
Supplementary Material S3: Model parameters for land use
system change

Abstract
Summary of the model parameters used in CLUMondo to derive plausible land use systems for
2030. The CLUMondo model consists of two separate components: a demand module that does
not consider spatial factors, and an allocation module that accounts for spatial considerations.
The demand module evaluates alterations in the demand for ecosystem goods and services at a
global level, which are then transformed into changes in land usage in particular areas through
the allocation module. The scenarios were based on sets of demands for commodities and services
from existing policy decisions, which reflect the main land use orientations of the development
plans for the Mekong Delta: scenario “Specialisation” (SPE) for the pair of decisions from 2012
No.124/QD-TTg and No. 939/QD-TTg; and scenario “Diversification” (DIV) for the pair of
decisions from 2014 and 2018 No. 639/QD-BNN-KH and No. 816/QD-BNN-KH.
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Local suitability of land use systems

At any given time, land use system changes are anticipated to occur in areas that are best
suited for particular land use systemstypes. Suitability, in this context, is determined by the
interplay between relevant actors and local conditions. To gauge the suitability of locations,
various biophysical and socioeconomic factors that are deemed to influence land use system
changes were evaluated empirically.

1.1 Suitability layers
In order to identify and measure the associations between particular land use system types
and a set of explanatory factors, also known as covariates, a statistical analysis is employed.
The selection of covariates was determined with key informants, stakeholders and local
communities by discussing the factors that contribute to land use change in the area. For
instance, elevation, proximity to roads, and the salinity content of soil may be regarded as
significant determinants of cropland distribution in the Mekong Delta, and hence are the
covariates that would be incorporated into the statistical analysis.

Table 1 Suitability layers used to predict likelihood of land system spatial occurrence

1.2 Regression parameters
Prior to conducting the regression analysis, we examined the covariates for correlation. When
the correlation between two covariates was deemed too strong (> .7), one of the covariates
was excluded from the analysis. The coefficients of the logit model were estimated by means
of a logistic regression analysis, with the initial land use map serving as the dependent
variable. Any variables that did not make a significant contribution to explaining the land
use pattern were excluded from the final regression equation. To run the regression, we used
a balanced sample with a size of 30% of all observations and a minimum distance between
samples of 2 cells.
Logistic regression analysis cannot be evaluated using the R2 measurement for the goodness
of fit, which is commonly used in ordinary regressions. Instead, the AUC method can be
used to evaluate the goodness of fit by comparing predicted probabilities with observed
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Table 2 Regression coefficients for the proability model of local suitability of the different land
use systems

values across the entire range of predicted probabilities. The AUC method calculates the
area under the curve of a plot that shows the sensitivity of the logistic regression function
versus its specificity. The AUC value ranges from .5 to 1, with .5 representing a completely
random model and 1 representing a perfect fit. While there are no specific cut-off values
for determining the acceptability of a logit model, values above .9 are considered excellent,
values between .8 and .9 are good, values between .7 and .8 are fair, values between .6 and .7
are poor, and values below .6 are not good.

1.3 Probability maps
By taking into account the biophysical and socioeconomic factors present in a particular
area, it was possible to calculate the relative likelihood of encountering a specific land use
type in that location through the use of a binomial logit model. A binomial logit model
expresses the probability of encountering a particular land use type at a given location in
comparison to not encountering that same land use type at that location. Thus, a separate
logit model was generated for each land use type.

Figure 1 Probability map of triple rice (left) and double rice (right) occurrence in 2020 and
projected probability change in 2030 based on the scenario RCP4.5
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Figure 2 Probability map of cash crops (left) and fruit trees (right) occurrence in 2020 and
projected probability change in 2030 based on the scenario RCP4.5

Figure 3 Probability map of the occurrence of the systems aquaculture-forest (left) and rice-
aquaculture (right) in 2020 and projected probability change in 2030 based on the scenario RCP4.5

Figure 4 Probability map of aquaculture (left) and urban (right) occurrence in 2020 and projected
probability change in 2030 based on the scenario RCP4.5



LUP 5

Land use system services

CLUMondo is primarily driven by demands for ecosystem goods and services, which ultimately
determine land use changes. For instance, a demand for shrimps may result in an expansion
of aquaculture areas, while a demand for housing may increase the urban footprint of a
region. Sometimes, demands are directly linked to a specific land use, whereas in other cases,
different land use types can provide the same ecosystem goods or services. For example, both
triple rice agriculture and double rice agriculture can produce rice, albeit at varying levels of
intensity. These demands were derived from trend extrapolation based on national statistics.

2.1 Land use system services matrix
One land use system can generate various ecosystem goods or services, and one particular
service can be produced by different land use systems. For instance, rice-aquaculture and
triple rice can both produce crops. Moreover, because there is no longer flooding, triple rice
land use system can include housing units, which can contribute to the demand for crop
production and residential areas. The land use systems matrix stores information about the
connection between specific land uses and their production. Each row in the matrix displays
the area, goods, or services provided by a specific land use system. Demand types and land
use systems are related one-to-one in their simplest form, with demands given as areas for a
specific land use system.

Table 3 Services associated with land use systems under scenario “Specialisation” (left) and
“Diversification” (right)

2.2 Future demand for services
The conversion of land use system is often caused by the need for ecosystem goods and
services. To illustrate, an upsurge in the requirement for food leads to an expansion of
farmland in a region. Demand is described as a region designated for a particular land
use system, such as a specific number of hectares for cropland, grassland, and urban land.
However, land use system can also be defined by different land use intensities, and the
intensity of a land use can determine the amount of land needed to meet a demand. For
example, a given need for crops can be fulfilled by a small area and high intensity or by a
larger area with a relatively low intensity. Furthermore, a single land-use type can generate
multiple ecosystem goods and services. For instance, villages can offer both residential space
and agricultural production.
There are three options to define how the model should consider the demand in services.
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Exact: demand and supply must meet precisely based on the iteration variables
Overshoot: The indicated demand is the minimum requirement that should be met,
and any excess is acceptable
Undershoot: The indicated demand is the maximum limit that can be reached, and
any shortfall is acceptable

When demand and supply must meet exactly, two options for iteration and convergence
are available: either the convergence criteria is expressed as a percentage of the demand or
as an absolute value in units of demand. Moreover, the first convergence criterion is the
maximum average deviation between demanded and provided ecosystem goods and services
for all demands together, and the second criterion is the maximum deviation for one type
of demand. These values should be smaller than the amount of change between one year
and the next, but greater than the amount of ecosystem goods and services produced by
one cell. As an example, if a land use type has a demand of 2000 tons of crops and a cell
production of 10 tons, the minimum value for the second convergence criterion should be
(10/2000)*100% = 0.5%.

Table 4 Future demand for services under scenario “Specialisation” (left) and “Diversification”
(right)

Conversion parameters

The simulations’ temporal dynamics are determined by land use-specific conversions, which
require three sets of parameters: conversion hierarchy, conversion resistance and land use
transition sequences.

3.1 Conversion hierarchy
Changes in land use occur as a response to changes in demands. However, it is not immediately
apparent how land uses will change in response to changes in demand, as each land use can
provide multiple ecosystem goods or services and demand for these goods and services can
be met by more than one land use. The conversion file provides information on the types of
land changes that will occur to meet a particular demand. The values in the file are integers
that reflect a hierarchy in the way land systems provide goods or services, with higher values
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indicating a greater level of provisioning. Negative values indicate land uses that are not
expected to change in response to a particular demand. In order to meet an increase in
demand, the model looks for locations with a land use that is indicated with a value greater
than 0 in the conversion file and attempts to change this into another land use system with
a higher value. The reverse is true for decreasing demands.

Table 5 Hierarchy of land system conversion as a response to changes in demands for each
scenario (Specialisation on the left and Diversification on the right)

3.2 Conversion resistance
The first parameter set, conversion resistance, determines the ease of land use system change
based on factors such as capital investment and demand. Each land use system must be
assigned a value between 0 and 1, representing the relative resistance to change.

Table 6 Conversion resistance used for both scenarios

3.3 Conversion matrix
The second set of parameters is the land use system-specific conversion settings, which are
specified in a conversion matrix. This matrix outlines the allowed and disallowed land use
system transitions, the regions where they can occur, and the time it takes for a transition
to occur. The minimum and maximum number of years before a conversion can occur are
indicated in the matrix, but the exact time depends on location-specific conditions and land
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use system pressure. The simulation of these interactions, combined with the constraints in
the conversion matrix, determines the length of the period before a conversion occurs.

Table 7 Conversion matrix for the scenario “Specialisation”

Table 8 Conversion matrix for the scenario “Diversification”
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