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ABSTRACT

CONNECTIVITY AND DISTANT DRIVERS OF LAND
CHANGE: A CASE STUDY OF LAND USE, LAND COVER,

AND LIVELIHOOD CHANGES IN QUANG TRI, VIETNAM

The urban lowland areas of Vietnam have been at the forefront of economic liberalization
over the last 30 years, while the more remote mountainous areas of the country have lagged
behind. Upland areas in the Northern and Central portions of Vietnam in particular remain
largely impoverished and disconnected from broader national and regional markets. To address
this economic inequality in the uplands, recent economic development efforts such as the East-
West Economic Corridor (EWEC) have aimed at expanding road infrastructure to remote areas
in Central Vietnam. This study examines the impact of road expansion in the EWEC on a single
village in Quang Tri, Vietnam. It draws from social economic data gathered during fieldwork
and a historical land cover analysis to address how land use, land cover, and livelihoods have
changed in recent decades. Moreover, the paper discusses the distal and proximate drivers of
these changes. Findings show that the improved road connectivity provided by new roads has
facilitated the transmission of distant market-related drivers into the study area, and that these

drivers have fostered significant changes in land use, land cover, and livelihoods.
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1. Introduction

Vietnam has undergone drastic social and economic changes over the last 40 years.
During the 1980s, the Viethamese economy began transitioning from a state-based to a market-
based economy in which property rights came closer to resembling a privatized system. While
this quickly transformed Vietnam into a competitive exporter of agricultural products, the urban
lowlands experienced the transition much differently than the rural areas in the lowlands and
uplands. On the one hand, urban areas have been at the forefront of economic liberalization and
growth. On the other hand, rural areas continue to be characterized by poverty, despite making
significant contributions to agricultural production. Numerous legislative efforts aimed at
reducing poverty within rural farming communities have produced mixed results, and many
areas in the uplands of Vietnam, particularly those inhabited by ethnic minorities, remained
disconnected to wider markets into the 2000s.

Recent efforts to reduce poverty in the uplands of Central Vietham focus on integrating
rural agrarian communities into national and international markets by expanding transportation
infrastructure. To assess the impact of this strategy on Central Viethamese villages, this paper
presents a case study of one rural village in Quang Tri, Vietnam. The goal of the paper is to
investigate the role that road connectivity plays in village livelihood system changes and land-
use/cover changes. The hypothesis at the base of this study is that the construction of roads in the
study area and the resulting connectivity afforded to villagers has facilitated significant changes
in livelihoods, land use, and land cover within the last ten years. Key questions that are
addressed by this investigation are: (1) how have livelihoods changed in recent decades?; (2)
have there been significant shifts in land use and land cover?; and (3) what are the main drivers,

distal and proximate, of change in the study area? The study integrates social-economic data and



land cover data derived from remotely sensed imagery to identify these changes and the variety
of factors impacting these changes. The results and conclusions of this paper will contribute to
the growing literature on land use and land cover change (LULCC) in Southeast Asia and to the
broader study of the drivers of land-use/cover changes and livelihood system changes in the
region.
1.1 Land Change Science

Researchers in the early 1990s called for an interdisciplinary framework that would bring
together diverse disciplines interested in the impact of land use on human and ecological
systems. The new theoretical and methodological framework would integrate the interactions of
populations, technologies, poverty, economic systems, and political structures in order to
facilitate a global study that could compare land use and land cover changes (LULCC) at local to
regional scales (Turner et al. 1994). The interest in LULCC studies intensified in large part due
to the thorough documentation of the impacts of human land use on ecosystems and climate
(Millennium Ecosystem Assessment 2005, Ramankutty & Foley 1999, and Ellis et al. 2010).

Recognizing the importance of human land use on broader environmental changes,
NASA began funding the land cover and land use change program in the mid-90s to investigate
the complex interactions of biophysical and socioeconomic factors that shape land use dynamics
(Gutman et al. 2004). The interdisciplinary research group that was formed combined the
expertise of natural scientists, social scientists, including geographers specializing in remote
sensing interpretation and spatial analysis. The core objectives of this research program are (1) to
gain a comprehensive understanding of land use and land cover processes; (2) to develop
innovative ways to assess global land use and land cover patterns using satellite technologies;

and (3) to improve modelling and forecasting capabilities that can account for human induced



land cover change as well as the impacts of those changes on broader human and ecological
systems (Gutman et al. 2004). A rich literature has since developed that eslihessajor
trajectories of land use and land cover change as well as the drivers of these changes

Despite these efforts to unify LULCC research, land change scientists have written at
great length about the challenges facing any sort of standardization of LULCC methods
(Rindfuss et al. 2004, Geist & Lambin 2002). Many of these challenges revolve around the
inherent difficulties involved in combining disparate data collection, methodological, and
analytical approaches of the social, natural, and geographic information sciences (Rindfuss et al.
2004, Magliocca et al. 2015, and Van Vliet et al. 2016). Other issues relate to the appropriate
selection of methods on a case by case basis and the minimization of uncertainty in results
(Verburg et al. 2010). Accordingl)yASA’s LULCC programs divide up research by region,
meaning the methods and analytical frameworks are formulated to fit the specific geographic,
social, political, and economic context of that region.

Methods, like the researchers employing them, are necessarily diverse in LULCC studies.
One common thread is that studies require a contextual understanding of the social, political, and
economic history of the study population(s). However, many studies integrate methods from both
the social and natural sciendesstudy the local-scale interactions between local populations and
changes in land use and land cover. Researchers frequently use social science techniques to
conduct interviews with land owners or local government officials who are best aware of the
local forces at play. Interviews are intended to build a greater understanding of why a particular
type of land use change occurred and what political, economic, or social factors could have
influenced the outcome. Conversely, the natural sciences provide avenues to investigate changes

in climate, biodiversity, the water cycle, the ecological system, and CO2 emissions.



Researchers are also interested in taking local land use dynamics and extrapolating the
results to a regional scale, where broader conclusions can be made about global impacts and
processes of LULCC. To do this, computationally intensive remote sensing as well as spatial and
non-spatial modelling methods have been advanced to identify past land cover changes and to
predict future alterations of the Eadrsurface. The USGS Landsat program offers a time-series
of global Landsat imagery that dates back toli#0s, providing 60 m (Multispectral Scanner
data) and 30 m (Thematic Mapper [TM]) resolution data, making it possible to quantify
historical changes in land cover using spatial analysis and remote sensing methods. Many studies
have combined analyses of this historical land cover data with land use studies carried out in the
field that provide information on the causes of land use changes (Walsh et al. 2004, Leisz 2005,
Ostrom 2006, Fox 2009). Land use modelling, which is increasingly aimed at modelling the
drivers of land use change, has proven very useful for understanding how linked human and
ecological systems can be impacted by various perturbations (Veldkamp & Lambin 2001 and
Verburg et al. 2004). As these model, geographic information systems (GIS), and remote sensing
technologies continue to develop and become more readily available, researchers of LULCC will
continue to find innovative ways to incorporate them into interdisciplinary research.

Analytical frameworks presented by LULCC researchers largely center on issues related
to identifying the drivers, or causes, of land use and land cover change. The frameworks used to
analyze these drivers have become increasingly complex in an attempt to account for economic
globalization and technological advancements in transportation that have made it possible for
places of production and consumption to be located further apart (Lambin & Meyfroidt 2011).
studies’ scale can therefore be of the utmost importance. Looking at forest loss from a local scale

might suggest a transition towards forest protection. However, investigating it from a regional or



international scale might lead to a different understanding of the issues, such as revealing that
forest gain in one area is counter balanced by comparative forest loss in another area dislocated
from the place of regrowth (Meyfroidt et al. 2013 & Walker 2012). Furthermore, primary
trajectories of land use change (e.g. tropical deforestation, agricultural intensification,
urbanization, etc.) cannot be explained in simple universal terms; location dependent factors such
as local and regional economies, institutions, constraints on land use, individual and societal
responses to markets, and government policies must all be considered as potentially playing a
role in land use changes (Friis & Nielsen 2014, Lambin et al. 2001, Seto et al. 2012).

To account for the complexity of drivers influencing the stueéatnris paper will utilize
several theoretical frameworks prevalent in land change literature. Von Thunen (1966) provides
one of the earliest means of analyzing agricultural land use with his idea of land rent and the
importance of the relative distantmemarket. Geist & Lambin (2002) apply another framework
that utilizes the concepts of proximate and underlying drivers of change to differentiate between
direct drivers and the more opaque drivers that influence land use indiFacdly, the
concepts of teleconnections and telecoupling are employed to account for drivers affecting land
use and land cover change from a great geographic distance (Seto et al. 2011, Eakin et al. 2014,
Liu et al. 2014).

To examine land use and livelihood changes within the context of the Central Viethamese
village studied, this paper provides historical background information on recent shifts in
Vietnamese land laws and economic systems. The role of ethnic minorities in historical land
management and broader politics is also addressed, as the study population is one of numerous

ethnic minority groups in Vietnam. Finally, recent development efforts within Quang Tri



Province will be presented in an effort to shed light on some of the economic development forces

influencing the study area.



2. Background
2.1 Major Policy Changes

Following the second Indochina w&nown in the United States as the “Vietnam War”,
all modes of farming and production within Vietnam were enveloped by collectivization policies
that gave the state total control over the production and distribution of goods. Collectivization
had a detrimental effect on food supplies and ultimately had devastating social and economic
consequences (Castella et al. 2002).

To address related econonaiad livelihood issues, the Vietnamese government
implemented a series of laws starting in the 1980s that incrementally shifted land rights to
individual households. The 1988 Land Law permitted the contracting of lands to individuals for
long-term management, and allowed those entrusted with the land to sell the fruits of their labor.
The 1993 Land Law further privatized land use rights by granting five righie individual
land holder: the rights to lease land, mortgage land, repurpose land, transfer land to others, and
transfer land as an inheritance (Liljestrom et al. )J98Bese national policies that were applied
to the lowlands, delta areas, and the uplands (Table 1) put Vietham on the path to economic
liberalization and facilitated the transition towards a market economy.

A number of laws directly addressed land use rights in relation to forests, some of which
are listed in Table 1. The objectives of these policies center on several key themes: forest
protection, reforestation, and the devolution of management rights. Another primary objective of
these policies was to sedentarize shifting cultivators who the State saw as degrading forests

throughout the uplands (Castella et al. 2006).



Table 1. Government policies and programs in the uplands and their objectives since 1983
(Leisz et al. 2007)

Year Government policies/programs Objectives and implementing body

1983 Directives 29/7CP Allocation of forest land not only to forest enterprise
and cooperatives, but also to farm households

1986 Decision no. 1171/QD Management regimes of production, protection, and
special use forest

1988 Land reform [Doi Moi)] Allocation of agricultural land directly to land users

1990 Decision 72-HDNT Socio-economic development program in the uplang

1991 Forest Law Law on forest protection and management

1992 327 program Regreening barren hills and making use of wastelar

1992 1586/QDUB The province policy on forest management renovati
in state owned farms and forest enterprises

1994 Resolution no. 02/CP Forestland allocation for forestry purposes

1995 Resolution no. 01/CP Allocation of contract land for agriculture, forestry,
and aquaculture

1998 661 program Reforestation of 5 million ha. during the period: 200
2010

1999 Decision 245/TTg State management of forest with recognition of the 1
of communes

1999 Circular letter 56/1999/TT/BNNkL Guidance reagreements for protecting and developi
forest in native hamlet communities

2001 Direction 52/2001/CT/BNNKL To promote local groups and local people’s
participation in forest protection and development
activities

2001 Determination 178/2001/QD TTg Allow local people to collect NTFPs except for those
noted on the protected species list

2004 Determination 04/2004/QD-BNMN Regulating the exploitation of timber and other foreg
products

These changes in Vietnasriand policy led to significant increases in production
nationwide, with national agricultural output increasing 6.7% annually between 1994 and 1999
and then by 4.6% from 2000 to 2003 (Macaulay et al. 2006). As of 2010, the incidence of
poverty was 27.0 % in rural areas compared to 6.0% in urban areas (World Bank 2012). The
regions with the highest incidence of poverty were, in descending order, the Northwest
Mountains (60.1%), the Northeast Mountains (37.7%), Central Highlands (32.8%), and the North
Central Coast (28.4%)where the study area is locatedWorld Bank 2012). These statistics

speak to some of the remaining issues confronting economic development efforts in Vietham,



many of which revolve around integrating rural communities, especially ethnic minorities, into
current market economies. The regional statistics also show that the region containing the case
study presented here, the North Central Coast, is among the poorest in the country.

A new Land Law that was put into effect in July of 2014 made no significant alterations
to the basic principles of Vietnamese land use rights, but did address differences between foreign
and domestic enterprises in Vietnam. This 2014 Land Law expanded the rights of foreign
investors, or foreign invested enterprises (FIES), providing equal means of leasing land from the
state and paying for those land use rights (Allens 2014). Such provisions are intended to facilitate
a smoother and more equitable process of land leasing that would ideally encourage the
expansion of domestic and foreign investment. However, at the same time, these provisions
maintain the Vietnamese government’s dominion over land use rights and land prices in
particular, as the new Land Law permits for the dasease assessment of land prices (Nguyen
2014).
2.2 Ethnic Minorities in Vietnam

Although the policies overviewed in the preceding section helped stimulate national
economic growth, the mountainous regions of Vietnam did not experience the same benefits as
the urban and delta regions in the north and south (Liljestrom et al. 1998, Minot 2002). This is
true despite efforts by the Vietnamese government, international development organizations, and
NGOSto specifically aim programs and projeetthese upland populations in the 1980s and
1990s (Jamieson 1998).

The Socioeconomic Atlas of Vietnam (1999) offers a unique look at relative location and
overlap of factors such as elevation (Epprecht & Heinimann 2004, p.41), transportation networks

(p-39), population density (p.47), incidence of poverty (p.155), and accessibility to urban areas



Figure 3: Accessibility to Urban Areas wit  Figure 4: Transportation Networks in
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(p-159). Though these maps (Figures 1-4) are based on census data gathered in the 90s, they
provide valuable information pertaining to the disadvantages experienced by upland areas of the
country. They clearly show a correlation between regions of higher elevation and areas that
experience higher incidence of poverty, have sparse transportation networks, and limited
accessibility to urban areas.

To better understand the disparity between lowland and upland areas in Vietham, it is
important to acknowledge the interaction of ethnicity and agricultural practices in Vietnam’s
political and social history. The delta regions are dominated by intensive irrigated rice
agricultureand urban areas that contain the majority of the nation’s population, which is
comprised primarily of the ethnic Kinh majority. However, the upland areas are home to many of
the countries’ ethnic minority groups who traditionally practice shifting or swidden agriculture
on mountain and hill slopes.

Ethnic minorities in Vietnam have long been subject to negative ethnocentric beliefs
regarding their agricultural practices and livelihoods. Since the colonial era, ethnographic
descriptions have served to differentiate between “modern” lowlanders and “more primitive”
uplanders, effectively portraying upland people as representations of early stages of societal
evolution (Sowerwine 2011). This view was influenced in part by the Marxist inspired idea that
swidden agriculture, the primary mode of agriculture in the uplands, was somehow emblematic
of an earlier stage of human development (Jameison 1991, Rambo 1995). Cartography also
played a part in establishing the lowland-upland dichotomy by linking social and land use
differences with elevation, while forestry acted as a mechanism to exert state authority over
upland territories that were viewed as predominantly forested and otherwise barren (Sowerwine

2011).
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Jamiaon (1998) argues that popular misconceptions of the uplands as “remote, empty,
and exotic” (Jamieson 1998, p.2) fueled previous national development efforts that imposed
lowland ideals and practices on upland communities. Resulting national efforts such as the
resettlement of lowland populations in the uplands increased pressure on already growing upland
populations, ultimately adding to environmental degradation, the loss of biodiversity, and the
marginalization of ethnic minority groups in the uplands (Jamieson 1998). These beliefs
ultimately influenced national policies (see Table 1) aimedegteeningthe uplands and
sedentarizing swidden communities who have been blamed for environmental ills such as
deforestation (Lang 2001, Jakobsen et al. 2007).

Now nearly 30 years removed from thei Moi land reforms, the uplands of Vietham are
still being transformed by economic, social, and political forces from both within and outside of
the country. To understand the dynamics of these forces within a narrower context, it is

necessary to consider these forces at the provincial-level.

2.3 Economic Development in Quang Tri, Vietnam | .

Vietnam

Quang Tri [~

Located in Central Vietham, Quang Tri a Nang

Province is bordered by Laos to the west and the So

China Sea to the East. Figure 5 displays the location

Quang Tri Province as well as Ba Nang Commune, | -
where the fieldwork for this project was performed.
The province contains three major roads: National
Highway 1A, the Ho Chi Minh Highway, and Nationa

Highway 9. It is also home to some 601,377 people

N .
Au 5 10 20 30 oI
- we— Kilometers

of 2011, 28.45% of which lived in urban areas. Figure 5: Location Map-Quang Tri
Province, Ba Nang Commune
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Between 2000 and 2011 the province experienced significant growth in several areas,
including industry/construction (15.1% to 37%), exports (21.851% to 80.2%) and trained
workforce (19% to 35.2%). In a much shorter period of time, income per capita grew from 13.7
million Vitenam Dong (VND) in 2009 to 21.6 million VND in 2011 (1 U.S. Dollar = 22,307
VND (3/27/2016)). By contrast, agricultural production decreased from 44.9 to 27.9%; and the
sewice industry decreased from 40 to 35.1% (Quang Tri Provincial People’s Committee 2010 &

2012). These statistics reveal substantial transitions toward wage jobs and the exporting of
goods, as well as a transition away from agriculture.

Major economic development projects have played a key role in shaping these
socioeconomic changes in the region, and a prime aspect of those development efforts has been
the expansion of infrastructure. One such project is the East-West Economic Corridor. In 1998,
representatives from Myanmar, Thailand, Laos, and Vietham met with major regional
development agencies, most notably the Asian Development Bank (ADB), to discuss plans for
the East-West Economic Corridor (EWEC) (ADB 2010). Together, this group invested in
creating and expanding infrastructure (road systems) that stretches from the coastal Viethamese
city of Da Nang to Myanmar (See Figure 6). One of the primary goals of this project was to
“stimulate the type of economic growth that reduces poverty and raises the standards of living in
the areas covered by the corridor” (ADB 2010, p. 2).

The 2001 Strategy and Action Plan (SAP) focused specifically on expanding
infrastructure in the member countries in a way that would facilitate economic growth, trade, and
poverty reduction in a cost-effective manner (ADB 2010). Although much of the infrastructural
development was completed in large parts of the corridor by 2006, the 2009 SAP acknowledged

that there was still much to be done in terms of raising incomes in poor areas along the corridor
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(ADB 2010). The 2009 SAP for the EViZEurther emphasized the need to focus on economic
development at all levels of government, including sub-regional, national, and provincial levels.
The primary goals of the 2009 plan include promoting private-sector growth, alleviating poverty,
equitably distributing the benefits of growth, striving for environmental sustainability, and
continuing infrastructural improvements where they best work to achieve the economic goals of

the EWEC ADB 2010.

GREATER MEKONG SUBREGION
EAST-WEST ECONOMIC CORRIDOR

N

| YANGON

\
Petchaburi N

Figure 6: Credit: Strategy and Action Plan for the GMS EWEC (2010)

Efforts to reduce poverty along the EWEC focus on creating jobs that will provide higher
incomes for low-income groups, improving economic cooperation (i.e. trade and investment)
among member states, and making the transportation of goods cheaper and more efficient.
Poverty reduction strategies are coupled with expansions in infrastructure aimed at increasing
connectivity between member states and between rural areas and transportation networks (ADB
2010). To achieve the latter objective, the SAP identifies secondary road development as a
powerful tool that can connect rural hinterlands to transportation networks at the heart of the

EWEC. Authors of the 2009 SAP notgdt “the rural road component enhanced mobility and
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enabled rural communities including ethnic groups and women to gain access to markets, jobs,
and social servicE§ADB 2010, p. 95).

This strategy to enhance mobility and economic growth in rural and ethnic communities
via road expansion lies at the base of this paper’s hypothesis. The study area, which is the
Vietnamese portion of the EWEC and within 15 km of National Highway 9, the main road in the
corridor, and the changes it has experienced will be analyzed using several theoretical

frameworks that help encapsulate distal and proximate livelihood and land use/cover changes.
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3. Theoretical Frameworks

3.1 Von Thunen Land Use Model

The first edition of Johann Heinrich Von Thunen’s Der Isolierte Stagtor The Isolated
State was published in 1826. In this now classic book on agricultural land use, Von Thunen laid
out his idea of the “isolated state” and used it to develop a model that could predict the type and
location of agricultural land uses relative to the town center.

In the theoretical “isolated state” model, a town is located in the center of a consistently
fertile and flat landscape with no rivers, canals, or roads running through it (Von Thunen 1966).
The model can be visualized as a traditional bulls-eye target, with concentric rings surrounding
the town in the center, each representing a different type of agricultural activity. The model
predicts the location of agricultural land use relative to the town based on (1) the distance of the
land from the town, (2) the transportation costs associated with the agricultural product, (3)
perishability of the product, and (4) the market price for that product. To encapsulate these
variables, Von Thunen utilizes the concept of “land rent,” which essentially represents the farm
revenue following the deduction of investments in the land (Von Thunen 1966, pg 18).
Therefore, the types of agricultural land use that will yield the highest economic rent in a given
area will be able to pay the most to rent that land, while other land uses will be pushed further
from the town center where economic rent will be viable.

Items that perish quickly such as vegetables and milk will dominate the first ring.
Intensive land use is a necessary characteristic of this first ring because of the high cost of the
land. In addition, since the land closest to the city is the most expensive to rent, it will never be

allowed to fallow unlike some of the more distant rings. As distance from the center of the model
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increases, the land use must be such that production and transportation costs do not outweigh the
value of that crop at market.

The second ring from the town contains forest that is used for timber and fuel. Although
this agricultural land use takes very little investment in the land, the high cost of transporting
wood to the town requires the land use to be located relatively close to the town center. The
third, fourth, and fifth rings outward from the town contain different types of extensive grain
production. These crops do not have the same perishability factor as fruits, vegetables, or dairy
products and grains are relatively cheap to transport in bulk. The sixth and final ring is reserved
for raising livestock, as transporting livestock requires only the time and effort to walk the cattle
to these remote fields. A modified version of this model will be applied to this study as a means
of understanding why farmers have planted their crops where they do.

3.2 Proximate and Underlying Drivers

One of the primary facets of land use and land cover change research is the identification
of the causative factors, or drivers, of why one-type of land use is preferred over another in a
given location. In the past, many scientists conceptualized land use changes in a linear fashion;
the primary land use change trajectory was thought thfieasonversion of forests to agricultural
use with driving forces attributed to something immediate to the area, such as population growth
(Lambin 2003). However, recent studies have moved pasdrid other over-simplifications of
drivers and recognize that there are more complicated relationships between indirect and direct
drivers of land change. Lambin & Meyfroidt (2QIthake clear that economic globalization has
muddied the waters for both those investigating the drivers of land use changes and political
actors trying to influence these trends. As such, a number of frameworks have been proposed to

try to account for direct and indirect influences on land use change.
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Proximate and underlying drivers of change are presented as a means of understanding
both the direct causes of land use change, as well as the more distant and indirect drivers of
change (Geist & Lambin 2002). Proximate causes refer to the direct human actions that affect
land use and land cover, while underlying causes refer to the fundamental social, political, and
economic forces that underpin land use and land cover changes. The most telling differences
between these two types of drivers are the temporal and distance aspects; proximate drivers
occur directly and almost immediately, while underlying drivers can influence land use change
from a great distance and over a long time.

Geist and Lambin (2002) identify the major proximate and underlying causes of tropical
deforestation in a meta-study of 152 case studies. The most evident proximate causes include
infrastructure expansion, agricultural expansion, and wood extraction. The main underlying
causes include demographic factors (e.g. migration), economic factors (e.g. market growth),
technological factors (e.g. agro-technical change), policy and institutional factors (e.g. formal
policies), and cultural factors (e.g. public attitudes, values, and beliefs) (Geist & Lambin 2002).
In all cases, there are multiple proximate and underlying drivers to land use and land cover
change.

Case study examples include Miyamoto et al. (2014) who cite palm oil expansion as a
proximate driver and poverty alleviation efforts as underlying drivers of forest cover change in
Malaysia. A study of land use change in Pakistan identified wood extraction and accessibility to
markets as major proximate causes of deforestation and agricultural expansion; underlying
causes were related to weak governance and conflicts over property rights éQas2013).

Cropper el al. (2001) assesses the impact of a number of variables on land clearings in Thailand,
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and emphasizes that one of the most important factors affecting the probability of an area being
cleared was the relative distance to an all-season road.

Analyses of proximate and underlying drivers of land use change continue to persist in
land change science literature. However, the stark distinction between the two types of drivers
has come under scrutiny by some who question the validity of a framework that sorts drivers into
two categories when drivers interact across a number of spatial, temporal, and institutional scales
(Friis & Nielsen 2014).

3.3 Teleconnections and Telecoupling

First used in atmospheric sciences to refer to connections between climate variations in
non-contiguous areas, the teleconnectioasiework has been used in various ways to link local
land use changes to geographically distant, often urban, drivers of change. Seto defines urban-
rural land teleconnections “the distal flows and connections of people, economic goods and
services, and land use change processes that drive and respond tatishabeto et al. 2011
p. 7687). In this sense, the teleconnections framework focuses on the processes that link distant
and otherwise independent places together. These teleconnections can range from short to very
distant linkages and can include multiple linkages between an urban area and non-urban areas
(Guneralp et al. 2013).

The teleconnections framework is not only a powerful tool for linking urbanization to
rural land use changes, but also for studying the consequences of that connection.

One example of a teleconnection givethe correlation between rising incomes of urban
workers and the willingness of urban residents to pay for the protection or conservation of

certain ecosystem services. In this example, the agglomeration of capital in urban areas and the
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willingness of urban residents to pay can be linked to several near and distant environmental
conservation efforts (Guneralp et al. 2013).

Teleconnections can result in drastic unintended land use and land cover changes. Such
was the case when demand for building materials in urban areas like Monterrey and Mexico City
influenced land use in the Perote Valley of Mexico. Farmers converted their agricultural land to
mines in order to meet the demands for pumice in those urban areas. However, once the market
died down, that land was depleted and no longer suitable for agriculture (Guneralp et al. 2013).
In what has become a classic example of teleconnections, Nepstad et al. (2006) analyzed
economic teleconnections and the environmental impauisstly deforestation-of beef and
soy production in the Brazilian Amazon. The market for the beef and soy produced in Brazil is
primarily located in Europe and China, thus creating a teleconnection between the demand for
meat in these largely urban territories and land use transitions in the Amazon from forest to
agriculture. By identifying these distant connections between urban drivers and rural land use
change, it is possible to investigate the social, political, and economic factors that directly
facilitate changes in rural land use at a local scale.

The telecoupling framework is another relatively new framework within the land change
science literature that has been proposed to analyze distant drivers of land use change. While
similar to teleconnections, the concept of telecoupling puts an added emphasis on the feedbacks
between the land use change and the distant driver of that change. Liu et al. (2013) argue for a
highly structural approach while Eakin et al. (2014) takes a much more agent-based approach.

Eakin et al. (2014) present a framework that hones in on the process of establishing a
telecoupling by identifying five key aspects: the trigger, direct impact, indirect impact, feedback

process, and institutional change. This approach focuses heavily on the actors involved in
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telecouplings and their role in land change and feedbacks between distant systems. An example
provided in the paper is that of smallholder farmers in Vietham and Mexico and the respective
impact of a fluctuating global coffee market on land use and livelihoods within those countries
(Eakin et al. 2009 & Eakin et al. 2014).

In contrast, Liu et al. (20)4pply a highly structural approach that also involves five
key components: systems, agents, flows, causes, and effects. The examples provided in the paper
apply these components, as well as characteristics about the types of systems, to cases of
invasive species and transnational land deals (Liu et al. 2014). Once each case is systematically
sorted into these individual components of a telecoupling, their implications are then described
broadly, often in economic terms. One primary way in which these approaches differ, as Friis
and Nielsen (2014) point out, that Liu et al.’s (2014) framework is a rather rigid list that must
be applied to each telecoupling, while Eakin et al. (2014) offers a more heuristic option that

seems more flexible and, perhaps, more appropriate for small-scale, local applications.

21



4. LULCC in Southeast Asia and Vietnam
4.1 Swidden in Southeast Asia

The mountainous regions of Southeast Asia are ecologically diverse and contain an array
of natural resources. They are also home to a substantial amount of diverse indigenous cultures,
many of which practice swidden agriculture and are experiencing pressures to modernize.
Identifying some of the broader trends and drivers of LULCC within the upland areas of
Southeast Asia will help illuminate and contextualize changes in Vietnam.

A number of studies have analyzed the status of swidden agriculture in Southeast Asia
over the years. Fox and Vogler (2005) analyzed individual case studies, identifying two primary
forces that have facilitated changes in the practice of swidden over the last 50 years: government
land tenure policies and market pressures. Fox et al. (808Sjurther than thidy identifying
six trends that have contributed to a decline in swidden systems, including the classification of
swiddeners as ethnic minorities, the division between forest and permanent agriculture, the rise
of forestry departments and their conservation efforts, resettlement, privatization and
commodification of land, and the expansion of market infrastructure and industrial agriculture
(Fox et al. 2009, p. 305). More recently, Van Vliet et al. (2012) published a study on swidden in
the tropics that acknowledges the pros and cons of transitioning from swidden to intensive
agriculture; namely the corresponding increases in incomes and permanent deforestation. The
study finds that swidden cultivation in Southeast Asia is disappearing at a particularly fast rate,
something the authors attribute primarily to government policies that have prohibited swidden
and promoted forest protection (Van Vliet et al. 2012).

As Van Vliet et al. (2012) acknowledge, governments in Southeast Asia, including

Vietnam, have outlawed swidden agriculture and aimed various policies and programs at the
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eradication of such practices. While much has been written about the impact this and other land
reform policies in Vietnam have had on swidden, an increasing amount of studies focus on
economic and market-based drivers (Cam 2011, Tuyen et al. 2011, Leisz et al. 2011).
4.2 Land Use and Land Cover Change in Vietnam

In her study of common property regimes in Ha Tinh Province, McElwee (2011)
discusses some of the problems faced by traditional common property regimes follovidog the
Moi reforms. McElwee attributes the erosion of traditional land management practices to
national land classification programs and major reforestation programs. Arbitrary classifications
of significant portions of the land as “bare hills” and the establishment of the Ke Go Nature
Reserve set the foundation for reforestation projects, such as the 5 Million Hectare Reforestation
Project (5SMHRP), to take control of the land (McElwee 2011). McElwee argues that much of
this land was actually managed under common property regimes, a fact that was ignored by the
government and Department of Forestry. As a result, land classifibdraills” was
privatized and allocated to individual landowners, with the best and most productive plots
typically going to those with the most financial and political resources to draw upon (McElwee
2011). In this instance, government policies and their ill-informed land cover classification
systems proved to be major drivers of land cover and land use change.

Cam (2011) provideaninvestigation of government policies and markets driving
LULCC with his article or‘forest thieves” in Muang Tac valley of Northwest Vietnam. Since
the nationalization of all forests in the 1960s, livelihoods in Muang Tac valley have been
challenged by government implemented restrictions to forestlands that had previously been
utilized by the local people for either cultural purposes, swidden, or as a source of non-timber

forest products. Cam argues that the pressure put on forest resources increased immensely
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following the late 1980s transition from state dominated control to a free market model of
production and distribution. This transition and the resulting development of timber markets
played a large part in driving the exploitation of certain valuable species of trees in the uplands
of Vietham. Moreover, the demand in the urban lowlands of Vietham for quality wood furniture
and home décor forms a teleconnection with the exploitation of forest resources in northwest
Vietnam.

Multiple other studies have explored the role of Viethamese land tenure piolicies
livelihoods and agricultural land use. Jakobsen et al. {28G¥ored the role of forestland
allocation policies in an ethnic Thai village in Nghe An Province. This study identified
government policy, specificallyesolution no. 02/CP, as a prime driver restricting farmer’s
access to traditional swidden lands and forcing them to rely on limited flooded paddy land and
swidden in permitted areas. Though the policy was successful in preserving more forested areas,
available paddy land did not expand quick enough to compensate for losses of swidden land,
leading to detrhental impacts on the village’s food security.

Leisz et al. (201)lconducted a study of four ethnic Thai hamlets and their respective
implementation of policies related to forest and land allocation, as well as agricultural extension
programs. The main factors that impacted the successful implementation of these policies and
programs were the geographical setting, efficiency with which extension agents could access and
monitor communities, and market opportunities. Geographical settings proved important because
the proximity to the district town and protected areas influenced the amount of oversight
afforded to that hamlet by the authorities as well as the ability of hamlets to effectively transport

goods or livestock to the market. The topography of a hamlet also related directly to the ability of
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most hamlets to adopt market-oriented programs, with some being restricted by the lack of flat,
irrigated land for flooded or irrigated rice.

In their analysis of pre and post Doi Moi market networks in the Northern Uplands,
Tuyen et al. (201)1address the origin of markets and the impact they have on small agricultural
producers. In doing so, they use the cassava market in Bao Thang District of Northern Vietnam
to exemplify the expansion of market networks post Doi Moi. They show how economic
liberalization policies, an increased number of options for producers, and more recent
investments in infrastructure and transportation have strengthened connections between the
market and rural farmers, facilitating a flow of information and goods. Moreover, the integration
of rural farmers into larger markets has produced connections between farmers in the uplands of
Vietnam and the markets in China, which Tuyen et al. identify as the destination of much of the
cassava grown in Bao Thang (Tuyen et al. 2011).

Alther et al. (2002) investigate the impact of accessibility (i.e. access to roads) on four
rural villages of Ban Kan Province of northern Vietnam. The authors argue that accessibility is
the primary determinant of alldge’s access to the open market economy and of the relative
success of government policies and development efforts. Moreover, accessibility is the primary
factor driving successful efforts to create non-agricultural income activities. According to the
study, there are four elements, all heavily influenced by road access, to fastnagssics to
generate non-agricultural income in Bac Kan: participation in state programs and development
projects, exploiting and selling natural resources or agricultural products, non-agricultural wage
employment, or migration (Alther et al, 2002).

The villages that were least accessible in this case study were perhaps in the most need of

development assistance projects, but the lack of market access and the increased costs of
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accessing a remote village means that government money could be applied more efficiently to a
village with road access. Additionally, the more remote and inaccessible villages proved less
likely to engage in market activities, producing agricultural products only for subsistence. By
contrast, villages closer to the market displayed a much more diverse set of annual household
production activities, generating about half their total production from subsistence and
agricultural income as opposed to 92% for one remote village (Alther et al. 2002).

The district of Sa Pa in Northwestern Vietham is an interesting case study because it
provides a glimpse into an area in which local minorities have integrated into the tourist industry.
Sa Pa, which was a hill station during the French colonial period, experienced a resurgence due
to tourism in the 1990s and 2000s that has led to major changes in economic relations with some
ethnic minority villages (Hanh 2011). Girls and women from Lao Chai village have been selling
handicrafts and finding wage labor at tourist businesses at an increasing rate since the 1990s.
Though the village has not abandoned traditional agricultural practices, the income brought in by
these Hmong women and girls has contributed a growing amount to family incomes over recent
years (Hanh 2011).

While this collection of land use and land cover change case studies represent only a
fraction of the literature, they provide insight into some of the main avenues of research in recent
years; a focus on government policies, markets, and connectivity to transportation networks as

drivers of land use and livelihood changes.
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5. Methods

To evaluate changes in land use and land cover in the study area, as well as the forces
driving those changes, this paper draws upon a combination of socio-economic data gathered in
the field, ground truth observations, and analysis of Landsat TM, ETM+ and OLI imagery. These
methods are similar to those found in a number of studies (Fox & Volger 2009, Jakobsen et al.
2007, and Leisz & Rasmussen 2012) that have contributed to the Vietnam LULCC literature.
5.1 Structured Interviews: Household Surveys

Structured interviews (Bernard 2006) (See Appendix A) were conducted with 32
different households (HH) that were randomly drawn from a total of 80 households in the
village. Each interview took place within the households of the respective villager(s) with one or
two researchers present. Though some respondents had trouble recalling such information as
crop Yyields (kg), cultivated area (sg. m), incomes and specific expenditures, the interviewers
worked diligently to alleviate misunderstandings and assist villagers in the calculation of these
statistics. The topics of the HH surveys related to the demography of the HHs,|familia
migrations, travel, contact with markets, agricultural practices, animal husbandry, forestry uses,
sources of income, expenditures, and perception of HH wealth. The resulting statistics generated
from these household surveys are used to support the discussion of changing livelihoods and land
use in Ta Rec.
5.2 Semi-structured Interviews

Six interviews were conducted with farmers who led the researchers to their fields and
discussed topics such as crop rotations, types of crops grown now and in the past, whether the
crops were grown as cash crops or for subsistence, and crop yields. These farmer interviews

corresponded with transect walks and the collection of ground truth data.
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Semi-structured interviews (Bernard 2006) were also conducted with three different shop
owners in Ta Rec. The primary aim of these shop owner interviews was to learn about the
background of the owner/shop. Questions included: When did they open? Where are the owners
from? Why did they come to the village? And what spurred the opening of the shop? More
specific questions related to the shop and its’ products included: What products do you sell?

Where do they come from? How many daily customers do you have? Do you get customers from
outside of the village? Do you do more business in particular seasons? And is there a correlation
between season and product sales? Other questions attempted to address changes over time and
future prospects: How has the customer based changed since you opened? Do you have plans to
expand your shop? Other informative discussions and interviews with villagers that took place
throughout the five days spent in Ta Rec were recorded by researchers.

5.3 Historical Interviews

Two targeted historical interviews were conducted with two men (70 and 85 years old)
and two women (age unknown, but said to be very old by the villagers) respectively. The
objective of these interviews was to gain a fundamental understandirgviliage’s history
and how and why livelihoods, land use, and land cover had changed over time. The identified
topics for discussion followthe history of the population, roads, paddy land area, upland
agriculture area, primary forest area, health, income, environment, and living standards.
Following an initial broad discussion of the villages’ history, five years (1963, 1972, 1986, 2005,
and 2012) were chosen based on their proximity to major events that those being interviewed
seemed to remember most clearly. After an initial oral history was done with both male and
female groups, a historical ranking matrix was created and filled in by the men (Gueye &

Schoonmaker- Freudenberg 1991). The women were interviewed in a semi-structured manner.
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5.4 Ground Truth Points

Accompanied by local landowners, three groups of researchers walked transects in
different sections of theillage’s agricultural land, collecting GPS points and corresponding
photos of the land cover. These points and photos are used to validate the location of landmarks
and crops in the Landsat imagery. Specific ground truth points and photos will be presented to
show the absolute location of crops, the location of crops relative to one another, as well as their
relative location to transportation routes. Methodology similar to Leisz and Rasmussen (2012)
was used to collect the ground truth points.
5.5 Remote Sensing Land Cover Analysis

Landsat TM, ETM+, and OLI high level surface reflectance data was downloaded for the
years 1991, 1996, 2002, 2004, 2006, 2007, 2010, and 2014. The selection of available imagery
was limited by the presence of cloud cover throughout much of the year and gaps in the data due
to satellite errors (LS7 ETM+ scan line error). Scenes were downloaded for the months of
March-July in order to best identify swidden agriculture fields that are cleared and burned
between Februaryhd April each year and show up as ‘bare ground’ in imagery between March
and July. The Normalized Burn Ratio (NBR) was selected as one index for this analysis because
it has been shown to successfully delineate swidden agriculture, especially if images are captured
soon after the lanig slashed and burned; this is due in large part to the characteristic way short-
wave infrared wavelengths interact with bare ground and burned surfaces. (Li et al. 2014). The
Normalized Difference Vegetation Index (NDVI) was used in conjunction with NBR to further
assist in the discrimination between vegetated and non-vegetated land cover. A stack of 16 near
cloud-free satellite images (8 dates, 1 NBR and 1 NDVI per date) corresponding with the

aforementioned years were successfully identified and utilized for analysis.
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Administrative boundary files acquired from the government of Vietnam are only
available down to the commune level, meaning that village boundary shapefiles do not exist.
Since the commune shapefile included a number of other villages that could skew the analysis,
the study area had to be cut down in another fashion. To do this, 30-meter shuttle radar
topography mission (SRTM) data, downloaded from USGS Earth Explorer, was used in
conjunction withthe villagers’ descriptions of where their village boundary is located to create a
map of the boundary which is used to delineate the study area. In order to better visualize roads
and rivers, Google Earth was used to create an overlapping vector layer of existing roads and
rivers for use in the display of the results.

A binary study area mask was then created using the study area file. Using this binary
mask to limit the study area to the village, an unsupervised ISODATA classification was carried
out in ENVI utilizing the 16 image NBR/NDVI stack. The input settings for the unsupervised
classification were: 50 classes, 2 percent change threshold, and 25 iterations. The resulting
unsupervised classification was interpreted using the temporal NBR and NDVI signatures of
each output class to identify trends in land cover change. Target classes were those that displayed
a clear decrease in vegetation in both indices compared with previous or later years.
Interpretations were supplemented by ground truth data collected during fieldwork, Google Earth
historical imagery, and true color Landsat imag#asses that included swidden agriculture (i.e.
slash and burned areas) were the primary focus for this interpretation, but other land cover
changes linked with infrastructural expansion were also detected in these classes.

In order to identify the changing distribution of agricultural fields in the study area, mean
center and directional distribution analyses were performed in ArcMap. The directional

distribution tool calculates the standard deviation of the location of agricultural fields and creates
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an ellipsoid that portrays the distribution of cleared areas. Similarly, the mean center tool
identifies the geographic center of areas cleared for agriculture. In addition, a 250m buffer was
created around the secondary road in the village to assess changes in roadside agriculture. The

area of agriculture land in the buffer area before the roads were built is included for comparison.
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6. Results

Ta Recvillage is located approximately 10 km away from National Highway 9 avith
total population of 440 people living in 80 households. Located in Da Krong District, Ta Rec is
one of 10 villages in Ba Nang commune, and it is one of 5 villages that has electricity within the
commune. It is one afvo villages in the commune that members of the local People’s
Committee identified as “most developed”; this characterization was basedtbavillages’ (i)
better soil quality for agricultural production, (ii) better road access, and (iii) better house
structures and electric systems (Interview idthiNang Commune People’s Committee, Aug 7,

2014).

The boundaries of the village are all described in relation to the topography, with the top
of the mountains constituting boundary lines for locals (Interview, Aug 7, 2014). Houses are
mainly constructed from a combination of bamboo, wood, rattan, and metal roofs. There is water
available at pumps around the village, but houses themselves do not have running water or
sewage systems. Several streams intersect in Ta Rec and multiple roads and paths lead to other
villages in the commune and to the larger transportation networks outside of the village.

6.1 Village History

The central region of the country where Ta Rec is located has experienced very
tumultuous times in the past century, largely due to the impact of the first and second Indochina
Wars on the residents of Quang Tri. The spraying of Agent Orange was prevalent in and around
the village during the mid to late 60s, leading to starvation and many deaths (Interview, August
8, 2014). Even during the first Indochina war (1945-54), residents of Ta Rec had to move to
remote swidden fields outside of the village in order to avoid the French soldiers. However, this

did not work during the American War, as soldiers searched in both the village and remote
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swidden areas for residents. During that time (1940s-60s) there were no roads, no electricity, and
no motorbikes (Interview, August 8, 2014). This and the following village history data is
summarized in Table 2.

From the 1960s into the 70s, the population of Ta Rec barely grew until a noticeable
increase in 1986 and 2005, which was then followed by a plateau between 2005 and 2014.
According to the women interviewed, the population of the village is now more crowded than it
has ever been. Living standards (i.e. basic human needs, clothing, shelter, and access to water,
health care, and sufficient food) were reported as being far inferior in 1963 during the Vietnam
War, improving significantly by 1972 and steadily again by 1986. Men reported that there was a
general lack of clothing in 1963, and that better food and clothing are now available. Quality of
life has also improved partially due to the availability of TV and radio. By 2005, living standards
had improved twofold, and they are currently at their highest level in living memory (Interviews,

August 8, 2014).

Table 2: Men's Historical Interview Results (August 8, 20:

fcr:;'rtsgamme 1963 1972 1986 2005 2012 Present
Event War Independence Roads_, _school, Opened center Current
clinic road

Population 3 X 4 X 7X 10 X 10 X
Roads 2X 3X 5X 10 X 10 X
Paddy 0X 3X 5X 10 X 12 X
Upland rice 06 X 10 X 10 X 12 X 15 X
Cassava for sell 0X 0X 0X 0X 10 X
Cassava for eatin 4 X 6 X 10 X 6 X 3X
Maize 4 X 6 X 8 X 10 X 15 X
Primary Forest 10 X 10 X 6 X 2X 1X
Health 3X 4 X 8 X 10 X 12 X
Income 0 X 0X 5X 10 X 12 X
Environment 1X 3X 5X 10 X 12 X
Living standard 0 X 3X 5 X 10 X 12 X

The quality of the environment and the health of the village have followed similar

trajectories as living standardse.2005, nurses and teachers became available to the village and
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they emphasized cleaning the environment and living areas, resulting in a drastic increase in
environmental and living quality. The women interviewed believed that despite the poorer health
and environmental conditions of the past, there are now more diseases than their used to be (e.g.
liver disease).

There was little to no monetary income earned from the 1960s into the 80s. The men
reported a significant increase in income by 1986, while the women reported little to no income
by 1992. However, all interviewees acknowledged a substantial rise in income by 2005, the year
that both men and women identified as when the main road into the village was finished. The
men reported another increase in income by 2012 (Interviews, August 8, 2014). This increase in
incomes was attributed by one villager to the work ethic and general ability to earn money that
villagers had learned from people in the lowlands (Interview, August 8).2014

No roads existed in the village until 1988-89. There were simply dirt paths that connected
parts of the village to each other. It was not until 2005 that a bridge connecting the village to the
Ho Chi Minh Highway was built and an all-season paved road was soon opened. The reported
quality of roads remained steady after 2005 (Interviews, August 8, 2014).

Both the men and the women reported a large primary forest in the 1960s and 70s.
However, partly due to swidden expansion, primary forests have declined steadily and
consistently. The men reported very little primary forest was remaining, while the women said
that the declining trend was halted in 2003 by increased restrictions on the clearing of forests
(Interviews, August 8, 2014).

Villagers began cultivating irrigated or flooded paddy in the 1970s and production has
steadily increased since. The women reported a sharp decline in paddy following 2005-2007,

which they attributed to the impacts of road construction, floods, and the resulting erosion and
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landslides. The amount of land cultivated for upland rice increased between the 1960s and the
1990s. While men reported a consistent growth in upland rice cultivation, the womem noted
slight decline in upland cultivation by 2005-2007. Although upland rice was still grown on a
significant area, it was cultivated in more remote, less productive fields (Interviews, August 8,
2014).

Cassava has been grown for consumption since before the 186@3ajbr transition to
increased cassava growing is said to have occurred around 2011 when high yield hybrid cassava
started to be grown as a cash crop. Others recalled cassava being grown as a cash crop after
2005, but all agreed that it was grown to its greatest extent in 2014 (Interviews, August 8, 2014).
Another crop that was grown for subsistence until relatively recently was maize, which started to
be sold by villagers around 2005. There was a reported increase in maize cultivation between
2005 and 2007 that continued through recent years. Men also acknowledge a spike in maiz
production over recent years (Interviews, August 8, 2014).

When asked about the prospects for the future, one villager expressed the hope that all
kids will go through school and his personal hope for his kids to graduate high school in the near
future. In addition, he expressed a desire to adopt more technical lowland-like models of
agriculture. However, the same villager suggested that overall living standards had nearly
reached their peak, and that their current life might be as good as it gets for them (Interview,
August 8, 2014).

6.2 Agricultural Land Use
Ta Rec is primarily an agrarian village. People rely on the cultivation of agricultural products

such as rice, maize, and cassava for their livelihoods. The data on agricultural practices is
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outlined in Table 3 and detailed below. Irrigated rice cultivation is practiced to a somewhat

limited extent on the areas of flat arable land along the river and roads that cut through the

Table 3: Agricultural Land Use Results from Structured Interviews (August 9-11, 2014).

Agricultural Activities Irrigated Rice Upland Rice| Cassava Swiddell Maize Swidden
# of Households with crop 16 of 31 27 of 31 28 of 31 13 of 31

# of Total Plots 30 38 47 15

Average area of plots (sq. m) | 645.4 1994.8 1143.28 650

Average yield (kg) 585.75 334.6 7480.65 240.8

# of Households with Red Boo| 9 of 16 6 of 27 6 of 24 3 of 10 (only 10 respondentg
First Season Crop- Total # 24 20 20 6

First Year Crop- # of HHs 15 15 11 4

Second Year Crop- Total # 22 14 18 5

Second Year Crop- # of HHs | 12 10 12 5

Third Year Crop- Total # [2 Seasons, not years for wet ric| 4 9 1

Third Year Crop- # of HHs [2 Seasons, not years for wet ric| 2 7 1

village. There are two growing seasons for irrigated or flooded rice: one in the spring (December
—March) and one in the summer (April-September) (Farmer Interview, August 8, 2014). While
one account reported irrigated rice being grown in the village in the 1970s, others interviewed
believed villagers began growing irrigated rice in the 80s (Historical Interviews, August 8,

2014).

Planting upland rice in swidden fields is practiced to a larger extent, with much of the
surrounding hillsides covered with this less productive form of rice. Prior to planting upland rice,
plots of land are slashed around th& 86January, burned around thé"i& February, and then
the rice is planted between thé"dnd 18' of March. Upland rice is harvested in mid-October of
the same year. The process is repeated until the upland rice has been harvested for three straight
years. Following those three years, the land is left fallow for four years (sometimes longer)

(Farmer Interview, August 8, 2014). The rice grown in the village is almost entirely for
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consumption, and no households surveyed reported receiving any income from rice sales.
However, many villagers do supplement their rice supply with bags of rice bought from local
stores (Interviews, Aug 9, 2014). Of tB2 households interviewed, 16 of them reported growing
irrigated rice, amounting to a total of 30 plots from those households. In contrast, 28 households
reported growing upland rice on a total of 38 plots of land. The average size of upland rice plots
was 1994.8 sq. m. compared to the 645.4 sq. meter average plot area for irrigated rice (Structured
Household Interviews).

In addition to growing irrigated and upland rice, villagers plant cassava on swidden plots
for three to four year cycles. 28 of 32 households reported growing cassava on a total of 47 plots
averaging 1143.28 sq. meters (Structured Household Interviews 2014). The crop calendar is very
similar to upland ric®, with planting taking place in March and the harvesting in early to mid-
October. However, some families decide to let the cassava grow for longer than a year in order to
get a greater yield from that plot (Farmer Interviews, August 8, 2014).

While cassava was cultivated in the past, it was only cultivated for home uses (Farmer
Interview, August 8, 2014). Today, some farmers grow subsistence cassava for times of great
hunger, but the majority is grown as a cash crop. Villagers started selling cassava on the market
around 2011. The type of cassava grown as a cash crop is the k94-hybrid, which is favored due
to its short growing period (harvested after 6 months) and the ease by which farmers can harvest
it (Farmer Interviews, August 9, 2014). Farmers revealed that this new type of cassava was
discovered in 2003 by villagers who saw farmers in other villages growing it. However, it was
not until circa 2011 that a middleman came to the village and made arrangements with farmers to
buy the cassava. The arrangement called for farmers to bring all their cassava to a single area of

the village where the middleman could arrive with a tractor and/or truck to collect the cassava. A
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later interview confirmed that 2010 was the same year that a cassava processing factory was built
in Dong Ha, the capital of Quang Tri province.

The cassava that is still grown for home use is grown on the edges of the upland rice
fields to allow for easier access to the more abundant k94-hybrid that will be sold. Farmers
explained that cassava was not grown in the more remote areas surrounding the village because it
is too difficult to carry harvested cassava back to the village (Farmer Interview, August 8, 2014).
Another farmer echoed this, saying that cassava is mainly grown in fields close to the road that
are not very steep, while the remote and steep fields are reserved for upland rice (Farmer
Interview, August 8, 2014).

Maize is a less common crop than cassava and rice, with 13 of 32 households reporting
that they grow maize on relatively small amounts of land. Three households reported that they
intercropped the maize with upland rice in order to get more production out of the land
(Structured Household Interviews 2014). Because intercropping is prevalent for maize, the
average plot sizes are difficult to calculate and could be misleading.

Another crop that is present in Ta Rec is the acacia tree. There are a total of 9 acacia tree
plantations reported, and although five of those households with acacia plantations could not
recall the amount of trees on the acacia plots, those that did acknowledged an average of 2050
trees per plot (Structured Interviews 2014). This practice of planting acacia in the fallow was
introducedby district forestry extension agents. Poor households have since been given acacia
trees to plant for free at the rate of about 200 per household. (Interview, August 8, 2014). The
acacia is typically left to grow for 5-10 years on land that is being fallowed and is then sold to
middlemen who transport the trees to a paper processing factory in Dong Ha city (Interview,

August 8, 2014).
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In addition to the cultivation of rice, maize, cassava, and acacia trees, farmers gathered
variety of fruit from trees located on hillside fallows, the edges of agricultural plots, and in
household gardens (Farmer Interview, August 8, 2014). Fruits gathered from these locations
include bananas, jackfruit, papaya and pineapples. Fruit is primarily for consumption, as there
were minimal reports of fruit being sold (Structured Interviews 2014).

6.3 Local Economy

Statistics on household income are presented in Table 4 and show the distribution of
income generating sources. Cassava proved to be the most common product grown for sale. Non-
timber forest products were also a very common source of income. Maize comprised a relatively
small portion of incomes. Other agricultural products such as fruit and coffee comprised an

insignificant portion of household incomes.

Table 4: Sources of Income Results (August 9-11, 2014)

Average Annual Income in Vietham Dong (VND)= 15,570,556-:26U.S. Dollar = 22,307 VND (3/27/2016)
Income Generating Activity | Avg. Income For Participating Households (VNI Number of Households
Sale of Crops 7,918,696.00 27 of 32
- Cassava 7,649,000.00 26 of 32
-Maize 846,160.00 5 of 32
-Coffee 4,850,000.00 2 0of 32
-Bananas 200,000.00 10f 32
-Jackfruit 1,000,000.00 1 of 32
Sale of Livestock 4,060,000 5 of 32
Planting Forest (Acacia) 23,000,000 2 of 32
Sale of NTFPs 687,059 17 of 32
- Broom Grass 685,333 15 of 32
-Honey 350,000 4 of 32
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Wage Labor 3,682,666 15 of 32
Sale of Handicrafts 1,475,000 2 of 32
Government Salary 14,068,000 5 of 32
Government Pension 27,600,000 1o0of32
Other Government Assistance| 300,000 10f32

Although livestock were mostly used for household and manual labor, five households reported

selling livestock (chickens, cows, and pigs). No households reported selling timber or firewood.

Even though acacia was only sold by two households during the past year, there were a number

of households that were waiting until their acacia plantations were tall enough to harvest and sell.

Table 5: Households Engaging in Wage Labor
(August 9-11, 2014)

Income From Wage

# of HHs reporting wage labor and

year

Labor # of days/year (1 no response)
1-5 days peryear |2
6-10 days peregar 2
11-20 days per year| 4
21-50 days per year| 3
51- 100 days per 2

100+ days per year

1 (120 days)

Table 5 shows that 15
households had at least one family

member earn income from wage labor
jobs during the past year. These jobs
ranged from 1 day to 120 days out of the
year and provided a significant source of
income for those participating
households.

There are four small shops in the

village. These shops provide basic goods and services needed in the village. Store owners mainl

come from outside the village; two of the three store owners interviewed are from outside the

village and of Kinh (Vietnamese) descent. Only one is from Ta Rec and of Van Kieu descent.

Shop owners report and observation confirms that they stock and sell rice, vegetables,

meat, fish, noodles, fish sauce, candy, cookies, soft drinks, beer, and clothing. They also provide
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services such as credit to farmers. Customers vary from local farmers, staff from the cammune
People’s Committee, employees from the health clinic, and sometimes travelers. Their daily
average income ranges from 50,000 to 300,000 VND. For two shops, sales go up during the
rainy season, while the third shop gets less business due to flooding and heavy rain. Instead of
travelling by foot and bus to the closest market as store owners had to do in the past, the store
owners can now call and get goods delivered directly.

6.4 Infrastructure, Mobility, and Interactions with Outside World

In recent years, some more basic forms of infrastructure have been provided to the
villagers. Drinking water pipes were installed in 2004 in the village, but were destroyed by a big
flood in 2009 (Farmer Interview, August 8, 2014). A new primary school was also built in the
late 2000s (Interviews, August 7, 2014).

In 2008, a local clinic opened up along the road leading from Ta Rec to the Ho Chi Minh
highway and is within walking distance for villagers in Ta Rec. There are only 3 employees that
work at the clinic and it only has basic medicine and equipment. They mostly treat ailments such
as headaches, fevers, and digestive issues, while other more serious medical issues are referred to
the hospital in the district town. According to the clinic worker interviewed, there has been no
noticeable increase in disease or illness. People have slowly come to trust the clinic more,
resulting in more people relying on it to treat some of the aforementioned ailments. The clinic
worker went on to say that people typically medicate themselves with traditional medicines, but
rely on the clinic to relieve headaches and fevers in particular.

The more substantial infrastructural expansion came in the form of road and bridge
construction. The first secondary road arfatidge connecting the village to the Ho Chi Minh

highway were completed in 2005, providing access to both the Ho Chi Minh Highway and the
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National Highway 9, which is several kilometers away from the intersection of the Ho Chi Minh
Highway and the first secondary road into the village. Another secondary road perpendicular to
thefirst was finished in recent years, reportedly in 2011 (Transect Interview, August 8, 2014).

This road leads up into some of the hills and mountains surrounding the village.

Villager’s access to media such as newspapers, radio, television, internet, and cell phones
was also assessed and is summarized in Table 6. The distance was estimated from each
household to the closest all-season road and the closest road on which a motorcycle can pass; a

road that a motorcycle can pass on does not need to be paved, and can resemble more of a

Table 6: Interactions With Media (August 9-11, 2014) walking path than a road.
Media contact in | Newspaper | Radio | TV | Internet | Cell The results show that a vast
previous month Phones o

majority of households are
# of Households | 7 2 31 |0 13

_ _ now within 10 meters or less
using medium

# of Households 12 1 56 10 10 of roads that motorbikes can
using medium >15 pass on. Twenty-two
times households were within 50

meters of an all-season road.

Structured survey results shed more light on the mobility of villagers (Table 7). Eight
households reported little to no mobility. Trips to the nearest market, though not uncommon,
were somewhat minimal. Visits to the district town were somewhat less common. Visits to the
provincial capital were relatively sparse with twenty households reporting they did not visit the
capital. One household reported visiting Laos, whose border is not very far from Ba Nang. Two

households reported going to Hue, which is a much further trip.
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Survey results convey how common motorcycles have become in the village. 21 of 32
households travelled to the market by motorcycle, with two families reporting travel by foot to

the nearest market. The majority of respondents could travel to the local market within an hour.

Table 7: Mobility Patterns (August 9-11, 2014)

Frequency of HH Member | Village Nearest District Provincial | Lao, Hanoi, Ho Chi
Visiting (Last 12 Months): | Center Market Town Capital Minh, Hue, or Da Nang
0 Times 8 8 10 20 29

1Time 6 2 5 6 2 (Hue),

2 Times 7 4 6 4 1 (Laos)

3 Times 4 6 7 2 0

4 Times 0 0 1 0 0

5 Times 2 1 0 0 0

10-19 Times 2 7 0 0 0

20-29 Times 1 1 1 0 0

30-39 Times 0 1 0 0 0

50-99 Times 0 1 2 0 0

>100 (insert #[s]) 120, 360 0 0 0 0

6.5 Land Cover & Land Use Analysis

A sample of ground truth points are provided in Appendix C. These ground truth points
correspond to the main land cover types in the study area. Appendix C also shows the location of
the ground truth points on a map of the study area and their proximity to transportation routes

(roads and paths along rivers).
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Table 8: Cleared Vegetation by Year

Cleared Areas Within 250m
Years Total Cleared Areas (sq. m] Road Buffer (sq m.)

1991 212,400 51,588
1996 279,000 27,649
2002 442,800 59,379
2004 908,100 183,532
2006 878,400 74,746
2007 1,008,900 40,866
2010 1,684,800 458,814
2014 1,189,800 228,534

Legend
Ta Rec Boundary
=~ River
1991 Clearings
1991 Directional Distribution §

@ 1991 Mean Center

Legend
Ta Rec Boundary

——— River
1996 Clearings
| 1996 Distributional Direction §

@ 1996 Mean Center

Figure 8: 1996 Cleared Area
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Legend
Ta Rec Boundary
River
I 2002 Clearings
[ 2002 Directional Distribution §
@ 2002 Mean Center

Legend
Ta Rec Boundary
River
2004 Clearings
| 2004 Directional Distribution §
@ 2004 Mean Center

Legend
Ta Rec Boundary

River
~——— 2005 Secondary Road
2006 Clearings.
2006 Directional Distribution §
@ 2006 Mean Center

Figure 11: 2006 Cleared Areas
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Legend

Ta Rec Boundary

—— River

~——— 2005 Secondary Road
2007 Clearings

2007 Directionat Distribution §

@ 2007 Mean Center

Legend
Ta Rec Boundary
—— River
~——— 2005 Secondary Road
—— 201011 Secondary Road
2010 Clearings
2010 Directional Distribution
@ 2010 Mean Center

~——— 2005 Secondary Road
——— 201011 Secondary Road
2014 Clearings
2014 Directional Distribution
@ 2014 Mean Center
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Table 8 summarizes changes in vegetation clearings detected in the historical Landsat
time series analysis. Figures 7-14 display the results of the Landsat time series analysis and the
delineated land clearings for the years 1991, 1996, 2002, 2004, 2006, 2007, 2010, and 2014.

There were relatively small areas (sg. meters) of cleared vegetation in both 1991 and
1996 (Figures 7, 8). The patches of land that were cleared seem to be scattered across the
landscape with very little consistency in terms of distribution; some cleared areas are closer to
the rivers in the study area, while other areas are located further from rivers on the
mountainsides. The amount of land cleared of vegetation nearly doubled in 2002, with many of
the clearings located on the mountainsides away from rivers in Figure 9. The large polygon
adjacent to the river in the northeast portion of the study area is associated with an expansion of
residential areas in Figure 9.

By 2004, the area of vegetation clearings more than doubled. Figure 10 shows that there
are still many clearings on the mountainsides associated with agriculture, but some polygons
appear to detect the early construction of the secomdatyieading from the Ho Chi Minh
highway. Although the total area of vegetation clearings remained ostensibly the same between
2004 and 2006, the first secondary road appears completed in the 2006 image (Figure 11). The
2007 imagery (Figure 12) shows a moderate increase in cleared areas, with the area of
agriculture along rivers increasing as well.

2010 marked both the year of highest vegetation clearing and the year in which the
distribution of clearings changed most drastically (Table 8, Figure 13). The most evident change
in 2010 was the appearance of the upland road that leads from the main secondary road that runs
through the village towards the southeast. Also, land clearings in 2010 clearly shifted closer to

rivers and the newly constructed roads in the village. 2014 clearings in Figure 14 show a
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continued concentration of vegetation clearings along village roads and rivers, while relatively
few clearings were located a great distance from either of these potential transportation routes.

The majority of vegetation clearings detected between 1991 and 2002 are associated with
upland rice cultivation or one of the other less common subsistence land use practices such as
maize and cassava cultivation. Expansions of vegetation clearings between 2004 and 2007
correspond with increases in the cultivation of wet rice, upland rice, and maize identified in the
historical interviews.

Many of the land cover changes in the 2010 map (Figure 13) are related to the expansion
of roads and other basic forms of infrastructure. Firgure 23 (Appendix C) displays the location of
the upland road that is first detected in the 2010 imagery. Figures 21, 22, and 24-26 (Appendix
C) show the presence of agriculture adjacent to this upland road, a practice that appears to have
begun around 2010 when the road was new. Figure 23 (Appendix C) shows the area where the
new school was built and the 2010 map shows this same area cleared in 2010 for the first time.

The extent of land use between 2010 and 2014 remained relatively consistent, as the
agricultural expansion seems to have already taken place by 2010. In both years, agricultural
land use along roads and rivers intensified compared to years past. Figures 15, 16, and 17
(Appendix C) show the prevalence of agricultural land use along the North-South running river
(NS river) where agriculture is perhaps most dense. By 2014, agricultural crops dominated large
portions of land immediately adjacent to roads and rivers (See Figures 15, 17, 25, and 29
Appendix C). Despite the increased amount of agriculture in areas along rivers and roads, more
remote areas on mountainsides are still planted with upland rice, maize, and are used for grazing

(See Figures 18-30 Appendix C).
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An analysis of the spatial distribution of agricultural fields between 1991 and 2007 offers
no consistent indications of change in the patterns of agricultural land use. The directional
distribution analysis and the resulting ellipsoids show an inconsistent distribution of agricultural
fields through 2007, with the orientation and size of the ellipsoid offering no clues of a new trend
of land use. Likewise, the mean center analysis seems to only show that the mean center of
agricultural fields has rotated, with the only outlier being 2004, which is explained by the
unusually large clearings in the northern uplands of the study area. However, changes in the
distribution of agricultural land use are identifiable for the years 2010 and 2014. In 2010, the
mean center shifts about 100 meters further East than any previous year (Figure 13). The mean
center in 2014 shifts back towards the southwest by 98 meters, but the ellipsoids calculated from
the directional distribution analysis for both of these years show that agricultural fields have

begun to consistently shift towards the new secondary road.
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7. Discussion

The results of this study support the hypothesis that the construction of roads in the study
area and the resulting connectivity to external markets and agricultural processing factories
provided to the villagers has driven significant changes in livelihoods, land use, and land cover
within the last ten years. The results also show the significant role of emerging markets for
certain agricultural products in affecting these changes. The results are used to answer key
guestions posed at the beginning of this work.

7.1 Livelihood Changes and Drivers

One of the primary questions that this research is attempting to answer is, how have
livelihoods in this village changed in recent decades? To delve deeper into the causes of these
changes, this section also answers the question: what are the main drivers, distal and proximate,
of these changes? The results presented above suggest several ways in which livelihoods have
been altered; most notably, villagers have experienced increases in household income and
significant improvements in mobility. These changes have largely been facilitated by
improvements in connectivity and market forces that have made growing cash crops viable.

As has been the reality for many generations, livelihoods in Ta Rec depend primarily on
agricultural production. However, unlike in the past, villagers now grow several crops that are
sold for cash within the market system in addition to the subsistence crops they have grown for
generations. Cassava has been a main staple of market oriented farming in Ta Rec since 2010/11
and offers both the most common and the most lucrative source of income to village farmers.
Maize and acacia trees are a much less common source of income, but still generate a fair

amount of income to households that plant them (Table 4). The subsistence activities, consisting
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primarily of rice production, help absorb market changes that could potentially decrease crop
prices.

The rise in incomes generated from commercial agriculture can be linked to distant
underlying drivers such as the construction of a starch processing factory in 2010 in Dong Ha.
Within a year of its completion, middleman/extension agents from this factory travelled to the
study village to market their business and offer a rather simple way to generate income from
crops they already grow. The connectivity provided by new road construction &daiger of
the increase in agriculture related incomes due to the easy access that middlemen now have to
the village. Because middlemen can drive directly to the village and pay villagers directly per
kilogram, the process of delivering the crops to the middleman and receiving payment is
simplified. Both the construction of these new roads and the resulting connectivity to new
markets are affected by the underlying influence of the EWEC and its policies aimed at
improving secondary road access for remote areas within the corridor.

Villagers have diversified money generating activities by planting cash crops in gardens,
collecting NTFPs, selling handicrafts to a very limited extent, and engaging in wage labor. A
little less than half of the households interviewed earned income from the sale s NF
wage labor in the past year, with wage labor providing a much higher average income. In
addition, a small number of households earned income from either government salaried jobs or a
government pension, providing some villagers with stable sources of income.

While NTFPs such as broom grass have been collected by villagers for some time, it is
now relatively easy for them to sell it when they travel to the market or sell it directly to other
villagers. The availability of wage labor jobs would have been much less common before

expansions of infrastructure, as those employers seeking wage laborers are more likely to venture

51



into villages that are easily accessible via roads. Furthermore, improvements in connectivity
influence the number of government related jobs available in the village due to the ease of access
and oversight ow afforded to the district government and commune people’s committee.

In recent years, the health clinic and school that have been constructed in the village have
provided improved access to health care and education for residents. Even though the clinic is
restricted in terms of its supplies and potential care giving, it provides basic care for villagers and
refers them to the district hospital for more severe ailments. The school very clearly resembles
schools and government buildings in the lowland urban areas that also display communist party
signs and symbols such as the large portrait of Ho Chi Minh plastered on the front of the school.
Furthermore, teachers at the village school come from lowland areas and can influence students
to further their education beyond primary school by pursuing an education at one of the district
schools. These advancements in access to education and health care are largely related to the
proximate improvements in roads and the underlying policy drivers that aim to improve
livelihoods for poor ethnic minority communities.

Villager mobility was directly impacted by the construction of the first secondary road in
2005 which provided easy access to broader road networks for the first time. The majority of
households now have easy access to paved roads, as most households are within approximately
50 meters of an all-season road. The increased access to outside towns and cities is demonstrated
by the frequency with which family members visited nearby markets and the district town over
the past year. Even though only 12 households surveyed reported going to the provincial capital
of Dong Ha and three households reported going to either Hue or Laos, these numbers are
expected to increase in the future, and are still significant due to the very recent access villagers

have had to these areas.
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Store owners have also benefitted from easy access to district markets because now they
cansimply travel to nearby markets to buy products or have them delivered directly to the store.
This was not possible before the road improvements. As one shop owner pointed out, they had to
walk miles to the nearest road, where they took a bus to the market and back. Whatever they
could carry was what they would be able to sell. In addition, selling rice at village shops would
not have been possible due to the costs and challenges associated with transporting large
amounts of rice from the market back to the village without roads. Now, however, kilos of rice
can be delivered directly to stores.

Another major change in village livelihoods is the increasing availability of electricity
and different forms of media to residents. The vast majority of households report watching
television fifteen times or more over the previous month, suggesting that they have TVs in their
homes or that they have some other means of easy access (Table 6). Other forms of media and
devices characteristic of modern market economies that have been introduced to the village
include mobile phones, films, and newspapers. Thirteen households reported using mobile
phones in the past month, with ten of those households using it fifteen times or more. Still, only
one household reported using the internet over the previous month, meaning that some forms of
modern media have yet to be integrated into the village.

The expansion of road systems coupled with the purchases of motorbikes by residents
exemplifies the two primary trajectories of change in the village: the vast improvement in
mobility that villagers have experienced in recent years due to improvements in road systems and
the rapid increases in income that can be largely attributed to the adoption of commercial
agriculture. Store owner interviews attest that there are more villagers relying on rice purchased

from local shops than in the past. This stems from both the increase in household incomes that
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gives farmers the option of buying rice and the improved mobility afforded by the new roads that
make it possible for store owners to have large quantities of rice delivered to the village.

These significant changes in livelihoods are portrayed as largely beneficial by those
interviewed. Historical interviews stress the substantial improvements in living standards from
1986 to 2005 and clearly identify the current time period as a high point for living standards.
Other indicators such as health, income, and the environment reinforce this trend, as historical
interviews show those livelihood aspects following a similar trajectory.

As household mobility has improved markedly in the last decade, so have household
incomes. These changes are proximately driven by the construction of roads and the resulting
connectivity provided by that road access. The main underlying drivers at play are market forces
that have effectively linked villagers to middlemen that work for a provincial starch factory.
Policies associated with the increased expansion of secondary roads within the EWEC have also
been a primary underlying driver of change. With this increased connectivity and the potential
for further increases in local incomes, the integration of this small rural village into broader
markets is likely to intensify in coming years.

7.2 Land Use/ Cover Changes and Drivers

Having discussed changes in livelihoods and the primary drivers of those changes, this
section addresssthe remaining questions motivating this research: how have land use and land
cover changed in recent decades, and what are the main drivers, distal and proximate, of those
change® Some of these drivers were apparent during fieldwork, while others were much more
opaque, and required further interviews and research.

Expansions of swidden fields between the 1990s and early 2000s were proximately

driven by the population growth that occurred over the same time period (Historical Interviews,
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August 8, 2014). This rather simple explanation suffices in this case because the crops grown in
the village prior to 2005 were entirely devoted to subsistence. Underlying drivers of change
during that same period related to the national economic and land use policy shifts that were
implemented throughout the late 1980s and 1990s.

In 2005, the secondary road connecting the village to the Ho Chi Minh highway was
completed, providing villagers with easy accesartall-season highway that connects to urban
areas along National Highway 9. The construction of this road and the connection to the market
acted as a proximate driver of maize cultivation within the study area. Although maize
production increased only slightly between 1986 and 2005 (Historical Interviews, August 8,
2014), villagers reported selling maize for the first time in 2005, soon after the secondary road
was opened. The proximate influence of extension agents and middlemen was another driver
influencing the adoption of market-oriented maize production, as extension iagémsmam
promoted hybrid varieties of corn that improved productivity throughout the late 90s and early
2000s (Thanh and Neefjes 2005).

This also coincided with the time in which maize production in Vietnam was on the rise,
with total cultivated area of maize doubling between 1990 and 2003 (Thanh and Neefjes 2005).
During that period, successful poverty reduction efforts at the national-level were followed by an
increasing demand for meat and, thus, animal feed; the number of farm animals in Vietnam
increased by about 5.1% per year (’93-’03) while the share of maize used as animal feed
increased from 20% in 1990 to 70% in 1997 (Thanh and Neefjes 2005, p.7). This link between
the increased demands for meat products, the majority of which emanates from urban areas, and
an uptick in cultivation in the study area forms a teleconnection from lowland urban areas to

upland areas that has effectively driven changes in land use. Moreover, this teleconnection was
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facilitated by the underlying influence of the EWEC and associated expansions in secondary
roads that gave the village road connectivity to markets.

Acacia trees are another market oriented crop that has become evident in the study area,
but to a much lesser extent than cassava. Evidence of a concerted effort to convince farmers to
plant acacia is provided by interviews that reveal that an extension agent/middle man went to the
village and spoke about the economic benefits of planting and selling acacia. Later concerns
about the length of time (5+ years) in which it took to reap financial rewards were mitigated by
these extension agents/middlemen who introduced the idea of intercropping acacia with cassava
(Figure 27 Appendix C). Those households that do grow acacia sell it to a middleman who ships
it to a processing factory in Quang Tri that then sells the wood to markets in Vietnam and
Malaysia (Interview with Foreign Affairs Official, 2015). The demand for this resource in both
Vietnam and Malaysia has driven the adoption of acacia plantations and woodlots in the study
area, effectively altering land use of some farmers.

In a further attempt to encourage commercial agriculture and increase household
incomes, the district government supplies poor households with free acacia seadlings,
proximate driver of acacia cultivation in the study area (Interview, August 8, 2014). This specific
targeting of the poorest households with assistance is influenced by underlying drivers related to
broader national poverty reduction policies.

The 2010 imagery (Figure 21 Appendix C) shows further road expansions (secondary
road) into portions of the uplands that were previously inaccessible to vehicles. This road
expansion improved access to areas to the east and southeast of the village that were cultivated to
a limited extent in the past; earlier imagery (Figures 15-20 Appendix C) speaks to the scattered

nature of clearings between 1991 and 2007. Soon after this road expansion, villagers reported
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growing market oriented hybrid cassava for the first time, suggesting that this uplandaroad is
proximate driver of land use and land cover change. Figures 21, 22, and 24-27 (Appendix C
support this by showing the direct connection between the road, the easy land access it provides,
and the cultivation of cassava along adjacent land.

The k-94 hybrid cassava that is currently grown as a cash crop was adopted around 2003.
However, it was not until the secondary road opened that market oriented cassava cultivation
accelerated. Around that time, a middlemd worked for a newly opened starch factory in
Dong Ha, Quang Tri, came to the village and offered to buy cassava directly from villagers. This
suggests that one underlying driver of the increase in cassava cultivation was the marketing that
cassava processing factories engaged in and the expansion of processing factories relatively close
to the study area. By marketing to a village that was previously remote and had only recently
gained expanded road access, the factory found a village that had the land, the willingness, and
the expertise to adopt and expand commercial cassava production. Moreover, a crop like cassava
would be expected to thrive becausé@®hbility to tolerate poor soils and drought-like
conditions (FAO 2000).

This hybrid variety, which is more productive than the traditional variety grown for
subsistence, is normally processed for use as animal feed and tapioca starch. Once harvested and
dried in the village, it is reportedly shipped to one of two starch factories in Quang Tri where it is
processed and then shipped to other regions of Vietham or edfm@hina (Interview with
Foreign Affairs Official, 201}k In this instance, the demand for cassava as a source of animal
feed or processed food ingredient in Vietnam and China has created a teleconnection with land

use in this small village of Central Vietnam. Farmers have responded to the increased demand,
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which was relayed by factory extension agents/middlemen, by quickly adopting this market
based cassava.

Like in the case of Maize, teleconnections between the village and distant markets were
impacted by the underlying influence of the EWEC and its poverty reduction goals. Explicit
goals related to the development of secondary roads in the corridor have clearly impacted the
popular adoption of commercial agriculture in the study area and the subsequent integration of
many farmers into markets for a couple agricultural products in particular.

Just as the proliferation of these market oriented crops was evident in the study area, so
was a pattern and process of distributing certain crops relative to transportation routes. The use
of the land is dictated by the return on the land’s production and the ease/difficulty of
transporting the production from the field to the road vs. the value of the product. Fields nearest
the road or river are planted with cash crops, primarily cassava in this case. Farmers plant these
crops in this location for two reasons: (1) to cut down on transportation costs and (2) to provide
easy access to the cash crops for middle men.

Since cassava is relatively heavy and farmers cannot carry their yields over long
distances, cassava is typically grown next to roads and rivers in order to provide easy access for
middlemen (See Figures 21, 22, and 24-27, Appendix C). Because there is a general lack of flat
land in the village, the flat land that is available next to rivers is often reserved for irrigated rice
(Figures 15, 16, 28, and 34, Appendix [ that case, cassava is then relegated to the next
available land closest to the paths along the river (Figure 15 Appehdix C

Upland rice and maize are found farther from the road (and the village center) on sloped
land. Because these crops weigh less and are more easily transported, farmers can transport the

yields back to the village in a basket that they wear on their back. The juxtaposition of these
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areas is most apparent in Figures 16, 35, and 36 (Appendix C). Acacia trees are also planted on
fallow land that is located further away from transportation networks. The transportation
difficulties associated with extracting trees and getting them to the middlemen is mitigated in this
case by buffalo or cows that are used to drag the trees from the forest to a road or the village.

Located even further out from this mixture of swidden crops and fallows are grazing
areas and upland rice. This third and final area is separated from a transportation route by a
significant distance and/or very rugged terrain. Grazing lands can be located far away from
transportation routes because it costs farmers nothing (except time) to walk their livestock to this
land. Figure 20 (Appendix C) shows the distant location of grazing lands for cattle and buffalo.
Though somewhat less common at this distance from transportation networks, upland rice may
be planted in this area in order to allow other swidden land closer to transportation networks to
fallow.

This agricultural land use in the study village can be explained by applying a modified
Von Thunen Model, seen in Figure 7. In this model, several bands of land use extend parallel to

transportation routes, like rivers or roads,

but at varying distances from that road. 3

The different zones correspond with the

descriptions of agricultural land use abo

land's production and the ease/difficulty

of transporting the production from the

field to the road vs. the value of the

product. The construction of the upland Figyre 7: Modified Von Thunen Model
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road in particular has increased the value of roadside land that had formerly been reserved for
shifting agriculture if it was used for agriculture at all. Instead of growing subsistence crops like
rice on this land, villagers now grow commercial cassava on the roadside land due to the ease by
which it can be transported to middlemen and the profit farmers receive from selling it.

This new model of land use that the villagers seem to have established suggests further
changes in terms of the length of fallows and the amount of land devoted to swidden agriculture.
Because cash crops are almost exclusively planted along transportation routes (roads/walking
paths), this land is expected to be fallowed much less frequently. In addition, these crops have
essentially been removed from the traditional swidden rotation, meaning that some of the
mountainside areas that would typically be rotated between fallow and agriculture may revert to
permanent forest. However, such a transition must be examined over a longer time period since
this study can only evaluate changes within the first 10 years of road access and only 5 years of

cassava market integration.
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8. Conclusion

The economic landscape of Viethnam has been changing rapidly since the 1980s, when
economic liberalization policies were first implemented. Although much of Vietham has
experienced a drastic shift towards a more capitalist-based economy, many areas in the country
have lagged behind. The many diverse ethnic minority groups in the uplands of Vietham are
perhaps the least integrated of all social groups. Many areas have only recently been connected
to wider political, economic, and social processes in Vietham via newly developed infrastructure.

This study provides an account of one village that has gained access to broader

road networks and markets in the last 10-15 years. The study village, located in the central
province of Quang Tri, has been an agrarian village for generations. But in past years, the village
has undergone a shift away from subsistence and towards market oriented agriculture. In order to
analyze and understand how this and other changes have taken place, this paper asked three key
guestions: how have livelihoods changed?; how have land use and land cover changed?; and
what factors have driven those changes. A variety of social data gathered in the feeld and
remote sensing land cover analysis were combined to answer these questions. Findings show that
villagers have experienced significant increases in income and mobility, which have been driven
by improvements in connectivity and market forces that have made market oriented agriculture
viable. Although national poverty reduction efforts, land use policies, and the EWEC act as
underlying drivers of land use changes to some degree, it was not until the construction of local
roads and the resulting increase in connectivity to other locations that the village began to
integrate into the broader regional market economy and the underlying drivers were transmitted
into the village. Villagers in the past could not viably grow market oriented crops because

transportation costs would have outweighed potential profits. However, soon after the first
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secondary road leading into the village was opened in 2005, villagers began selling maize to
middle men who were responding to the increased demand for animal feed in urban areas of
Vietnam. Within a year after construction on the secondary road was complete (2010-11) and
kilometers of roadside land was made accessible to farmers, market oriented cassava production
increased dramatically. This coincided with the arrival of extension agents/ middlemen to the
village who promised to buy the cassava that villagers produced. Today, cassava is the most
commonly grown crop in the village along with rice, and it provides the highest annual cash
income.

The findings of this study add to the literature on teleconnections/telecoupling by
highlighting the role that mechanisms of connectivity play in the teleconnection/telecoupling
process. The underlying drivers of the changes identified have been in place in Vietnam for
many years, but did not reach into the study village until connectivity was established. In the
review of literature on teleconnection/telecoupling, the role that appropriate connectivity plays is
not focused on, leading one to ask if connectivity is assumed. This case shows that connectivity
cannot be assumed and it is only when connectivity is present that the teleconnection/coupling
occurs.

Future research can evaluate these changes as they continue to impact livelihoods, land
use, and land cover in the study area. A study is needed thatdoouhe impact of this type of
rural road development on forests in Vietnam, a subject that has long been of interest to
researchers in South America in particular. Results from this study suggest that a significant
amount of land next to roads has become much more valuable and that in coming years this land
may be cultivated on a more permanent basis than previous land use methods had allowed. This

may lead to changes in the longevity of fallows and the number of areas that are in the swidden
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rotation. Another goal of future research could be to investigate how sustainable the transition
from subsistence to commercial agriculture has been in the study area.

Other research must focus on the methodology for mapping land use and land cover
change in the uplands of Southeast Asia. Due to the ever changing nature of shifting agriculture,
this has proven difficult in the past and a standard procedure does not exist. However, with
continuing advancements in land cover change modelling at different scales, there is hope that

researchers will identify new and more accurate ways of capturing local-scale land cover change.
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10. Appendices

Appendix A. Household Survey

Trung Tam Sinh Thai Néng Nghip (CARES)/Hgc vién Nong nghiép Viét Nam va Truong DPai hoc
bang Colorado i Fort Collins, Hoa Ky

Duw an “Tdng tiép Gin, thay déi canh quan, chuyn doi néng thon va dé thi héa: tic dong aia Hanh
lang kinh té Péong — Tay tr Pa Ning, Vigt Nam dén Khon Kaen, Thai La (Project on “Increased

accessibility, landscape changes, rural transformations, and urbanization: Impacts of the east-west

economic corridor from Da Nang, Vietnam, to Khon Kaen, Thailand”)

Quan ly tai nguyén doc Qudc 19 9 trén dia ban tinh Quang Tri

(Natural resource management along Highway 9 in Quang Tri Province)

BYNG hai phang vEn hé

(HOUSEHOLD questionnaire)

Ho6 sb (household number):

(According to random samplingCan cir theo vic

ldy miu phvng \én ngiu nhién)
Noi phong vin (Address):
Tinh (Province): Qiang T
Huyen (District): Pak Rong

X& (Commune):

Ban/Thon/X6m/Lang (Hamlet/Village):

Tén nguoi phong van (Name of Interviewer):

Ngay plong van (Date): / /2014

72



Phan 1.Thong tin W nguoi dwoc phéng van (General Household Information)

(Chi ddn: Chi phong win chi hé haic wichong chi h)

(Note:

1.1
name:

1.2

1.3

14

15

1.6

1.7

Only household head or his wife/her husband will be interviewed.)

Tén nguoi dugc phong van (Name of respondent only nickname or first namet full

Ngudi duoc phong van cé phii 1a cha ho khéng? [s the respondent the head of househpld?
coyey khéngr().

Nam/rir (Male/Femalg Tudi (Age:

Ong/ba c6 pti la nguoi sinh rad xa nay khéng?Are you originally from this
community’p coyey khéngno)

Néu khéng, 6ng/ baurt noi nao chuyén dén? (If not, where did you come from?)

Chdng (W) caa ba/ 6ng co6 phi 1a ngudi sinh rag xa nay khéng®ls your partner (wife or
husband) originally from this community?)

___c6 yed ___ khongrto)

Néu khéng, chng (w) cia ba/ dngit noi nao chuyén dén (If not, where did they come from):

Gia dinh 6ng ba ¢ bao nhiéu khau? (How many members live in your household?)

Giadinh 6ng ba c¢6 bao nhiéu tré em dudi 15 twdi ¢ cing(How many children (<15 years old) live

in your household)

Nam(Male): Nit (Female)

C6 bao nhiéu ngudi tudi tir 15 dén 59 hén nay dang sdng trong gia dinh 6ng/ba? (How many
adults between 15 and 59 live in your household?
Nam(Male): Nit (Female)

1.8 CO bao nhiéuic gia hon 60 tudi dang séng trong gia dinh 6ng/ba? (How many old people (>60)
live in your household?)

Nam(Male): Nir (Female)

1.9 C6 thanh vién naaiagia dinh hién dang tam trd ¢ ngoai lang/bn khéng?AAre there any household
members who are temporarily residing outside of the community?)

___c6 yes ___ khongrfo)

Néu c6 thid dau (if yes, where?)
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Vi sao?AFor what reason?)

1.10 C6 thanh vién naoux gia dinh d3 di cu dén noi khac ¢ trong nudéc khdngAHave any
household members permanently migrated to a different part of the country?)

__cb yey ____khongrfo)

Néu cothi hén ki ho dang & dau? (If yes, where have they settled )

Tai sao fy lai bé noinay ra di? (Why did they leave here?)

Phin II. An toan dinh dudng aia ndng b (Household Food Security)

..« Nha 6ng/ba du gao an may thang/nim? (ké cd mua)
For how many months each year does your household have sufficient rice to eat? (plus buying
rice) thang (months)

2.2  Mdi nam nha 6ng/ba bdoi may thang ? (& ca don sin va ngo)

For how many months each year does your household suffer from hunger (i.e. you do not have
enough rice, other foodstuffs mixed with rice, or replacement food such as cassava or corn to eat)?

thang (months)

2.3 Nha 6ng/ba con dii gao in trong may thang ra (tinh tr thoi diém nay)? (How many months
supply of rice do you currently have in storage?)

thang (months)
2.4 Mbi thang nha 6ng/ba an thit, c& ndy lan? (How many times each month does your household eat
meat or fish?)
S6 lan (number of times) 0 1 2 3 4 >4
2.5 Nha 6ng/ba c6 dung i 6t khéng? Does your household use iodized salt?)
Co, thuong xuyén(Yes, all the time)
Thnh thaing (sometimes)

Chua bao gio (never)

Phan 3. Kha ning tiép can thong tin véi bén ngoai éng dong (Interaction / accessibility to outside
world)

3.1 Trong thang qua 6ng/ba c6 (During the past month did you):

Khéng | Co6 S5 1an (Number of times)
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(no) | (yes)

1 2-5 | 6-10 | 11-14 | =I5

Nghe dai khong? (Listen to the radio?)

Xem ti vi? (Watch TV?)

Doc baoARead a newspaper?)

Nghe tin tr loa truyén thanh?

(listen to the public speaker?)

Xem phim/video (See |
movie/video?)

Nhan haic giri thu?

(Receive or send a letter)

Tham gia i hop trong kan/lang?

(Attend a community meeting?)

Gip g can b khuyen néng
(Can B Nha nudc)

(Meet an agricultural extension agent

Karaoke / (Billiards)?

Internet

Mobifone

Khbng (no)

3.2 Ngwn thdngtin ch yéu v nhiing sr kién chi yéu xay ra ngoai éng dong aia 6ng ba:
(What is your main source of information about events outside of your community?)

(c6 thé chon dén 2 ch tiéu réu nguoi dwoc phong vin khdng chn diroc mpt chi tiéu duy nit-
2 sources can be selected if the interviewee did not choose one)

tro chudn wi khach (Talking with visitors to your community)
can ® nha nudc (Government cadre)

__dai hoac tivi (Radio or TV)
bao chi (Newspapers)
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gp o ¢ cho (Meeting people in the market)

Kt ndi internet (Connecting to the internet)
& dung dién thai (Using mobifone)

khac (m&y) (Other (describe)):

khéng c6 ngm théng tin (No source of information)

3.3  Khoang cachi nha dén duong 6 t6 gn nhit? (dén duong 6 to thuong xuyén chy qua)(What
is the distance from your house to the nearest all-season auto road?)
m hac (or) km

3.4  Khoang cachi nha dén duong dgin nhit, xe may c6 thdi dugc? (What is the distance from your
house to the nearest road on which a motorcycle can pass?)
m héac (or) km

3.5 Trongnim qua thanh vién trong gia dinh 6ng/ba c6 dén (During the past 12 months how many
times did members of your household go to):

__ Tossxa(the village center)  &3an (times) Ly do (reason):

______Cloy gan nhit (the nearest market) 6%n Ly do:

______Tlitrdn huyn (the district town) &lan Ly do:

______Thxa tnh (the province capital) 6%n ___ Ly do:

_____Ha Ni (Hanoi, Ho Chi Minh city, Hue, Da Nang) 6Slan ___ Ly do:
_____SangLao (wentto Laos PDR) &61#® Ly do:

3.6  Ong/ba thudong dicho gin nhit bing cach nao? (By what means do you usually travel to the
nearest market town)

______DPibo (On foot)

______ bingya /tradu (Horse/buffalo)
_ Xedap (bicycle)

___ Xe may/xe 6m (motorbike/xe om)
___ Xekhach hm xe i (Bus or truck)
______Thugn (boat)

Khac (méa) (Other (describe)
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3.7 Thoi gian di dén chy gan nhit? (How long does it take you to travel to the nearest market
town?) _ ____@i(hours)

Phan 4.Kinh té hg (Household Economy)
Hoat dong sin xuit ndng nghdp (Agricultural Activities)

4.1 Trong nim vira qua gia dinh st dung bao nhiéu dat néng nghép? (In the past 12 months how
much agricultural land did you cultivate?)

Loai dat S6 manh Dién tich San luong S6 do
_ (Area: nf) _
(Landuse type) (No. of fields) (vield: kg) (red book)
Yes No

Rugng lia nwéc

(Paddy fields)

Vu xuan Gpring season)

Vu mua(Summer season)

Vu thir 37 (Third crop?)

Rudng ciy mau hang nim

(Other annual crops on permanern
land)

Nuwong lta (Upland rice)

Nam dau (1% year)

Nim thir 2 (2" year)

Nim thtr 3 (39 year)

Nuong sian (Cassava)

Nam dau (1% year)

Nim thtr 2 (2" year)

Niam thir 3 (3" year)

Nwong ngo (Maize swidden)
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Nam dau (1% year)

Niam thtr 2 (2" year)

Nim thtr 3 (39 year)

Nuwong khac (Other
swidden)

Niam dau (1* year)

Nim thir 2 (2" year)

Niam tht 3 (3 year)

Vwon nha (Home garden)

Vuwon cay (cay an qua, tre,
nza, i) (Tree garden)

Ché (Tea)

Ca phé (Coffee)

Pong @ (Pasture)

Khéac (Other)

4.2 Ong/ba c¢6 du dit ndng nghip dé nudi $ng gia dinh khong? (Do you have sufficient land to

support your household?)

co (yes) khéng (no)

4.3  Néu khong di, Ong/ba @n thém bao nhiéu dat nira? (If no, how much more land would you

need?) fm

4.4 Trong 5 nim qua gia dinh Ong/ba c6 dugc thém dat haic bi mat dat khéng? (Has your household

gained or lost land in the past 5 years?)
Rudng lba nwéc (Paddy land):

khong dugc, khéng nit (no gain/no loss) al sao (Why?):
duogc (gain) dén tich-area (1) hi sao (Why?):

nat (loss) dén tich-area (19) Bi sao (Why?):
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Nuwong riy (Swidden land):

khong duoc, khdng mit (no gain/no loss)

duoc (gain)

nat (loss)

dén tich-area (1)

dén tich-area (17)

Loai @t khac (Other land):

khong duoc, khdng mit (no gain/no loss)

dugc (gain)

nat (loss)

dén tich-area (1)

dén tich-area (17)

al sao (Why?):

Ri sao (Why?):

i sao (Why?):

al sao (Why?):

i sao (Why?):

i sao (Why?):

4.5 Trong nim qua gia dinh Ong/ba c¢6 nudi (In the past 12 months did your household raise

livestock)?
Loai Sb luong Ong (ba) y thuc an | Bé an Pé Lay phan | Sec | Khéac
vat tr ddu dé nubi gia ban kéo
nUBi (Number of head) stc?* (No.  of (for . (Other)
_ _ consumed | (No. of | collecting | (Draft
(Type '\_IUO' Nuoi (Source of feeds) | ) sold) | manure) | anima
of riéng chun |
livesto (per g Muia mua hlil:? ;)OWGI’
0
ck) individua | (Share | (Rainy season|
) d (Dry
ptmd“ seaso
ct) n)
Trau
(Buffal
0)
Bo
(Cattle
)
Lon
(Pigs)
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*Ghi chu: C6 tie ghi tat: Ring am hay &rng nguyén sinhRF), Rung gia thr sinh, co khai thacSp);
Rirng tre mra Bam); Ring cay i cao >2 m BC); Rirng cay hi thip (BT); Bong @ ¢ thé c6 30% cay
bui (CO); Tir nuong ray (NR)

*Note: Index can be used: Dense or primary fo(E8t), Secondary forest having loggitg§F); Bamboo
forest(Bam); Tall grass + bush>2rBC); Low grass + BuskiBT); Pasture having up to 30% bushes
(CO); Swidden fieldNR)

4.6 Trong nam qua gia dinh Ong/ba c6 nudi ca khong? (In the past 12 months did your household

raise fish?)
khéng (no) co (yes) érditich ao (area of pond) ’m
Sin luong ca nudi trong ndm qua (Amount of fish raised in past year) kg

(Chu y trudng hop c& bng-Including fish case in the river)

Tai nguyénitng
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Trong nam qua gia dinh Ong/ba c¢6 thu nhap sin pham ty nhiéno trong iing khéng? (In the past

year, did your family have income from forest resource?)

Loai san phim

(Type of product)

Noi thu hoach sin
pham (Where)*

Dé ban (for sold)

Dé sir dung

(Own use)

Ca hai (Both)

Go

(Timber)

Cui

(Firewood)

Tre nra

(Bamboo)

Mang

(Bamboo shoot)

Nam, moc nhi

(Mush room)

Cay thuc

(Medicinal plants)

Pong \at

(Wild animals)

Bdng chit

(Broom grass)

Mat ong

(honey bees)

Phong Lan

(Orchit)

Ca tr song

(Fish from the river)

81




Khac

(Other)

*Ghi chu: C6 tlg ghi tat: Rieng Am hay rng nguyén sinhRF), Ring gia thr sinh, co khai thacSp);
Rung tre ira (Bam); Ring cay i cao >2 m BC); Ring cay li thiap (BT); Pong @ c6 the c6 30% cay
bui (CO); Tir nuong ray (NR)

*Note: Index can be used: Dense or primary fo(B§t), Secondary forest having loggitg§F); Bamboo
forest(Bam); Tall grass + bush>2r{BC); Low grass + BuskiBT); Pasture having up to 30% bushes
(CO); Swidden fieldNR)

Gia dinh Ong/ba c6 quyén quin ly /sr dung dat nrng khdngZDoes your household have the right to
use any forest land (non-agricultural land)?

Loai rung Dién tich (M) S6 xanh Giay ching | Hop dong (trong
nhan bao nhiéu nam?)
(Forest type) (Area) (Green book) (Certificate)

(No. of years for
contract)

Rung tr nhién

(Natural forest)

Rung tai sinh

(Regenerating
forest)

Ring tong

(Planting forest)

Poi troc

(Barren land)

Ring €n xuit

(Productive forest)

Rung dac dung

(Special use forest)
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Rung phong &

(Protected forest)

Rung khac

(Other forest)

Trong 5 nim qua, gia dinh Ong/ba c¢6 dugc thém hac bi mit quyén quin ly /st dung dat ring
khéng? (Has your household gained or lost forest land in the past 5 years?)

khong duoc, khdng mit (no gain/no loss) alr sao (Why?):
duoc (gain) dén tich-area (1) Bi sao (Why?):

nat (loss) dén tich-area (%) Bi sao (Why?):

Céc hat dong sin xuit khac? (Other Productive Activities?)

Trong nim qua gia dinh Ong/ba c6 tham gia san xuat hang thi cong dé ban hdc dé dung khéng?
(In the past 12 months did your household engage in any handicraft production for sale or own

use?)
Loai hang Ban St dung (Own Ca hai
use)
(Type of products) (Sale) (Both)

Dét vai (Weaving cloth/clothing)

Pan lat (10, ra, chéu)

Making mats or baskets

Ché bién thyc phim/lam ruou

(Food/alcohol processing)

Mac (carpente)

Khac (Other)
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4.10 Trong nam qua gia dinh Ong/ba co thu dwoc tién tir dich w budn ban thuong mai?

(In the past 12 months did your household engage in any trade or service?)

Dich wi buén ban thuwong mai Co (yes) Khéng (no)

May sin haic maydo (Seamstress/tailor)

Cira hang ban d6 tiéu dung (Shop for consumer goods)

Nha hang (Local restaurant)

Xe 6m (Motorbike taxi)

Tho cat téc (Barber)

Cira hang ctta xe may (Motorbike repair shop)

Cho thué xedi (Truck rental)

Nha ngh (House for rent)

Cho thuyén (Boat for rent)

Sira thuyén (Boat repair)

Karaoke / video

Khéac (other)

4.11 Trong nim qua c6 thanh vién nao trong gia dinh Ong/ba di lam thué kiém tién? (In the past
12 months did any member of your household work as a hired worker for wages?)

khéng (no) c 0 (Yes).

Néu c6, bao nhiéu ngay/nam? (If yes, how many days per year? ngay (Days)

4.12 Trong nim qua gia dinh Ong/ba thu dwoc bao nhiéu &n mat tr tit ci cac ngon? (On
average how much cash income does your household earn each month from all
sources?) VNDXO( the tinh sau khi da ¢ sé liéu tr 4.13 Section 4.13 can be
used for calculation
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4.13  Trong nim qua ngudn thu tén mit chinh @a gia dinh la gi ?(During the past year what were
the main sources of your household’s cash income?)
ban nbngis (Sale of crops-describe):

S5 tién (Amount) VND

ban &t nubi (Sale of livestock-describe):

S5 tién (Amount) VND
ban @tir dit cia nha(Planting forest): VND

ban @t rirng (Forest Timber): VND
banw tir rieng: (Forest firewood): VND

ban cacie prim phi ¢ (Sale of NTFPs);

S5 tién (Amount): VND
______lam thuéwage labor) VND
______ ban hangiilcdng(Sale of handicrafts): VND
_____ thu nfip tir cira hang hac dich wi (Income from shop or service) VND
_____luong chinh phu (Government salary) VND

lvong huu chinh phi (Government pension): VND
________cactrgiup khac déa chinh ph (other government assistance) VND

(vi du: Program 661, 135, v.v...)

thrc phim va cac hang hoa khac dugc chinh pli cung dép (Free food or other goods
supplies by government)ld ta (describe)

loai hang va 6 lugng: (Kind and amount of goods)

khagother) 6 ®n (Amouny: VND

4.14  Trong nam qua gia dinh Ong/ba da chi vao nhitng khain chinh giqDuring the past year what
were your household’s main cash expenditures?)
(ké khai it ca cac khan chi tiéu lang tien mat-Please, list all expenditure sources by cash!)

Luwong thuc, thwc phim (Food)

go (Rice) VND

lwong thuc, thyc phim khac(other food) VND
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Mim, mubi, mi chinh, du an (Fish source, salt, Ajinomoto, cooking oil) VND

Dau tw cho san xudt ndng nghigp (Agricultural investment)

______cay ting (crops) VND (breeding seeds)

______phan bon (fertilizer) VND

_____thdc tnr sau (Pesticide) VND

_ thuélao dong (Hired labor) VND

(No. of days:....... for land preparation, transplanting, weeding, harvesting, etc)
__thy loi (Irrigation) VND

______channuoi (Livestock VND (Breeders, feeds, veterinary service, etc.)

Chi phi cho sinh hat (Social activities and furniture.)

_______gan &o (cloths) VND

@ m cudi , ddm tang v& cac nghid khac (Weddings, funerals, and other
rituals) VND

______cac hang ho&ni nghitiéu dung khac (furniture) VND

Céc € phi, g

__thé(Taxes) VND

_______phi bc duong(School fees) VND

_______ phi y&(Medical care) VND

______cac lg Quy (Funds) VND

_______cac la phi khaqOthers) VND

Cac khain chi tiéu khac Qther expenditures)

td no (Payments on loaps VND
xayfsa nha(Construction of house) VND
khac (&it ké): Other expenditures (describe): VND

4.15 Ong/ba danh gia tinh trang kinh € cia gia dinh minh nhu thé naoHow would you rate
the economic status of your household?)
giayWealthy)
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trung luu (middle)
nghé¢poor)
it nghéo(very poor)
4.16 Sowi cac kb khac trong bn /lang , nikc kinh € cia gia dinh Ong/ba (Compared to other
households in this community what is the economic level ofhpusehold?):
hon phan Ién cac b khac(Better than most)

trung bintaverage)

nghéo hon cac hd khac(poorer than most)

Xin tran tiong ¢im on 6ng/ba di danh thoi gian cho cdc phong van!

(Thank you very much for your time on this questionanire)
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Appendix B. Store-owner Interviews

Questions for store owners include questions such as: When did they open? Where owners are
from? Why did they come to the village? And what spurred the opening of the shop? More
specific questions related to the shop and its’ products included: What products do you sell?

Where do they come from? How many daily customers do you have? Do you get customers from
outside of the village? Do you do more business in particular seasons? And is there a correlation
between season and product sales? Other questions attempted to address changes over time and
future prospects: How has the customer based changed since you opened? Do you have plans to

expand your shop?
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Appendix C. Ground Truth Points and Location Map

Legend
GPS 1
GPS 8
GPS 18
GPS 62
GPS 66
GPS 67
GPS 69
GPS 72
GPS 73
GPS 75
GPS 127
GPS 128
GPS 134
GPS 137
GPS 139
~— EW_River
= NS_River

e Primary_Road_new

(NN Nol N BcHeNoNoN NeN HONe)

—— Secondary_Road
Study Area

GPS Point: 62

This was taken next to the river (nam §
facing East. It captures paddy rice on
the flat land next to the river, cassava
on the hill, and wild banana trees
scattered around the hill.

90 degrees

Figure 1
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GPS Point: 62

This photo was taken from the same
point as Figure 1 but facing southeast
It shows paddy rice in the lowland,
cassava on the hill up from the paddy
rice, and fallowed land as well as son
upland rice beyond that.

145 degrees

Figure 16

GPS Point; 62

Photo 3 faces west and shows cassa
both in the lowland and on the hill.
Next to the cassava on the hill is
bamboo on one side and trees on the
other.

290 degrees

GPS Point; 67

This shows a field of upland rice in the
middle, tall and dense trees at the tog
and banana trees at the bottom. The
small hut located on the side of the hi
is used by the farmer to sleep in so th
they don’t have to make the same hike
the next morning.

190 degrees

Figure 18
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GPS Point: 67

This photo shows the intercropping of
upland rice and maize. Banana trees
and other trees and bushes are locate
towards the bottom of the hill.

260 degrees

GPS Point; 66

This photo shows some of the land
where households allow their cattle tc
graze. The photo shows a hillside witl
a large area of wild grass.

340 degrees

GPS Point: 69

Figures 7-9 were taken from the new
upland road in Ta Rec. Looking NW,
Figure 7 shows rice in the immediate
vicinity on a steep slope descending
from the road. Beyond that are farmei
weeding a cassava plot.

Figure 20

| ‘-—ﬁ

Figure 21
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GPS Point: 69

Figure 8 shows a large cassava plot t
the right and a small upland rice plot
its left on a steep, eroded piece of lan

Figure 22

GPS Point: 69

Figure 9 is a picture of the new uplan:
road that researchers came upon afte
hiking up a mountain from the paddy
land pictured in Figures 1-3.

Figure 23

GPS Point; 72

On the very steep slope right next to 1
road in this photo, upland rice is beinc
grown. Beyond that on a more
moderate slope, cassava is grown. Tt
land that stretches from the top right ¢
the photo diagonally towards the cent
is used to graze livestock.

140 degrees

; “»/ ;
Figure 24
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GPS Point: 73

A
e

Taken along a part of the landscape t
was carved out for the upland road, tt
picture shows cassava grown on the
hillside directly adjacent to the road.

Figure 25
GPS Point: 75

This photo shows broom grass on the
left and different ages of acacia trees
the right of the broom grass, with the
much more mature trees on the far rig

Figure 26
No GPS Data Available- Known to be
located on upland road.

This photo shows an example of the
intercropping of acacia and cassava,
technique suggested to farmers by
agricultural extension agents.

Figure 27
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GPS Point: 139

Located along the road leading into T
Rec, this picture shows a couple padc
plots with acacia trees planted to the §
right of the photo and a jack fruit tre
on the left.

160 degrees

GPS Point: 134

This plot of cassava is planted every
year due to the high soil fertility. It is
located along the banks of the river in
the north part of the village, which is
also near the road leading out of the
village to the Ho Chi Minh Highway.

260 degrees

Figure 29
GPS Point: 137 “ o

This area, located along the main
incoming road, is a plot where cassav
coffee and jackfruit were planted. In
this photo, cassava is in the foregrour
and coffee trees are on the left of the
photo.

240 degrees

Figure 30
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GPS Point: 137

This is a picture of the same plot as
above, but with a more precise look a
the close intercropping of fruit trees,
cassava, and coffee.

GPS Point: 127

This plot, which was only recently
planted after four years of fallow, ‘
contains upland rice and wild banana
trees.

340 degrees

GPS Point; 62

This photo was taken from the riverbe
and depicts cassava immediately to tl
left and on the hillside to the right.
Upland rice is visible higher up on the
mountain in the center of the picture.

Figure 33
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GPS Point: 8

This photo depicts wet rice along the
flat land adjacent to the river that runs
north-south.

Figure 34
No GPS Point Available

A view from the mountainside
overlooking the river that runs north tc
south. At the bottom of the valley is w
rice. On the sloped area directly abov
the wet rice and adjacent to the river |
cassava. To the right and left of the
sloped cassava fields (darker green) i
upland rice fields that are towards the
top of that mountainside.

Figure 35
GPS Point: 8

Taken from the top of a mountain, thit
photo shows a number of upland rice &
fields to the right anih the foreground. |

The valley bottom is visible in the top
left where wet rice is being cultivated. |




GPS Point: 1

This is a picture of the schools that
were built right next to residential are: #
in Ta Rec.

=
=

Figure 37
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