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ABSTRACT

Anthropogenic activities interact with the structure of rural dwellings and metabolic
processes, affecting the livability of villages. This study aims to assess the suitability and
potential of rural settlement land using a method of comprehensive criteria to support sus-
tainable rural development. The research method employed in this study involves a Multi-
Criteria Decision-Making (MCDM) procedure, which is chosen for its capability to integrate
multiple factors in decision-making. This approach enables the evaluation of land suitability
based on topographic and soil characteristics, ensuring an in-depth and objective assess-
ment. The Analytical Hierarchy Process (AHP) was used to assign weights to criteria. The
findings classify land suitability for settlements into four zones: highly suitable, suitable,
marginally suitable, and unsuitable. The potential land suitability for rural settlements is
approximately 1,234 hectares, while existing settlements span 1,260 hectares (highly suit-
able), 1,700 hectares (suitable), 344.64 hectares (marginally suitable), and 208.54 hectares
(unsuitable). This method ensures accurate land suitability assessment, aiding settlement op-
timization. It supports government spatial planning, disaster risk reduction, and community
resilience. The findings serve as a guide for sustainable rural settlement management.
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1. Introduction

Population decline, often referred
to as depopulation, is a prominent phe-
nomenon in various regions of Indone-
sia, especially in West Sumatra. This
phenomenon typically occurs when young
adults migrate to urban areas in search of
better opportunities, leaving their home-
towns behind. As a result, many rural ar-
eas are experiencing vacant homes and de-
terioration of local infrastructure [1]. How-
ever, this trend has started to shift as young
people, after achieving success elsewhere,
are beginning to return to their rural ori-
gins. Over time, this has led to a shift in
dynamics, with younger generations work-
ing to improve their hometowns, not only
focusing on economic development but also
striving to enhance local ecosystems and
quality of life. Despite this positive shift,
land use inefficiencies and environmental
disruptions remain significant challenges,
highlighting the need for strategic planning
and better land management [2]. Previous
studies have similarly observed that rural
depopulation can lead to the degradation of
local resources and infrastructure, necessi-
tating more sustainable land use practices
[3].

The rural environment in Indonesia
is increasingly under pressure due to unsus-
tainable land use practices, resulting in land
degradation, loss of biodiversity, and inef-
ficient utilization of natural resources. The
complexity of these challenges calls for the
integration of geospatial technologies, par-
ticularly Geographic Information Systems
(GIS), to support better decision-making
and land use optimization. GIS-based as-
sessments provide essential insights into
optimal land utilization by evaluating to-
pographic, soil, and land characteristics in
both spatial and temporal contexts [4]. GIS-
based approaches can support the process

246

of residential land use planning, ensuring
that land is used efficiently while consider-
ing environmental sustainability and socio-
economic factors [5].

The decision-making process in land
use planning has been revolutionized by the
advent of GIS technology, which has made
the process faster and more accurate by fa-
cilitating ease of access and utilization of
spatial data [6-8]. This shift in approach
represents a significant novelty by provid-
ing data access to communities through GIS
applications that are publicly available and
easy to use [9]. When combined with Multi-
Criteria Decision-Making (MCDM) meth-
ods, GIS provides an even more powerful
tool for solving complex land use problems,
allowing decision-makers to evaluate mul-
tiple criteria simultaneously [10]. MCDM
models have been successfully applied in
regions like India to assess land suitability
[11], and Greece to assess sustainable elec-
tricity technologies, taking into account not
only environmental factors but also socio-
economic considerations such as accessibil-
ity to infrastructure and community prefer-
ences [12].

The integration of MCDM with re-
mote sensing data offers a novel advan-
tage in regions with complex topography
and varying land capabilities, such as those
found in Tanah Datar Regency. The high-
resolution remote sensing data combined
with MCDM allows for the detailed assess-
ment of land suitability for rural settlements
by considering physical factors, as well as
current land uses and spatial patterns. A re-
view of the literature shows that the appli-
cation of MCDM in land suitability analy-
sis has been increasingly prevalent, particu-
larly in rural and sensitive areas where it has
helped balance environmental sustainabil-
ity with socio-economic development [13].

Furthermore, studies have shown
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Fig. 1. Flowchart of methodology.

that MCDM, when applied alongside GIS,
can accommodate both qualitative and
quantitative data, making it highly adapt-
able to diverse contexts [14]. This study in-
troduces a novel approach by using 10m X
10m spatial resolution remote sensing data
to develop a GIS-based model that can eval-
uate land suitability and offer insights into
the potential of rural settlement develop-
ment in Tanah Datar Regency, West Suma-
tra.

The research’s novelty lies in its abil-
ity to integrate both physical environmen-
tal factors and remote sensing data to assess
land suitability for rural settlements. This
approach not only provides a more com-
prehensive understanding of land use po-
tential but also helps identify areas where
sustainable development can be achieved.
Additionally, the study emphasizes the im-
portance of considering land capability and
current land use patterns in evaluating set-
tlement suitability, offering a more inte-
grated perspective on land development in
rural areas. The incorporation of local eco-
logical knowledge and customary land use
practices into modern land use planning
could further enhance the sustainability of
rural settlements.
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2. Materials and Methods

The research methodology involved
several steps. First, physical data of the
study area were collected to calculate land
capability, land suitability, spatial plan, and
existing settlement land use. Second, po-
tential rural settlement land zones were
identified. Third, these zones were over-
laid with the spatial plan to create suitable
and unsuitable zones for the spatial plan.
Fourth, the suitability of rural settlement
land was overlaid with existing settlement
land use to determine whether the existing
settlement is suitable for the land suitabil-
ity of rural settlement areas. This process is
based on a comprehensive indicator system

(Fig. 1).

2.1 Study area

Tanah Datar Regency is one of the re-
gions in West Sumatra with rapid growth,
through the leading agricultural sector (Fig.
2). Development conditions with the need
for land for residential settlements have
increased the need for more space; this
has the potential to erode agricultural land
into residential areas. = The population
is increasing from year to year, reaching
373,693 people in 2021 [15]. Geographi-
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Fig. 2. Research location.

cally Tanah Datar Regency has an area of
1,337 Km2 with diverse topographic char-
acteristics [16], which creates dynamics in
the growth of residential areas temporally.

2.2 Data collection

Topographic data of Tanah Datar
District was obtained from the extraction of
digital elevation model data with a resolu-
tion of 8 meters which can be downloaded
from the Geospatial Information Agency
website. Furthermore, soil data and soil
characteristics with a scale of 1:50,000 were
obtained from the Indonesian Land Cen-
ter, Research and Development. Then the
data of the Official Spatial Land Use Plan
(OSLUP) of Tanah Datar Regency in 2012-
2032 was obtained from the Ministry of
Public Works and Housing of West Sumatra
Province, and existing residential land use
data was obtained from Sentinel-2A remote
sensing data recording in 2022.

2.3 Analysis

The analysis of settlement land suit-
ability and existing settlements was con-
ducted sequentially. The suitability of set-
tlement land was assessed using the Multi-
Criteria Decision Making (MCDM) ap-
proach. Initially, the Analytical Hierarchy
Process (AHP) was employed to determine
the weights of the criteria. These crite-
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Table 1. Scale of Importance.

Extremely 9
Very Strongly 7
Most Important ¢ ° 1 3
Moderately 3
Equally Important !
Moderately 1/3
Strongly 1/5
Less Important o Sirongly  1/7
Extremely 1/9

ria represent parameters considered influ-
ential in assessing the suitability of rural
settlement land. The AHP method, intro-
duced by Saaty in 1977, utilizes a pairwise
comparison matrix to evaluate the relation-
ships among the main factors involved in
decision-making [17]. Saaty’s importance
scale served as the basis for comparisons
during the research process (Table 1).
When a factor exerted a greater and
more significant influence compared to oth-
ers, it received a higher value, resulting
in an increased weight. Consequently, the
six thematic layers identified as key fac-
tors were analyzed using the pairwise com-
parison matrix, with adjusted weightings
reflecting the relative importance of each
layer. This process facilitated the deter-
mination of rural settlement land suitabil-
ity. In the AHP assessment, the process be-
gins with identifying potential uncertainties
that may arise during ranking and scoring.
These uncertainties are quantified using the
consistency index and the principal eigen-
value, as calculated according to Eq. (2.1).

Amax—-n

CI= : 2.1)

n—1
where, Amax represents the principal
eigenvalue derived from the matrix, while
n denotes the total number of criteria in-
volved in the analysis process. Consistency
analysis and evaluation of the rating scale
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are further refined through the calculation
of the Consistency Ratio (CR) using Eq.
(2.2). This approach is employed to assess
the consistency of experts in the pairwise
comparison matrix.

CI
R=——.
¢ RCI

Subsequently, the RCI value, refer-
ring to the Randomized Consistency In-
dex, was calculated based on the guide-
lines established by Saaty. In determining
the consistency value, if the Consistency
Ratio (CR) is less than 10%, the findings
are considered consistent. Conversely, if
the CR exceeds 10%, it indicates inconsis-
tency in the assessment, necessitating a re-
evaluation by the experts [18]. Once the cri-
terion weight values were determined, other
sub-criteria for settlement land suitability
were identified. The subsequent step in-
volved calculating the score of each sub-
criterion using geographic information sys-
tem (GIS) software. Each score was derived
by multiplying the weighted values of the
criteria. It is noteworthy that no special-
ized software was utilized during the anal-
ysis. The resulting scores were then in-
put into the polygons, arranged sequentially
from the smallest to the largest value.

Using the MCDM approach, based
on the AHP calculations, the involvement
of experts was crucial in determining the
suitability of rural settlement land. The ex-
perts included individuals from various or-
ganizations: universities with expertise in
geography, civil engineering, and hydrol-
ogy; spatial planning and settlement de-
velopment agencies with backgrounds in
regional economics and regional and ur-
ban planning; regional development and re-
search agencies with expertise in regional
and urban planning; public works agen-
cies with backgrounds in civil and geolog-

2.2)
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ical engineering; and indigenous commu-
nities with deep knowledge of customary
rules and historical context in the observa-
tion area.

After completing the initial calcu-
lations, further assessment was conducted
to assign scores based on the contribution
level of each sub-criterion to the charac-
teristics of rural settlement land suitability.
A land suitability map for residential areas
was developed by translating the criterion
weights into sub-criteria. The residential
land suitability was classified into four cate-
gories: highly suitable, suitable, marginally
suitable, and unsuitable, as updated accord-
ing to Eq. (2.3).

N
S = Z Wl'Xi,
i=1

where, S is the suitability of the area, W; is
the weight of the criteria for the suitability
of the area, X; is the score of sub-criteria i,
and 7 is the number of criteria for the suit-
ability of the area.

2.3)

2.4 Land capability

The classification of land capability
follows the framework developed by the
USDA [19, 20], which has been modified
to suit the land characteristics of Indone-
sia. Land is utilized for various purposes,
primarily agriculture, plantations, and set-
tlements. Soil characteristics are catego-
rized based on their formation, with par-
ent materials, organisms, time, and climate
identified as the main factors influencing
soil development [21]. In Indonesia, the
limiting factors for land capability classes
are divided into eight categories: texture,
slope, drainage, soil depth, erosion, rock,
flooding, and permeability. The land capa-
bility classification comprises eight classes,
where (*) indicates no limiting factors, and
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Table 2. Limiting Factors of Land Capability Classification.

L Capability Class

No  Limiting Factors — 1 T IV vV VI VI VI
1 Texture (t) t2/t3  tl/t4 t1/t4 ™) * * ® t
2 Slope (%) i0 il i2 i3 * 4 i5 i6
3 Drainage (d) do/d1 d2 d3 o N ) T ) I ) T
4  Depth of Soil (k) kO kO k1 k2 ™ k3 * &
5  Erosion (e) e0 el el e2 *) e3 e4 (™
6  Rocks (b) b0 b0 b0 bl b2 (*) (*) b3
7  Flood (O) 00 0O1 02 03 o4 N *H ™
8  Permeability (p) p2/p3 p2/p3 p2/p3/p4 p2p3 pl  (*) (*) pS

Source: [22]

Table 3. Distribution of criteria for each parameter for land suitability of residential areas.

Parameter Criteria Sub Criteria Tec tazrtrea B Rank  Weight (%)
Topography Slope <8% 41,644 31.82 4 62.0
8-16% 9,567 7.31 3 46.5
16-27% 53,419  40.81 2 31.0
>26% 26,263  20.06 1 15.5
Soil and Rocks Little 46,980 35.89 3 32.6
characteristics Medium 14,241  10.88 2 16.4
Much 69,672  53.23 1 8.2
Depth of Shallow 4,399 3.36 3 30.6
Soil Moderate 753 0.58 2 20.4
Deep 125,741  96.06 1 10.2
Texture Slightly rough 0 0 3 25.8
Slightly smooth 47,261  36.11 2 17.2
Smooth 83,632  63.89 1 8.6
Drainage Good to fair 101,733 77.72 3 96.3
Moderate 24262 18.54 2 64.2
Poor to obstructed 4,898 3.74 1 32.1
Flood Without 114,947 87.82 3 76.2
Rarely 15,946  12.18 2 50.8
Frequently 0 0 1 25.4

(**) signifies land surfaces that are perma-
nently waterlogged. The limiting factors for
the land capability classes applicable to the
research area are presented in Table 2.

2.5 Land suitability of settlement areas

The spatial distribution of rural res-
idential areas has been influenced by sev-
eral factors, which are soil factors and to-
pographic conditions of the region. In this
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study, a statistical analysis of the physical
factors of land suitability of rural residen-
tial areas in the relevant literature was con-
ducted. The examination of the actual sit-
uation in Tanah Datar District consists of
four main analyses, where the land suitabil-
ity analysis of residential areas is included
in the main analysis to evaluate the land use
plan of settlements and existing settlements.

The residential land suitability anal-
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ysis was used to determine the level of suit-
ability based on physical factors considered
important in proposing the delineation of
residential areas [23]. The selected physi-
cal factors were then analyzed for suitabil-
ity within the study area such as slope, rock,
soil depth, texture, drainage and flooding
criteria. This assessment uses the equation
in [24]. Based on the characteristics of the
area that are not much different from the
research location. Each factor is divided
into sub-criteria to produce more specific
boundaries, with the sub-criteria with the
most suitable characteristics for residential
areas placed at the top and unsuitable char-
acteristics placed at the opposite (Table 3).
Therefore, sub-criteria that provide suitable
characteristics will encourage greater land
suitability for settlements in Tanah Datar
District.

The results of the distribution of fac-
tors deepened into sub-criteria will reflect
the relative importance in determining the
suitability of residential development activ-
ities. Slope <8% is assumed to have charac-
teristics that can be used for residential area
development which will minimize the oc-
currence of land movement on steep slopes.
If there are many rocks on the ground sur-
face, buildings are unable to stand stably.
This also affects soil depth, texture, and
drainage. Flood criteria with areas that do
not have flooding are better for building res-
idences by minimizing the risk of natural
disasters [25].

2.6 Land use planning

Spatial planning is an external form
of arrangement and organization of regional
spatial planning for the purpose of allo-
cating or utilizing natural resources on a
regional and national scale. In addition,
spatial planning is an integrated land use
scheme that is linked to future uncertain-
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ties, requiring a more sophisticated goal
orientation. As a result, spatial planning
has multiple objectives, and the effective-
ness of its implementation is often inter-
preted from different perspectives by dif-
ferent practitioners. Planning stems from
rational decision-making, and the rational-
ity of outcomes is an important value ori-
entation for evaluating the effectiveness of
planning implementation [26]. Experts who
subscribe to the concept of outcome ratio-
nality believe that the purpose of planning
is to eliminate the impact of future uncer-
tainty, and the degree of consistency be-
tween planning outcomes and planning ex-
pectations can be used as a criterion for
evaluating the effectiveness of planning im-
plementation.

3. Results
3.1 Evaluating land suitability by inte-
grating land capability

Land characteristics that have differ-
ences in composition will produce soil di-
versity with different conditions. Soil prop-
erties such as texture, soil depth, drainage,
permeability are characteristics that often
can be distinguished on the surface. This
will provide assistance for soil classifica-
tion in knowing the ability of land so that
land utilization on the surface can be done
optimally [27]. These conditions form an
indication of land characteristics commonly
called land suitability. In the results sec-
tion, land capability is an assessment of a
land to be categorized based on its char-
acteristics so that it can be limited to land
that is utilized and land that must be pro-
tected as a conservation zone. Land capa-
bility class I-IV is a category of land that
can be utilized by humans for all activities
be it cultivation or agriculture; the land area
that can be utilized reaches 6.53 kilometers.
Classes V-VII are parts that must be desig-
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nated as protected zones based on character-
istics that have many shortcomings and to-
pography that is prone to natural disasters;
this zone area reaches 6.55 kilometers (Ta-
ble 4).

The land suitability of settlements
calculated based on soil characteristics and
topography provides the output results of
the land suitability class of rural residential
areas (Table 4) with the division of highly
suitable zones, suitable zones, marginal
suitable zones, and unsuitable zones. The
land suitability map for rural residential ar-
eas can be seen in Fig.3 (c), which is com-
piled from a combination of land suitabil-
ity and land capability, establishing the land
suitability of rural residential areas.

The land suitability of rural residen-
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tial areas results in optimizable zones of
about 26% of the overall area. The char-
acteristics of the area with unique soil con-
ditions have provided complex limitations
in the selection of zones that can be inhab-
ited by the community. The marginal suit-
ability zone is one of the considerations if
the highly suitable and suitable zones have
already established mass settlements [28].
Through the use of technology, it will be
possible to provide solutions in utilizing
land for housing in this zone [29]. Gener-
ally, land conditions in the marginal suit-
able zone are on slopes of 16-27% and re-
quire special treatment to flatten the land
so that it can be built upon. Meanwhile,
soil conditions and characteristics in the
marginal suitable zone category, such as
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Table 4. Distribution of results and extent of land capability, land suitability, spatial pattern, and

settlement land suitability to spatial pattern.

Area
Parameters Category Tectare o
I 1 0.01
Land Capability 11 2,610 19.94
I 739 5.65
v 3,189 24.36
\Y 4,788 36.58
VI 1,624 12.41
VII 139 1.06
Land Suitability of Highly Suitable 1,283 9.80
Settlement Areas Moderately Suitable 2,128 16.26
Marginally Suitable 382 2.92
Unsuitable 9,296 71.02
Protected forest 1,966 15.02
Conversion production forest 96 0.07
Permanent production forest 930 7.11
Community forest 522 3.99
Spatial Plan Other cultivation areas 2,567 19.61
Volcano prone areas 121 0.93
Germplasm protection 28 0.21
Settlement 1,078 8.24
Wetland agriculture 1,644 12.56
Dryland agriculture 2,352 17.97
Green open space 12 0.09
Wildlife sanctuary 739 5.64
Nature park 1,120 8.56
Impact Spatial Plan for Highly Suitable 1,63 15.10
Land Suitability of Moderately Suitable 1,88 17.49
Settlement Marginally suitable 48 4.49
Unsuitable 6,78 62.92

medium to deep soil depth, will make build-
ing foundations if not installed to reach
the limit of soil depth, giving the effect
of movement so that the foundation is not
strong. Likewise, drainage that requires
good to somewhat good conditions has an
influence on the formation of waterways,
so that flood conditions can indirectly mini-
mize property losses in the community [30].

3.2 Evaluation of the regional spatial
pattern

The land suitability of rural residen-
tial areas is then evaluated against land use
planning data, which at this stage will pro-
duce four zoning criteria. In Table 3 row
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of land suitability of settlements against the
spatial pattern dominates the spatial pat-
tern of settlements in unsuitable zoning of
62.92% of the space designated in the spa-
tial pattern. As seen in Fig. 3(a) contains
information in red with unsuitable charac-
teristics covering almost all areas in Tanah
Datar District. This condition will have an
influence if the regional level spatial pat-
tern is still used in providing building per-
mits for the community. When consider-
ing the 1,078 hectare category in Table 3 of
the spatial plan section, further evaluation
is necessary regarding the zoning of these
settlements to optimize zoning suitable for
the development of rural residential areas.
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Table 5. Distribution of results and area of ex-
isting settlements and land suitability of settle-
ments to existing settlements.

Parameters  Category Hectaferea %
I;;‘tll'emem 127,379 97.32
]éiﬁgbility g&igtyle 12600 3386
S
Unsuitable 208 5.93

3.3 Assessment of settlement suitability
against existing settlement land use
Existing settlement land use is ob-
tained from remote sensing data, where the
resulting information describes the distribu-
tion of settlement land use in 2022. After
the calculation process of the suitability of
rural settlement areas, an assessment of ex-
isting land use is then carried out which will
produce information on the existence of set-
tlements in the suitability classification.
Fig. 3(a) shows the distribution of
clustered rural residential areas. Geograph-
ically, Tanah Datar Regency has three ac-
tive volcanic mountains in the north which
have relatively fertile soil characteristics to
be utilized by the agricultural sector for
plantations. This condition makes the com-
munity tend to build settlements or villages
in the northern part of the research area
where almost most of the people make a liv-
ing as farmers or by farming. Community
activities are inseparable from the need for
clean water for daily needs [31], as can be
seen in Fig. 4(e), with settlements located
along the river. Fig. 4(f), the combined
suitability of rural settlement areas for ex-
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isting settlements, shows that most of these
settlements are in the very suitable and suit-
able zones. However, there are also settle-
ments located in the zone of suitability of
settlement areas in the marginally suitable
and unsuitable categories.

This indicates either a lack of ade-
quate land for settlements or a preference
for locations influenced by other factors,
such as limited accessibility or proximity to
specific resources. Further details on land
distribution are presented in Table 5, which
reveals that only a small portion of the to-
tal area, 2.68%, is utilized for settlements,
while the majority of other areas remain un-
developed for settlement purposes.

4. Discussion

The findings of this study indicate
that aspects of topography and soil char-
acteristics play a crucial role in assessing
land suitability for rural settlements. How-
ever, these values alone are insufficient to
conclude that the land is truly suitable for
sustainable settlement development. Sus-
tainability involves a complex set of crite-
ria, including ecological balance, ecosys-
tem health, ecosystem services, and pro-
tected zones, which are critical in determin-
ing whether a settlement will thrive in the
long term [32]. As highlighted by previ-
ous studies, ecological considerations such
as the preservation of local biodiversity and
the maintenance of ecosystem services must
be integrated into land suitability assess-
ments [33]. Moreover, factors such as green
planning, socio-ecology, socio-economics,
and environmental security need to be con-
sidered as complementary elements that
support sustainability without compromis-
ing the balance of natural resources. These
elements must be carefully woven together
to ensure the environmental, social, and
economic dimensions of sustainability are
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effectively addressed [34].

While the study provides valuable in-
sights into the physical and environmen-
tal characteristics of the land, it also ac-
knowledges limitations in considering cli-
mate variables and the social aspects of
the community. Future studies should in-
corporate these critical factors to provide
a more holistic view of land suitability.
In particular, the role of human activity
in land use planning cannot be underesti-
mated, as settlements often expand into ar-
eas that may not be ecologically optimal
[35]. Therefore, understanding the social
dynamics, local wisdom, and community
needs is key in fostering the development of
settlements that are both ecologically sus-
tainable and socially acceptable. In addi-
tion, disaster risk factors, whether meteo-
rological or due to natural disasters, should
be included as part of the settlement plan-
ning process. This will help mitigate risks
associated with hazards such as flooding or
landslides, which can have devastating im-
pacts on vulnerable communities.

The study also highlights that liveli-
hood factors, population mobility, and the
availability of infrastructure are critical
considerations in the development of rural
settlements. Changes in population dynam-
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ics and access to resources such as trans-
portation and utilities play a significant role
in determining where settlements should
be established [36]. As rural communities
grow, it becomes essential to ensure that
infrastructure can meet the needs of these
populations. Moreover, accessibility and
infrastructure quality influence land value,
and these factors must be taken into account
when evaluating land for future develop-
ment [37]. This emphasizes the importance
of a multi-faceted approach to land suitabil-
ity that includes not only physical charac-
teristics but also socio-economic and infras-
tructural factors.

The study suggests that the selec-
tion of appropriate technologies for set-
tlement development should be guided by
the economic capacity of the local commu-
nity. This involves considering both the
local needs and the existing conditions of
the land to choose technologies that are
cost-effective, sustainable, and adaptable
to the community’s lifestyle [38]. Tech-
nologies that support eco-friendly construc-
tion methods and sustainable resource man-
agement can enhance the ecological sus-
tainability of rural settlements, ensuring
that they are not only viable but also re-
silient to future challenges [39]. In the
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process of modern residential system de-
velopment, integrating these technologies
will help address lifestyle challenges, such
as energy consumption, water management,
and waste disposal, while contributing to
long-term ecological health [40].

Theoretically, this research process
involves assessing the potential for land
development in rural residential areas us-
ing physical environmental data, supported
by additional reference information such as
land capability, spatial planning, and cur-
rent land use patterns. The MCDM pro-
cedure employed in this study ensures that
non-uniform criteria are considered, pro-
viding a more comprehensive assessment
of land suitability. This approach links the
physical attributes of the land with the ex-
isting spatial planning framework, offering
a more integrated understanding of land use
both now and in the future.

The study also acknowledges the
presence of diverse wildlife in the region.
This biodiversity underscores the need for
careful land use planning that considers
the ecological significance of these habitats
[41]. The local community has long prac-
ticed coexistence with these species, often
guided by customary laws that promote the
sustainable use of the land. This traditional
knowledge and ecological stewardship can
be leveraged to create residential spaces that
are not only compatible with the environ-
ment but also contribute to the conserva-
tion of wildlife and ecosystems [42]. In-
corporating these local practices into mod-
ern land use planning could help strike a
balance between human settlement and eco-
logical conservation, ensuring that both the
community and the environment thrive to-
gether.
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5. Conclusion

Theoretically, in the research flow
process, the potential for land development
in rural residential areas is sought based on
physical environment data and additional
reference information such as land capabil-
ity, spatial plans, and existing residential
land use. The study aims to identify land
suitability and potential zones for rural res-
idential development while addressing spa-
tial planning and existing land use dynam-
ics, in alignment with the study objectives.
Through this approach, the research high-
lights that integrating land capability (e.g.,
soil characteristics) with regional land use
planning and current residential use is cru-
cial for assessing suitability. This integra-
tion ensures that land use planning aligns
with physical constraints and supports sus-
tainable development in Tanah Datar Re-
gency. Notably, the most significant influ-
ence in the land suitability process of rural
residential areas is exerted by land capabil-
ity, combining soil characteristics with re-
gional land use planning and existing res-
idential land use information to depict cur-
rent and future land use conditions. Further-
more, the findings underscore the impor-
tance of marginal zones as alternative de-
velopment areas when primary zones have
been fully utilized, suggesting that technol-
ogy and engineering innovations can miti-
gate physical limitations.
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