Landuse/cover change in
Ho Ho Sub-watershed,
north-central Viet Nam

“
)
Q.
©
al
(@)
-
X
-
=

Mai Phuong Nguyen, Bac Viet Dam, Duc Anh Ngo and Rachmat Mulia

T

World
Agroforestry
Centre







Landuse/cover change in
Ho Ho Sub-watershed,
north-central Viet Nam

Mai Phuong Nguyen, Bac Viet Dam, Duc Anh Ngo, Rachmat Mulia

Working paper no. 219



LIMITED CIRCULATION

rargr
rofore
. Centre o

Correct Citation

Nguyen MP, Dam BV, Ngo DA, Mulia R. 2015. Landuse/cover change in Ho Ho Sub-watershed, north-central
Viet Nam. Working paper 219. Ha Noi, Viet Nam: World Agroforestry Centre (ICRAF) Southeast Asia Regional
Program. DOI: http://dx.doi.org/10.5716/WP15730.PDF

Titles in the Working Paper Series aim to disseminate interim results on agroforestry research and practices and
stimulate feedback from the scientific community. Other publication series from the World Agroforestry Centre
include: agroforestry perspectives, technical manuals and occasional papers.

Published by the World Agroforestry Centre (ICRAF)

Viet Nam Country Office

No. 17A Nguyen Khang street, Trung Hoa ward, Cau Giay district
Ha Noi, Viet Nam

Tel: +844 33783 4644/5
Fax: +844 33783 4644/5
Internet: www.worldagroforestry.org/regions/southeast asia/vietnam

© World Agroforestry Centre 2015
Working Paper no. 219

Disclaimer and copyright

The views expressed in this publication are those of the author(s) and not necessarily those of the World
Agroforestry Centre. Articles appearing in this publication may be quoted or reproduced without charge, provided
the source is acknowledged. All images remain the sole property of their source and may not be used for any
purpose without written permission of the source.



About the authors

Nguyen Mai Phuong is a researcher with the World Agroforestry Centre Viet Nam. She is a specialist
in geographic information systems (GIS) and remote sensing. She is a PhD candidate through
collaboration between ICRAF and Bangor University, Wales. Phuong has a strong interest in trees,
agriculture and the environment and wants to help famers improve their livelihoods. (Email contact:
n.maiphuong(@cgiar.org)

Bac Viet Dam is a researcher and research manager of the Smart-Tree Invest Project at the World
Agroforestry Centre in Viet Nam. He holds a Master of Science in Forest Resources Management and
Social Forestry from the University of the Philippines at Los Bafios and has wide experience in research
and development activities in Viet Nam. His research includes reducing emissions from forest
degradation and deforestation, payments for environmental services and climate-change adaptation.
(Email contact: d.vietbac(@cgiar.org)

Ngo Duc Anbh is a researcher at the Viet Nam National Satellite Center (VNSC) - Viet Nam Academy
of Science and Technology (VAST). He is a specialist in mapping, remote sensing and GIS. He holds a
master’s degree from the Hanoi University of Science - Viet Nam National University. His research
includes the application of remote sensing and GIS techniques in Viet Nam and promoting the use of
remote sensing for natural resources assessment, environment monitoring, hazard mapping and forest
mapping. (Email contact: ndanh84(@gmail.com)

Rachmat Mulia is a statistician and modeller. He has a PhD degree from Montpellier University in
France and has more than 10 years’ experience in modelling tree-crop interaction in agroforestry
systems and trade-off analysis on the impact of landuse change on environmental services, household
income and food security. He is currently working on the data analysis of farmers’ vulnerability and the
role of trees in livelihoods and environmental services, and model simulations for river flow in central
Viet Nam. (Email contact: r.mulia@cgiar.org)




Abstract

Landuse analysis and local knowledge can explain the intensity and drivers of landuse changes in a rural
landscape. In the Huong Khe watershed north-central Viet Nam, during recent decades (1990-2014),
this analysis identified a massive transformation of natural forests into farm-based plantations of rubber
and acacia. Population growth also forced large areas of forest land to be allocated to local people for
their livelihoods, and induced an increase in cultivated lands, such as shifting cultivation in uplands, and
settlements. The Ho Ho sub-watershed is part of the Huong Khe watershed and a similar trend was
observed there with the remarkable expansion of acacia forest plantations to supply the pulp industry.
The conversion from logged over forest into acacia plantation occurred both in the upstream and
downstream communes of the sub-watershed. Claims by local people for land to feed the growing
population, over logging and the forest plantation expansion program were responsible for forest
degradation and conversion. The local people foresaw that expansion of the acacia forest plantations
would continue in the future driven by high economic as well as presumably environmental benefits
such as landslide prevention and micro-climate regulation, along with a steady increase in the total
population.
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|. Introduction

Study of the vulnerability and local knowledge on the role of trees in livelihoods and the environment
requires analysis of the drivers of landuse change and distribution (Hoang et al. 2014, Nguyen et al.
2013, Pfund et al. 2011). The landuse mosaic in the landscape determines the degree of exposure,
sensitivity and adaptive capacity of the landscape and its inhabitants, and reflects the local view and
value of the role of tree planting in livelihoods and environmental service functions. Analysis of the
drivers of landuse change will explain any gap found between local knowledge on landuse functions
and action that leads to actual landuse distribution in the landscape. In this paper, we present
landuse/cover distribution and change in the Huong Khe watershed during the last few decades, using
1990, 2000 and 2014 as a representative sample. Huong Khe is a watershed in north-central Viet Nam
and includes the Ho Ho sub-watershed where the studies of vulnerability (Mulia et al., 2015) and local
knowledge on the role of trees (Dam et al., 2015) were carried out.

1.1 Study sites

Huong Khe is a mountainous district in Ha Tinh province, north-central Viet Nam. It stretches from
17°58” to 18°23” N and from 105°27’ to 105°56° E. The district experiences the tropical monsoon in
two seasons: 1) the hot season from April to August with dry and hot weather and in particular, the
district is severely affected by southwest winds in June and July; ii) the cold season starts in November
and ends in March with the northeast monsoon and rain. Based on the 1982-2011 weather data records
for Huong Khe district obtained from the Institute of Meteorology, Hydrology and Climate change
(IMHEN), the average temperature in the area was 25 °C with an average maximum and minimum of
28.7 °C and 21.2 °C, respectively. The average annual rainfall was about 2500 mm. The rainy season
takes place between August and September, with the average total rainfall being 1425 mm or equivalent
to 60 percent of the annual rainfall. January and February are the driest months, with an average total
monthly rainfall of only 96.6 mm. The topography of the sub-watershed is dominated by rivers and
streams.

The Ho Ho sub-watershed (Fig. 1) is part of the Huong Khe watershed which stretches across Huong
Khe district in Ha Tinh province and across Tuyen Hoa district in Quang Binh province. The
sub-watershed covers an area of 26073 ha, and is mostly situated within the Huong Khe district with its
final tributary in Tuyen Hoa district. Tuyen Hoa is a mountainous district in north-central Viet Nam,
Quang Binh province. It consists of 115000 ha, accounting for 14.27 percent of the total area in the
province. The Ho Ho sub-watershed covers nearly half of the Huong Hoa (downstream) commune in
Tuyen Hoa district. The topography of the Ho Ho sub-watershed is mainly intersected with rivers and
streams and has hilly areas, with cultivated land in the northwest part. The main river is the Ngan Sau
River that flows across the sub-watershed with a length of more than 10 km to the Ho Ho dam as the
final tributary. The dam is used to generate hydroelectricity and to supply irrigation to the downstream

commune.

The total population of the sub-watershed in 2014 was about 10000 people (equivalent to 3500
households). The average population density was 41.5 people km™ in the upstream (Huong Lam and
Huong Lien) commune and 30.2 people km™ in the downstream (Huong Hoa) commune. Of the total



population, 62.5 percent live in the upstream commune and the remainder are in the downstream
commune. The people in the sub-watershed depend on agriculture as their main source of livelihood.
The dominant crops are peanuts, paddy rice, maize, sweet potatoes, green beans and cassava. Livestock
include pigs, cows, buffaloes and chickens. Farmers usually have fruit trees in home gardens and timber
trees such as Acacia spp., Aquilaria crassna and Dalbegia tonkinensis in small woodlots. Some farmers
also earn income from non-farm jobs as construction labourers and public and private employees for
example (Dam et al. 2015).

Legend
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Figure 1. Location of Huong Khe watershed in Ha Tinh province and Ho Ho sub-watershed in Quang Binh
province, north-central Viet Nam

1.2 Materials and methods

To produce the landcover map, we obtained remote sensing data (Landsat) for 1990, 2000 and 2010 and
used the landuse maps from the Ministry of Natural Resources and Environment as a reference.
Secondary data from the study site and also ground truthing were used to verify the landcover maps

(Fig. 2).
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Figure 2. Framework of landuse/cover change analysis based on Dewi and Ekadinata (2013)
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1.2.1 Image pre-processing

Before the landcover identification process, the clarity of Landsat images was improved by applying
atmospheric correction and colour enhancement (Fig. 3). The 2014 image had some missing
information due to a problem in the satellite sensor; therefore, another Landsat reference image was
used to provide the missing data.

(a) (b) ()

Figure 3. Landsat image for Huong Khe watershed, north-central Viet Nam in (a) 1990, (b) 2000 and (c) 2014




1.2.2 Image classification

In order to produce landcover maps from the satellite data, we applied an object-based classification
technique and one of the important steps in object-based classification is the image segmentation
process, for which we used multi-resolution segmentation in the Ecognition software
(http.//www.ecognition.com/category/related-tags/object-based-classification) (Fig. 3a). This process
requires scrutiny in order to achieve an accurate classification result. In this study, we used different
parameters to examine the effectiveness of the segmentation process. The step following segmentation
is image classification, which assigns attribute values to the polygons. In order to classify the
segmented images, we need to calculate image statistical parameters for each polygon including the
mean and standard deviation of each image band. The image classification follows the landuse/cover
system hierarchy developed by Dewi and Ekadinata (2013) (Fig. 4) with landuse types not existing in
the study site such as mangroves, cacao, coconut, oil palm and dry land being removed from the
classification process.

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4
| Logged Over Forest
i High Density
. — . Logged Over n Logged Over .F'orest
Forest Low Density
| Logged Over Forest
W Mangrove
# Cacao Agroforestry
» Clove Agroforestry
# Coconut Agroforestry
Tree-based #Complex Agroforestry|
— \/egetation » System 1
TBS i ;
(TBS) . Timber »  Teak Plantation
Monoculture
Corrected | |
Satellite Image #1Coconut Monoculture,
Non Timber | |

Monoculture

# Oil Palm Plantaticn

Shrubland
Non Tree-based
B System 2 Grassland
{Non TBS] ¥ Dry Land Agriculture
Cropland -

B Paddy Field

Cleared Land

Settlement /
Built-up Area

—»1Non Vegetation #MNon Vegetation

> Waterhody

Figure 4. Landuse/cover system hierarchy for image classification used to classify landcover types in Huong Khe
watershed, north-central Viet Nam based on Dewi and Ekadinata (2013)



We used WEKA (Waikato Environment for Knowledge Analysis), open-source software
(http://www.cs.waikato.ac.nz/ml/weka/) for image classification. It contains tools for data
pre-processing, classification, regression, clustering, association rules and visualization. Initially, after
calculating statistical parameters for each polygon (the software can process an unlimited number of
image channels), the sampling process uses image interpretation based on the segmentation results. The
number of polygons for interpretation is about 5-10 percent of the total number of polygons. In this step,
the accuracy of results will strongly depend on the accuracy of the sampling process. Subsequently, the
attribute table with a ‘sample class’ column is imported into WEKA for classification. In this study, we
chose ‘random forest’ as the classification algorithm type. All classifications were stored into a new
column named ‘predict class’ in the attribute table. The next step was to export the image segments into
a vector format (shape file) and overlay with the landuse map from MONRE using the Arc GIS software
(Fig. 5). We needed to check the initial results and to identify the points in the produced maps to collect

and compare with the field data.

Figure 5. Landsat image classification process that includes (a) Image segmentation and (b) Overlaid
post-segmentation image on referenced landuse map

1.2.3 Map editing

To produce final landcover maps, the classification results (polygon boundary and attributes) should be
compared with the field data and ground truthing. The field data were organized into an MS Access
database that included GPS coordinates, date, time, location, landuse type and images. Table 1 shows
the final landcover classification used to produce the landcover maps.



Table 1. Final landcover classification to produce the landcover map of Huong Khe watershed, north-central Viet
Nam

Id Class Acronym Description

1 Undisturbed forest UndFor Primary natural forest

2 Logged over forest LogFor Secondary natural forest

8  Others agroforest OtherAF Trees on bare land, grass or cropland

10 Pulp plantation Pulp Planted forest for pulp production (Acacia)

11 Other forest plantations OtherFP Other planted forest types

12 Rubber monoculture RubMono Rubber plantation

15 Shrub Shrub Bare land with grass and shrubs

16 Annual crop land Crop Annual crops such as rice, maize, cassava, peanut
17 Grass Grass Grazing land

18  Shifting cultivation StCult Upland areas of maize, rice or cassava

19 Others cleared lands OtherCL Other bare lands

20 Settlement Set Residential and built-up areas

21 Waterbody Water Rivers, streams, lakes

22 Cloud and shadow CSh Areas under cloud and shadow on LANDSAT images

1.2.4 Accuracy assessment

Two methods are available to assess the accuracy of image classification namely ‘field’ that employs
the ground data collection and ‘room’ with the reference dataset. In this study, we applied the second
method using a K (Kappa) coefficient (https://en.wikipedia.org/wiki/Cohen’s_kappa). K measures the
percentage of data values in the main diagonal of the table and then adjusts these values based on the
amount of conformity that could be expected due to chance alone. Two raters are asked to classify
objects into category 1 and 2 producing a 2x2 table with a set of probability values. K values are less
than or equal to 1. A unit value implies perfect conformity. An interpretation for a K values less than 1
can be: <0.2 = poor conformity, 0.2-<0.4 = fair conformity, 0.4-<0.6 = moderate conformity, 0.6-<0.8 =
good conformity, and 0.8-<1 = very good conformity. When comparing landcover maps in 2000 and
2010 with forest maps obtained from the Forest Inventory and Planning Institute (FIPI) as a reference,
the calculated K coefficient equals 0.49 and 0.51 for the 2000 and 2010 maps, respectively, which
indicates that there is a moderate level of conformity between the landcover maps produced in this study
and the forest maps.

1.2.5 Landuse/cover change analysis

The changes in landuse/cover were identified using the post classification technique (Dewi and
Ekadinata 2013). The land cover maps in 1990, 2000 and 2014 were employed to produce the landuse
change matrices for the periods 1990-2000, 2000-2014 and 1990-2014, for the Huong Khe watershed
and the Ho Ho sub-watershed.



1.2.6 Drivers of landuse change based on local knowledge

In the segregated focus group discussions (FGDs) with men and women, we asked farmers to recall the
changes in landuses from 2000 to 2014 and the related drivers. They identified five dominant landuses,
namely natural forest, plantation forest, cropland, residential and paddy rice land. For a rapid appraisal
of drivers of landuse change, we applied the DriLUC framework (van Noordwijk 2013) with a
female-only group and a male-only group in each of the upstream and downstream communes of the
sub-watershed. Each group consisted of nine people, involving 18 female and 18 male respondents per
commune. The participants were representative of farmers from different age classes and land

ownership status.

2. Results

2.1 Landuse change in Huong Khe watershed

Figure 6a shows the total area of each landcover type in the Huong Khe watershed in the three observed
years. The total area of landcover change between 1990 and 2000 in this watershed was 9000 ha, with a
significant increase up to 30000 ha in 2000-2014. The increase in rubber monoculture (8864 ha
equivalent to a 7 percent net increase relative to the total watershed area), shifting cultivation with
cassava (7597 ha, 6 percent), settlement (5213 ha, 4 percent), pulp plantation (4460 ha, 3 percent) and
other cleared lands (2588 ha, 2 percent) dominated the landcover change in 2000-2014. Specifically, no
cultivated land with the rubber monoculture landuse type was found in 2000. The landcover types with
declining area in 2000-2014 included other forest plantations (11982 ha, 9 percent less in 2014 relative
to total watershed area), logged over forest (9655 ha, 8 percent), undisturbed forest (4001 ha, 3 percent),
annual crop lands (2638 ha, 2 percent), and water body (1631 ha, 1 percent).
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m2014

Area (ha)
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Figure 6. a) Landcover distribution and area in Huong Khe watershed in 1990, 2000, and 2014 and b) Landcover
map of Ho Ho sub-watershed in 2014

2.2 Landcover changes in Ho Ho sub-watershed

Figure 6b shows the landcover map of the Ho Ho sub-watershed in 2014 and Table 2 shows the
landcover distribution and area in the sub-watershed in 1990, 2000 and 2014. The area of pulp
plantation, shifting cultivation with cassava, annual crop lands with rice, maize, peanut, cassava, and
other cleared lands increased from 2000 to 2014; while undisturbed forest and other forest plantation
decreased. The area of undisturbed forest decreased by 1518 ha whereas other forest plantations
decreased by 1267 ha. Specifically for the logged over forest that dominated the landscape of the
sub-watershed, there was a substantial decrease of 1326 ha in 1990-2000, but then an increase of 609 ha
in 2000-2014.

Table 2. Landcover distribution and areas in Ho Ho sub-watershed in 1990, 2000 and 2014

Land area

Landcover types 1990 2000 2014

ha % ha % ha %
Undisturbed forest 3724 14.3 3891 14.9 2373 9.1
Logged over forest 19006 73.0 17680 67.9 18289 70.2
Other agroforest 24 0.1 24 0.1 24 0.1
Pulp plantation 345 1.3 459 1.8 1512 5.8
Other forest plantations 620 24 1604 6.2 337 1.3
Shrub 313 1.2 0 0 251 1.0
Annual crop land 380 1.5 509 2.0 647 25



Land area

Landcover types 1990 2000 2014

ha % ha % ha %
Grass 68 0.3 0 0 0 0
Shifting cultivation 124 0.5 167 0.6 584 22
Other cleared land 0 0 2 0.0 91 0.3
Settlement 916 3.5 952 3.7 980 3.8
Water body 519 2.0 646 25 519 2.0
Cloud and Shadow 0 0 105 0.4 432 1.7

2.2.1 Landcover transition in Ho Ho sub-watershed between 1990 and 2000

The main landcover conversion between 1990 and 2000 includes transition of 1314 ha of logged over
forest into undisturbed forest (Table 3). In the same time, however, 1035 ha of existing undisturbed
forest was converted into logged over forest, which was equivalent to 28 percent of the undisturbed
forest area in 1990. In that decade, a large area of logged over forest was converted into other forest
plantations (1015 ha) and smaller amounts into pulp plantation (129 ha), annual crop lands (115 ha),
and shifting cultivation (65 ha).

Table 3. Landcover transition in Ho Ho sub-watershed between 1990 and 2000

1990\2000 UndFor LogFor OtherAF Pulp OtherFP Crop StCult OtherCL Set Water CSh

UndFor 2556 1035 11 24 9 7 48 33
LogFor 1314 16170 129 1015 115 65 0 125 71
OtherAF 24

Pulp 43 254 7 12 11 18

OtherFP 145 46 417 13

Shrub 227 86

Crop 6 11 328 0 36

Grass 31 4 2 31

StCult 6 9 30 25 53

Set 9 28 24 846 9

Water 15 37 5 0 463

2.2.2 Landcover transition in Ho Ho sub-watershed between 2000 and 2014

A massive conversion of undisturbed forest (1600 ha) into logged over forest occurred in 2000-2014
(Table 4). In the same period, 444 ha of logged over forest was converted into pulp plantation, 302 ha
into other forest plantations and 529 ha into shifting cultivation with cassava. A substantial conversion
also occurred in other forest plantations with 978 ha into logged over forests and 590 ha into pulp

plantation.



Table 4. Landcover transition in Ho Ho sub-watershed between 2000 and 2014

20002014 UndFor LogFor OtherAF Pulp OtherFP Shrub Crop StCult OtherCL Set Water CSh
UndFor 2164 1600 0 35 24 19 5 3 40
LogFor 189 15379 444 302 149 150 529 6 128 26 378
OtherAF 24

Pulp 61 386 12

OtherFP 978 0 590 0 36 0

Crop 57 12 441

StCult 70 30 2 0 20 44

OtherCL 0 2

Set 20 79 36 21 13 783

Water 56 32 44 25 4389

CSh 20 68 2 14

2.3 Landcover distribution in upstream commune of Ho Ho sub-watershed

In the upstream (Huong Lam and Huong Lien) commune, the area of pulp plantation increased
substantially from 334 ha in 1990 to 1440 ha in 2014 (Table 5). Shifting cultivation with cassava and

annual crop lands also expanded by 416 ha and 243 ha, respectively, during that period. Undisturbed
forest cover decreased by 890 ha, logged over forest by 1042 ha, and other forest plantation types by

1244 ha.

Table 5. Landcover distribution and areas in the upstream commune of Ho Ho sub-watershed in 1990, 2000 and

2014
Land area

Landcover types 1990 2000 2014

ha % ha % ha %
Undisturbed forest 2698 12.6 2551 11.9 1808 8.4
Logged over forest 15532 72.4 14558 67.9 14490 67.6
Other agroforest 24 0.1 24 0.1 24 0.1
Pulp plantation 334 1.6 458 21 1440 6.7
Other forest plantation 580 2.7 1554 7.2 309 14
Shrub 309 1.4 0 0 227 1.1
Annual crop lands 380 1.8 505 2.4 623 2.9
Grass 66 0.3 0 0 0 0
Shifting cultivation 117 0.5 138 0.6 533 25
Other cleared land 0 0 0 0 80 0.4
Settlement 916 43 952 4.4 975 45
Water body 490 23 611 2.8 507 2.4
Cloud and shadow 0 0 94 0.4 428 2.0
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2.3.1 Landcover transition in upstream commune from 1990 to 2000

Massive forest degradation occurred in the upstream commune of the Ho Ho sub-watershed with 809 ha
of undisturbed forest converted into logged over forest (Table 6). In the same period, due to natural
regeneration, 788 ha of logged over forest was converted into undisturbed forest while another 978 ha
were cleared into other forest plantations.

Table 6. Landcover transition in upstream commune of Ho Ho sub-watershed from 1990 to 2000

1990\2000 UndFor LogFor OtherAF Pulp OtherFP Crop StCult Set  Water CSh

UndFor 1763 809 11 22 6 7 46 33
LogFor 788 13314 129 978 113 51 97 61
OtherAF 24

Pulp 43 254 7 12 18

OtherFP 116 45 406 13

Shrub 227 83

Crop 6 11 328 36

Grass 31 4 31

StCult 9 30 25 53

Set 9 28 24 846 9

Water 26 5 458

2.3.2 Landcover transition in upstream commune from 2000 to 2014

In this decade, 338 ha of logged over forest and 575 ha of other forest plantations were converted to
pulp plantation with acacia (Table 7). A large conversion of logged over forest into cultivated land also
occurred including 281 ha into other forest plantations, 139 ha into croplands, 128 ha into shifting
cultivations and 128 ha into settlement. We also observed 943 ha in transition from other forest
plantations to logged over forest. This explains why the total area of logged over forest remained stable
during 2000-2014.

Table 7. Landcover transition in upstream commune of Ho Ho sub-watershed from 2000 to 2014

20002014 UndFor LogFor OtherAF Pulp OtherFP Shrub Crop StCult OtherCL Set Water CSh

UndFor 1666 805 28 12 40
LogFor 121 12454 388 281 149 139 490 6 128 26 375
OtherAF 24

Pulp 61 386 12

OtherFP 943 575 0 36

Crop 57 12 436

StCult 51 30 0 16 40

Set 20 79 36 21 13 783

Water 40 23 44 24 480

CSh 20 60 14
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2.3.3 Drivers of landuse change in upstream according to local knowledge

Local people claimed there was a decrease in the annual crop area over the period 2000-2014. The male
group identified landslides as the sole cause, while the female group highlighted flash flooding as one of
the main drivers that leads to landslides, riverbank erosion and destruction to agricultural plots (Table
8). Another driver was land conversion into paddy or settlement. In general, however, the area of paddy
was considered to also have decreased due to landslides and the lack of irrigation as a consequence of
drought. Consequently, locals converted paddy areas into other landuse types. Due to the growing
population, forest lands were allocated for livelihood, and with illegal logging, reduced the area of
natural forests in the upstream commune. The afforestation program induced massive conversion of
natural forests (mostly logged over forest) into acacia plantation. Related to the change in the area of
paddy and annual crops, female groups could identify more specific drivers than the males, most likely
because women were involved mainly in agriculture while men focused more on the forestry areas.

Table 8. Drivers of historical landuse changes (2000-2014) based on local knowledge in the upstream commune of
Ho Ho sub-watershed

Landuse change

2000-2014 Drivers according to males Drivers according to females

Flash flooding causing landslides and riverbank
Landslides erosion, and destruction of annual crop plots

Conversion into paddy or settlement

Less area of annual
crops

Landslides Flash flooding causing landslides and riverbank

Less area of paddy erosion, and destruction of paddy plots
Lack of irrigation Drought

More area of settlement Growing population Growing population

Planted forest expansion program (i.e.
land allocation by the government to
local people and support for open
acacia plantation)

Natural (i.e.
undisturbed or logged
over) forests to acacia

Planted forest expansion program (i.e. land
allocation by the government to local people
and support for open acacia plantation)

Less area of natural Conversion into plantation Conversion into plantation
forests lllegal logging lllegal logging

2.4 Landcover distribution in downstream commune of Ho Ho sub-watershed

In 2000-2014, pulp plantation with acacia increased by 360 ha (equivalent to 8.6 percent of the total
sub-watershed area) in the downstream commune of the sub-watershed (Table 9). The population also
grew rapidly and required 182 ha of land for conversion into settlements. The area of logged over forest
as the dominant landcover type expanded by 154 ha due to transition from other landcover/use types. In
the downstream commune, no undisturbed forests remained in 2014.
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Table 9. Landcover distribution and areas in the downstream commune of Ho Ho sub-watershed in 1990, 2000 and
2014

Land area
Landcover types 1990 % 2000 % 2014 %
ha ha ha
Undisturbed Forest 18 0.4 7 0.2 0 0
Logged Over Forest 3010 71.5 2743 65.2 2897 68.8
Other Agroforest 64 1.5 106 2.5 87 21
Pulp Plantation 0 0 0 0 360 8.6
Other Forest Plantation 243 5.8 717 17.0 126 3.0
Shrub 174 4.1 29 0.7 11 0.3
Cropland 399 9.5 383 9.1 218 5.2
Grass 49 1.2 0 0 0 0
Shifting Cultivation 4 0.1 0 0 111 26
Other Cleared Land 0 0 67 1.6 79 1.9
Settlement 132 3.1 78 1.9 260 6.2
Water body 116 2.8 80 1.9 60 1.4

2.4.1 Landcover transition in downstream commune from 1990 to 2000

The most evident landuse conversions in the downstream commune between 1990 and 2000 were 322
ha of logged over forest and 128 ha of shrub into other forest plantation (Table 10). In this decade, the
remaining 18 ha of undisturbed forest were degraded into logged over forest.

Table 10. Landcover transition in downstream commune of Ho Ho sub-watershed from 1990 to 2000

1990/2000 UndFor LogFor OtherAF OtherFP Shrub Crop OtherCL Set Water

UndFor 0 18

LogFor 0 2673 1 322 1 3 4 4
OtherAF 1 59 3 0

OtherFP 10 3 223 1 3 0 2
Shrub 31 2 128 12 1

Crop 9 23 31 13 250 45 20 8
Grass 0 12 6 1 26 3

StCult 2 1 1

Set 0 1 1 69 4 59
Water 7 0 1 1 30 12 65

2.4.2 Landcover transition in downstream commune from 2000 to 2014

In 2000-2014, land conversion was less than in 1990-2000 (Table 11). The largest conversions
consisted of 495 ha of other forest plantation into logged over forest (203 ha) and pulp plantation (292
ha). Due to the growing population, 159 ha of cropland were converted into settlement.
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Table 11. Landcover transition in downstream commune of Ho Ho sub-watershed from 2000 to 2014

2000/2014 UndFor LogFor OtherAF Pulp OtherFP Shrub Crop StCult OtherCL Set Water

UndFor 0 7

LogFor 0 2677 56 0 2 8 0

OtherAF 41 9 4 1 33 18
OtherFP 203 40 292 121 2 52 0 7

Shrub 12 1 0 0 7 0 9

Crop 4 ® 1 0 11 170 2 31 159
OtherCL 1 0 11 0 45 10

Set 2 24 0 53

Water 0 2 1 9 2 5 60

2.4.3 Drivers of landuse change in downstream according to local knowledge

In the downstream commune, landslides and conversion into paddy fields resulted in a decrease in the
area of annual crops during 2000-2014 (Table 12). The female group added low economic value as
another factor inducing conversion. The male and female groups had contrasting views regarding the
change in paddy area. The male group claimed landslides from a hydropower plant reduced the area of
paddy field in the downstream commune. The female group didn’t mention the landslide problem, but
instead highlighted the improved irrigation system in some villages in the commune, which had
triggered conversion of maize into paddy fields. Locals in the upstream and downstream communes had
similar views about the declining area of natural forest. The growing population requiring more land to
be allocated to sustain livelihoods, subsequent conversion to acacia plantations, and over logging were

1dentified as the main causes of forest conversion.

Table 12. Drivers of historical landuse changes (2000-2014) based on local knowledge in the downstream
commune of Ho Ho sub-watershed

Landuse change

Drivers according to male Drivers according to female
2000-2014 J J
Less area of annual crops Landslides from the hydropower plant Landslides

Change to paddy because of better Change to paddy

irrigation system Low economic value
More areas of paddy according to  Landslides from the hydropower plant Better irrigation system
females and less area of paddy Conversion from maize into paddy
according to males
More areas of settlement New public lands managed by Growing population

communal office (public lands are also Better infrastructure

considered as ‘settlement’ .
) Need more stables for animals

Natural (undisturbed or logged Growing population needs more land Growing population needs more
over) forests to acacia allocated to sustain livelihoods lands to sustain livelihoods
Less area of natural forests - Expansion of plantation forest
(acacia)
Over logging
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3. Discussion

Local people made a differentiation between paddy and annual crops (such as maize, cassava, peanuts
and beans), while spatial analysis classified both as cropland. On the other hand, the term ‘natural
forest” was used by both the male and female groups in the interviews to include undisturbed forest,
logged over forest and other forest plantations that could be clearly differentiated by the spatial analysis.
Local people could not distinguish among different types of natural forest.

In the upstream commune of the Ho Ho sub-watershed, local knowledge confirmed a decrease in the
area of annual crops; whereas the opposite result was obtained from the spatial analysis. Most likely,
local people only noticed landuse conversion at the smaller, village scale resulting in an incomplete
picture of the change in annual crop area at the commune level. However, only through interviews with
local people, can drivers of landuse change such as landslides and water scarcity be identified.
Interestingly, compared to the men, the women seem to be able to define more specifically the drivers of
change for agricultural land such as annual crops and paddy. This is likely related to their daily
activities in handling household consumption needs and selling products, so the women are more aware
of the transition of agricultural land. We expected a more specific response from the male groups on the
change in area of forestry land due to their stronger involvement in forestry business than women. The
drivers analysis (Tables 9 and 13) though does not support this hypothesis.

With regard to forests, the local people claimed there had been a decrease in the area of natural forest in
the downstream commune. In the spatial analysis, however, the total area of logged over forest
increased slightly, but the total area of all types of forests including undisturbed forest and other forest
plantation declined during 2000-2014.

In the Huong Khe watershed, the growing population and the plantation forest expansion program of
mainly rubber or acacia, were responsible for a massive forest conversion into plantation. In 2000-2014,
the total area of rubber monoculture plantation increased dramatically from nothing to 9000 ha. Local
people also expanded shifting cultivation with the area of cassava in upland areas increasing by 10
times during 14 years to reach 9740 ha. The area of settlement expanded by 50 percent in 2000-2014. In
the Ho Ho sub-watershed, forest conversion into acacia plantation also occurred, especially during the
last decade (2000-2014).

Like many other tropical countries, Viet Nam also implements a large-scale afforestation program and
devolution of landuse rights, although their impact on enhancing livelihoods and environmental quality
is still debated (Clement and Amezaga 2009). Sandewall et al. (2010) claimed the program induced a
change in smallholders’ livelihoods from subsistence to a cash-based orientation, diversified the
sources of household income, and notably contributed to the landuse mosaic change from the
dominating natural forests into farm-based plantations. Particularly in the Ho Ho sub-watershed, a
massive conversion of poor natural forests to acacia plantation took place from 2000 due to the
afforestation program. Supported by a well-established market-value chain among other supporting
factors such as a seedling subsidy and the introduction of N-fixing tree species that could improve soil
fertility, farmers converted extensive areas of allocated forest land into acacia plantation. Tree seedlings
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were initially provided by the government and subsequently local people established their own
nurseries. The farmers marketed the timbers to local pulp industries that could absorb the wood supply.
Acacia is a fast growing species, with yields harvested generally 6-7 years after planting. Pietrzak
(2010) reported that in central Viet Nam, most rural upland villagers did not have secured land tenure,
yet they grew acacia trees as part of a long-term livelihood strategy for a variety of benefits, apart from
earning income.

Interviews with the local people revealed that the expansion in the forest plantation area through
planting acacia will most likely continue steadily into the future, driven by a stable market as well as the
good perception the locals have regarding acacia plantation that can presumably provide environmental
benefits such as landslide prevention, ability to store soil water and micro-climate regulation. On the
other hand, the areas of paddy, which supply the country’s main staple food, will most likely continue to
decrease along with limiting water availability for irrigation. Local people indirectly foresaw more
severe drought will occur in the future and this will suppress landuse systems that largely depend on a
regular water supply. A steady decline in forest area was also predicted as a consequence of land

conversion into settlements and infrastructure developments.
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4. Conclusions

During the last few decades (1990-2014), in the Huong Khe watershed, we noticed a massive
conversion of natural forest from undisturbed or logged over forest into rubber or acacia plantation for
the pulp industry. The growing population required more lands allocated to sustain livelihoods, and this
usually, if not always, involved the allocation of forests land, mostly poor natural forest or logged over
forest. The livelihood pressure also induced land conversions into shifting cultivation with maize or
cassava or into settlements. In the Ho Ho sub-watershed, a similar pattern was observed. Forest
degradation from undisturbed forest into logged over forest prevailed in many areas in the landscape,
and due to the afforestation program, we found a large area had been converted from poor natural forest
into acacia plantation. This analysis of landcover/use distribution and change is an important element in
understanding vulnerability and how the local people view and value tree-based systems and tree
planting as a potential solution to enhance livelihoods and environmental resilience in the

sub-watershed.
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Programa Alternativas a la Tumba-y-Quema (ASB) en el Perd. Informe Resumen y Sintesis de la Fase
Il. 2da. version revisada
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Estudio de las cadenas de abastecimiento de germoplasma forestal en la amazonia Boliviana
Biodiesel in the Amazon
Estudio de mercado de semillas forestales en la amazonia Colombiana

Estudio de las cadenas de abastecimiento de germoplasma forestal en Ecuador
http://dx.doi.org10.5716/WP10340.PDF

How can systems thinking, social capital and social network analysis help programs achieve impact
at scale?

Energy policies, forests and local communities in the Ucayali Region, Peruvian Amazon

NTFPs as a Source of Livelihood Diversification for Local Communities in the Batang Toru Orangutan
Conservation Program

Studi Biodiversitas: Apakah agroforestry mampu mengkonservasi keanekaragaman hayati di DAS
Konto?

Estimasi Karbon Tersimpan di Lahan-lahan Pertanian di DAS Konto, Jawa Timur

Implementasi Kaji Cepat Hidrologi (RHA) di Hulu DAS Brantas, Jawa Timur.
http://dx.doi.org/10.5716/WP10338.PDF

Kaji Cepat Hidrologi di Daerah Aliran Sungai Krueng Peusangan, NAD,Sumatra
http://dx.doi.org/10.5716/WP10337.PDF

A Study of Rapid Hydrological Appraisal in the Krueng Peusangan Watershed, NAD, Sumatra.
http://dx.doi.org/10.5716/WP10339.PDF

An Assessment of farm timber value chains in Mt Kenya area, Kenya

A Comparative financial analysis of current land use systems and implications for the adoption of
improved agroforestry in the East Usambaras, Tanzania

Agricultural monitoring and evaluation systems

Challenges and opportunities for collaborative landscape governance in the East Usambara
Mountains, Tanzania

Transforming Knowledge to Enhance Integrated Natural Resource Management Research,
Development and Advocacy in the Highlands of Eastern Africa
http://dx.doi.org/10.5716/WP11084.PDF

Carbon-forestry projects in the Philippines: potential and challenges The Mt Kitanglad Range forest-
carbon development http://dx.doi.org10.5716/WP11054.PDF

Carbon forestry projects in the Philippines: potential and challenges. The Arakan Forest Corridor
forest-carbon project. http://dx.doi.org10.5716/WP11055.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The Laguna Lake Development
Authority’s forest-carbon development project. _http://dx.doi.org/10.5716/WP11056.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The Quirino forest-carbon
development project in Sierra Madre Biodiversity Corridor http://dx.doi.org10.5716/WP11057.PDF

Carbon-forestry projects in the Philippines: potential and challenges. The Ikalahan Ancestral
Domain forest-carbon development http://dx.doi.org10.5716/WP11058.PDF

The Importance of Local Traditional Institutions in the Management of Natural Resources in the
Highlands of Eastern Africa. http://dx.doi.org/10.5716/WP11085.PDF

Socio-economic assessment of irrigation pilot projects in Rwanda.
http://dx.doi.org/10.5716/WP11086.PDF

Performance of three rambutan varieties (Nephelium lappaceum L.) on various nursery media.
http://dx.doi.org/10.5716/WP11232.PDF
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Climate change adaptation and social protection in agroforestry systems: enhancing adaptive
capacity and minimizing risk of drought in Zambia and Honduras
http://dx.doi.org/10.5716/WP11269.PDF

Does value chain development contribute to rural poverty reduction? Evidence of asset building by
smallholder coffee producers in Nicaragua http://dx.doi.org/10.5716/WP11271.PDF

Potential for biofuel feedstock in Kenya. http://dx.doi.org/10.5716/WP11272.PDF

Impact of fertilizer trees on maize production and food security in six districts of Malawi.
http://dx.doi.org/10.5716/WP11281.PDF

Fortalecimiento de capacidades para la gestion del Santuario Nacional Pampa Hermosa:
Construyendo las bases para un manejo adaptativo para el desarrollo local. Memorias del Proyecto.
http://dx.doi.org/10.5716/WP12005.PDF

Understanding rural institutional strengthening: A cross-level policy and institutional framework for
sustainable development in Kenya http://dx.doi.org/10.5716/WP12012.PDF

Climate change vulnerability of agroforestry http://dx.doi.org/10.5716/WP16722.PDF
Rapid assesment of the inner Niger delta of Mali http://dx.doi.org/10.5716/WP12021.PDF

Designing an incentive program to reduce on-farm deforestationin the East Usambara Mountains,
Tanzania http://dx.doi.org/10.5716/WP12048.PDF

Extent of adoption of conservation agriculture and agroforestry in Africa: the case of Tanzania,
Kenya, Ghana, and Zambia http://dx.doi.org/10.5716/WP12049.PDF

Policy incentives for scaling up conservation agriculture with trees in Africa: the case of Tanzania,
Kenya, Ghana and Zambia http://dx.doi.org/10.5716/WP12050.PDF

Commoditized or co-invested environmental services? Rewards for environmental services scheme:
River Care program Way Besai watershed, Lampung, Indonesia.
http://dx.doi.org/10.5716/WP12051.PDF

Assessment of the headwaters of the Blue Nile in Ethiopia.
http://dx.doi.org/10.5716/WP12160.PDF

Assessment of the uThukela Watershed, Kwazaulu. http://dx.doi.org/10.5716/WP12161.PDF
Assessment of the Oum Zessar Watershed of Tunisia. http://dx.doi.org/10.5716/WP12162.PDF
Assessment of the Ruwenzori Mountains in Uganda. http://dx.doi.org/10.5716/WP12163.PDF
History of agroforestry research and development in Viet Nam. Analysis of research opportunities
and gaps. http://dx.doi.org/10.5716/WP12052.PDF

REDD+ in Indonesia: a Historical Perspective. http://dx.doi.org/10.5716/WP12053.PDF
Agroforestry and Forestry in Sulawesi series: Livelihood strategies and land use system dynamics in
South Sulawesi http://dx.doi.org/10.5716/WP12054.PDF

Agroforestry and Forestry in Sulawesi series: Livelihood strategies and land use system dynamics in
Southeast Sulawesi. http://dx.doi.org/10.5716/WP12055.PDF

Agroforestry and Forestry in Sulawesi series: Profitability and land-use systems in South and
Southeast Sulawesi. http://dx.doi.org/10.5716/WP12056.PDF

Agroforestry and Forestry in Sulawesi series: Gender, livelihoods and land in South and Southeast
Sulawesi http://dx.doi.org/10.5716/WP12057.PDF

Agroforestry and Forestry in Sulawesi series: Agroforestry extension needs at the community level
in AgFor project sites in South and Southeast Sulawesi, Indonesia.
http://dx.doi.org/10.5716/WP12058.PDF
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177.
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179.

Agroforestry and Forestry in Sulawesi series: Rapid market appraisal of agricultural, plantation and
forestry commodities in South and Southeast Sulawesi. http://dx.doi.org/10.5716/WP12059.PDF

Diagnosis of farming systems in the Agroforestry for Livelihoods of Smallholder farmers in
Northwestern Viet Nam project http://dx.doi.org/10.5716/WP13033.PDF

Ecosystem vulnerability to climate change: a literature review.
http://dx.doi.org/10.5716/WP13034.PDF

Local capacity for implementing payments for environmental services schemes: lessons from the
RUPES project in northeastern Viet Nam http://dx.doi.org/10.5716/WP13046.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Agroforestry dan Kehutanan di Sulawesi: Strategi mata
pencaharian dan dinamika sistem penggunaan lahan di Sulawesi Selatan
http://dx.doi.org/10.5716/WP13040.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Mata pencaharian dan dinamika sistem penggunaan
lahan di Sulawesi Tenggara http://dx.doi.org/10.5716/WP13041.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Profitabilitas sistem penggunaan lahan di Sulawesi
Selatan dan Sulawesi Tenggara http://dx.doi.org/10.5716/WP13042.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Gender, mata pencarian dan lahan di Sulawesi Selatan
dan Sulawesi Tenggara http://dx.doi.org/10.5716/WP13043.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Kebutuhan penyuluhan agroforestri pada tingkat
masyarakat di lokasi proyek AgFor di Sulawesi Selatan dan Tenggara, Indonesia.
http://dx.doi.org/10.5716/WP13044.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Laporan hasil penilaian cepat untuk komoditas
pertanian, perkebunan dan kehutanan di Sulawesi Selatan dan Tenggara
http://dx.doi.org/10.5716/WP13045.PDF

Agroforestry, food and nutritional security http://dx.doi.org/10.5716/WP13054.PDF
Stakeholder Preferences over Rewards for Ecosystem Services: Implications for a REDD+ Benefit
Distribution System in Viet Nam http://dx.doi.org/10.5716/WP13057.PDF

Payments for ecosystem services schemes: project-level insights on benefits for ecosystems and the
rural poor http://dx.doi.org/10.5716/WP13001.PDF

Good practices for smallholder teak plantations: keys to success
http://dx.doi.org/10.5716/WP13246.PDF

Market analysis of selected agroforestry products in the Vision for Change Project intervention
Zone, Cote d’Ivoire http://dx.doi.org/10.5716/WP13249.PDF

Rattan futures in Katingan: why do smallholders abandon or keep their gardens in Indonesia’s
‘rattan district’? http://dx.doi.org/10.5716/WP13251.PDF

Management along a gradient: the case of Southeast Sulawesi’s cacao production landscapes
http://dx.doi.org/10.5716/WP13265.PDF

Are trees buffering ecosystems and livelihoods in agricultural landscapes of the Lower Mekong
Basin? Consequences for climate-change adaptation. http://dx.doi.org/10.5716/WP14047.PDF

Agroforestry, livestock, fodder production and climate change adaptation and mitigation in East
Africa: issues and options. http://dx.doi.org/10.5716/WP14050.PDF

Trees on farms: an update and reanalysis of agroforestry’s global extent and socio-ecological
characteristics. http://dx.doi.org/10.5716/WP14064.PDF
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Beyond reforestation: an assessment of Vietham’s REDD+ readiness.
http://dx.doi.org/10.5716/WP14097.PDF

Farmer-to-farmer extension in Kenya: the perspectives of organizations using the approach.
http://dx.doi.org/10.5716/WP14380.PDF

Farmer-to-farmer extension in Cameroon: a survey of extension organizations.
http://dx.doi.org/10.5716/WP14383.PDF

Farmer-to-farmer extension approach in Malawi: a survey of organizations: a survey of
organizations http://dx.doi.org/10.5716/WP14391.PDF

Seri Agroforestri dan Kehutanan di Sulawesi: Kuantifikasi jasa lingkungan air dan karbon pola
agroforestri pada hutan rakyat di wilayah sungai Jeneberang

Options for Climate-Smart Agriculture at Kaptumo Site in
Kenyahttp://dx.doi.org/10.5716/WP14394.PDF

Agroforestry for Landscape Restoration and Livelihood Development in Central Asia
http://dx.doi.org/10.5716/WP14143.PDF

“Projected Climate Change and Impact on Bioclimatic Conditions in the Central and South-Central
Asia Region” http://dx.doi.org/10.5716/WP14144.PDF

Land Cover Changes, Forest Loss and Degradation in Kutai Barat, Indonesia.
http://dx.doi.org/10.5716/WP14145.PDF

The Farmer-to-Farmer Extension Approach in Malawi: A Survey of Lead Farmers.
http://dx.doi.org/10.5716/WP14152.PDF

Evaluating indicators of land degradation and targeting agroforestry interventions in smallholder
farming systems in Ethiopia. http://dx.doi.org/10.5716/WP14252.PDF

Land health surveillance for identifying land constraints and targeting land management options in
smallholder farming systems in Western Cameroon

Land health surveillance in four agroecologies in Malawi

Cocoa Land Health Surveillance: an evidence-based approach to sustainable management of cocoa
landscapes in the Nawa region, South-West Cote d’Ivoire http://dx.doi.org/10.5716/WP14255.PDF

Situational analysis report: Xishuangbanna autonomous Dai Prefecture, Yunnan Province, China.
http://dx.doi.org/10.5716/WP14255.PDF

Farmer-to-farmer extension: a survey of lead farmers in Cameroon.
http://dx.doi.org/10.5716/WP15009.PDF

From transition fuel to viable energy source Improving sustainability in the sub-Saharan charcoal
sector http://dx.doi.org/10.5716/WP15011.PDF

Mobilizing Hybrid Knowledge for More Effective Water Governance in the Asian Highlands
http://dx.doi.org/10.5716/WP15012.PDF

Water Governance in the Asian Highlands http://dx.doi.org/10.5716/WP15013.PDF

Assessing the Effectiveness of the Volunteer Farmer Trainer Approach in Dissemination of Livestock

Feed Technologies in Kenya vis-a-vis other Information Sources
http://dx.doi.org/10.5716/WP15022.PDF

The rooted pedon in a dynamic multifunctional landscape: Soil science at the World Agroforestry
Centre http://dx.doi.org/10.5716/WP15023.PDF

Characterising agro-ecological zones with local knowledge. Case study: Huong Khe district, Ha Tinh,
Viet Nam http://dx.doi.org/10.5716/WP15050.PDF
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Looking back to look ahead: Insight into the effectiveness and efficiency of selected advisory
approaches in the dissemination of agricultural technologies indicative of Conservation Agriculture
with Trees in Machakos County, Kenya. http://dx.doi.org/10.5716/WP15065.PDF

Pro-poor Biocarbon Projects in Eastern Africa Economic and Institutional Lessons.
http://dx.doi.org/10.5716/WP15022.PDF

Projected climate change impacts on climatic suitability and geographical distribution of banana
and coffee plantations in Nepal. http://dx.doi.org/10.5716/WP15294.PDF

Agroforestry and Forestry in Sulawesi series: Smallholders’ coffee production and marketing in
Indonesia. A case study of two villages in South Sulawesi Province.
http://dx.doi.org/10.5716/WP15690.PDF

Mobile phone ownership and use of short message service by farmer trainers: a case study of
Olkalou and Kaptumo in Kenya http://dx.doi.org/10.5716/WP15691.PDF

Associating multivariate climatic descriptors with cereal yields: a case study of Southern Burkina
Faso http://dx.doi.org/10.5716/WP15273.PDF

Preferences and adoption of livestock feed practices among farmers in dairy management groups in
Kenya http://dx.doi.org/10.5716/WP15675.PDF

Scaling up climate-smart agriculture: lessons learned from South Asia and pathways for success
http://dx.doi.org/10.5716/WP15720.PDF

Agroforestry and Forestry in Sulawesi series: Local perceptions of forest ecosystem services and
collaborative formulation of reward mechanisms in South and Southeast Sulawesi
http://dx.doi.org/10.5716/WP15721.PDF

Potential and challenges in implementing the co-investment of ecosystem services scheme in Buol
District, Indonesia. http://dx.doi.org/10.5716/WP15722.PDF

Tree diversity and its utilization by the local community in Buol District, Indonesia
http://dx.doi.org/10.5716/WP15723.PDF

Vulnerability of smallholder farmers and their preferences on farming practices in Buol District,
Indonesia http://dx.doi.org/10.5716/WP15724.PDF

Dynamics of Land Use/Cover Change and Carbon Emission in Buol District, Indonesia
http://dx.doi.org/10.5716/WP15725.PDF

Gender perspective in smallholder farming practices in Lantapan, Phillippines.
http://dx.doi.org/10.5716/WP15726.PDF

Vulnerability of smallholder farmers in Lantapan, Bukidnon.
http://dx.doi.org/10.5716/WP15727.PDF

Vulnerability and adaptive capacity of smallholders in Ho Ho sub-watershed, north-central Viet Nam
http://dx.doi.org/10.5716/WP15728.PDF

Local knowledge on the role of trees to enhance livelihoods and ecosystem services in Ho Ho
Sub-watershed, north-central Viet Nam http://dx.doi.org/10.5716/WP15729.PDF

Landuse/cover change in Ho Ho Sub-watershed, north-central Viet Nam
http://dx.doi.org/10.5716/WP15730.PDF
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The World Agroforestry Centre is an autonomous, non-profit research
organization whose vision is a rural transformation in the developing
world as smallholder households increase their use of trees in
agricultural landscapes to improve food security, nutrition, income,
health, shelter, social cohesion, energy resources and environmental
sustainability. The Centre generates science-based knowledge
about the diverse roles that trees play in agricultural landscapes,
and uses its research to advance policies and practices, and their
implementation that benefit the poor and the environment. It aims to
ensure that all this is achieved by enhancing the quality of its science
work, increasing operational efficiency, building and maintaining
strong partnerships, accelerating the use and impact of its research,
and promoting greater cohesion, interdependence and alignment

within the organization.
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