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Abstract
The project has two major objectives: 1) to synthesize knowledge from previous and
ongoing projects in Mainland Southeast Asia (MSEA); and 2) to enhance the conceptual
underpinnings of land change science (LCS) by integrating aspects of land
teleconnections, land-use transitions, and political ecology to explicitly link land changes
to local, national, and international drivers.
The project is working at regional scale and local scales. At the regional scale we
are focusing on changes in forests and boom crops in upland areas (300 masl and higher),
and urban growth regionally. At the local scale we will focus on sites in Laos, Cambodia,
and Vietnam.
At the regional scale specific research objectives include:
1. Synthesize existing approaches for mapping land-cover change trajectories
and the expansion of boom crops.
2. Synthesize existing approach for mapping the growth of urban areas and their
dynamics.
3. Broadly document the political economic drivers of boom crops and
urbanization in MSEA from secondary sources.
4. Produce an integrated understanding of where growth in boom crops and
urban areas are occurring regionally and the political economic drivers of
these changes.
At the local scale specific research objectives include:
1. Use expert knowledge to identify a sample of forests, boom crops, and
periurban areas in Cambodia, Laos, and Vietnam undergoing rapid change.
2. Conduct focus group discussions and household interviews in these sites to
identify how land uses have changed and if any displaced land uses have
occurred—forced to move to other sites, sending remittances home to
intensify household farm production, etc.
3. Produce detailed maps of LCLUC between 2000 and 2012 in the sample sites
and the places where displaced LCLUC have occurred.
4. Produce an integrated understanding of LCLUC in these sites focusing on
where change is occurring, who benefits and who loses from the change, and
how distal forces affect both the where and who dynamics of LCLUC.
Approach Adopted:
Multi-disciplinary, field and modeling approach in involving three teams: (1)
Mapping changes in forest and plantations team; (2) Urbanization mapping team; and (3)
Field work team.
Accomplishments in Year 3:
1. Mapping changes in forest and plantations team (Kaspar Hurni, Jefferson
Fox, Andreas Heinimann, Steve Leisz, and Annemarie Schneider)
1.1 Mapping the expansion of tree crops at local level using Landsat time series
In year 1 we tested different classification approaches for the Landsat footprint 125/50
and found that the approach developed by Schneider (2012) to map urban expansion is
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also suitable to map the expansion of tree crops in a rural context with heterogeneous
land use and land cover. During year 2 we continued this mapping work for six additional
Landsat footprints in order to provide the field work team with detailed maps and to build
a database of sample points for scaling up to the regional scale.
In year 3 we used the results from the Landsat classification that were completed
in 2015 to support the socio-economic research of Jefferson Fox and Ian Baird with
detailed information on the types and timing of land use and land cover changes in
specific locations of MSEA. Furthermore details on the classification approach and the
results of the classification were shared with selected researchers working on land use
and land cover change in MSEA. We also prepared a paper that provides a thorough
assessment of the classification approach and shows how image selection, crop
phenologies, classification scheme, sample points, and the parameterization of the
support vector machines (SVM) classifier affect classification accuracies. The paper was
submitted to the special issue on “Mapping, Monitoring and Impact Assessment of Land
Cover/Land Use Changes in South and South East Asia” of MDPI’s Remote Sensing
journal. The article has been reviewed by experts in the field and we were requested to
make revisions according to the reviewers’ suggestions. The revised manuscript was
resubmitted on March 10.
1.2 Upscaling of the classification to the regional scale using MODIS time series data
The classification of tree crops at regional scale in MSEA using MODIS time series data
was started in 2015 upon finalizing the Landsat classifications. As of last year’s report
the following tasks had been completed:
• Training areas derived from the Landsat classification for classifying the MODIS
time series and supervised selection of these training areas based on class area
(amount of samples) and types of change (heterogeneity of change / no-change
trajectories);
• Pre-processing of the MODIS EVI and SWIR time series data (MOD13Q1) from
2001-2014 using timesat;
• Start of the iterative classification process using the SVM classifier. Iterations
included adjustments to the classification scheme (based on e.g. class importance
and occurrence) and the amount of training areas per class (considering spatial
and temporal dynamics of the classes) to improve overall and class-wise
accuracies.
In 2016 we continued with the iterative classification process and after obtaining good
classification results within the area of the selected Landsat footprints started to visually
assess the MODIS classification outside the area of the Landsat classifications using
Google Earth high resolution imagery. This assessment revealed the following issues
related to the upscaling of the classification from selected locations to the regional scale:
1. Spatial issues of sample points: MODIS classification accuracies tend to decrease
with increasing distance from the locations of the Landsat classifications. On one
hand this is due to changes in land use and management practices. On other hand
different environmental conditions (e.g. rainfall, temperature) affect land cover
phenology and the quality of the remote sensing imagery (e.g. cloud cover). Such
areas were for example the Red River Delta, south-eastern Thailand, and the area
around Tonle Sap in Cambodia.
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2. Amount of sample points for the classes: Certain LCLUCs were not sufficiently
represented within the area of the selected Landsat footprints and were thus
misclassified while upscaling the classification. This concerned classes such as
eucalyptus, cashews, and coffee which, depending on the dynamics, were
confused with the classes shifting cultivation, deciduous forests, and rubber.
To obtain good classification accuracies at regional level we therefore needed to
include sample points that address these issues. For certain classes (e.g. forests, low
vegetation areas) sample points could be derived from existing Landsat classifications in
the Red River Delta and around Ho Chi Minh (Castrence, Nong et al. 2014; Kontgis,
Schneider et al. 2014). For other classes (e.g. eucalyptus, cashews, coffee) additional
samples were collected using time series of Google Earth high resolution data. This
addition of sample points was again performed in an iterative process with adaptations of
the classification scheme and the sample amount of the different classes after assessing
accuracies and misclassifications of each class. This approach proved to work well and
each reiteration produced higher classification accuracies. However, despite SVM’s
being computationally efficient in comparison to other classifiers, this process was
extremely time-consuming due to the large amounts of data (MODIS time series > 250
GB). Even when only classifying representative subsets of the MODIS data, each
reiteration took several weeks to complete. By mid-2016 it was therefore clear that: A)
we are able to obtain good classification accuracies by further adjusting the classification
scheme and amounts of sample points; and B) we needed a more efficient classifier to
speed up the classification process and to move quickly from one reiteration to the next.
Recent remote sensing literature showed that the random forest (RF) classifier shows
similar accuracies as SVM’s. We thus tested the RF classifier and also obtained similar
classification accuracies as with SVM’s, but the process was computationally much more
efficient (i.e. classification of the whole study area in less than 10 days). This allowed us
to move quickly from one reiteration to the next until we obtained good classification
accuracies and changes in the classification scheme and the sample selection did not
improve accuracies of individual classes.
Figure 1 shows the final MODIS classification; we used the full MODIS EVI and
SWIR time-series from 2001-2014 (644 classification features) and a total of 6849
sample points (ranging from 19 to 918 points per class; 75% of the points were used to
train the classifier and 25% were used for verification). The classification consists of 24
classes and 17 classes represent boom crops. Eucalyptus, coffee, cashews, fruit trees, and
pineapple are each represented by one class while for rubber (ten classes) and sugarcane
(2 classes) also from-to changes and the period of change were mapped. In Figure 1 we
combined the rubber and sugarcane classes for visualization purposes; Figure 2 shows an
extent of the map with the full classification scheme.
Land cover changes related to boom crops vary heavily between, but also within
the countries of MSEA. This concerns the type of boom crops, the timing of the
conversion, the land cover type before the conversion, and plantation patterns / types (e.g.
small scale vs. concessions). Shan State in Myanmar shows more than 60% forest cover
and rubber is the main tree crop. Most transformations occurred after 2006 and show a

3

Figure 1: Land-cover change classification of Montane Mainland Southeast Asia
(MMSEA). Change trajectories to rubber and sugarcane were grouped into one class.
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Figure 2: A selected extent of the land cover change classification showing southern
Laos, northeastern Cambodia, and the Central Highlands of Vietnam. Cambodia and Laos
show mainly new rubber while in Vietnam old and new rubber as well as cashew, coffee,
and eucalyptus plantations occur.
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conversion of forests to large scale plantations. North-eastern Thailand shows old rubber
(pre 2003, mainly occurring south-east of Bangkok on large scale plantations) and new
rubber (after 2003, showing small scale conversions of permanent agriculture to rubber).
Besides the new rubber plantations northern Thailand also shows smallholder plots with
fruit trees. Xishuangbanna in China shows large areas of old rubber (pre 2003), but also
new plantations were established between 2006 and 2008 (conversion of forests). Laos
shows large shares of forest cover and most of the current rubber plantations were
established after 2006 on previously forested areas. In northern Laos rubber is the main
boom crop (smallholders and concessions) while in the South large scale plantations of
rubber, eucalyptus, and sugarcane occur.
Large forested areas have been converted to large scale rubber plantations in
Cambodia and most of the transformations occurred after 2009. Fruit trees, cashews,
eucalyptus, and coffee also occur, but on fewer and smaller plantations compared to
rubber. In northern and central Vietnam eucalyptus plantations prevail while southern
Vietnam shows large scale plantations of old and new rubber (conversion of forests and
permanent agriculture), cashews, and coffee.
Interestingly the timing of the conversions to rubber varies heavily between the
different countries / regions as shown in Figure 3.

Figure 3: Timing of the conversions to rubber by country / region. Calculations for
Vietnam exclude the Northeastern Region and the Mekong River Delta.
In Thailand, Vietnam, and China large areas of rubber already existed before 2003
and in Laos, Myanmar, Thailand, and China most of the transformations to rubber
occurred before 2008. This is in contrast to Vietnam and especially Cambodia where
large rubber plantations were also established after 2009. Such differences in the
dynamics are likely a result of e.g. heavy fluctuations of rubber market prices in
combination with each country’s opportunities for smallholders, the socio-economic
setting, and investment policies for foreigners and nationals. We hope to gain further
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insights on these differences by comparing the mapped dynamics with the local socioeconomic research results.
The accuracy assessment was performed using the randomly selected verification
points (25% of all sample points) and the classification achieved an overall accuracy of
83.6%. Most of the classes show user and producer accuracies > 75%, a good result
considering the size and heterogeneity of the study area and the variety of land cover
types and dynamics we mapped (see Table 1). We identified two types of classes that can
show lower producer or user accuracies. (1) classes that show boom crops or conversions
to boom crops tend to show lower accuracies than classes that represent permanent land
cover. This is most likely because the conversion classes are more heterogeneous. (2)
Classes that consider a certain type of transformation, but do not distinguish the timing of
the transformation can show lower accuracies (i.e. cashews, rotational agriculture,
expansion of LVA, eucalyptus). For example rotational agriculture mixed with the class
eucalyptus because the temporal dynamic of planting and harvesting eucalyptus when
performed by smallholders is very similar to rotational agriculture.

Class

User's accuracy (%) Producer's accuracy (%)
Water
92.5
98.7
Forests (F)
82.9
93.0
Deciduous Forests (DF)
83.3
83.9
Low Vegetation Areas (LVA)
77.1
93.5
Rubber (before 2003)
91.2
82.5
Cashews
100.0
72.2
Rotational Agriculture
67.5
74.9
New Water
100.0
75.0
Orchards
90.9
80.0
Expansion of LVA
87.5
70.8
Pineapple
100.0
100.0
Eucalyptus
80.5
70.7
Coffee
85.9
87.0
Rubber, from F, 2003-2005
100.0
83.3
Rubber, from LVA, 2003-2005
82.6
79.2
Rubber, from F, 2006-2008
86.5
88.5
Rubber, from DF, 2006-2008
85.0
68.0
Rubber, from LVA, 2006-2008
87.5
77.8
Rubber, from F, 2009-2011
90.5
77.0
Rubber, from DF, 2009-2011
90.2
75.5
Rubber, from F, 2012-2014
91.2
83.8
Rubber, from DF, 2012-2014
76.9
80.0
Sugarcane, from F, 2006-2008
100.0
100.0
Sugarcane, from DF, 2009-2011
100.0
80.0
Table 1: Accuracy assessment of the MODIS classification in MMSEA
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We are currently running a ten-fold cross-validation of the classification to
minimize the impact of the training set variability. This will improve the reliability of the
accuracy assessment, especially for the classes with few sample points. Average
accuracies across all ten classifications will then be calculated to provide a thorough
assessment of class-wise accuracies and discuss misclassifications by considering type
and timing of change. Furthermore we are assessing the importance of the individual
classification features (each layer of the time series of 644 MODIS EVI and SWIR 16day composites) for the final classification. Given the large amounts of data,
computationally more efficient classifications with similar accuracies might be achieved
when using only the important classification features (Senf, Pflugmacher et al. 2013).
1.3 Current and ongoing work
During the coming months planned activities include:
• Resubmission of the Landsat article (March 10)
• Finalize ten-fold cross-validation of the MODIS classification, assess feature
importance of classification, write and submit article to peer-reviewed journal
(mid-2017)
• Assess the potential for publishing a paper that explicitly links the remote sensing
and the socio-economic components of the project by analyzing the LCLUC
patterns of the MODIS classification, e.g. to distinguish between smallholder and
large scale plantations, to link local socio-economic research findings with the
classified land cover dynamics (including teleconnections), and to identify
reasons for the different timing of the dynamics between the countries.
1.4 Public Presentations
Hurni. K. 2016. Mapping the expansion of tree crops in Montane Mainland Southeast
Asia between 2000 and 2014 using a dense time stack of Landsat data. Dr. Kaspar
Hurni. AAG Annual Meeting in San Francisco (March 29 – April 2, 2016)
Fox, J. 2016. How Land Concessions Affect Places Elsewhere: Telecoupling, and LargeScale Plantations in Southern Laos and Northeastern Cambodia. AAG Annual
Meeting in San Francisco (March 29 – April 2, 2016)
1.5 Publications
Nong, D.H., J. Fox. And T. Miura. 2015. Built-up Area Change Analysis in Hanoi using
Support Vector Machine Classification of Landsat Multi-temporal Image Stacks and
Population Data. Land 4(4): 1213-1231.
Hurni, K., A. Schneider, A. Heinimann, D.H. Nong, and J. Fox. (Resubmitted after major
revisions). Mapping the expansion of boom crops for selected Landsat footprints in
Mainland Southeast Asia using dense time stacks of satellite data. Remote Sensing.
(currently revising according to suggestions of reviewers).
1.5 References:
Castrence, M., D. Nong, et al. (2014). "Mapping Urban Transitions Using MultiTemporal Landsat and DMSP-OLS Night-Time Lights Imagery of the Red River
Delta in Vietnam." Land 3(1): 148.
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Kontgis, C., A. Schneider, et al. (2014). "Monitoring peri-urbanization in the greater Ho
Chi Minh City metropolitan area." Applied Geography 53(0): 377-388.
Senf, C., D. Pflugmacher, et al. (2013). "Mapping Rubber Plantations and Natural Forests
in Xishuangbanna (Southwest China) Using Multi-Spectral Phenological Metrics
from MODIS Time Series." Remote Sensing 5(6): 2795-2812.
2. Mapping urbanization and peri-urbanization team (Co-I Annemarie Schneider,
University of Wisconsin-Madison, current project team: Caitlin Kontgis, Madeline
Ruid, Jessie Paulson, Teague Walsh-Felz at University of Wisconsin-Madison,
Tuyen Nghiem at Vietnam National University, and Yuko Shirai at Khon Kaen
University)
2.1 Understanding peri-urbanization at local scales, 1990-2012
Characterizing and understanding peri-urbanization is critical in the MSEA region, as
these transition zones have a wide range of impacts across multiple scales, including local
effects on farmer livelihoods, regional impacts to economic development, fragmented
governance, as well as detrimental environmental impacts such as increased air and
groundwater pollution, loss of native vegetation, and decreases in biodiversity. While
MODIS-based regional maps of urban land and urban expansion have provided a useful
synoptic view for the region (Schneider et al., 2015), we have focused our recent efforts
during year three of the project on ten case study cities in Thailand, Laos, and Vietnam:
Khon Kaen, Kalasin, Mukdahan, and Ubon Ratchathani, Thailand
Vientiane, Savannakhet, and Pakse, Laos
Dong Ha, Hue, and Da Nang, Vietnam
Our goal is to produce an integrated understanding of land cover change and periurbanization in the region by focusing on where change is occurring in these cities (near
to vs. far from the contiguous urban fabric), who benefits and who loses from the change,
and how distal forces affect both the ‘where’ and ‘who’ dynamics of land cover change.
This comparative analysis of peri-urbanization relies on dense time stacks of Landsat data
and a boosted decision tree classifier to map land cover change for three time steps
spanning 1990-2015. The remote sensing portion of the work has been completed in-lab,
with supplemental information obtained from on-the-ground visits and field work. We are
currently working on spatial analysis of the urban growth for each study area city to
provide indicators of land cover change that are meaningful within an urban setting (e.g.
distance to urban core, distance to new roads, etc.). We have supplemented our remote
sensing efforts with detailed data from Google Earth and Open Street Map.
To understand the factors affecting differential rates and patterns of growth in the region,
we combine the Landat-based maps for the 1990-2015 study period with documentation
of broad political economic factors at the country and municipal level (collected from
secondary sources), and with narrative information from local experts, land use planners,
and government officials. Collection and synthesis of this information is complete for the
Thailand study site cities, however, work continues in Laos and in Vietnam. Field visits
are planned to each site during spring and summer, 2017. During these trips, we are
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focusing on group discussions and household interviews to identify how land uses have
changed and if any displaced land uses have occurred (e.g. forced relocation to other
sites, intensification of household farm production using remittances, etc.).
2.2 Current and ongoing work. During the next months, our work will focus on several
different aspects of the phase 2 project:
• Continuing analysis of Landsat satellite data for three additional study areas;
• Assessment of map accuracy using stratified random samples of test sites labeled
by multiple analysts in a double-blind procedure;
• Assessment of rates and patterns of change across all study areas;
• Understanding the differential factors affecting land conversion across the region;
and
• Publishing our findings in the peer-reviewed scientific literature, and presenting
the results at multiple conferences and venues.
2.3 Thesis
Applegate, E. 2016. Detection of peri-urban and agricultural expansion 1990-2015 in
Pakse Laos, using dense time stacks of Landsat imagery. M.S. Thesis,
Cartography and Geographic Information Systems, University of Wisconsin,
Madison. Dr. A. Schneider, Supervisor.
3. Field work team (Ian Baird, Jeff Fox, Tuyen Nghiem, Ham Kimkong, and Yuko
Shirai)
3.1 Forest, Plantations and Urban Change:
Ian Baird conducted fieldwork in southern Laos (Paksong and Bachieng Districts in
Champasak Province, Thateng and Kaleum Districts, Xekong Province; Phouvong and
Saysettha Districts, Attapeu Province) from November 23-30, 2016; and fieldwork in
southern Laos (Paksong and Khong Districts, Champasak Province; Thateng District,
Xekong Province) and northeastern Cambodia (Stung Treng and Sesan Districts, Stung
Treng Province; Veun Sai and Taveng Districts, Ratanakiri Province; Phnom Penh) from
January 13 to February 2, 2017.
This fieldwork was oriented towards investigating various aspects of plantationoriented land concessions (coffee, rubber, sugar cane, corn, palm oil, cattle), and the
intersection between plantation concessions and other types of concessions (such as
hydropower dam concessions) and small-scale agriculture. Dr. Baird has also been
monitoring various forms of contingent contestations/resistance to plantation land
concessions, the success/failure of plantation land concessions (and the reasons for
failures/successes), and labor issues associated with plantation concessions. This includes
looking at telecoupling issues related to plantation concessions and labor (Vietnamese
labor working on plantations in Laos; and lowland Khmer labor working on plantations
in northeastern Cambodia), and the links between plantations development and other
forms of villager agriculture/livelihoods.
Jefferson Fox conducted fieldwork in Northeast Cambodia (Stung Treng
Province) with Ham Kimkong and his collaborators from Phnom Penh Royal University
from August 27 to September 1, 2016. He conducted field work in the Red River Delta
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with Dr. Tuyen Nghiem from October 19 to 23, 2016. Dr. Nghiem conducted field work
in the delta from July through September, 2016. Dr. Fox has written a paper for
publication summarizing these interviews.
3.2 Current and ongoing work
• Jefferson Fox and Ham Kimkong will conduct field work in Kampong Cham
province in the summer of 2017 in the homes of families whose relatives have
gone to work as rubber tappers in Northeast Cambodia. The interviews will seek
to determine if remittance income sent from the tappers has affected land use in
their home places.
3.3 Public Presentations
Baird, Ian G. 2016. The Political Ecology of Cumulative Impacts: Modern Landscapes,
Large Hydropower Dams and Industrial Tree Plantations in Laos and Cambodia.
Department of Geography, Srinakarinwirot University, Bangkok, Thailand,
August 5, 2016 (Invited Presentation, 30 attendees).
Baird, Ian G. 2016. Revisiting the Xe Bang Fai River in Laos: Assessing the Downstream
Impacts of the Nam Theun 2 Hydropower Project and New Cross-Border Political
Ecologies. Department of Humanities and Social Sciences, Indian Institute of
Technology Guwahati, Assam, India, November 1, 2016 (Invited presentation, 40
attendees).
Fox, J. 2016. Telecoupling and Large-Scale Plantations in Southern Laos and
Northeastern Cambodia. AAG Annual Meeting in San Francisco (March 29 –
April 2, 2016).
Fox, J. 2016. Rubber and LCLUC in Mainland Southeast Asia. Sustainable Rubber
Conference, 2016. Xishuangbanna, China. (Invited Keynote presentation hosted
by University of Hohenheim, Institute of Agricultural Sciences in the Tropics.
Fox, J. 2017. Rubber and LCLUC in Mainland Southeast Asia. Invited presentation
hosted by the Geography Department, National University of Singapore.
3.4 Publications
Baird, Ian G. 2017. Resistance and Contingent Contestations to Large-Scale Land
Concessions in Southern Laos and Northeastern Cambodia. Land.
Baird, Ian G. and Keith Barney 2017 (Forthcoming, accepted for publication). The
Political Ecology of Cross-Sectoral Cumulative Impacts: Modern Landscapes,
Large Hydropower Dams and Industrial Tree Plantations in Laos and Cambodia.
Journal of Peasant Studies.
Baird, Ian G., William Noseworthy, Nghiem Phuong Tuyen, Le Thu Ha, and Jefferson
Fox 2017 (In Preparation). Vietnamese Labor on Rubber Plantations in Southern
Laos: A First Look. (Submitted to Singapore Journal of Tropical Geography,
February 1, 2017).
Baird, Ian G. (and others?) 2017. The Rise and Fall of Large-Scale Plantations in
Southern Laos and Northeastern Cambodia (research being done; writing to be
done in the near future).
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Fox, J., T. Nghiem, K. Ham, K, Hurni, and H.D. Nong. (In Preparation). Large-scale land
concessions, migration, and land use: Industrial estates in the Red River Delta,
and rubber plantations in Northeastern Cambodia. (To be submitted to Land).
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