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Optimizing agricultural land use for sustainable development is one of the
important challenges for agricultural management, especially in areas
with changing socio-economic and environmental conditions. Optimiza-
tion techniques have been researched for solving land use problems; how-
ever, there is not any appropriate optimization and spatial distribution
method for agricultural land use. Therefore, the main objective of this
study was to develop the ST-IALUP model between the open source appli-
cation-LandOptimizer and ST-LUAM model to solve the multi-objective
optimization and distribution for agricultural lands. The ST-IALUP model
was built to target land use decisions in agricultural areas by the choice of
planning scenarios. The case study for supporting agricultural land use
planning in Tran De district pointed out that the ST-IALUP model not only
assisted multi-objective optimization based on the factors of socio-eco-
nomic, environmental and risk of LUT but also determined both land use
allocation map and the new increasing area LUTs map for Tran De district
to support planners in implementing solutions. The study results provided
a reliable basis for supporting the decision-making process for planners in
district-level agricultural land use planning in the Mekong Delta.

Cited as: Thao, N.H. and Trung, N.H., 2018. Establishing an integrated model for supporting agricultural land
use planning: A case study in Tran De district, Soc Trang province. Can Tho University Journal of

Science. 54(Special issue: Agriculture): 62-71.

1 INTRODUCTION

Solving the multi-objective optimization problem to
find the best solution in all options is a difficult
problem in the current land use planning (Haque and
Asami, 2014; Kucukmehmetoglu and Geymen,
2016; Kumar el al., 2017; Nguyen Hong Thao el al.,
2017). Recent optimality studies have used the opti-
mal approach for each land unit with optimal objec-
tives such as maximizing profits, labor, capital effi-
ciency and land adaptation. (Nguyen Hieu Trung,
2006; Nguyen Hong Thao, 2007; Pham Thanh Vu el
al., 2016; Nguyen Quoc Duy el al., 2017). Commer-
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cial software was used to perform the optimal prob-
lem and unresolved problem of proper agricultural
land allocation. Recently, the results of research by
Nguyen Hong Thao and Nguyen Hieu Trung, (2017)
have developed the LandOptimizer application
based on LpSolve open source code to solve the op-
timal problem of a target. Therefore, the main ob-
jective of this study is to develop multi-objective op-
timization function on LandOptimizer application
integrated with the ST-LUAM model (Nguyen
Hong Thao el al., 2017) to build an integrated model
in distribution for agricultural land area.
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Tran De district, Soc Trang province is a brackish
area where the agricultural land accounts for 87.8%
of the total 37,798 ha natural area. Most of the dis-
trict’s cultivated area is acid sulfate soil and often
faces drought and shortage of freshwater in dry sea-
son (Department of Agriculture and Rural Develop-
ment Tran De District, 2017). This coastal district
has diversity ecological system and is facing not
only the changed of the natural conditions (soil and
water) but also socio-economic development (Ngu-
yen Hieu Trung and Van Pham Dang Tri, 2012;
Pham Thanh Vu el al., 2015). As a result, people
tend to shift their agricultural production structure,
especially intensive rice and intensive shrimp land
(Nguyen Van Be el al., 2017).

Given the current situation, it is necessary to carry
out a study to propose the optimal use of land for
agricultural production to meet desires of local
farmers to improve their income and to support
work of agricultural land planning by local govern-
ment.

2 METHODOLOGY

2.1 Data collection

Data maps of soil, depth of alum appearances, water
salinity, and water salinity duration in 2015 were re-

ceived from Department of Agriculture and Rural
Development, Soc Trang province. The land use

Table 1: The sample size
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map in 2015 and salinity intrusion maps in 2010 and
2015 of the study area were analyzed from Depart-
ment of Natural Resources and Environment, and
Meteorological Center, Soc Trang province.

The field survey was conducted in four communes
divided into two groups: local governmental staffs
(five local officers who work in agriculture field of
Tran De district) and 150 typical farmers. The sam-
ple size is described in Table 1. All of them were
interviewed directly in the form designed to assess
the actual and potential local agricultural land use
type in the district in 2017. Individual interviews
were done with advanced local farmers who had suf-
ficient farming experiences (more than 10 years) in
the study area. Each land use types (LUT) has 30
interview cards and the questionnaire is designed to
collect data on the household characteristics related
to profitability, total cost, profits, labor demand, en-
vironmental benefits and risk of LUTs. With envi-
ronmental benefits, people evaluated that their LUT
have a positive impact on improving the quality of
the environment and risks of LUT were divided into
four levels (high, medium, low and no risk) corre-
sponding to the percentage of farmers self-assessing
the level of risk in agriculture production. The fol-
lowing data was encoded and descriptive statisti-
cally analyzed using Microsoft Excel software as in-
put data source of the ST-IALUP model.

NO Location

Number of samples
Typical farmers Local governmental staffs

1 Department of Agriculture and Rural Development

Tran De district !

2 Lich Hoi Thuong Town 40 1
3 Lich Hoi Thuong village 40 1
4 Trung Binh village 40 1
5 Lieu Tu village 30 1
Total 150 5

2.2 Optimal agricultural land use method

LandOptimizer software has solved the problem of
optimizing a target (Nguyen Hong Thao and Ngu-
yen Hieu Trung, 2017), but in this study, the re-
searcher groups would like to improve this software
by developing new features and multi-objective op-
timization solutions such as maximizing profitabil-
ity, labor, environment but minimizing risk of LUT
in agricultural production.

n m n m

i=1j=1 i=1j=1
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2.2.1 Multi-Objective optimization function

Obijective function for LandOptimizer is composed
by the different objectives of maximizing profits, la-
bor demand, environmental benefits and minimizing
the risk of LUTSs. These factors are normalized to [0,
1] to build the objective function. They are defined
as in the equation (1).

n m n m
i=1j=1

i=17j=1

€]
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Where,

i=1..n, with n is the number of land mapping units
(LMU) and j=1..m with m is number of land use
types (LUT)

Xij: The area of LUT]j in the LMUi need to find
(unit: ha).

Pij: Profit of LUT] in LMUi (unit; million VND/ha).
LSij: Land suitability of LUT]j in LMUi

EBj: Environmental benefits of LUT]. This factor is
based on the percentage of farmers who answered
that their LUT give environmental advantages such
as CO2 reduction, non-toxic.

LDj: Labor demand of LUTj/halyear.

RIj: Risk index of LUT]. It was calculated based on
the proportion of households how evaluated that the
their LUT having the high-risk level.

Wi: the weight of the objectives. The weighted value
received from 0 to 1, which represents magnitude of
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the objectives in multi-objectives function. In Lan-
dOptimizer application, the weights are set to 1
mean the objectives have the same priority.

2.2.2 The constraints for optimization function
When performing optimization, the problem needs
to be identified and clearly formulated the con-

straints. In this context, there are the constraints
such as

Yjt1Xi; < Area _LMU;, i=1.n (2)

n,>™, LD_LUT;X;; < Total working days are
available in the local area (3)

L1Xij < Area requlredLUT =
requwements of LUT)) (4)
2.3 Allocation land use for agriculture

1..m (area

LandOptimizer developed by Nguyen Hong Thao
and Nguyen Hieu Trung (2017) determines the op-
timal area of each LUT and then integrates with ST-
LUAM model (Nguyen Hong Thao el al., 2017) to
arrange LUTs, which are shown in Figure 1.

Land mapping

' vt map

Land vse evaluation
Socio-economic,
environmental, risk
H of LUT

v

Creating Objective
function and
constrain equations

v

Running optimization
model

v

Area of LUTS/LMUs
dataset

LandOptimizer ST-LUAM
water salimity water salinity
/ Soil map //( // dekation g / / Canal map // Road map / map
Union

Land use allocation
> model

ST-IALUP

v

Land use allocation
map

l‘—/

Increasing LUTs area

Figure 1: Process flow diagram of the integrated model ST-1ALUP

3 RESULTS AND DISCUSSION

3.1 The data input for optimization

3.1.1 Land use evaluation

Land mapping unit (LMU ) map was built by using
Union method to analysis the maps such as soil,

depth to the acid sulfate soil (ASS) occurred, water
salinity, and water salinity duration maps of Tran De
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district, Soc Trang province. The LMU map of Tran
De district was isolated into 16 LMU s (Figure 2).
In which, all of units faced the constraint not only
salinity water for at least five months per year with
salinity from 2 (%o) to 12 (%o) but also having the
acid sulfate soil. These characteristics were used for
natural land evaluation of prospective LUTSs.
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Figure 2: Land mapping units of Tran De district

Besides the traditional agricultural LUTSs like Dou-
ble rice and Crops, Rice Shrimp and Shrimp were
prospective LUTSs for local people and staffs (De-
partment of Agriculture and Rural Development
Tran De district, 2017). Therefore, five LUTs such

Table 2: Land suitability of Tran De district

as Double rice, Crops, Fruit, Rice Shrimp and
Shrimp were selected for the assessment of land
suitability according to FAO (1976). The suitability
evaluation results of LUTSs were presented in Table
2 and coded sequentially from LUT1 to LUT5 and
entered into the LandOptimizer application.

Land evaluation

LMU LUT 1 LUT 2 LUT 3 LUT 4 LUT5 Area (ha)
LMU 1 N s3 s1 N N 164.00
LMU 2 s1 s1 s3 N N 6414.50
LMU 3 s2 s3 N N N 929.75
LMU 4 s1 s2 N N N 811.25
LMU 5 s1 s2 N N N 1218.25
LMU 6 s2 s3 N N N 3204.00
LMU 7 s3 S2 N N N 413.00
LMU 8 s2 s3 N N N 6615.25
LMU 9 s2 s2 N N N 1471.75
LMU 10 N N N s1 S2 1199.50
LMU 11 N N s2 s1 S2 766.25
LMU 12 N N N s2 S2 2505.75
LMU 13 N N N s1 s1 140.50
LMU 14 s2 S2 N s2 N 1614.50
LMU 15 s2 S2 s1 s2 N 1177.75
LMU 16 s3 s3 N S2 s2 184.25

Note: LUT 1: Double rice; LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

3.1.2 Socio-economic and environmental factors
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Table 3 shows the results of the statistical analysis
describing the average values of each LUT such as
total cost, economic benefits, labor demand, and en-
vironmental benefits from the interview household.
These data were aggregated and averaged each
LUT, and that were used as the input database for
the LandOptimizer application to optimal agricul-
tural LUT area.

The profit factor was the main concern of local

Vol 54, Special issue: Agriculture (2018): 62-71

people and local staffs (Gouzaye and Epplin, 2016;
Kennedy el al., 2016; Pham Thanh Vu el al., 2017)
besides labor demand and environmental factors,
because more than 90% of surveyed households
thought that production capital or production cost of
LUTs were not the major issues in local agricultural
production. Farmers could buy seeds, pesticides and
fertilizers that will be paid later at the end of sea-
sons.

Table 3: Socio-economic and environmental factors of LUTs

LUT T_otal cost _ Profits-P  Labor demand - LD  Environmental benefits — EB

(mil. VND) (mil. VND/ha) (Daylyear/ha) (%)
LUT1 29.8 45.1 53 37.1
LUT2 41.1 98.2 285 17.6
LUT3 31 51 62 26.5
LUT4 132.5 112.6 165 30.5
LUT5 362 334 270 10.2

Note: LUT 1: Double rice; LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

LUT's risks (RI) are affected by production process,
natural disasters or epidemics (Tran Ngoc Tung and
Bui Van Trinh, 2014), which reduce the productiv-
ity of crops or livestock. Therefore, in this study, the
risk factor was determined on the assessment level
of local authorities and typical farmers. Figure 3
showed that 48% of households thought that LUT 5
has the highest risk level, followed by LUT 4, LUT
1, and LUT 2; LUT 3 was evaluated as the lowest

risk. It was explained that LUT 5, LUT 4, LUT 2
and LUT 1 were affected by weather, water quality
and seedling. Although LUT 5 has a high level of
risk, local people still would like to shift this LUT
because they need to increase their profitability per
unit of cultivated area. This is shown by Nguyen
Van Be el al., (2017) that farmers who wanted to
improve their income sometimes they have to faced
potentail high risks in their production.

// U] ’ H‘ ‘ ‘ ST TS
* 2 s - J
LUT4 7)) N > <)
I ‘ ‘ \'Hight risk
LUT3 v HHHHH%; ;HHH ‘: : 22‘ ‘ | 31 ........ ﬁ i Average risk
BB ‘ |h TRy ’ onse g Low risk
LUT2 7, | | B 2
’ | - Non risk
wn 7772 NI =TT
» P ) / /.J J .
0 20 40 60 80 100

Note: LUT 1: Double rice; LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

Figure 3: The assessment of the local government and experienced farmers about risk of LUTs

3.2 Obijective function and constraint
equations of the scenarios

Based on the previous studies of Kalvelagen (2002),
Le Quang Tri el al. (2013), Nguyen Huu Kiet el al.
(2014) and Pham Thanh Vu el al. (2015), Nguyen
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Hong Thao and Nguyen Hieu Trung (2017), five
land use scenarios showed in Table 4 such as max-
imizing profit (SC 1), maximizing labors (SC 2) and
the SC 3 was maximizing integrated objectives
about profit, labor, environmental benefits and min-
imization of risk. Following Nguyen Hong Thao and
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Nguyen Hieu Trung (2017), an integrated objective
was implemented by multiple these factors to solve
with single objective linear programing. Thus, in

Table 4: The land use scenarios for optimization

Vol 54, Special issue: Agriculture (2018): 62-71

this study, the multi-objective scenarios (SC 4, SC
5) were taken into account to minimize risk of LUTSs
in agricultural land use planning.

Scenario Objective function Max of Profit Max of Labor Max ENVITON- — \in of risk
mental benefits
SC1 Single objective X
SC2 Single objective X
SC 3 Single integrated objective X X X X
SC4  Multi-objective X X
SC5 Multi-objective X X X X

These five scenarios were based on the same all con-
straint equations on area of LUTs which required to-
tal area of land mapping units and number of labors
of the district. These equations are defined as the 2™,
3 and 4™ equation in section 2.2.2, with the case in
Tran De district, the distribution area of LUTs were
defined as follows:

Total area for each LMU was taken from the total
area in Table 2. Sixteen LMU, thus, 16 constraint
equations were defined.

Required area of each LUT was based on the devel-
opment requirement for agricultural production in
2017 from the sub Department of Agriculture and
Rural Development Tran De district. In which, the
area of the Double rice (LUT 1) is 22,700 ha; the
area of Crops (LUT 2) is 505 ha; the area of Fruit
(LUT 3) is 520 ha; and the area of aquaculture is

5,098 ha, among that, 700 ha for Rice-Shrimp (LUT
4) and 4,398 ha for intensive Shrimps (LUT 5).

Total labors supplied for implementing LUTSs could
be less than total labor of the district. This value was
converted to 25,125,600 working days per year (Sta-
tistical Office Soc Trang province, 2016).

3.3 Optimization results for land use scenarios

All of the scenarios were solved by LandOptimizer
application that provided optimal LUT areas per
suitability LMUs with the same constraints. The op-
timization result shows the total profit of each sce-
nario and was aggregated in Figure 4. In which, the
lowest profit maximized for the SC 2 was 2,102 bil-
lion VND, and the scenarios SC 1 and SC 3 gave the
highest profit with 2,113 billion VND. The profit of
SC 5 (Multi-Objectives) was lower than that of the
SC 1 about 1 billion but has considered all objec-
tives including minimizing the risk of LUT.

Billion VND
_ 2.113 2.113
2.115 5111 2.112
2.110 -
2.105 - 2.102
2.095 T T T T f
SC1 SC?2 SC3 SC4 SC5

Figure 4: Total profit of the scenarios

Table 5 shows the optimized results of five scenar-
ios proposed for each LUT. In the scenarios, the to-
tal area of each LUT was equal, but due to different
objective functions and the choice of optimal LMUs
were also different, that led to different profit among
the scenarios. Regarding profit of LUT 1 in the first
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three scenarios, they were lower than that of the sce-
narios 4 and 5. Inversely, the profit of LUT 2 in sce-
narios 4 and 5 was higher than that of the other sce-
narios. This phenomenon was caused by the same
level of suitability among the LUTs in a LMU (Ta-
ble 2). LandOptimizer was choise to distribute area
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based on the objective function of the scenarios.
This rule was explained the same total profit for

Table 5: Profit in detail of the scenarios
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LUT 3 and LUT 5 where the LMUs had the only
option of suitability for these LUTS.

Profit of scenarios (Billion VND)

Scenarios

LUT 1 LUT 2 LUT 3 LUT 4 LUTS
SC1 852.68 49.59 26.89 70.33 1,113.43
SC2 852.68 49.59 26.89 59.12 1,113.43
SC3 852.68 49.59 26.89 70.33 1,113.43
SC4 863.03 37.19 26.89 70.33 1,113.43
SC5 862.00 39.45 26.89 70.33 1,113.43

Note: LUT 1: Double rice; LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

The total profit of five scenarios, the SC 5 was only
lower than the SC 1 about 1 billion but it has con-
sidered all multi-objectives. Since this scenario pro-
vides the better solution than the others, so distribu-
tion area of land use patterns proposed in SC 5 needs
to be considered by managers in land use planning
process.

Considering the land distribution for the SC 5, Fig-
ure 5 shows optimized results in details of each LUT
on each LMU. The LUT 1 areas were 22,700 ha, ar-
ranged on land mapping unit as LMU 2, LMU 3,
LMU 4, LMUS5, LMU 6, LMU 8, LMU 9, and LMU
15. The area for LUT 2 was distributed in the units
LMU 2 and LMU 7 with 505 ha. Total area of LUT3

5 LandOptimizer - T6i wu héa dién tich sif dung dét néng nghiép

Tiptin Ddliéu Biocéo Xuly Trogiip

=l @ T

a 2 Kéusidungda 3. Thichnghi dat da

4 Rirmoclakéusidung 5.Lla
Két

D néu déng) 6. Lao déng/KSD/ ha ingdy

was 527.25 ha, arranged in the 1% land mapping unit
(LMU 1) and in the 15™ unit (LMU15). Regarding
on aquaculture areas, the results showed that the
LUT 4 areas were proposed in LMU 11, LMU 14
with 700 ha while the areas of LUT5 were distrib-
uted at the LMU 10, LMU 11, LMU 12, LMU 13,
and LMU 16 with 4,398 ha in total.

The detailed areas of the SC 5 are pointed out that
each unit can be distributed for many LUTSs. For ex-
ample, LMU 2 was allocated for LUT 1 and LUT 2,
in the same way; LMU 11 was divided into LUT 4
and LUT 5. This is still difficult for local govern-
ment staff to determine the spatial position of the
LUTSs in land use planning

7. Mitnidng 8. Ring budc diéntich LUT 9. Phudng an téi uu héa

Chay t8i s héa

Xby ching hé phuidng trich

Dang nhip liéu

t Dién tic Diéntich
LuT1 L2 LT3 LuT4
0.00 0 = =

Diéntich

Figure 5: Optimization results for the SC 5 on interface of LandOpimizer
Note: LUT 1: Double rice; LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

3.4 Land use allocation map for the selected
scenarios

As there were conflicts on distribution of many
LUTs on each LMU, the areas optimized for the
SC5 were put into the ST-LUAM for determining
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the spatial distribution of agricultural land use plan-
ning. The land use allocation map of the SC 5 was
shown in Figure 6 (a) and (b) revealing the places
where the increasing areas are, where the proposed
LUTs can be implemented in comparing with real
agricultural land use map in 2015 of Tran De district.
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Figure 6: Land use allocation map of the scenario SC5. a) Land use allocation map. b) Increasing area
of the LUTs comparing with land use map in 2015

The increasing area of the LUTs compared with real
agricultural land use map in 2015 of Tran De district
(Figure 6b) was calculated the detail for the villages
represented in Table 6. In this solution, the new
added area was mainly converted from LUT1 to re-
maining LUTS. In which, LUT 2 was proposed to
increase 324.5 ha mainly in Tai Van village (283.75
ha) and a small part of Thanh Thoi An, Vien An and
Vien Binh villages. For LUT 3, the proposed area
was expanded at Tai Van (107.5 ha) and Dai An 2

(90 ha) villages. The area of LUT 4 was proposed
the most in Tran De Town with 256 ha, followed by
Lieu Tu and Vien Binh villages about 259 ha, and
the remaining area of LUT 4 was arranged other vil-
lages. Particularly for LUT 5, this LUT was desired
most of farmers who want to convert, but due to lim-
ited area required of local government, the area of
LUT 5 increased was not significantly; a small area
is scattered in the Thanh Thoi An, Thanh Thoi
Thuan and Vien Binh villages.

Table 6: Area of the LUTSs needs to increase in the villages for scenarios SC5

Unit: ha
Village LUT 2 LUT 3 LUT 4 LUT5
Lieu Tu 0.00 0.00 124.75 0.00
Tai Van 283.75 107.5 0.00 0.00
Thanh Thoi An 15.50 0.00 10.75 4.00
Thanh Thoi Thuan 0.00 0.00 0.00 6.50
Vien An 17.50 1.75 0.00 0.00
Vien Binh 7.75 0.00 124.25 4.00
Dai An 2 0.00 90.00 25.50 0.00
Tran De Town 0.00 25.25 256.00 0.00
Lich Hoi Thuong 0.00 0.00 56.25 0.00
Lich Hoi Thuong Town 0.00 1.50 0.00 0.00
Trung Binh 0.00 5.75 0.00 0.00
Total area 324.50 231.75 597.50 14.50

Note: LUT 2: Crops; LUT 3: Fruit; LUT 4: Rice shrimp; and LUT 5: Shrimp

Land use allocation map was the results of the last
phrase of the ST-IALUP model which the input data
was received from the optimization phase. The in-
novation point in this study is the LandOptimizer,
developed by the authors; user interface and the spa-
tial distribution model for land use are integrated in

a process. The differential land use between current
land use map and allocation map are also provided
by the new increasing map. This map will be useful
for the planners who want to implement the optimi-
zation solution and allocation space detailed for
each village on the ground.
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4 CONCLUSION

Application of ST-IALUP model in Tran De district
has positively supported in determining the optimi-
zation area of LUTSs and the flexibility to test differ-
ent optimal scenarios. In which, the multi-objective
scenario is most appropriate solution since the fac-
tors of socio-economic, environmental and risk of
LUT were solved. The land use allocation map and
the new increasing map gave the advantages for
planners to locate LUTS that need to increase or de-
crease cultivated area.

The ST-IALUP model provides two phases in which
the first phase uses the optimization to define differ-
ent land use scenarios with multi-objective ana-
lyzed, and the second phase used the optimal results
by the computer model ST-LUAM to provide the
land use allocation map.

In conclusion, the integrated model result does not
only assist organizers an easily way to adjust the
area optimization in defining the plans but also sup-
port them to allocate the new planned areas on the
maps. Thus, this integrated model provides an easy-
to-use analytical tool for building different scenarios
for planners and supporting sustainable develop-
ment solutions in land use planning process for dis-
trict level.
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