiting
factor to achieving carbon neutrality in the NSEC, and for the production of bio-fuels to
achieve fuel self-sufficiency, but that additional planting is needed for soil, water and
biodiversity conservation. In the EWEC, land seems unlikely to be a serious limiting factor
for the three aims of achieving a balance between emissions and sequestration of carbon
dioxide, conserving and protecting soils on the steeper slopes to reduce the risk of erosion,
land-slides and floods and growing bio-fuels to meet some of the additional transport fuel
requirements that will come about as a result of the increased traffic within the corridor.

51. With about half the area within the EW corridor and 13% in the NS corridor, being
classed as agricultural/cropland, it is likely to be all in private ownership of one form or
another. At the moment there are a range of commodity crops that are grown such as sugar,
cassava, corn, rubber and pulpwood, to supply local processing plants. It can be seen that
particular crops dominate in the vicinity of a processing plant and their cultivation generally



declines with increasing distance from the plant. It is less clear whether the processing
plants were established where they are because there were substantial areas of the crop for
raw material, or if the areas of crops expanded because a plant was built locally. However
the economics makes sense since increasing distance from a processing plant raises
transport costs and growing becomes less and less attractive the further one is from the
factory. Thus in determining the possible location for a bio-fuel plant to process vegetable oil
into a fuel, it will be necessary to look not just for suitable land, but also the catchment areas
of existing crop processing plants.

52. During the period 1994-1998 the Thai government supported a tree planting
programme and provided a grant of around US$ 150 per ha to farmers, resulting in a total
planted area of about 375,000 ha over the five year period. = This suggests that a fairly
modest grant would encourage farmers to plant marginal land, and that land availability is
probably not a serious constraint, but if the objective is carbon sequestration and soil
conservation, some additional incentive may be needed to prevent farmers harvesting the
crop. This could be in the form of an annual management grant, and might be derived from
carbon offset payments.



