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Abstract: Land use change (LUC) can be affected by investment growth and planning policies
under the context of regional economic cooperation and development. Previous studies on land use
simulation mostly emphasized the effects of local socioeconomic factors and planning constraint
areas that prevent land conversions. However, investment and national planning policies that trigger
regional LUC were often ignored. This study aims to couple the economic theory-based Computable
General Equilibrium of Land Use Change (CGELUC) model and the cellular automata-based Future
Land Use Simulation (FLUS) model to incorporate macroscopic impacts of investment into land use
simulation, while proposing an updated mechanism that integrates into the FLUS model to consider
the local impacts of planning policies. Taking Myanmar as a case, the method was applied to project
the land use patterns (LUPs) during 2017–2050 under three scenarios: baseline, fast, and harmonious
development. Specifically, the simulated land use structure (LUS) in 2018 acquired by the CGELUC
model was verified by the existing data, and the future LUSs under different scenarios were projected
later. Simultaneously, the consistencies between the results simulated by the FLUS model and land
use maps in 2013, 2015, and 2017 were represented by the kappa coefficient. The updated mechanism
was applied to update the Probability-of-Occurrence (PoO) surfaces based on the planning railway
networks and special economic zone. Lastly, the LUPs under different scenarios were projected
based on the future LUSs and updated PoO surfaces. Results reveal that the validation accuracy
reaches 96.87% for the simulated LUS, and satisfactory accuracies of the simulated LUPs are obtained
(kappa coefficients > 0.83). The updated mechanism increases the mean PoO values of built-up land
in areas affected by planning policies (increasing by 0.01 to 0.21), indicating the importance of the
planning policies in simulation. The cultivated land and built-up land increase with investment
increasing under all three scenarios. The harmonious development scenario, showing the least forest
encroachment and the highest diversity of LUP, is the optimal approach to achieve land sustainability.
This study highlights the impacts of investment and planning policies on future LUCs of Myanmar,
and a dynamic simulation process is expected to minimize the uncertainties of the input data and
model in the future work.

Keywords: land use simulation; CGELUC model; FLUS model; updated mechanism; belt and road
initiative; land sustainability; Myanmar

1. Introduction

Land use pattern is found to be a pivotal geospatial characteristic, which has a significant
influence on the processes of regional environmental change, planning, and sustainable develop-
ment [1–3]. Within the last few decades, large-scale regional cooperation and interconnectivity
have been generated via many existing and planning policies (e.g., infrastructures and Special
Economic Zone (SEZ)) together with more foreign investment, resulting in the formation of
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diverse and sophisticated land use patterns at different scales [4–6]. Therefore, investment and
planning policies are critical drivers for the simulation of future land use dynamic, which is
significant for achieving efficient regional land management.

Currently, future land use structure simulation often adopts two types of models:
(1) historical data extrapolation models that emphasize the land use structure of the target
year by considering the historical trend of land use change (LUC), such as the Markov
model [7], and (2) influence factor relational models that predict the future land use
structure based on the relational function of various driving variables in the natural–socio-
economic system, such as the System Dynamics (SD) model [8]. These methods have the
advantage of application simply by using historical land use data and related driving
factors, while they often neglect the impacts of investments on land development [3,9]. The
Computable General Equilibrium (CGE) model, an econometric model, characterizes a
quantitative mathematical relationship between industrial production, consumption, and
the capital flow inside and outside a region, which has been applied to calculate the impacts
of investments on the local eco-environment [10,11]. Subsequently, the Computable General
Equilibrium of Land Use Change (CGELUC) model was established on the basis of the
theory of the CGE model and replenished the mathematical relationship between land and
industrial development, describing a more accurate and complete land–socio-economic
system involving investment and technical progress [10]. This model has been used to
project land use structure by considering the impacts of macroeconomic policies in regional
areas, with acceptable accuracy higher than 80% [3,12], showing the strong potential to
simulate regional land use structure under the impacts of the increasing investment.

To assign the projected land use structure to target land units, a variety of land use
allocation models based on Cellular Automata (CA) have been constructed by considering the
initial states, neighborhood effects, and transition rules of land use [13–15]. The Future Land
Use Simulation (FLUS) model is one of the most widely used CA-based models, which has
the advantage of simulating complex competitions and interactions among different land use
types [14]. This model has been extensively utilized to simulate complex systems at different
spatial scales and purposes, such as urban growth boundaries delineation in the Pearl River
Delta region [16], coastal wetland dynamic simulation in the Greater Bay area [17], and land
use development simulation in Hokkaido [18]. According to Liu et al. [14], the FLUS model
could obtain a higher accuracy in simulating regional LUC than the traditional CA models,
with the kappa coefficients increased by more than 0.04. These mentioned studies using the
FLUS model have obtained receivable results, indicating the good feasibility of these methods
in simulating regional land use development.

Although the FLUS model shows satisfactory effectiveness in regional LUC simulations,
a complex spatial pattern of land use may be generated due to the effects of various factors
[19,20]. Therefore, in addition to natural and socio-economic driving factors, other important
factors, especially planning policies, should also be considered to calculate the simulated
result, which is closer to the real world. At present, most research only considers planning
constraints that prevent LUC in target cells or facilitate land use conversion to a specified
location, such as protected areas and basic farmland areas [21,22]. In addition, other planning
policies, such as planning transport networks and SEZs, also have strong potential influences
on LUC. Specifically, the planning transport networks will shape the spatial patterns of
agricultural land and urban land and offer an opportunity to best utilize transport networks
as an integrated part of future land use patterns [6,23]. An SEZ will encourage the generation
of new urban land in a delineated area [24]. These mentioned planning policies have received
considerable attention in urban growth modeling [16,23,25], whereas they were often ignored
in regional LUC simulation [23,25]. The accurate prediction of land use development is the
prerequisite for decision-making. Therefore, the effects of the planning policies should be
considered in regional LUC simulation.

In 2015, the Belt and Road Initiative (BRI) was designed by China, aiming at inter-
connecting China with other participating countries in a sustainable way [26]. The BRI
is beneficial to promote regional economic cooperation, boost trade growth, and increase
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employment opportunities [27]. Many studies have inferred that massive LUC might be
triggered by the ongoing infrastructure projects and investment [28–30]. Myanmar is a
developing country that actively integrates into BRI. It is widely regarded as an important con-
centration district of forests, covering 65% of Myanmar’s total land area in 2000 [31]. However,
owing to the growth of food demands and economic development, massive forests have been
gradually encroached by artificial land (e.g., farmland and built-up land) [32,33], resulting in
the degradation of natural resources and loss of biodiversity [34,35]. In recent years, to further
alleviate poverty and promote reform, Myanmar has actively cooperated with other countries,
such as China, India, Thailand, and Japan [36], and many new policies have been proposed
to improve infrastructure (e.g., railway and SEZ) [37,38] and attract foreign investment [39].
These situations may bring about great opportunities for Myanmar’s economic development,
but they arouse enormous LUCs and ecological challenges.

In this paper, Myanmar is selected as a case to study the LUC projection under the
effects of investment and planning policies. The aims of this study are: (1) to project future
land use structure of Myanmar during 2017–2050 under multiple scenarios by triggering
the CGELUC model with the investment, (2) to propose an updated mechanism integrated
into the FLUS model to project future land use patterns under the influences of planning
policies, and (3) to analyze future land use distribution of Myanmar considering the goal of
land development sustainability.

2. Study Area and Data Sources
2.1. Study Area

Myanmar (9◦–29◦N, 92◦–102◦ E), an important part of the Bangladesh–China–India–Myanmar
Economic Corridor in BRI, covers an area of 676,552 km2, exhibiting an elevation of 0–5881 m.
It is a coastal country located in the western part of the Indo-Chinese peninsula, which is
bordered by India and Bangladesh to the west, by China to the north and northeast, and by
Laos and Thailand to the southeast (Figure 1). Due to the combination of tropical monsoon
climate and complex topography, Myanmar exhibits warm temperatures for the whole
year and extremely uneven rainfall distribution. The major land use types in Myanmar
include forests, grassland, cultivated land, wetland, waters, and built-up land [32]. In the
past few decades, Myanmar has undergone a tremendous land use transition, especially
from forests to cultivated land and built-up land, due to excessive anthropogenic activities,
including logging, infrastructure development, and agriculture expansion [35]. In 2014,
Myanmar‘s natural forests accounted for only 38% of the entire region [32]. Consequently,
the eco-environment in Myanmar became worse [34,35]. In recent years, Myanmar has
sought to promote economic development by attracting investment. In the meantime, it has
planned to set up three SEZs (Kyaukpyu, Dawei, and Thilawa), construct two international
railways that link China, India, and Thailand, and upgrade existing railways (Figure 1).
These mentioned policies may lead to further LUCs.

2.2. Data Collection and Processing

The data used in this work include land use data, socio-economic data, natural char-
acteristic data, and planning data. Details of these data and their deriving sources are
presented in Table 1. As for the land use data, the land use types were merged into seven
categories, including cultivated land, forests, grassland, wetland, waters, built-up land,
and unused land. The land use data of 2017 were used to supply the values of several
accounts in the Myanmar’s Social Accounting Matrix (SAM), which presented the accounts
for transactions in a single-entry matrix format [40]. Before that, this SAM, including
42 industrial sectors, needed to be merged into 3 industrial sectors (i.e., agricultural, indus-
trial, and service industry). The annual mean precipitation and temperature in Myanmar
were acquired by interpolating the weather stations into raster with 250 m spatial resolution
based on the thin-plate spline method [41]. The 1km future climate surfaces under the three
Representative Concentration Pathways (i.e., RCP2.6, RCP4.5, and RCP8.5) adopted by the
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International Panel on Climate Change (IPCC) for its fifth Assessment Report (AR5) were
downloaded from the CCAFS-Climate data portal [42].
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planning railways, railway stations, and SEZs in Myanmar.

A total of sixteen driving factors were generated based on the corresponding data. The
Euclidean distances of the vector data were calculated to represent the proximities to railways,
railway stations, roads, towns, provincial capitals, and rivers. The updated proximities
to railways and railway stations were represented by the Euclidean distances of both the
historical and planning railways and railway stations, respectively. Proximity to the disturbed
area was described by the Euclidean distance of LUC areas from 2000 to 2017. The protected
area needs to be converted to a raster with values of 0 and 1, acting as a restriction factor
for the FLUS model. In this study, all the spatial data were resampled to a uniform spatial
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resolution of 250 m, and these driving factors need to be normalized to [0, 1]. These prepared
data were used to simulate and project LUC in Myanmar.

Table 1. Main information of the input data in this work.

Category Data Driving Factor Resolution Year
Reference of the

Data Source

Land use Land use map Proximity to disturbed area 30 m
2000/2013/2015

/2017/2018
[43]

Socio-economic data

Social Accounting Matrix _ _ 2017 [44]
Population density Population density 100 m 2017 [45]

Gross Domestic
Product (GDP)

GDP 1 km 2015 [46]

Railway stations Proximity to railway stations _ _ [47]
Road network Proximity to main roads _

_ [48]
Railway network Proximity to railways _

Provincial capital sites Proximity to provincial capitals _
Town sites Proximity to towns _

Protected area _ _ 2017 [49]

Natural characteristic
data

DEM DEM 30 m _ [50]
Slope Slope 30 m

Soil organic carbon stock Soil organic carbon stock 250 m 2015 [51]
Soil pH Soil pH 250 m 2015 [52]

Soil clay content Soil clay content 250 m 2015 [53]
Annual mean precipitation Annual mean precipitation _

2008–2017 [54]
Annual mean temperature Annual mean temperature _

Future temperature and
precipitation

_ 1 km 2030/2050 [42]

Rivers Proximity to rivers _ _ [48]

Planning data
Planning railway stations _ _ _

[55]
Planning railways _ _ _

Economic development zones _ _ _ [56]

3. Methodology

The method proposed in this work aims to project the changes in land use structures
and spatial patterns in Myanmar by considering the influences of investments and national
planning policies (i.e., planning traffic networks and SEZ), which involves several tech-
niques (Figure 2). The first step focuses on projecting future land use structures through
the CGELUC model considering the investments. Subsequently, the FLUS model that
integrated with an updated mechanism is employed to allocate these land use structures to
spatial units. Particularly, the updated mechanism is proposed to incorporate the impacts
of national planning policies.

3.1. Simulating the Land Use Structure by Considering the Impacts of Investment

The CGELUC model uses the CGE theoretical framework to quantitatively assess the utility
of land use policies at the macro level. Changes in land use structure could be captured through
this model by considering the relationships between land use and the whole socio-economic
system [14,37]. The CGELUC model comprises nine modules (details seen in Deng [10]), which
can be grouped into two parts. The first part, the quantitative analysis module, is applied to
simulate changes in land use types without direct economic value (e.g., water area, wetland,
and forests). The other part, including the remaining eight modules, is used to project changes
of land use types with direct economic value (e.g., built-up land and farmland). The exogenous
variables, such as investment and technical progress, are set based on the macro policies to
trigger the operation of the model, and the corresponding quantity of each land use type is
computed under the designed scenarios.
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Figure 2. Schematic framework of the proposed coupling model of CGELUC and FLUS. The blue
arrows describe the flows of model calibration for the CGELUC and FLUS models, and the black
arrows demonstrate the flow of land use projection.

3.2. Characterizing the Land Use Allocation by Considering the Impacts of Planning Policies
3.2.1. Description of the FLUS Model

The CA-based FLUS model is an integration of the SD model and the CA model, which
is often used to determine the future land use patterns [19]. In our work, the CGELUC model
is suggested to replace the SD model for investigating the effects of investment on future land
use structures. In the FLUS model, an Artificial Neural Network (ANN) model is trained
based on the historical land use map and driving factors, which is later applied to obtain the
Probability-of-Occurrence (PoO) surface of each land use type. These PoO surfaces are the
inputs of the CA module in the FLUS model to form future land use pattern. As for the CA
module, a self-adaptive inertia coefficient of each land use type is employed to regulate the
combined probability of each land use type. The primary function of the designed roulette
selection involved in CA module is to delineate the competition among land use types in each
cell, and it shows the advantage of reflecting the uncertainty and randomness of land use
dynamics. The details of the FLUS model were described by Liu et al. [14].

3.2.2. The Updated Mechanism Considering the Impacts of Planning Policies

Planning railways, railway stations, and SEZs were considered as the specific planning
policies in this study. The PoO surfaces acquired by the ANN model can guide the certain
placement for the assignment of each land use type, so their variations have direct impacts
on the simulated result. These planning policies show the potential to alter the distribution
of the historical PoO surfaces, directing the changes in land use to locations with more
possibility. To delineate their impacts on these PoO surfaces, this study proposed an
updated mechanism on the basis of the ANN model. The specific procedure of this updated
mechanism is shown in Figure 3.

Two critical steps are included in this updated mechanism. First, an ANN is trained
based on the random sample extracted from the historical land use map and driving factors.
The new driving factors, exhibiting the combined information of the historical and planning
railway networks, are used to replace the corresponding historical ones. Subsequently, the
PoO surface of each land use type will be generated based on the well-trained ANN and
updated driving factors. Second, the rule shown as Equation (1) is used to update the PoO
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values of built-up land in the SEZ, while maintaining these values within [0, 1], to describe
the potential effects of the SEZ.

UPp,urban =

{
HPp,urban + 1− Pmean, if HPp,urban − Pmean ≤ 0

1 , if HPp,urban − Pmean > 0
(1)

where HPp,urban and UPp,urban denote the historical and updated PoO values of built-up
land on grid cell p, and Pmean indicates the mean PoO value of built-up land in the SEZ,
with the exception of historical built-up land cells. This rule is applied to nonbuilt-up land
cells in the SEZ. The distribution of the updated PoO values in the SEZ is similar to that of
the historical PoO values. Specifically, the first step of the updated mechanism focuses on
the impacts of the planning railway networks on the projecting process of the ANN model.
The second step aims to improve the chance of urban land generation in the SEZ, even if
there is no historical built-up land within its neighborhood.

ISPRS Int. J. Geo‐Inf. 2023, 12, x FOR PEER REVIEW  7  of  20 
 

 

Planning railways, railway stations, and SEZs were considered as the specific plan‐

ning policies in this study. The PoO surfaces acquired by the ANN model can guide the 

certain placement for the assignment of each land use type, so their variations have direct 

impacts on the simulated result. These planning policies show the potential to alter the 

distribution of the historical PoO surfaces, directing the changes in land use to locations 

with more possibility. To delineate their impacts on these PoO surfaces, this study pro‐

posed an updated mechanism on the basis of the ANN model. The specific procedure of 

this updated mechanism is shown in Figure 3. 

 

Figure 3. Framework of the proposed updated mechanism. 

Two critical steps are included in this updated mechanism. First, an ANN is trained 

based on the random sample extracted from the historical land use map and driving fac‐

tors. The new driving factors, exhibiting the combined information of the historical and 

planning railway networks, are used to replace the corresponding historical ones. Subse‐

quently, the PoO surface of each land use type will be generated based on the well‐trained 

ANN and updated driving factors. Second, the rule shown as Equation (1) is used to up‐

date the PoO values of built‐up land in the SEZ, while maintaining these values within [0, 

1], to describe the potential effects of the SEZ. 

, mean , mean

,
, mean

1 if 0

1                                if 

 
=

p urban p urban

p urban
p urban

HP P HP P
UP

HP P

   







，

， ＞0
  (1)

where HPp,urban and UPp,urban denote the historical and updated PoO values of built‐up land 

on grid cell p, and Pmean indicates the mean PoO value of built‐up land in the SEZ, with the 

exception of historical built‐up land cells. This rule is applied to nonbuilt‐up land cells in 

the SEZ. The distribution of the updated PoO values in the SEZ is similar to that of the 

historical PoO values. Specifically, the first step of the updated mechanism focuses on the 

impacts of the planning railway networks on the projecting process of the ANN model. 

The second step aims to improve the chance of urban land generation in the SEZ, even if 

there is no historical built‐up land within its neighborhood. 

3.3. Land Use Simulation Setting and Scenario Design 

3.3.1. Setting of Model Implementation 

SEZ SEZ 

SEZ SEZ 

SEZ SEZ 

Figure 3. Framework of the proposed updated mechanism.

3.3. Land Use Simulation Setting and Scenario Design
3.3.1. Setting of Model Implementation

The model implementation comprises model calibration and validation and scenario
simulation. In this study, the SAM was applied to construct the CGELUC model. The land
use data in 2018 was used to calibrate and validate the CGELUC model. If the difference
between the simulated and observed land use structures is less than or equal to 5% of
the observed value, the calibration of the CGELUC model is completed. Subsequently,
the parameters of the designed scenarios were set to trigger this model and calculate the
land use structures under different scenarios. It is found that the land use distribution and
change show association with terrain factors (e.g., elevation and slope), socio-economic
factors (e.g., distribution of population and Gross Domestic Product (GDP)), locational
factors (e.g., proximity to main roads), and other factors [9,24]. Given the related research
and characteristics of Myanmar’s LUC [3,30,32,35,57], sixteen driving factors were selected
to calibrate the ANN model for calculating the PoO surface of each land use type. In this
study, about 5% of the total cells in Myanmar were randomly extracted from the historical
driving factors and land use map, which were identified as the training samples to train the
ANN model in a self-adaptive way. In the CA module of the FLUS model, a 3 × 3 Moore
neighborhood was set for LUC simulation. This study calibrated the FLUS model over a
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period of 2000–2017. When the kappa coefficient of the simulated land use pattern exceeds
0.83, it indicates that the FLUS model has been calibrated. Subsequently, the well-trained
model was adopted to investigate the succession of future land use patterns.

In the scenario simulation, the new PoO surfaces need to be created based on the updated
mechanism for future land use projection. The historical climate drivers were replaced by the
future climate data under the scenarios of RCP2.6, RCP4.5, and RCP8.5, which were on behalf
of the future climate status of the designed Baseline Development scenario (BD_scenario), Har-
monious Development scenario (HD_scenario), and Fast Development scenario (FD_scenario),
respectively. In the meantime, the updated locational factors (i.e., proximities to railways and
railway stations) were used to replace the corresponding historical factors. For lack of the scope
of the planning SEZs, the buffer zones of 5 km around the sites of the SEZs were selected to
execute the second step of the designed updated mechanism.

3.3.2. Scenario Design

Myanmar hopes to attain export-oriented growth by attracting domestic and overseas
investments [39]. The intensive investment can improve the production capabilities and
technology, which contribute to boosting production growth in the long run. The long-term
land use structure prospects are closely linked with any of the development strategies
described in the 20-year National Comprehensive Development Plan [58] and Myanmar
Sustainable Development Plan [36]. The mentioned development factors could be rep-
resented by the enhancement of Total Factor Productivity (TFP). Moreover, population
growth and climate change should also be considered for their impact on LUC. Given
the previous studies related to the effects of socio-economic factors and climate change in
Myanmar [59–64], three scenarios were designed to project the land use dynamics from
2017 to 2050 by considering regional climate change together with socio-economic develop-
ment. These scenarios were designed based on the assumption of Myanmar’s willingness
for economic development. In the BD_scenario, the future land use pattern in Myanmar
was simulated by considering the development mode in recent years without the effects
of planning policies. The HD_scenario was constructed based on the assumption that
Myanmar would attach importance to economic development together with ecological
protection. In this scenario, the planning policies and protected areas were both taken into
consideration. The FD_scenario assumed that Myanmar would introduce a massive invest-
ment, and rapid economic development might occur at the expense of ecological resources.
This scenario only considered the planning policies to direct LUC. The generation of the
scenario parameters was described in Section S1. As shown in Table 2, the three scenarios
are featured by a variety of alternative future conditions regarding human interference,
economic development, technical progress, and climate condition.

Table 2. Values of different parameters under various scenarios in Myanmar.

Parameter BD_Scenario HD_Scenario FD_Scenario

Investment ratio relative to GDP 25% 33% 40%
Growth rate of TFP 0 6% 6%

Growth of population Low Medium High
Growth of temperature 0.04 0.065 0.085
Growth rate of rainfall 0.12% 0.37% 0.5%

3.4. Accuracy Assessment

In this study, the overall accuracy and kappa coefficient were adopted to measure
the accuracies of the simulated land use patterns in 2013, 2015, and 2017. Moreover, the
agreement between the observed and simulated land use structures under the BD_scenario
in 2018 was also measured for accuracy assessment. The accuracy of the simulated land
use structure was calculated by the method of Jin et al. [3], which is expressed as:

Error = |F− A|/A (2)
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where F indicates the area of the projected LUC between the incipient year and the end
year, and A refers to the area of observed LUC between the incipient year and the end year.

4. Results and Analysis
4.1. Validation of Model Simulations
4.1.1. Accuracy of the Simulated Land Use Structure

The accuracy of the simulated land use structure under the BD_scenario in 2018 is
presented in Table 3. The accuracy of the whole area reaches 96.87%, and high predictive
accuracies are observed for cultivated land and forests, with values of 97.53% and 96.92%,
respectively. Among the investigated land use types, the accuracies of wetland and unused
land are comparatively low, but still reach 78.14% and 73.09%, respectively. The actual
changes of wetland and unused land are marginal compared with other land use types,
which may be the reason for the low accuracy. In short, the results exhibit high overall and
local predictive accuracies. The calibrated CGELUC model is appropriate for projecting
future land use structure.

Table 3. Accuracy of the simulated land use structure in Myanmar in 2018.

Land Use Type Actual Land Use
Quantity (km2)

Projected Land Use
Quantity (km2)

Actual Land Use
Change Quantity (km2)

Projected Land
Use Change

Quantity (km2)
Error (%)

Cultivated land 208,378.06 208,332.81 1831.81 1786.56 2.47
Forests 515,361.94 515,224.5 −4457.81 −4595.25 3.08

Grassland 23,938.88 24,177.81 2102.06 2341.0 11.37
Built-up land 2031.69 2023.06 94.56 85.94 9.12

Wetland 1845.69 1843.19 −11.44 −14.56 21.86
Waters 12,290.06 12,250.88 418.75 379.56 9.36

Unused land 6480.06 6474.13 22.06 16.13 26.91
Total 770,326.38 770,326.38 8938.5 9218.38 3.13

4.1.2. Accuracies of the Simulated Land Use Patterns

The difference between the observed and simulated land use patterns in 2017 is shown
in Figure 4, reflecting the simulation errors. It is mainly distributed in northern and eastern
Myanmar. The quantitative accuracies of the simulated land use patterns in 2013, 2015, and
2017 are presented in Tables 4 and S1. The kappa coefficients and overall accuracies for
all land use types in these years are high, with values of 0.84 and 92.3% in 2013, 0.83 and
91.99% in 2015, and 0.84 and 92.29% in 2017. In terms of the kappa coefficient of each land
use type, the values of forests, cultivated land, and unused land are higher than 0.82 in
the three years, and the values of grassland and wetland are relatively low, at 0.51 to 0.63.
Given the complex natural conditions and considerable local differences in Myanmar, these
accuracies are quite receivable for further land use projections.

4.2. Performance of the Proposed Updated Mechanism for Planning Policies

The performance of the updated mechanism was checked by two ways: (1) analyzing
the changes in historical and updated PoO surfaces of built-up land and (2) comparing the
projected LUCs in SEZs under the three scenarios. As shown in Figure 5, the PoO values
of built-up land show a growth trend under the effects of planning policies. Specifically,
the mean PoO values of built-up land with the influences of the planning railways and
stations (Figure 5b-1,b-2) increase by 0.01 and 0.06 compared with the historical values
(Figure 5a-1,a-2), respectively. The high PoO values are gradually concentrated around the
historical built-up land. Due to no historical built-up land within the neighborhoods of
the three new SEZs in Myanmar, the PoO values of built-up land in the SEZs are very low,
with the mean PoO values of 0.21 around the Kyaukpyu SEZ (Figure 5a-3) and 0.11 around
the Thilawa SEZ (Figure 5a-4). Negligible growth of PoO values is witnessed around these
SEZs by only considering the influences of the planning railway network. After using the
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second step of the proposed updated mechanism, significant changes in the PoO values of
built-up land are exhibited in Figure 5b-3,b-4, with the mean PoO values of 0.44 around the
Kyaukpyu SEZ (Figure 5b-2) and 0.43 around the Thilawa SEZ (Figure 5b-3).
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Table 4. Accuracies of the simulated land use patterns of Myanmar in 2013, 2015, and 2017.

Land Use Type

2013 2015 2017

Kappa
Coefficient

Overall
Accuracy

(%)

Kappa
Coefficient

Overall
Accuracy

(%)

Kappa
Coefficient

Overall
Accuracy

(%)

Total 0.84

92.30

0.83

91.99

0.84

92.29

Cultivated land 0.87 0.87 0.87
Forests 0.85 0.84 0.84

Grassland 0.53 0.51 0.56
Built-up land 0.74 0.74 0.75

Wetland 0.62 0.61 0.63
Waters 0.70 0.70 0.73

Unused land 0.83 0.82 0.83

4.3. Projected Land Use Structures from 2017 to 2050 in Myanmar

The cultivated land, grassland, and built-up land gradually expand at the expense of
the forests from 2017 to 2050 under the three scenarios (Figure 6). The reductions of forests
in the HD_scenario are obviously less than those in the BD_scenario and FD_scenario.
The largest increase of cultivated land is found under the BD_scenario for the high depen-
dence on agriculture. From 2017 to 2050, the scales of the occupied grassland under the
FD_scenario, HD_scenario, and BD_scenario increase by 27,048.05 km2, 22,290.69 km2, and
26,584.11 km2, respectively. In the FD_scenario, the built-up land exhibits a fast growth to
more than 5000 km2 by 2050, nearly tripling the amount in 2017. The smallest increment
of built-up land is witnessed from 2017 to 2050 under the BD_scenario (2222.69 km2),
indicating a decrease in the competitive advantage of built-up land. The wetland increases
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slightly under the HD_scenario, but it remains decreased under the other two scenarios.
The unused land tends to decrease in the three scenarios, exhibiting the largest reduction
in the HD_scenario. In summary, the demands of built-up land and cultivated land in-
crease continually under all scenarios. Meanwhile, the wetland and forests are shrinking,
suggesting that the eco-environment in Myanmar will worsen.
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4.4. Simulated Spatial Pattern Dynamics in Myanmar

The succession of land use patterns in Myanmar shows overall consistency and local
differences in all scenarios (Figure 7). The global spatial patterns of the projected results in
the three scenarios are in accordance with those in 2017 (see Figure S1). The cultivated land
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is mainly distributed in flat areas, such as central and southern Myanmar. In addition, some
cultivated land areas are distributed in mountainous areas of eastern Myanmar. The forest
area is mainly concentrated in mountainous areas of Myanmar. The built-up land exhibits a
characteristic of local agglomeration in metropolis (i.e., Mandalay and Yangon) and mining
areas. The local characteristics of land use development under the three scenarios in 2035
and 2050 are different. Compared with the HD_scenario, the land use patterns in the
BD_scenario and FD_scenario exhibit several characteristics. First, the cultivated land and
grassland invade more forests and wetland, especially in mountainous areas of eastern
Myanmar. Second, built-up land increasingly occupies more cultivated land and forests
around the urban areas and mining areas, respectively. Third, forest area maintains less
diversity in land use patterns in the intersection of forests, cultivated land, and grassland.
Few and dispersed changes in wetland, waters, and unused land are observed, exhibiting
an unapparent spatial characteristic.
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According to the partial enlargements of zones 4–6 demonstrated in Figure 7, the simulated
results of the three SEZs show different development trajectory. Without considering the impacts
of the planning SEZs, the new built-up land will be only generated at the edge of the original
built-up land, but still be absent in these SEZs. This phenomenon can be effectively addressed
by considering the effects of the planning SEZs in the simulation. As depicted in Figure 7,
new built-up land cannot be generated within the planning SEZs in 2035 and 2050 under the
BD_scenario. However, under the scenarios considering the planning SEZs, new built-up land
is found in the three SEZs, and it expands with time from 2017 to 2050. Therefore, planning
policies are critical factors in tracking the land development trajectory and projecting future
development patterns, especially the patterns of urban expansion, such as enclave-growth and
leap-growth in an SEZ.

5. Discussion
5.1. Policy-Level Drivers of Land Use Change in Myanmar

Myanmar is a country that relies largely on agriculture, taking up nearly 43% of
its GDP [65]. To cope with population growth and promote economic development,
numerous agriculture policies were adopted to support agricultural development [66].
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In 1988, Myanmar ended its long political and economic isolation [32]. Subsequently, a
sharp growth in the export volume of agricultural and forest products was witnessed
(Figure 8a,b). Meanwhile, a phase of slight expansion and intensification (over 1961–1990)
was typically followed by significant expansion (over 1991–2018 for beans, maize, rubber,
seed cotton, and sugarcane) (Figure 8c), indicating the displacement of land in Myanmar.
Before the export ban on raw logs was proposed in 2014 [35], the volume of the four main
forest products produced increased annually (Figure 8d). A series of forest policies were
issued to promote sustainability after the 1990s, which turned out to have little effect due
to Myanmar’s strong aspiration for economic development [67]. Therefore, Myanmar’s
nature forests have been tremendously converted to other land use types. According to
this information, there is a significant conflict between economic development and forest
protection, which is manifested by the trade-off and synergy between land use types.
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Figure 8. Production and trade of agricultural and forest products in Myanmar. (a) Import and export
of agricultural products between 1986 and 2017, (b) import and export of forest products between
1990 and 2017, (c) compound annual growth rate of expansion and intensification for the main crops
in Myanmar during the periods of 1961–1990 and 1991–2018, (d) volume of the main four forest
products annually produced in Myanmar between 1990 and 2017. These historical data are acquired
from the Food and Agriculture Organization (http://faostat.fao.org/ (accessed on 25 June 2021)).

Myanmar’s recent economic policies and reforms have focused on introducing foreign
capital and upgrading infrastructures, which may bring about profound changes in many
sectors [32]. In this context, this country actively cooperates with other countries (e.g., China,
India, Thailand, and Japan) in various fields, such as energy, transportation, and SEZs [68,69].
Three SEZs and two international railways that link China, India, and Thailand have been
planned [37,38]. According to the National Transport Master Plan, Myanmar intends to develop
a rail network that can meet their demand by upgrading existing railways or constructing new
railways [37]. In 2017, the ‘herringbone’ China–Myanmar economic corridor was proposed,
indicating a more cohesive cooperation between China and Myanmar [70]. All the related
information suggests Myanmar’s strong aspiration for economic development, which may
further lead to a heavy conflict between economic development and forest protection.

http://faostat.fao.org/
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Given the potential effects of investment and planning policies, this work adopted
a coupling model to project future LUCs under different scenarios. The CGELUC model
based on economic theory was applied to simulate the macro effects of investment on
local land use structure. This model was triggered by the increasing investment and
improving technical progress considering Myanmar’s macro policies. The result illustrates
that the overall predictive accuracy of the simulated land use structure is acceptable. The
effectiveness of this model has also been verified by Jin et al. [3]. The planning policies
are the important factors for shaping the spatial patterns of land development, especially
in urban areas [6,23]. This study proposed an updated mechanism to consider the impact
of planning policies, including planning railways, railway stations, and SEZs. The result
shows that the mean PoO values of the built-up land in the four specific zones (Figure 5)
increase by 0.01, 0.06, 0.21, and 0.11, respectively. The proposed updated mechanism is
similar to the work of Liang et al. [25], which has been proven to be an effective method for
simulating the urban expansion pattern. Based on the proposed updated mechanism, the
PoO values of the built-up land in the SEZs will rise and remain within [0, 1]. The updated
PoO values in the SEZs maintain a similar distribution tendency with the historical values.
The projected land use patterns in Yangon are similar to Sritarapipat et al. [71], indicating
the credibility of the results. This updated mechanism can also be embedded in other land
use allocation models, providing a base for further regional research on this topic.

5.2. Land Use Patterns under Different Scenarios

According to the land use patterns between 2017 and 2050, forests show a decreasing
tendency under all scenarios. It is mainly encroached by cultivated land, built-up land,
and grassland. Meanwhile, the expansion of cultivated land is mainly distributed in the
mountainous area, which is an important habitat [72]. These trends are consistent with
the characteristics of the historical LUC in Myanmar [32]. Two reasons can explain this
distribution characteristic in future land use patterns: (1) the model is constructed based
on the historical land use maps and driving factors, and (2) LUCs show strong directivity
under the impact of human expectations [3]. According to Lim et al. [35], the decrease of
forest land was mainly caused by agriculture expansion, infrastructure development, and
economic investment, which are the same as the future possible drivers. This can explain
the similar trends of LUC under different scenarios. As for the built-up land, it largely
sprawls around the edges of the historic urban land under the BD_scenario. Due to the
implementation of the updated mechanism, new built-up land is generated in the three
SEZs under the HD_scenario and FD_Scenario, also suggesting the effectiveness of the
updated mechanism.

By comparing the three LUC scenarios, the HD_scenario is the most optimal solution
for Myanmar’s land sustainable development. Under the HD_scenario, the expansion
of cultivated land, grassland, and built-up land are well-regulated, the shrink of forest
area decreases greatly, and the land use pattern shows higher diversity. Specifically, the
encroachment of cultivated land on forests in the mountainous areas can be effectively
relieved, and the forest area is more inclined to convert to grassland. Meanwhile, urban
sprawl will be encouraged in a controllable way, and a sustainable land development can be
witnessed. These findings reveal that the strict implementation of the ecological protection
policies is conducive to promoting harmonious development in Myanmar.

5.3. Uncertainties and Future Work

In this study, the SAM of Myanmar in 2017 was applied to establish the CGELUC
model. The latest land use map of 2018 in this suit of data was used to verify the simulated
result of the CGELUC model. This will bring uncertainty to our result due to the unknown
effectiveness for long-time projection, even with a high accuracy obtained. The calibration
of the FLUS model in this study is a static process only considering the relationship of
historical land use data and driving factors at a certain stage, while their relationship
actually varies with time. This may lead to uncertainty for future land use projection. Input
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data is the basis of model calibration and projection. Uncertainties in the input data will
propagate through the model, later affecting the simulated result. The interactions among
nature, society, economy, and land can generate a dynamic and complex system, and the
simulation accuracy of the result is fatally influenced by the changed random variables,
such as changes in global climate [2], national development strategies [25], domestic and
international trade environments [73], and the willingness of residents [74]. Therefore,
it is difficult to conceptualize a model to represent the ever-changing real world. In this
study, a simple nature–socio-economic–land system was conceptualized based on the main
structural and systemic characteristics of Myanmar, which may cause model uncertainties.
The parameters of the scenario storylines are assumed based on previous research in our
study, which may show high uncertainty for the unstable socio-economic system. The
research of Verburg et al. [75] demonstrated that uncertainties in important parameters
exhibited a comparatively high level of aggregation, translating into spatially various
uncertainties in model outputs.

An elusive change in the relationship between land use and driving factors can be found
with consideration of the uncertainties in this study. Therefore, a dynamic simulation system
is expected to minimize the uncertainties of the long-term operation of the model in future
work. The directionality of the predictive results is close to reality, which can provide a
reference for land management. The results reveal that the HD_scenario is the optimal mode
of development considering the goal of forest protection. It is noteworthy that the forest area
under all three scenarios will be shrinking, which may lead to the degradation of ecosystem
services. Many research works have reported that ecosystem services show close association
with the land use structures and patterns [76–78]. Maintaining ecosystem services is bound
to have significant implications for human and economic development [79,80]. Hence, the
land use patterns need to be simulated and optimized to explore land ecological suitability.
Furthermore, LUC is a critical indicator for research on ecological degradation by considering
the influences of regional development. Further study on ecological risk assessment under
various scenarios is needed to provide reasonable suggestions.

6. Conclusions

Given the macro policies implemented by Myanmar, the increasing investment and
TFP were set to trigger the CGELUC model, aiming at projecting Myanmar’s future land
use structures from 2017 to 2050 under three designed scenarios: BD_scenario, FD_scenario,
and HD_scenario. Subsequently, the land use patterns in 2035 and 2050 under the three
scenarios were simulated based on the FLUS model and the projected land use structures.
Specifically, the impacts of planning policies were reflected by an updated mechanism,
which was embedded in the FLUS model. The results show that the coupling model of
the CGELUC and FLUS exhibits excellent performance in simulating land development,
obtaining receivable predictive accuracies for the simulated land use structure and pattern.
After using the updated mechanism, the PoO values of built-up land around historic urban
areas and SEZs increase significantly (increasing from 0.01 to 0.21), and new built-up land
emerges in the SEZs even if there is no historical built-up land around them. Affected by the
growth of investment, the cultivated land and built-up land show an expansion tendency,
and the forest area decreases annually. Land use distributions in 2035 and 2050 under all
scenarios exhibit overall consistency and local differences, which are in accordance with
those in 2017. The cultivated land and grassland show a tendency to encroach forest area in
Myanmar’s mountainous areas under the three scenarios, and these changes are the least
under the HD_scenario. Therefore, the HD_scenario is considered as the optimal path for
achieving land development sustainability. The proposed method can simulate the effects
of investment and planning policies on LUC, and the findings of this study could serve as
the analytical basis for the sustainable land development in Myanmar.
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