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Abstract

Land cover data is widely used for the design and monitoring of land use 

policies despite the incapability of this type of data to represent multiple land 

uses and land management activities within the same landscape. In this study, 

we operationalized the concept of land systems for the case of the Lao PDR 

(Laos). Distinct land systems like shifting cultivation and plantations (land 

concessions) cannot be fully captured by land cover inventories alone, in spite 

of their relevance for land use policies. Using a decision tree and a matrix 

approach, we integrated several datasets for the period 2010/11, including land 

cover, an agricultural census and a land concession inventory. We selected 

thresholds for distinguishing land systems based on an expert survey. The 

resulting 17 land systems cover the whole territory of Laos and represent 

landscapes of 2 ×2 km pixel size. The largest area is occupied by smallholder 

agriculture land systems intertwined with forests. Only 27% of the territory are 

agriculturally undisturbed, dense forest systems. The assessment can serve as a 

basis to identify areas that could change shortly and locates the full range of 

land systems, from land concessions to smallholder systems, in one, integrated 

spatial assessment. The land system representation can help policy makers to 

link land systems to the diversity of different stakeholders and their 

backgrounds and support discussions about ecological and socioeconomic 

consequences of different land uses within a landscape.
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2.1 Introduction

Land change and particularly the social dimensions of land change have 

repeatedly been identified as key leverage point to mitigate and adapt to global 

environmental change by designing sustainable and resilient landscapes 

(Davidson, 2016; Tscharntke et al., 2012; Turner et al., 2013). Assessments of 

land change are important to identify unsustainable or vulnerable landscapes 

and monitor efficiency of adaptation and mitigation measures. The most 

common means of observation is remote sensing, therefore land cover is the 

most widely used type of data for land change assessments (Verburg et al., 

2011, 2009). While remote sensing techniques are able to capture biophysical 

information at increasingly finer spatial resolutions and shorter time intervals, 

they insufficiently represent socio-economic aspects and differences in land 

use (Van Asselen and Verburg, 2012).

A one-to-one translation is problematic since one type of land cover is in fact 

related to many functions and uses (Verburg et al., 2009). For instance, land 

covered with forest can be used for periodic timber extraction, wild food 

collection and recreation at the same time, while this cannot be inferred from 

satellite imagery. Furthermore, the same type of land cover (e.g. oil palm 

plantations) can be managed by different types of stakeholders (e.g. 

smallholders or large agribusinesses) who each are linked to different types of 

networks (kinship ties versus multinational corporate networks respectively). 

Again, this cannot be identified by remote sensing, or from already aggregated 

categories in land cover classifications. Thereby thematic and semantic 

inconsistencies propagate through to policy design if they are not taken into 

account in the interpretation of land change assessments (Comber, 2008; 

Comber et al., 2008). Accompanying information is required to allow for a 

more systemic representation of the multiple functions and actors related to 

land (Kruska et al., 2003; Verburg et al., 2009).
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The land science community shifted its focus on analyzing land systems, a 

concept closely related with and often interchangeably referred to as coupled 

human-natural systems, human environmental systems (GLP, 2005) or socio-

ecological systems (SES) (Binder et al., 2013; Lambin and Meyfroidt, 2010; 

McGinnis and Ostrom, 2014; Sakai and Umetsu, 2014). Broadly defined, land 

terrestrial component of the Earth system and 

encompass all processes and activities related to the human use of land, 

including socioeconomic, technological and organizational investments and 

arrangements, as well as the benefits gained from land and the unintended 

(Verburg et al., 2013, p. 

433). In short, land systems capture the ecological and socio-economic 

characteristics of land but spatially explicit data describing land systems are 

not collected as a single dataset to date. Instead, to prepare a land systems 

classification, several, independently collected datasets need to be integrated. 

In order to characterize land systems with their socio-ecologic characteristics 

and multifunctionality, data that is collected for different purposes must be 

merged. 

Applications of concepts that better illustrate human-environment 

interdependencies have focused on the continental to global scale and include, 

among others, the Anthromes framework (Ellis and Ramankutty, 2008), a 

global mosaic land systems representation (Van Asselen and Verburg, 2012)

and Land System Archetypes (Václavík et al., 2013). Assessing land systems 

becomes especially critical at scales above the sub-national level (Boillat et 

al., 2015; Messerli et al., 2015b; Schmidt-Vogt et al., 2009). At these larger 

spatial scales, land cover data often becomes aggregated to larger units, while 

losing the mosaic of different, functionally important land use and land cover 

types (Verburg et al., 2011). Farming systems shape the diversity of land 

cover and land systems to a large degree (Van der Ploeg and Ventura, 2014).

However, the coarseness of global assessments often neglects the farming 

system diversity relevant within a country and may not address the types 

significant to national policy making. Typologies of farming systems have 
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been created in the past (see Kruska et al., 2003 for an overview; and Van de 

Steeg et al., 2010 for an application in Kenya) but as they focus on agricultural 

systems alone they often do not show the links of agriculture with forest 

systems or other land uses. For sustainable landscapes that are adapted to the 

politically relevant, socio-economic setting of an area, assessments are needed 

that include the types of land use relevant at the spatial scale of land change 

policies and land management (Moran, 2010b). In other words, the land 

systems concept needs to be operationalized at a politically relevant scale to be 

effective in serving the creation and revision of land use policies beyond the 

information that land cover datasets and analyses can convey. Choosing an 

appropriate scale of analysis is not trivial because there may be a difference 

between the scales at which end users require spatially explicit information 

and the scales at which the processes take place (Van Delden et al., 2011).

We argue, that for the land systems concept to be adopted in practice, the 

needs of end users (i.e. policy makers) should be the point of departure. 

Covering the spatial extent of their interest and the types of land uses 

occurring in this area is essential. What scale can be identified as politically 

relevant further depends on the governance structure of the respective place. 

For many locations, country scale assessments represent the highest level of 

autonomy and control regarding land use policies. This is also the case for the 

form implies centralized planning and policies, even if bottom-up,

participatory planning has been part of local land governance too (Sandewall 

et al., 2001).

In Laos, like in other tropical regions, there are specifically two land system

types that are important for current land use policies but cannot be monitored 

fully with land cover information alone: shifting cultivation (Schmidt-Vogt et 

al., 2009), and land concessions (Schönweger et al., 2012). Land concessions 

are frequently large in area, granted to foreign investors and therefore referred 

to as large-scale land acquisitions (LSLA). In shifting cultivation, active 
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agricultural use of a plot alternates with periods of forest regrowth for 

sometimes more than ten years (Ducourtieux et al., 2005). As it is a very 

dynamic land use which requires wide areas and several years for a full 

cropping cycle, time series of comparable land cover data are normally needed 

to map its spatial extent (Hurni et al., 2012). Hurni et al., (2013) developed a 

texture-based technique using land metrics to identify the extent of shifting 

cultivation based on a single remote sensing dataset alone. However, this 

method is of limited accuracy in mountainous terrain, broad land cover 

categories and areas of heterogenous land uses (Hurni et al., 2013).

Land cover classifications often lack a clear category on shifting cultivation

because it is challenging to identify it completely with remote sensing. 

Instead, shifting cultivation is scattered over several classes, which are named 

in a way that masks the (temporary) agricultural use of the respective area 

These are some of the reasons, why quantification of the extent and location of 

shifting cultivation landscapes is difficult with land cover data (Heinimann et 

al., 2013, 2007; Mertz et al., 2009a; Padoch et al., 2007; Schmidt-Vogt et al., 

2009). Likewise, land concessions are not easily and clearly captured in land 

cover assessments and it is challenging to distinguish their characteristics from 

smallholder farming with similar crops or from forests. In Vietnam for 

example, recent reforestation occurred due to commercial tree plantations 

(Meyfroidt et al., 2013). While both natural reforestation and commercial tree 

plantations lead to a forest land cover they imply different management and 

biodiversity characteristics. Furthermore, land for which concessions were 

obtained does not necessarily exhibit immediate land cover change since some 

investors keep the land for speculation (Anseeuw et al., 2012). Yet, this land is 

unavailable to smallholders or other users. For Laos, an assessment that 

includes both shifting cultivation and land concessions (LSLA) with 

information complementary to land cover is needed, since these land uses are 

part of two ongoing processes with long lasting effects: (i) the agrarian 

transition from subsistence to market oriented economy by an increase of cash 
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cropping (Baird, 2009; Castella et al., 2012; Thongmanivong et al., 2009) and 

(ii) telecoupled land acquisitions (Friis et al., 2015; Friis and Østergaard 

Nielsen, 2016; Liu et al., 2013).

The objective of this study was to operationalize the concept of land systems 

by developing a national scale representation of land systems for the case of 

Laos that captures different types of agricultural and forest systems. To 

achieve this, we integrated land cover data with an agricultural census and 

maps of land concessions from which we created a typology with 17 land 

systems. In this article, we present our data integration approach, describe the 

mapping result in relation to other land change assessment products and 

discuss the result as a basis for widening policy debates towards a systemic 
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2.2 Materials and Methods

2.2.1 Data

The major land uses and land covers that shape the largest part of Laos include 

forest cover, large-scale land acquisitions (LSLA, hereafter called land 

concessions) and different forms of smallholder cropping systems (shifting 

cultivation, permanent cultivation and a mixed form of them labeled as 

transition from subsistence to cash cropping). Urban areas are taken into 

account as well, however, in Laos their size and influence relative to 

agricultural and forested areas is marginal, hence we did not focus on their 

role in this study. In order to create a typology of the major land systems we 

combined essentially three main datasets (land cover inventories, agricultural 

census, and land concessions inventory) and two auxiliary datasets (water 

bodies and accessibility in terms of travel time to next village) as listed in 

Table 2.1.

Data set Components used Year Geometry Source

Land cover
rock
urban
forest cover 

2010*

2010, 
2002* 

original 
shapes

GoL 2010*

GoL 2002*

Inventory of
land concessions

mining
tree plantations
agricultural plantations

2012

original 
shapes 
(polygons
and buffered 
points)

Schönweger et al. 
2012

Village level census 
of agriculture

upland rice 
agriculturally used land

2010/2011
village 
polygons

GoL 2012

Water bodies
large rivers and lakes
hydro power reservoirs

1980
2012

original 
shapes

Russian topographic 
map 1:100k
World Bank 2010

Accessibility
travel time >2h from 
village center

2011
raster, 50m 
original 
resolution

CDE Bern, CH

Projection of all datasets: WGS84, UTM 48N.
* land cover 2010 based on ALOS/AVNIR (10-meter resolution), land cover 2002 based on SPOT 4 
(10-meter resolution) 

Table 2.1 Data integrated in land system classification
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Together, the datasets reflect the land system situation for the period 2010

2012. The original datasets differed in their basic geometry and spatial units of 

reference. While forest cover, land concessions and water bodies (partly) had 

original geometries displaying physical units or plot level tenure information, 

the agricultural census 

for the population, poverty and agricultural census due to a lack of official, 

clearly mapped administrative boundaries in Laos as explained in detail in

Epprecht et al., 2008; Heinimann et al., 2013; and Messerli et al., 2008). This 

implies that information from the agricultural census represents village level 

aggregates, rather than individual plot level data. In order to improve the 

spatial accuracy of three particular land systems (further explained in section 

2.2.2) we employed a derivate of accessibility (based on cost distance 

functions) indicating a travel time of less than 2 h to the closest village. The 

location and extent of land concessions were in the best case available as 

actual polygons of granted land concessions. In many cases however, only the 

GPS points of the concession project was available around which the granted 

area is shown as a buff

hydrological features of a Russian, digitized topographic map with reservoirs 

for hydropower projects which are greater than 500 ha and implemented or 

planned before the year 2012. Parts of the country borders are under 

negotiation: at the northwestern border with Thailand and in the South with 

Cambodia. The classification covers the area intersecting all versions of the 

country boundaries i.e. the least common denominator. To correct for missing 

data for an area in the very South of Laos, we complemented the 2010 forest 

cover with a corresponding dataset from 2002. We cleared the land concession 

dataset from small holdings below 10 ha, to only represent large-scale land

acquisitions. 

The guiding principle for this classification was to characterize land systems 

that reflect the major agricultural and silvicultural land use practices in Laos. 
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Next to representing land concessions and dense forest we aimed at 

representing the two very distinct types of cropping systems by smallholders: 

shifting cultivation and permanent cultivation. To represent shifting 

census (village level data) as a proxy, since the majority of slash-and-burn

areas are used to grow this crop. The census contains a direct question to 

farmers, whether they practice shifting cultivation. However, this variable is 

questionable and loaded with uncertainty as farmers are aware of the 

controversial practice and government strategy to eradicate shifting 

cultivation. In this study, permanent cultivation describes the opposite of 

shifting cultivation as an umbrella term that expresses smallholder farming for 

which the same plot of land is repeatedly used without fallow periods and 

forest regrowth. It is thus a more intensive form of land use. We assessed the 

dominance of permanent cultivation within a village by subtracting shifting 

croppin

calculating r = 

values of this ratio indicate a large proportion of shifting 

cultivation and low values direct towards a dominance of permanent 

cultivation in a village. 

We harmonized the geometry of the remaining datasets by first converting 

them to raster format (cell size: 100 by 100 m). In a second step, we calculated 

the percentage of land cover, land concessions and water components within a 

2000 by 2000 m cell (400 ha) by employing a spatial aggregation function 

based on a weighted mean. This cell size was assumed to sufficiently address 

the small village structure within Laos while at the same time fulfilling the 

need of a landscape meso-level perspective required for the mosaic of land 

uses and covers that land systems contain. This way, the mosaic becomes 

effective by relating smaller land cover and land use components to each other 

within a larger unit.
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2.2.2 Decision Tree

The classification approach consists of a decision tree based on hierarchical, 

heuristic rules that identified land systems by their most dominant ecologic or 

socio-economic components. As illustrated in Figure 2.1, the decision tree 

includes a forest-cropping-system matrix (FCS matrix) to systematically 

define land systems with different degrees of forest cover (x-axis) and the ratio 

of cropping-systems (y-axis) that indicates whether the land system is 

dominated by shifting cultivation, a mix of shifting and permanent cultivation 

(often indicative for situations undergoing a transition of agricultural 

practices), or permanent cultivation. The cropping system ratio applies to the 

whole village area (see details in section 2.2.1). However, in the remoter part 

of a village, permanent cultivation is unlikely to be practiced due to long 

transportation and travelling times. For shifting cultivation, in turn, this is not 

applied because the practice requires to include more land, often located on 

steep slopes (Castella, 2012). To be less limited by accessibility, farmers use 

temporary housing facilities similar to camps during times of work on remote 

plots. Hence, we only restricted the occurrence of permanent cultivation land 

systems to areas that are accessible within two hours of a village center. 
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We chose the classification thresholds in line with our objective to represent 

the different degrees of forest cover and types of agriculture in Laos that may 

shape the character of a landscape-scale system ecologically and 

Figure 2.1 Decision tree including the Forest-Cropping-System (FCS) matrix.

Thresholds are expert verified.
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economically. We set a strict, high threshold for dense forests at more than 

70% in order to capture systems and areas that are really covered mostly with 

forest. Land concessions influence the socio-economic characteristics of an 

area strongly. Smallholders may become laborers at a plantation, and/or 

harness the incentives provided by a closeby production unit such as farm 

inputs, logistics or processing plants and thereby, land concessions may 

facilitate the emergence of smallholder cash crop booms (Cramb et al., 2015).

In a different trajectory, smallholders may become displaced by large-scale

land acquisitions (Baird and Fox, 2015).

While representing the exact implications of land concessions is beyond the 

scope of this study, we argue that land concessions should at least be 

recognized and visible in the classification given their different and substantial 

potential impacts. Likewise, we suggest that urban areas, waterbodies and 

rocky areas may be small in extent, but strongly influence the socio-ecologic 

character of a land system. The thresholds to represent these in our relatively 

large pixels, therefore, needed to be low. To guarantee graphical visibility on 

the classification map we (arbitrarily) chose 20 25% for land uses and land 

covers with small extent but high impact. 

2.2.3 Expert Survey

Validation technically reflects on how far the outputs are appropriate 

regarding the intended purpose of the analysis rather than being an activity to 

test perfection (Van Vliet et al., 2016). For typologies, validation can only be 

an evaluation in how far the output represents the essential characteristics of 

the land systems and in how far it is recognizable and useable by those that are 

working on land systems in the region. The land systems defined by the FCS 

matrix in this study have proportionally the largest influence on the total 

classification output. Therefore, we conducted an expert-based verification of 

the thresholds underlying the FCS matrix through a survey. This way we 

wanted to make sure that the identified land systems correspond with the 

general notion experts have of these systems. The experts addressed were 
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researchers or land use professionals knowledgeable of land system change in 

Laos (n= 15, response rate 66%). The survey included background 

information on the aim of the classification, the data and the concept of the 

FCS matrix. Six different threshold combinations were assessed based on the 

spatial outcomes of these combinations. The respondents evaluated six 

respective output options by seeing maps for the whole territory of Laos and 

one close up from the north and south of Laos each. The thresholds of the two

variables (i) cropping system ratio and (ii) forest cover share were not 

provided in a numerical form in order to avoid bias and misunderstanding 

towards figures known by the experts from land cover assessments. Instead, 

the survey showed the relative proportion of the components in each land 

system visually next to the maps. The threshold combination ranked highest 

by all experts was finally selected and used as shown in the decision tree

Figure 2.1. This figure depicts the method of data integration underlying the 

final classification outcome. 

2.3 Results

2.3.1 Land Systems Classification

The land systems (LS) map contains 17 classes of which 9 classes stem from 

the FCS matrix and are largely land systems dominated by smallholder 

agriculture and forest fractions (Figure 2.2).

The classification includes three LS categories that are neither silvicultural nor

agriculturally dominated (rocky, bare systems; urban systems; systems

dominated by water bodies). Three further LS categories are related to

different land concession types (tree plantation, arable plantation and mining). 

One category denotes dense forest systems (> 70% forest cover). The class 

located systems in rugged terrain, 

with uncertainty of a clear farm style and vegetation

-occur with permanent agriculture because in the decision 
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tree they stem from the same tributary as permanent cultivation. These places 

are, however, further than 2 h travelling time away from the village center, 

implying that the effort to permanently crop these is probably too high. We 

suspect that the other systems could be used for shifting cultivation and/or 

grazing areas for livestock in the outskirts of villages which are dominated by

permanent agriculture.

The distribution and spatial patterns of land systems in the country are 

displayed in Figure 2.2 Figure 2.4. The spatial patterns largely correlate with 

characteristics of the terrain and population density (Figure 2.2). While there 

are many shifting cultivation landscapes in the uplands of northern Laos, the 

center and South are dominated by permanent cultivation LS in the lowlands 

of the Mekong river and its tributaries. In the North, land concession LS 

(mining and tree plantations) are clustered towards the boundaries with

China/Myanmar and Vietnam. In the South, the land concession LS (arable 

and tree plantations) are also clustered but more widely scattered in the 

interior of the country. 

The land concession LS are both embedded with smallholder LS and occur 

directly ad

areas (Figure 2.3). Protected areas (PA) largely contain dense forest LS, but 

contrary to common expectations also some permanent and shifting cultivation 

LS appear within their boundaries. The category Other LS occurs in hotspots 

in the center (Figure 2.2) and largely appear in rugged terrain, adjacent to 

permanent cultivation LS and dense forest LS. 
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Figure 2.2 National scale land systems classification resulting from decision tree.

Based on data from agricultural census, land cover and land concession maps. Represents land systems in Laos in 
the year 2010/11.
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Figure 2.3 Close-ups of the land system classification in northern and southern Laos.

Stencil covers areas outside of national protected areas (NPA)
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Focusing on quantitative distributions, Figure 2.4 and in Appendix A show 

how much space of the territory of Laos each land system occupies. The FCS 

matrix is by far the largest group of systems making up 95% of the area of 

distur

mixed silvi- and agricultural composition. Disentangling the smallholder LS 

further, we can see that the cropping system groups and forest coverage 

groups are almost equally distributed (Figure 2.4, Panel C and D). Only the 

group of transition LS is rather small. Overall though, the classification shows 

a similarly strong representation of the diverse land system groups.

Figure 2.4 Distribution of land systems (LS) by area in percent.

Panel A: all land systems and smallholder systems in detail. Panel B: Legend on the smallholder systems, dense 
forest and other LS. Panel C: area by forest coverage groups. Panel D: area by cropping system groups. 
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2.4 Discussion

2.4.1 Land Systems Classification

The land systems classification resulting from this study includes several land 

uses that previously were represented by separate datasets or not represented 

at all. It reflects land uses such as shifting cultivation that have long prevailed 

in Laos but are difficult to assess with classic land cover maps. The approach 

used, systematically combines land cover, agricultural census data and a land 

concession inventory into one mapping product that offers opportunities to 

distinguish essential ecological and socio-economic dimensions of land and 

the different actors or land managers involved (e.g. smallholders or 

agribusinesses). 

The problems to locate and monitor shifting cultivation have been widely 

discussed (Fox & Vogler, 2005; Mertz, Padoch et al., 2009; Schmidt-Vogt et 

al., 2009). In land cover assessments, the full shifting cultivation system is 

divided between categories of agricultural land and categories of vegetation 

types associated with forests such as shrub, bush, unstocked forest or 

secondary forest that altogether are different stages of fallow. Bringing an 

agricultural census with forest cover together as put forward by Schmidt-Vogt 

et al. (2009), we assign shifting cultivation into dedicated classes, that also 

reflect different degrees of forest cover from shifting cultivation with less than 

10% forest to forestshifting cultivation with 30 70% forest cover. 

In using the classification, it has to be kept in mind that this is a diagnostic, 

descriptive assessment of one snapshot in time. As Boillat et al. (2015) 

mentioned, meso-scale analyses are not capable to make statements about 

details of local conditions but they can lay out the scope of contexts for studies 

at finer scales. This typology can, therefore, be the basis for systematic 

selection of case study sites for more specific analyses e.g. of places that may 

be in transition from shifting cultivation to permanent cultivation or places 

that constitute a forest frontier. Many case studies on the agrarian transition in 
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Laos (e.g. Vongvisouk et al., 2014) report that land use portfolios are mixed 

and shifting cultivation is still relatively dominant while permanent cropping 

(paddy rice, cash-cropping) has increased. This is reflected in the transition LS 

classes, where shifting and permanent cultivation are almost equally present 

according to the cropping ratio that we calculated based on data from the 

agricultural census. These classes may signal places of socio-economic change 

with related consequences for livelihoods and environment, e.g. higher 

incomes due to permanent cultivation and higher rates of permanent 

deforestation. Whether changes in land use have happened or will happen 

needs to be investigated with other methods and/or further data that are suited 

to make statements about change. 

The land systems with high forest shares such as forest-shifting cultivation, 

forest-transition and forest-permanent cultivation may contain agricultural and 

forest frontiers i.e. places of tension and change of land use, social, political or 

economic conditions (Hirsch, 2009). The land systems with land concessions, 

in turn, indicate that large-scale land acquisitions by either foreign or domestic 

investors have taken place. 

The overlay of the land systems assessment with areas where specific land 

policies apply, such as protected areas (Figure 2.3) can provide insight in the 

success of these land policies. It may, for example reveal the multiple 

purposes for which these areas are used, despite the restrictions on several 

land uses. Protected areas (PA) are not necessarily made up of undisturbed 

forests, neither in Laos nor in many other protected areas worldwide (Heino et 

al., 2015). If only analyzed with a land cover product, the state of 

deforestation in these areas could have been detected, but the diversity of 

have masked the existence of land concessions within protected areas and the 

relevance of protected areas for the local livelihoods of shifting cultivators and 

permanent cultivators (Ducourtieux et al., 2005). 
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2.4.2 Accuracy and Validity

Conducting spatially explicit assessments of the validity of land systems 

classifications is hardly possible in the same way as in remote sensing and 

land use modelling (Malek & Verburg, 2017a). On the one hand, each land 

system classification is slightly different because they are built for different 

purposes, scales and land use contexts (Van de Steeg et al., 2010; Verburg et 

al., 2011). On the other hand, land systems can be classified only based on the 

available data at the required spatial extent (Van der Zanden, Levers, Verburg, 

& Kuemmerle, 2016). While there are generally options for cross-checking the 

accuracy of the biophysical features e.g. forest cover, there are hardly any 

spatially explicit datasets covering wide areas that could serve to 

independently assess the functions, uses and other socio-economic dimensions 

implicit to the characteristic management type of a landscape. Despite these 

constraints, we provide alternatives to evaluate the land systems classification 

of this study by discussing the uncertainties of the input data, the impacts of 

spatial resolution and compare the classification result to a national mapping 

of mosaics by Messerli et al., 2009 and to remote sensing studies on shifting 

cultivation by Hurni et al. (2012) and Li and Feng (2016). Finally, we zoom in 

on two areas to see, in how far the classification matches with examples of

case study research on shifting cultivation and the agrarian transition. 

The quality of the input data largely influences the quality of the outcome. 

Each dataset contains uncertainties inherent to the nature of the study subjects 

and the different methods with which they have been observed. The 

agricultural census and land concessions are declarative data and hence may 

be subject to underestimation, particularly shifting cultivation and land 

concessions. Spatial aggregation was necessary due to the different geometries 

of the input data, but it very likely smoothened outliers and the value range 

within each dataset. Given the unit of representation at a 2 × 2 km pixel (i.e. 

400 ha per cell), we consider most of these uncertainties to have a rather small

influence on the overall outcome. If a coarser resolution was applied, it would 

have increased the sensitivity of thresholds for land systems determined by 
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features of small extent but big impact (e.g. land concessions, urban area). 

These land systems would have been either represented as disproportionally 

large patches or not at all. This shows, that care must be taken when 

classification thresholds are applied to a different resolution. If a finer 

resolution was applied, small features and heterogeneity could be better 

represented, but the land systems could become mistaken for actual land 

use/land cover on the plot level and complex land systems such as shifting 

cultivation could have been misrepresented. Therefore, the unit of 

representation (2 × 2 km pixel) was chosen to support an integrated landscape 

perspective rather than detailed, plot-level planning. 

We compare the land systems classification to the approach and result by 

Messerli et al., (2009) who also aimed at characterizing landscapes of Laos at 

the meso-scale. Using land cover data of 2002, they first determined the 

composition of land covers surrounding a cell and found typical land cover 

combinations (patterns). In a second step, they interpreted the patterns as 

landscape mosaics of different agricultural intensity (from no use to permanent 

agriculture) and different levels of degradation of the vegetative land cover. 

Interestingly, despite their different approach and input data, they arrived at 

similar estimates for the extent of shifting cultivation landscapes (28.2%), 

permanent agricultural landscapes (29.6%) and (dense) forests (31%) as we 

found with 25%, 24% and 27% respectively. Both assessments contain 

categories which the other one does not classify, e.g. grasslands in Messerli et 

al. (2009) versus systems in transition and concessions in our study. 

Consequently, an exact comparison is not possible. 

Specific assessments of shifting cultivation show an overall fit of the spatial 

patterns of shifting cultivation in Laos. For example, Hurni et al., (2012) have 

assessed stability and change of shifting cultivation landscapes in northern 

Laos from 2002 to 2006. The spatial pattern resulting from their approach 

matches the shifting cultivation identified here. Only in the northwest, where 

Laos borders Myanmar, Hurni et al., 2012 find less shifting cultivation 



37

dominated areas than our study does. Li and Feng (2016) have recently 

estimated the extent of shifting cultivation in montane mainland southeast 

Asia with a remote sensing approach. Their estimates are very dependent on 

the delineation of mountainous area, however, the generous delineation 

(LER300) fits with the general predominance of shifting cultivation in 

northern Laos. A more detailed comparison would have been desirable but 

was hampered by the lack of statistics on the country level in their article. 

Another alternative to evaluate the classification is to use place-based case 

studies (Malek and Verburg, 2017a). We confront the classification with 

outcomes of a study by Vongvisouk et al. (2014), who collected perceptions of 

villagers in focus group discussions and interviews on current land use in 2010 

and land use change from 2000 to 2010. They analyzed the places shown in

Figure 2.5 with Sopxim and Thasae (=Namha) village in Nam Tha district and 

Keoxik and Houaymoun village in Hua Meuang district. The results in the 

study by Vongvisouk et al. (2014) are presented as summaries for the two 

villages, therefore the comparisons that can be made here indicate the sum of 

the two villages respectively. According to Vongvisouk et al. (2014), the land 

use portfolio of Sopxim and Thasae village together consists of roughly 70% 

shifting cultivation (30% upland rice fields plus 26% young and 13% old 

fallow) while 24% of the agriculturally used land can be categorized as 

permanent cultivation (15% plantations, 7% paddy and 2% cash crops). 

Cumulated, this is roughly reflected in the land system classification.

Thasae village is characterized by forest-shifting cultivation and mainly 

forested areas. Sopxim village in turn, contains transition LS, shifting 

cultivation and shifting cultivation mosaic, forest-permanent cultivation and 

permanent mosaics indicating the influence of plantations as well as the 

importance of shifting cultivation for rice-self-sufficiency. 
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In Keoxik and Houaymoun villages, Vongvisouk and colleagues reported an 

almost equal share of shifting cultivation (44%) and permanent cultivation 

(43%) area. There is little fallow area left (38% upland rice, ca. 3% young 

fallow and 3% old fallow), suggesting that shifting cultivation is practiced 

intensively. Altogether, this matches with the types of land systems occurring 

in the land systems classification where Keoxik and Houaymoun villages are 

permanent 

Figure 2.5 Location of two case study areas by Vongvisouk et al. (2014) within the LS
classification.
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and shifting cultivation are almost equally present. 

2.4.3 Comparison of Land Systems and Land Cover Assessments

To illustrate the thematic difference a land system typology makes as 

compared to land cover typologies and point towards the caution needed when 

interpreting land (change) assessments, we compare the Land Systems 

assessment of this study (LS assessment) with other, global scale land cover 

assessments (Figure 2.6). The land cover products shown here (Panel A and C) 

operate at different spatial resolutions and partly different time steps than the 

LS assessment of this study (Panel B). Therefore, we only compare them in 

overall thematic resolution and how this affects the type of interpretation that 

is possible with these land assessments. According to the GLOBCOVER 2009 

assessment (Arino et al., 2012)

to open broadleaved evergreen or semi-

to open shrubland

In this representation, it is not possible to distinguish what type of farm style 

the forestlands or shrublands are used for. Hence, the degree or type of forest 

The GLC 2000 assessment (Bartholomé and Belward, 2005) (regionally 

optimized version for Southeast Asia, Panel C) shows the land cover of Laos 

more nuanced in terms of forest cover and has overall a better thematic fit with 

degree of human (agricultural) disturbance. 
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it

becomes apparent that the differences in type and quality of vegetation cover 

are not represented in the LS assessment in detail. The GLC 2000 does include 

several mosaics; it is however ambiguous and inconsistent in indicating 

sometimes the type of cropping system (shifting cultivation) or even a 

particular crop (shrimp farming, rice) and other times only generally refers to 

cropland. While both land cover assessments depict agricultural intensity by 

distinguishing irrigated or rainfed cropland, neither of the two represents 

plantations (often industrialized agriculture) nor areas indicative of potential 

agricultural transition in which extensive farming (shifting cultivation) is 

changing to intensive farming (permanent cultivation). 

Figure 2.6 Comparison of two land cover assessments with land system classification.

Panel A: GLOBCOVER 2009, Panel B: Land systems classification (this study) legend see Figure 2.2, Panel C: 
GLC 2000. To ease comparison, the datasets with global coverage (Panel A, C) are only displayed for the territory 
of Laos.
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2.4.4 Potential Use

This study provides the first, national scale assessment of major land systems 

including land concessions and shifting cultivation in the Lao PDR for the 

year 2010 given the dates of the main input data. It follows the call by 

Schmidt-Vogt et al. (2009) for more accurate analysis of shifting cultivation 

on country to regional scales by valorizing agricultural censuses and 

integrating it with land cover data. This work tackles the problem to assess the 

extent of shifting cultivation area, which is common to all tropical forest-

agriculture frontiers globally (Van Vliet et al., 2012). The land systems 

typology has potential to be a boundary object (Carlile, 2002) for policy 

debates, i.e. a concrete, tangible land assessment product to stimulate 

normative discussions about ecologic and socio-economic consequences of 

different land uses. It can bring scholars of agriculture, forestry, economics 

and socio-economic development together and provide one spatial product to 

facilitate a focused debate rather than distributing attention among three or 

more datasets. We provide a kmz file for visualization in the Supplementary 

material of the published, online article underlying this chapter. 

The use of integrated products that enable decision makers to account for 

multifunctionality and different actors involved in land systems is paramount 

for landscapes and land systems, irrespective of the location of a study. 

Additionally, the land systems map enables to better model the multi-

functionality of land. The LS classification has already been used for this 

purpose by Ornetsmüller et al. (2016). We encourage further analysis towards 

a quantification of the ecosystem services each Land System can provide such 

as flood regulation, carbon sequestration or biodiversity. 

2.5 Conclusions

The mapping of land systems in this paper advances the representation of land 

towards a socio-ecological systems perspective by operationalizing the land 
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systems concept at the national scale. We found that, from a land systems 

perspective, Laos is covered

land cover maps suggest. Only 27% of the territory is made up of dense forest 

land systems in the sense of long time agriculturally undisturbed forests such 

as primary forests. In turn, 58% of the country consists of land that is covered 

with varying degrees of forest and used for smallholder agriculture at the same 

time. This assessment contains three types of land systems, which indicate a 

land use composition signaling possible socio-ecologic changes: (i) those that 

belong to the transition subcategory could point towards hotspots of societal 

and economic change in the switch from subsistence towards market 

integration, (ii) all systems of the forest-mosaic subcategory may hint at 

agricultural and forest frontiers, and (iii) the areas within and around land 

concessions, which are likely to expand if global or regional demand for the 

products produced in them continue to attract more of the same type of land 

use.


