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Abstract

Land use changes have been recognized to have considerable impacts on water; and vice versa, changes
in water use and governance may have implications on land use and governance. This study analyzes
recent land use/land cover (LULC) changes, and how changes in land use and water governance are
perceived to affect land use and water-related risks in three case-study areas exposed to frequent flooding
and inadequate or deteriorating water quality. The areas studied included the Vantaa basin in Finland, a
section of the Grijalva basin in Mexico, and the Lower Xe Bang Fai basin in Laos. We show how there
are complex and context-specific interrelationships between land use, water governance, and water-
related risks in each study area. In a remote sensing analysis of LULC changes during the past 30 years,
we found that LULC changes have been the most dramatic in Xe Bang Fai, Laos in the form of expanding
agriculture and built-up areas; however, there has also been an expansion of built-up areas in the two
other sites. According to our stakeholder scenario workshop data, analysis of policy documents and field
visits, the nexus between land, water and risks is recognized to some extent in each study area. There
have been modest shifts toward more integrated land use and water governance in Vantaa and Grijalva,
while the integrated governance seems to have been most absent in Xe Bang Fai. Tighter integration of
land and water policies is needed in all the three cases to manage the land use changes in a way that their

effects on water-related risks will be minimized.
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Introduction

Water-related problems (e.g. floods, droughts and poor water quality), and vulnerability towards them,
are driven by changes in land and water use, as well as by their interconnections. Unsustainable land use
changes have been recognized to have considerable implications on water (Delpla et al. 2009; Foley et
al. 2005; Rockstrom et al. 2009; Steffen et al. 2015), while changes on water use and governance have
considerable effects not only on water but also on land use (Alemayehu et al. 2009; Wang et al. 2016).
In addition, land and water use changes may significantly increase vulnerability to water-related hazards,

such as adverse floods (Lioubimtseva and Henebry 2009; McCubbin et al. 2015).

Land use changes and water-related risks and vulnerabilities are driven by several factors that include
local processes and global political-economic forces (Lambin et al. 2001; Meyfroidt et al. 2013). Despite
universal trends, such as agricultural intensification and expansion of industrial activities and urban
settlements (Meyfroidt et al. 2013), the combination of exact drivers of change, their intensities and
linkages with water-related risks and vulnerability are contextual and have specific outcomes and
meanings in particular sites (Guneralp et al. 2015; Lambin et al. 2001; Rockstrom et al. 2014). Thus, it
is important to understand the similarities and differences in socio-spatial contexts regarding the
implications of the land use and water governance changes on water-related risks and vulnerability (Pahl-

Wostl 2015).

By using a mixed-methods approach, we evaluated linkages between changes related to land and water
and associated water-related risks and vulnerability in three case studies located in Finland, Mexico and
Laos. We quantified land use/land cover (LULC) changes during the past 30 years with the help of
Landsat remote sensing data and supervised classification and evaluated (1) to what effect changes in
land and water use can be tracked using remote sensing. Furthermore, with the help of qualitative data

gathered from stakeholder scenario workshops, policy documents, field visits and interviews, we asked
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what are the institutional perceptions on (2) how changes in land use and governance have affected water-
related changes and risks during the past 30 years and how they will affect water during the following
30 years, and (3) how changes in water use and governance have affected and will affect land use and its

governance.

Water-related risks and their connection to the use and governance of land and

water

In the centerpiece of our analysis are water-related risks and vulnerability (Fig. 1). In line with the IPCC
(2014), we distinguish risks from vulnerability with the former referring to potential consequences of
water-related problems, such as floods, droughts and low water quality, and the latter referring to pre-
existing condition of individuals, communities and societies in terms of how heavily they will be affected
by water-related problems. For instance, major disparities in social vulnerability often indicate that
increasing flood risks and worsening conditions of water quality are socially differentiated (Nygren 2016;

Sze et al. 2009).
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Figure 1. Analytical framework of the study.

Water-related risks and vulnerability are influenced by changes in land and water use, as well as their
governance. Furthermore, processes related to land and water are in a bidirectional relationship (Fig. 1),
and this interaction has implications for risks. We differentiate land and water use from land and water
governance. The former refers to how and where land and water resources are utilized. Governance, on
the other hand, refers to the regulation of development and management of land and water resources (c.f.

Pahl-Wostl 2015).

Changes in land use affect both the exposure to flooding (de Moel et al. 2011; Giineralp et al. 2015; Liu
et al. 2014; Sze et al. 2009) and flooding patterns by changing the water-flow regimes and runoff
generation (Alexakis et al. 2014; Sze et al. 2009; Zhou et al. 2013). In addition to flooding, changes in
land use may modify the availability of water, which may have implications e.g. for communities,
agricultural livelihoods and energy production (Rahman et al. 2015; Tong et al. 2012; Zhang et al. 2017).
Furthermore, land use changes and increasing human activities have also significant impacts on water

quality patterns (Foley et al. 2005; Liu et al. 2015; Rockstrom et al. 2014; Tu 2011; Wilson 2015).



Large-scale water management infrastructure and hydropower projects significantly alter hydrological
systems (e.g. streamflow, runoff, storage and infiltration) (Gao et al. 2013; Lu et al. 2014; Mufioz-Salinas
and Castillo 2015), and changes in management and governance of water resources have also
implications for land use (Alemayehu et al. 2009; Desta et al. 2017; Wang et al. 2016). In many cases,
changes in land and water use are clearly intertwined, such as in the embankment and canalization of
water for flood protection and to support land conversion to agriculture and built-up areas (Marcal et al.
2017; Ritzema and Van Loon-Steensma 2017). Due to the interconnectedness of land and water, there
have been calls for and analyses of the land-water-nexus and integrated land and water management
(Benson and Lorenzoni 2017; Borchardt et al. 2016; Chen et al. 2018; Ringler et al. 2013; Ritzema and

Van Loon-Steensma 2017; Rockstrom et al. 2014).

LULC changes have been tracked for decades using remote sensing methods (Singh 1989; Tewkesbury
et al. 2015). While remote sensing is sufficient in mapping land cover, for mapping land use, especially
its intensity and the changes in its intensity a combination of remote sensing and other methods is needed
(Erb et al. 2013; Kuemmerle et al. 2013; Meyfroidt et al. 2013; Temme and Verburg 2011). Thus, in
order to understand the changes related to land use and link them to social processes, using remote
sensing only is not sufficient. For instance, when grasping the multifaceted and contextual interactions
between changes related to land, water and associated risks mixed methods are needed (Alemayehu et
al. 2009; Desta et al. 2017; Forrester et al. 2015; Mapedza et al. 2003; Palmer et al. 2011; Qasim et al.
2013; Xue et al. 2015). Here, we combine remote sensing based LULC change analysis with qualitative
evaluation of stakeholder perceptions of environmental change. The analysis of the institutional
perceptions of the linkages between water, land and risks enabled us to grasp the governance context and
the institutional views and values, which form a basis for policy decisions (Forrester et al. 2015; Suckall

et al. 2014).



Study areas

The case-study areas included in the study were: the River Vantaa basin in southern Finland, a section
of the River Grijalva basin in Tabasco, southeastern Mexico, and the Lower Xe Bang Fai basin in south-
central Lao PDR (Fig. 2). We chose study areas which have different socio-cultural, political-economic
and environmental contexts, and the combination of three divergent areas thus allows the analysis of how
the land-water nexus and associated risks differentiate across three continents in developing, middle-
income and developed countries. The study areas have complex land use histories and water-governance
policies but they are also exposed to flood risks and to inadequate or deteriorating conditions of water
quality, and several strategies have been recently implemented to mitigate these water-related risks. This
offers us a good basis to analyze the institutional perceptions of the nexus between land use changes and
water-related risks. Instead of a strictly comparative analysis, our purpose is to show the similarities and
differences between the drivers of land use changes and their linkages to water-related risks across the
cases. A description of the case study areas is given in Supplementary material 1, and the context of

water governance in the cases is explained in Rasanen et al. (2017).
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Figure 2. Case-study areas. USGS/NASA Landsat 8 satellite image from each site.

Methods

Land use/land cover change analysis

We quantified past changes in LULC using 30m spatial resolution Landsat images (A more detailed
description of the classification approach is given in Supplementary material 2). For each site, we choose
three images from different time points (Table 1). The analyzed images were taken approximately during
the same time of the year to allow comparison across years. The images were first mosaicked and clipped
and after that an object-based classification with Full Lambda Schedule image segmentation in ERDAS
Imagine 2014 (Intergraph, Huntsville, AL, USA) and supervised random uniform forest (RUF)

classification (Ciss 2015) in R 3.0.2 (R Core Team 2013) was performed. From each image, all color and



infrared bands (bands 1 — 5 and 7 in TM and ETM+ and bands 1 — 7 in OLI) were used. In each study

area, we classified images to 4-5 LULC classes. We assessed the accuracy of different classifications by

evaluating RUF out-of-bag error rates and cross-compared the two newest Vantaa classifications to

Finnish Corine Land Cover classifications from years 2000 (Finnish Environment Institute 2005) and

2012 (Harma et al. 2013).

Table 1. Details of the Landsat images acquired from each study site.

Study area Date Sensor Path/Row

189/17
Vantaa 13.5.1985 Landsat 5 TM

189/18
Vantaa 29.5.2002 Landsat 7 ETM+  188/18
Vantaa 25.5.2015 Landsat 8 OLI 188/18

22/47
Grijalva 11.3.1986 Landsat 5 TM

22/48

22/47
Grijalva 28.3.2001 Landsat 7 ETM+

22/48

22/47
Grijalva 8.3.2014 Landsat 8 OLI

22/48
Xe Bang Fai 27.12.1987 Landsat5 TM 127/48
Xe Bang Fai 12.12.2002 Landsat 7 ETM+  127/48
Xe Bang Fai 6.1.2015 Landsat 8 OLI 127/48

Stakeholder scenario workshops, documentary analysis and field visits

Approaches, which involve stakeholder participants, have been considered useful in assessing different

perceptions of environmental change (Fazey et al. 2011), including plans how to prepare for future

changes (Frazier et al. 2010; Mitchell et al. 2016) and predict land use changes (Carpenter et al. 2015;



Hewitt et al. 2014). Furthermore, stakeholder scenario workshops can be a forum for different opinions
of land use and water-related changes (Frazier et al. 2010; Priess and Hauck 2014), and help to understand
the underpinnings of local context (Smucker et al. 2007). The workshops, based on a methodology
developed by Ravikumar et al. (2014), were organized on 2 September 2015 in Vantaa, Finland; on 22-
23 September 2015 in Villahermosa, Mexico; and on 22-23 October 2015 in Thakhek, Laos. We invited
participants from different levels of public administration (central, regional, and municipal
governments), private sector, and civil-society organizations (CSQO) and research institutions. There were

20 participants in the workshop in Finland, 15-25 (depending on the session) in Mexico, and 32 in Laos.

In the workshop, participants discussed what kind of water-related changes have happened in the study
area during the past 30 years and identified key drivers influencing those changes. They also sketched
potential future drivers of water-related changes and outlined how water-related risks and vulnerability
could be reduced in the following 30 years. We analyzed (1) if land use or water governance changes
were seen as key events or trends in relation to water-related risks and vulnerability, and (2) what kind
of possible future changes related to land and water use were raised in the discussions and how the

participants linked these changes to water-related risks and vulnerability.

To complement the workshop data, we also analyzed policy documents (Supplementary material 3)
relevant for water governance in each study area to expand the situational knowledge gained through
stakeholder scenario workshops (Smucker et al. 2007). From the documents, we evaluated (1) what kind
of changes in land use have been documented in the study areas, (2) what kind of strategies for future
changes are planned, and (3) how the relationships between land and water use changes and water-related
risks and vulnerability have been formulated. In the case of Grijalva, and Xe Bang Fai, the materials

were complemented with field visits and interviews with local residents and institutional stakeholders.
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In Grijalva, several months of fieldwork was carried out between 2011 and 2016; in Xe Bang Fali,

empirical fieldwork was conducted in different parts of the basin during June-July 2016.

Results

Quantifying past land use/land cover changes

Overall, the classification accuracies were high with almost all out-of-bag accuracies being over 90%
(Tables 2 to 4). In Vantaa, the similarities with Corine Land Cover classification were 78.8% and 81.5%
respectively for years 2002 and 2015. The LULC changes have been most evident in Xe Bang Fai,

although there have been notable changes in the other study areas.

In Vantaa, there has been a moderate increase in built-up housing and industrial areas over the past 30

years (Table 2). These areas have expanded both towards forest and agricultural areas (Fig. 3).

Table 2. The proportion of different Land use/land cover types and overall classification accuracies based on RUF out-of-bag

estimates in Vantaa study area at three time-points.

Year Built-up Agriculture Forest Water Classification accuracy

1985 14.0% 23.8% 59.7% 25% 93.0%
2002 156 % 23.3% 589% 22% 92.0%
2015 15.7% 23.3% 58.7% 23% 94.4 %
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Figure 3. Land use/land cover maps of the Vantaa study area from years 1985, 2002 and 2015.

In Grijalva, there has been an increase both in built-up areas and tree plantations and a decrease in natural
wetland vegetation cover and agricultural areas. The area covered by open water has fluctuated, which
is probably caused in this delta area by precipitation patterns (Table 3). Most evident changes are the
urban expansions around the cities of Villahermosa and Cardenas, located in the eastern and western
parts of the study area respectively, and the decrease in natural wetland vegetation cover in the north-
eastern part (Fig. 4). This decrease in natural wetland vegetation is partly linked to the filling of several
lagoons for construction purposes in areas close to Villahermosa, as well as to the conversion of wetland

vegetation to pasturelands.
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Table 3. The proportion of different land use/land cover types and overall classification accuracies based on RUF out-of-bag

estimates in Grijalva study area at three time-points.

Forests, tree  Agriculture

Natural Classification
Year Built-up plant. and and Open water
wetland accuracy
agroforestry  pastureland
1986 4.7% 13.6 % 68.3 % 9.8 % 3.7% 90.5%
2001 47% 13.9% 67.9% 9.0% 45% 93.1%
2014 6.3% 14.6 % 67.4 % 7.8% 3.8% 89.6 %

Land use/land cover type

I Built-up

I Forests, tree plantations and agroforestry
Agriculture and pastureland N
| Natural wetland vegetation

I Open water

Figure 4. Land use/land cover maps of the Grijalva study area from years 1986, 2001, and 2014
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In Xe Bang Fai, there has been some expansion of built-up areas, which includes mining concessions,
and of agricultural areas. However, the biggest changes have occurred in the decrease in forest cover and
the increase of water areas (Table 4, Fig. 5). The increase in water areas relates to the construction of
Nam Theun 2 dam, as the filling of the reservoir has produced a decrease in forest areas in particular and
wetlands (classified as forests), which make up a small area in the study. Furthermore, the way these
changes affect the flood-patterns downstream is determined by the way the dams are regulated. A
significant proportion of the land-use changes has concentrated on the fertile, flood-prone areas
downstream Xe Bang Fai. According to visual interpretation of very high resolution images and to
information gathered during field visits, most of the increase in agricultural areas before 2002 was caused
by rice paddy expansion. However, after 2002, a major part of the agricultural expansion consists of
sugarcane plantations.

Table 4. The proportion of different land use/land cover types and overall classification accuracies based on RUF out-of-bag

estimates in Xe Bang Fai study area.

Year Built-up Agriculture Forest Barren Water Classification accuracy

1987 1.1% 11.4 % 804% 65% 0.7% 93.8 %
2002 24 % 13.4 % 76.9% 66% 0.7% 92.2%
2015 34% 14.0 % 706% 62% 6.1% 93.7%
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Figure 5. Land use/land cover maps of the Xe Bang Fai study area from years 1987, 2002 and 2015.

Land use changes and water-related risks in the past

In the historical timeline session of the VVantaa workshop, participants emphasized how changes in land
use in the form of construction of new urban and sealed surface areas shorten the run-off times and
possibly worsen the water quality and flood situation. Most changes were driven by population
movement, mostly caused by migration from rural to urban areas and economic growth. There were also
some remarks about the changes in agriculture, especially concerning the decreasing amounts of
fertilizers used and the problems related to denser soils. The policy documents emphasized that Vantaa
is situated along the most densely populated areas in Finland, with rapid urban expansion. According to
the documents, intensification of agricultural and forestry practices has also decreased water quality and
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increased flood risks. The documents noted that there have been some nutrient pollution prevention
measures in agriculture that have had positive effects to water quality, while at the same time remarking

that the implementation of these has been slow.

In Grijalva, the most important past land and water use related events and trends mentioned in the
workshop were the construction of dams in upstream areas of Grijalva River, the oil boom in 1980s,
which included road constructions and human-promoted changes in river courses with impacts on
flooding patterns, and oil-industry installations with impacts on water quality. Overall, the workshop
discussions indicated that there have been changes in land and water use patterns in the area, with
particular effects on water-related risks, especially concerning the residents’ exposure to flood hazards
and the deteriorating water quality. Policy documents made references to large hydrological
modifications on the lowlands, including redirection and unification of major rivers and water bodies
implemented more than a century ago. The latest policy documents also referred to various flood-
prevention programs that have been partially implemented during the last six decades to control serious
flood events. Interviews with government officials, flood-governance consultants and NGO
representatives revealed that the recent intensification of agriculture and cattle raising has had
considerable effect on the sedimentation of the rivers; however, the main reasons for the magnitude of
recent floods seem to be the inadequate operation of dams and expansion of urban settlement for areas

not apt for dense settlement.

In Xe Bang Fai, one of the main land and water use change mentioned in the workshop was the Nam
Theun 2 dam that has implied considerable changes in local livelihoods. The dam is built on the Nam
Theun River but water from the reservoir is released to Xe Bang Fai, nearly doubling the mean flow of
Xe Bang Fai (Descloux et al. 2014). In terms of historical events, people paid considerable attention to

damaging floods. In terms of water-related land use changes, the main concerns were related to land use
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intensification using agrochemicals, increased logging and agribusiness and tree-plantation concessions,
including sugar-cane and eucalyptus plantations, driven by large companies, and increase of mining

concessions, including cement and potassium mines.

Future land use changes and their linkages to water-related risks

In Vantaa, the intensification of land use causes problems in controlling the water flows and may thus
increase flooding and deteriorate water quality. However, at the same time, land use is regulated by flood
management planning. Both the workshop discussions and analyzed policy documents indicated that the
measures related to the intensification of agriculture affects water quality. It was recommended that new
management practices in agriculture would be implemented to improve water quality, while allowing for
an intensification of production. Participants in the workshop agreed that the problem of water quality is
more severe than the issue of water quantity in the Vantaa area, and to control water quality, changes in
agricultural practices are needed. However, some suggested that the flood problems could be mitigated
by non-structural measures such as by restoring some of the lakes and wetlands that have been filled in
the past. Flood mitigation is also connected with water quality, as that would result in less flood-related

leakages from water-treatment facilities.

In the Grijalva basin, inadequate urban planning and construction on wetlands were seen as trends that
will continue to increase the flood risks and catastrophic floods in the future. The participants considered
that the amount of urban population will continue to grow but with adequate land use and urban-planning
policies it would be possible to reduce the residents’ exposure and vulnerability to floods. In addition to
urban expansion, the development of oil-industrial infrastructure was mentioned as an important factor
affecting land use and water quality changes. Reforestation strategies and the expansion of the transport
infrastructure were also mentioned as potential drivers of future changes. Policy documents relied heavily
on improved flood-protection infrastructure, as well as on the modifications in the hydrological networks
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on the lowlands to reduce flooding. Land use changes and urban planning were also mentioned as some
of the crucial factors. However, their implementation was considered differently by governmental

institutions, which prepared the documents.

In Xe Bang Fai, land use changes are occurring at a fast pace and it is probable that these changes will
continue in the future. In the workshop discussions and in the policy documents, the role of foreign
investments was identified as a significant driver for future land use change with important water-related
implications. The participants recognized that land use changes affect both water quality and quantity;
for instance, mining was considered to have negative effects on water quality, and loss of forest and

wetland cover was expected to intensify both floods and droughts.

Discussion

Using multiple methods, our analysis shows that land use changes are one of the many factors relevant
in terms of water-related changes and that an analysis of the rate of changes is not enough to understand
the complexities between land use and water-related changes. Remote sensing analysis shows the general
LULC changes and the potential locations for increased flood risks or decreased livelihood opportunities.
Qualitative stakeholder scenario workshop discussions, policy-document analysis and field visits help to
understand the changes in land use and its intensity, their drivers, linkages with water-related risks and

projections to future changes in a much more thorough way.

Our three cases also enable us to consider the land use transformations and their implications on water-
related risks. In each case, land use has had considerable impacts on water but at the same time, water
use and governance has influenced land use patterns. In Vantaa, land use changes and management of
agricultural land have increased pressures on water quality but these changes are also about water

governance as intensification of land use has shortened run-off times. In Grijalva, widespread changes
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in water use and governance, including dam construction, water canalization and dyke construction have
together with land use changes, transformed the whole river basin area. In Xe Bang Fai, there has been a
rapid land use transformation but at the same time changes in water use in the form of a new dam has
increased pressure to make changes in land use, such as changes from wet to dry season agriculture. In
all study areas, the nexus between land, water and risks is recognized, and there have been shifts toward
integration between policies especially in Vantaa and Grijalva. Nevertheless, there is a need for tighter
integration, the situation which is similar to other basin areas across the globe (Benson and Lorenzoni
2017; Desta et al. 2017; Xue et al. 2015). Next, we will discuss the nexus in each study area more in

detail.

In the case of Vantaa, the main changes in land use during the past 30 years were related to the increase
of residential, industrial and urban areas. These changes were considered to increase water-related risks
and to deteriorate water quality to a certain degree. Despite these changes, there is still almost 60% cover
of near-natural forest vegetation. In other basins, with roughly similar land use patterns, models have
shown that even small changes in land use or in climatic conditions can change the water regime
significantly (Singh et al. 2014). This is especially relevant in the Vantaa basin, where the changes in
runoff are naturally large, due to the low number of lakes and the small size of the basin (Suhonen and

Rantakokko 2006; Suomalainen et al. 2015).

In the future, corresponding land use changes will probably continue in the Vantaa area; however, there
are governmental plans to better integrate the policies of land use planning with those of water
governance. First, it is unlikely that those zones that are flood-prone, will be built in the near future, and
there are efforts to use more natural urban-runoff planning (Suomalainen et al. 2015). Second, less
intensive agricultural management practices are being introduced (Karonen et al. 2015). In terms of water

quality, the situation resembles the situation in several other basins in post-industrial countries, in which
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water quality has not improved, despite the more efficient management plans (Gillon et al. 2015). This
is partly due to the shifting drivers that were not accounted for when the water governance policies were

planned (Gillon et al. 2015).

In the case of Grijalva in Mexico, there have been drastic changes in the river basin management and in
the land use patterns in the past two centuries, and these policies of technological risk prevention have
continued during the last 30 years (Diaz Perera 2014). The building of massive water infrastructure has
transformed the river’s runoff patterns and paradoxically increased people’s exposure to flood risks; the
situation similar to many other deltaic river basins and flood plains in the world (Marcal et al. 2017;
Ritzema and Van Loon-Steensma 2017; Sze et al. 2009). The changes in river courses, sedimentation of
the rivers due to agricultural activities - especially the cattle raising - and the high degree of social
inequality have increased especially the poor inhabitants’ exposure to serious flood hazards; affecting
most the already highly vulnerable people (Nygren 2016; Sze et al. 2009). The coverage of natural forest
and wetland vegetation was small already for 30 years ago; nevertheless, in the past 30 years, there has
been a significant increase in built-up areas especially in the most critical risk zones, and this rate of
change has been more drastic and faster in Grijalva than in Vantaa. The past 30 years have also seen a
widespread human-induced modification of the landscape, including massive water canalization, water
contamination and the expansion of human settlement and agricultural activities to natural flood-

retention areas.

For the future, the question is how the water governance and land use can be planned so that flood risks
and vulnerabilities could be reduced. Although it is difficult to reverse the widespread infrastructural
modifications implemented in the area, environmental governance should be shifted towards directions
that are ecologically more sensitive and socially more transparent. These including policies that “give

more space for the river” and that integrate sectors better and enable socially more inclusive forms of
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water governance and land use planning (Nygren 2016; Sze et al. 2009). These kinds of multi-sectoral
and socially inclusive forms of governance are crucial to decrease the risks related to catastrophic floods
and everyday vulnerability, including access to safe drinking water and reduction of sedimentation and

water contamination.

In Xe Bang Fai, the expansion of agriculture and built-up areas has been fast in the past 30 years. In
addition, the construction of the Nam Theun 2 dam has transformed a large land area in the Nakai Plateu
into a reservoir from where water is channeled to the Xe Bang Fai river causing significant changes in
its water-flow regime (Baird et al. 2015). Changes in the river’s flow regime have prolonged floods and
caused significant losses in wet season rice harvests, but also affected fisheries-based activities.
Furthermore, changes in the flood regime create pressures to shift from wet to dry season agriculture,
which is heavily promoted by the government officials and international donors, like the World Bank
and Asian Development Bank. However, in a monsoon area, such as Xe Bang Fai, the irrigated dry
season cultivation implies high water pumping, fertilization and labor input costs (Floch and Molle 2013;
Hoanh et al. 2012). Importantly, all the residents are not likely to be able to take advantage of this shift;
in fact, some of them may end up indebted and worse off, which increases rural inequalities, as well as
differentiated capabilities to cope with exceptionally strong floods. In turn, the new mining concessions
have major implications on water-related problems, especially the potassium mines, which worsen the
water quality in certain areas, affecting both fisheries and rice harvests. This seems to contradict with the
government policy to have Xe Bang Fai Basin as one of the country’s priority areas for rice production.
The plantation and agribusiness concessions may increase local inhabitants’ vulnerability to floods by
diminishing the livelihoods options due to restricted possibilities for upland activities, including the

collection of non-timber forest products (Friis et al. 2016; Lagerqvist et al. 2014; Thulstrup 2014).
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In the future, the cumulative impacts of the different extractive and agro-industrial projects (Baird and
Barney 2017), inconsistent policies and policy implementations are a key in making people vulnerable
to devastating floods that are likely to become more frequent due to climate change. The question is how
to govern future changes in a way that people’s exposure to floods and other water-related changes can
be mitigated, and the resilience of the local livelihoods strengthened. There is a need for more integrated
land use planning and for water governance decisions that are more sensitive to the mosaic of local
livelihoods. This implies addressing carefully the cumulative impacts of dam, mining and agribusiness
concessions that constrain the ways people combine the use of the lowland paddies with the use of

riverine and up-land forest resources.

Conclusion

We quantified LULC changes of past 30 years, projected future changes and analyzed how the
relationships between land use changes and water-related risks and vulnerability were perceived by
institutional stakeholders in three study areas, located in Finland, Mexico and Laos. Although land use
changes and their drivers exert pressures on water governance, our analysis demonstrated that a simple
mapping of LULC patterns and rates of change is not sufficient, thus both remote sensing and qualitative

data analysis are needed.

Our analysis showed that water-related risks are produced through interconnected land use and water
governance changes, as well as through a complex mixture of overlapping, interacting and competing
processes and policies. Our approach enabled us to analyze the land-water-nexus in different socio-
cultural and political-economic contexts. We found that there was an evident nexus between land and
water in each study area, but the actual interlinkages between land and water were divergent in different
contexts. We also found that the institutional stakeholders recognized the nexus in each study area but

there have been few integrated policies that would holistically account for water-related risks. The past
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land use and water related changes and the probable future transformations exert considerable pressures
on the governance of water quality and quantity in all the three study areas. Our analysis further
emphasizes calls to move from a water-land divide into a nexus-oriented thinking that considers the
changes in both land use and water governance, and their context-specific interconnections, when
planning the future policies and seeking for more sustainable way to reduce the water-related risks and

vulnerability.
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