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ABSTRACT

The transition to ecologically integrated vertical housing is pivotal to the sustainable development vision 
of Indonesia’s new capital, Ibu Kota Nusantara (IKN). This study identifies and prioritizes the critical success 
variables influencing the implementation of green building initiatives within IKN’s vertical housing projects. By 
employing the MICMAC (Matrice d’Impacts Croisés Multiplication Appliquée à un Classement), a structural 
analysis approach, the study evaluated inter-variable influences across five sustainability dimensions: environmental, 
social, economic, institutional, and infrastructural. A total of 91 expert respondents were selected through 
purposive sampling to assess the strength and dependence of 30 operational variables.  The analysis reveals a 
clear hierarchy, identifying 11 determinant (driver) variables and 9 key (relay) variables as most critical to the 
system’s success. Among the most influential drivers are policy synergy and fund allocation efficiency, which 
serve as foundational enablers. Meanwhile, community involvement and effective waste management were 
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identified as highly sensitive relay variables that connect strategic policies to tangible outcomes. The research 
highlights that sustainable high-rise development in IKN requires not only green technology and regulation, but also 
multidimensional coordination, ecological sensitivity, and inclusive design strategies. The findings offer a practical 
framework for guiding decision-makers, planners, and developers in achieving ecologically resilient urbanization in 
tropical environments. 
Keywords:  IKN; Green Building; Ecological Integration; Vertical Housing; MICMAC; Sustainable Development; 
Urban Resilience; Policy Synergy 
JEL Codes: Q01; R52; O44

1.	 Introduction
Indonesia is currently grappling with a complex dual 

challenge: it poses significant threats to the surrounding 
ecosystems, which are part of the Borneo biodiversity 
hotspot. These threats include the fragmentation of rain-
forests that are home to endemic species like the Bornean 
orangutan, the disruption of sensitive hydrological cycles 
in the Mahakam watershed, and increased carbon emis-
sions from the acceleration of urbanization on one hand 
and the imperative to ensure environmental sustainability 
on the other. This is particularly critical in the context of 
the newly planned national capital, Ibu Kota Nusantara 
(IKN), which is envisioned as a green and smart city. As 
population growth drives the demand for land and housing, 
vertical development emerges as a rational solution to op-
timize limited space. However, the uncontrolled expansion 
of high-rise buildings without ecological safeguards poses 
significant threats to the surrounding ecosystems, includ-
ing forest fragmentation, the loss of biodiversity corridors, 
and increased carbon emissions [1,2]. Without strategic plan-
ning, IKN could repeat the mistakes of other rapidly ur-
banizing cities that have sacrificed ecological resilience for 
short-term economic gains.

The urgency of integrating green building princi-
ples in vertical housing has been well-documented glob-
ally, particularly in the context of climate change mitiga-
tion and sustainable urbanism. According to Pan et al. [3], 
the success of green buildings is closely associated with 
multi-stakeholder collaboration, institutional synergy, and 
enforceable regulations. Similarly, Aguilar-Lacasaña et al. 
[4] highlight that ecological indicators, such as energy effi-
ciency, water use, and green space ratio, must be embed-
ded in high-rise planning to ensure environmental compat-
ibility. Condie [5] introduces a human-centered dimension, 

asserting that ecological literacy among building occupants 
significantly determines long-term sustainability outcomes. 
Meanwhile, Feng et al. [6] demonstrate how technological 
innovations such as green roofs, passive ventilation, and 
AI-enabled energy monitoring systems drive performance. 
However, many of these studies are rooted in temperate 
or urban-industrial settings, making their applicability to 
IKN’s unique tropical-forest environment questionable 
without contextual adaptation.

A particular concern in the Indonesian context is the 
persistent fragmentation of environmental and construc-
tion policies. Akgün [7] points out that the lack of policy 
integration between green building guidelines and spatial 
planning regulations creates ambiguity and weak enforce-
ment. In tropical climates, the failure to account for local 
climatic conditions such as high humidity, intense rainfall, 
and solar radiation further undermines ecological perfor-
mance [8]. In addition, Argente García et al. [9] emphasize 
the undervaluation of urban biodiversity integration, which 
is essential for maintaining ecological connectivity in rap-
idly densifying areas. Incentive structures, financing mod-
els, and land-use zoning also remain disjointed, as Wang [10] 
argues, limiting the private sector’s willingness to invest 
in eco-innovation. Bardhan [11] and Puspitasari [12] further 
show that without long-term community engagement and 
maintenance strategies, the physical infrastructure of green 
buildings tends to degrade prematurely, diminishing their 
environmental benefits.

Despite these emerging insights, a significant re-
search gap persists in understanding how these dynamics 
interact within a national capital development context, 
especially in archipelagic countries like Indonesia, where 
ecological sensitivity is heightened. Most international 
literature focuses on ecological retrofitting in existing cit-
ies rather than planning green integration from the outset. 
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Therefore, the implementation of ecologically sound ver-
tical housing in IKN remains insufficiently conceptualized 
and empirically underexplored. This study addresses that 
gap by identifying and prioritizing critical success variables 
specifically relevant to IKN, considering its institutional 
structure, socio-ecological setting, and urban development 
trajectory. This study identifies and prioritizes critical suc-
cess variables for ecologically integrated green buildings 
in vertical housing within Indonesia’s future capital, IKN. 
Recognizing the city’s unique ecological sensitivity, insti-
tutional context, and urban trajectory, the research adopts 
a systems thinking approach to map variable interactions. 
Using the MICMAC method (Matrix of Cross-Impact 
Multiplications Applied to Classification), the study ana-
lyzes expert-assessed interdependencies among ecological, 
infrastructure, institutional, and socio-economic dimen-
sions. MICMAC enables the classification of variables 
based on their influence and dependence, helping uncover 
key leverage points for policy and planning. The resulting 
framework supports strategic interventions for sustainable 
high-density development and offers a replicable model for 
other ecologically vulnerable tropical cities by employing 
a systems thinking approach. The research not only maps 
causal linkages between variables but also uncovers lever-
age points for policy intervention. This makes the study 
both scientifically relevant and practically urgent for guid-
ing sustainable transitions in Indonesia’s future capital.

The primary aim of this research is to explore the 
critical variables that facilitate or hinder the implemen-
tation of ecologically integrated green buildings in ver-
tical housing within IKN. It investigates four main di-
mensions—ecological, infrastructure, institutional, and 
socio-economic—to understand how these interrelated 
factors shape the feasibility and success of green build-
ing initiatives. To untangle these complex dynamics, this 
study employs the MICMAC (Matrice d’Impacts Croisés 
Multiplication Appliquée à un Classement) method. This 
approach was chosen for its ability to analyze the web of 
interdependencies between numerous variables, identify-
ing not just which factors are critical, but also revealing 
the underlying structure of influence and dependence that 
can guide strategic policy interventions. Through ex-
pert-based structural analysis, this study develops a con-
textualized model that informs stakeholders about where to 

focus interventions and policy reforms. The framework is 
designed to be scalable and adaptive, potentially offering 
a blueprint for other tropical cities facing similar urban-
ization-ecology dilemmas. The outcomes are expected to 
support evidence-based decision-making and encourage 
transdisciplinary collaboration among planners, architects, 
environmentalists, and community leaders. Finally, the 
ecological lens adopted in this study is not merely a com-
plementary aspect but a foundational element of sustain-
able vertical housing in IKN. The city’s location within a 
sensitive ecological zone—including forest ecosystems, 
critical watersheds, and endemic biodiversity—necessitates 
development models that go beyond low-energy design to-
ward regenerative urbanism. Uncontrolled vertical expan-
sion could lead to irreversible habitat fragmentation, water 
contamination, and microclimate alterations. By identify-
ing key ecological integration variables—such as urban 
greening, bioclimatic architecture, and ecological zoning—
this study contributes to shaping a new urban paradigm. 
This paradigm emphasizes the coexistence of high-density 
living with ecological preservation, thereby enhancing the 
city’s long-term livability, resilience, and global standing 
as a model for green capital development.

2.	 Literature Review

2.1.	A Socio-Ecological Systems Approach to 
Urban Resilience

This study conceptualizes IKN as an emerging So-
cio-Ecological System (SES), an integrated system of hu-
mans in nature where the delineation between the social 
and the ecological is considered artificial [13]. The SES per-
spective posits that cities are not just built environments 
but complex, adaptive systems where social components 
(governance, economy, culture, infrastructure) and eco-
logical components (biodiversity, water cycles, climate) 
are deeply intertwined and mutually influential [14]. This 
approach is particularly suited for IKN, where the explicit 
goal of creating a “forest city” necessitates a holistic un-
derstanding of how human decisions, such as building de-
sign and policy implementation, directly shape ecological 
outcomes like biodiversity conservation and hydrological 
stability [15]. The study’s multidimensional analysis is a di-
rect application of the SES framework, which demands a 
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transdisciplinary view to understand system dynamics.
Within this SES framework, the study’s central goal 

is to enhance Urban Resilience. Urban Resilience Theory 
(URT) defines resilience as the ability of an urban sys-
tem to absorb disturbances (e.g., climate change impacts, 
resource shocks, economic crises), reorganize, and adapt 
while retaining its essential functions, structure, and iden-
tity [16]. For IKN, this means developing a city that can 
withstand and recover from environmental pressures like 
increased flooding or biodiversity loss, while continuing 
to provide a high quality of life for its residents. The in-
tegration of ecological principles into vertical housing is 
thus framed as a core strategy for building this resilience. 
Green buildings contribute to the robustness of the urban 
system by reducing environmental stress, enhancing so-
cial capital, and creating more sustainable infrastructure 
networks.

2.2.	Human-Nature Connection and Urban 
Metabolism in Green Building

To further explain the causal pathways between 
green buildings and urban resilience, two complementary 
concepts are employed. First, Human-Nature Connection 
Theory (HNCT) addresses the socio-cultural dimension 
of ecological integration. HNCT posits that fostering a 
cognitive, emotional, and physical connection between 
humans and nature can cultivate pro-environmental behav-
iors and improve psychological well-being. In the context 
of IKN, vertical housing that incorporates biophilic design 
elements does more than provide aesthetic benefits. It can 
enhance residents’ ecological literacy and sense of stew-
ardship, which are critical for the long-term success of sus-
tainability initiatives and contribute to the social resilience 
of the community [17].

Second, the concept of Urban Metabolism provides a 
powerful analytical lens for understanding the physical im-
pact of green buildings on urban resilience. Urban metabo-
lism views the city as an organism that consumes resources 
(energy, water, materials) and produces waste (emissions, 
sewage, solid waste) [18]. A traditional, linear metabolism is 
unsustainable, whereas a circular metabolism, which mini-
mizes inputs and recycles outputs, is more resilient. Green 
buildings directly contribute to a more circular and effi-
cient urban metabolism. By design, they reduce energy and 

water consumption, utilize recycled or renewable materi-
als, and minimize waste generation. Therefore, the success 
variables identified in this study, such as ‘Energy Efficien-
cy Conservation (EK2)’, ‘Use of Environmentally Friend-
ly Construction Materials (LI1)’, and ‘Implementation of 
Waste Management (LI6)’, are direct levers for optimizing 
IKN’s urban metabolism, thereby reducing its ecological 
footprint and enhancing its resilience to resource scarcity 
and environmental degradation.

2.3.	Literature Review and Research Contri-
bution

The integration of ecological principles into urban 
development, particularly vertical housing, has gained in-
creasing attention in recent years due to the urgent need 
for environmentally responsible urban expansion. Numer-
ous studies have highlighted the relevance of ecological 
design, energy efficiency, and green infrastructure in im-
proving the sustainability of high-density buildings. For 
example, Corton [19] emphasized the importance of incor-
porating vegetation and water-sensitive design into high-
rise housing to reduce carbon emissions and mitigate the 
urban heat island effect. Similarly, Bardhan [11] discussed 
how integrating natural ventilation and daylighting strate-
gies enhances indoor environmental quality while reducing 
energy dependency.

From a socio-ecological perspective, Aguilar-Lac-
asaña et al. [4] identified that stakeholder involvement and 
ecological literacy among residents are significant factors 
influencing the performance of green buildings. Pan et al. 
[3] also demonstrated that vertical greening and ecological 
façade technologies can significantly contribute to urban 
biodiversity and habitat provision in dense cities. A more 
technology-oriented approach was explored by Feng et al. 
[6], who integrated Internet of Things (IoT) sensors to op-
timize ecological building performance, suggesting that 
technological innovation supports both monitoring and 
adaptive management in green housing systems. In the 
context of tropical urbanism, Argente García et al. [9] point-
ed out that many green building frameworks overlook the 
importance of local climatic adaptation, leading to ineffec-
tive ecological performance. Likewise, Akgün [7] criticized 
the lack of context-specific standards and fragmentation in 
policy implementation as key obstacles to the success of 
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ecologically integrated buildings in developing countries. 
A study by Bardhan [11] and Puspitasari [12] further exam-
ined the intersection of ecological systems and built envi-
ronments, suggesting that the success of vertical housing 
depends not only on building technology but also on its 
ecological footprint across its life cycle.

The review across thematic domains—such as tech-
nological innovation, governance mechanisms, ecological 
design, and social participation—reveals both convergence 
and divergence in how green buildings are conceptualized 
and implemented. These studies collectively inform our 
current work by illustrating that successful green building 
strategies require an integrated approach across multiple 
dimensions. However, unresolved debates persist in the 
literature. First, while some studies emphasize the role of 
top-down policy enforcement, others highlight grassroots 
participation as more effective—suggesting a tension be-
tween institutional authority and community agency. Sec-
ond, although technological solutions (e.g., IoT sensors, 
passive cooling) are widely promoted, their applicability 
in tropical, resource-constrained settings like IKN remains 
uncertain due to high implementation costs and mainte-
nance challenges. Third, while economic incentives are 
known to stimulate green adoption, there is little consensus 
on which financial models are most effective in emerging 
economies. These unresolved issues reinforce the need 
for a context-specific, system-based analysis, as adopted 
in this study, to capture the complex interdependencies in 
IKN’s unique socio-ecological landscape.

Moreover, financing and governance mechanisms 
are increasingly recognized as pivotal in promoting green 
buildings. Wang [10] investigated successful case studies 
in Southeast Asia and found that incentives, subsidies, 
and green certifications significantly influence the rate 
of ecological integration. Mcdermott [20] emphasized the 
role of regulatory consistency and inter-agency coordi-
nation in the implementation of ecologically sustainable 
high-rise projects. In summary, recent research supports 
the view that integrating ecology into vertical housing re-
quires a multidimensional approach involving technology, 
governance, community participation, and environmental 
design. However, a persistent challenge, especially in de-
veloping countries, is the fragmentation of policy and the 
lack of context-specific standards. Many green building 

frameworks fail to adequately account for local climatic 
conditions, leading to suboptimal performance in tropical 
regions. Furthermore, inconsistent regulations and a lack 
of coordination between government agencies can under-
mine the implementation of sustainable projects. Finan-
cial mechanisms, such as incentives, subsidies, and green 
certifications, are also recognized as pivotal in driving the 
adoption of ecological integration by the private sector.

While this body of knowledge provides a valuable 
foundation, a significant research gap remains, which this 
study aims to fill. Most existing research focuses on retro-
fitting existing urban areas or is based on case studies from 
temperate climates. There is a scarcity of empirical work 
that identifies and prioritizes the critical success variables 
for integrating ecological principles into vertical housing 
from the ground up in the unique context of a new national 
capital being built in a tropical, high-biodiversity region. 
This study differentiates itself from existing research in 
several key ways: Context-specificity: Unlike generalist 
studies, this research develops a model of success vari-
ables tailored specifically to the unique socio-ecological, 
institutional, and political context of IKN. Systems-based 
approach: While many studies examine variables in isola-
tion, this study uses the MICMAC method to analyze the 
complex web of interdependencies between variables. This 
reveals not just what is important, but how variables influ-
ence one another, identifying strategic leverage points for 
policy intervention that other studies may miss. Focus on 
foundational planning: This research addresses the chal-
lenges of greenfield development, focusing on how to em-
bed ecological principles from the outset, rather than ret-
rofitting them into an existing urban fabric. By addressing 
these gaps, this study makes a step towards a better under-
standing of the research problem, providing a scientifically 
robust and practically applicable framework to guide the 
sustainable development of IKN and other future cities in 
ecologically sensitive regions.

3.	 Methods

3.1.	Research Location

The time and location of this research were in In-
donesia’s new capital city, specifically in IKN (Nusantara 
Capital City), from January to April 2024 (Figure 1). Nu-
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santara is the future capital of Indonesia and is scheduled 
to be officially inaugurated on August 17, 2024, coinciding 
with the celebration of Indonesia’s 79th Independence Day. 
IKN will replace Jakarta, which has served as the capital 
since 1961. One of the most significant challenges in con-
structing vertical housing in IKN is the contoured topogra-

phy and the geotechnical characteristics of the area, which 
include soil layers that are highly susceptible to water 
influence, such as expansive glacial layers [1]. This condi-
tion leads to high costs for earthworks and requires careful 
consideration of the glacial layers and potential landslide 
hazards in foundation design.

Figure 1. Research Location.

3.2.	The Material

Since this study is non-laboratory in nature and fo-
cused on stakeholder analysis, planning frameworks, and 
sustainability dimensions, no biological, chemical, or in-

dustrial materials were used. The main material utilized 
was a structured questionnaire, which was developed 
based on a literature review and validated by experts in 
ecological planning, sustainable construction, and urban 
governance. The questionnaire consisted of five dimen-
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sions—environmental, social, economic, infrastructure, 
and institutional—with a total of 30 operational variables. 
The expert respondents assessed inter-variable influence 
using a structured influence matrix, with values coded as 
0 (no influence), 1 (weak), 2 (moderate), 3 (strong), and P 
(potential influence) [21]. To ensure validity, the question-
naire underwent a rigorous expert review process. A panel 
of five academics and three practitioners specializing in 
ecological planning, sustainable construction, and urban 
governance reviewed the draft for clarity, relevance, and 
comprehensiveness. Their feedback was used to refine the 
variables and their operational definitions. Following the 
review, a pilot test was conducted with ten respondents, 
who were not part of the main sample, to check for ambi-
guity in the questions and to ensure the influence matrix 
scale was clearly understood. Reliability of the constructs 
was not quantitatively assessed, as the MICMAC method 
relies on aggregated expert judgment rather than internal 
consistency scales.

3.3.	Population and Sample

In this study, the population consists of all stake-
holders involved in the development and management of 
IKN, including government elements, business actors, 
professionals, local communities, and other supporting 
institutions. Given the broad and heterogeneous nature of 
the population, this study employs a sampling technique 
to identify relevant samples. A sample is defined as a sub-
set of the population possessing specific characteristics 
relevant to the research objectives [22–24]. The sample used 
in this study comprises 91 respondents who are experts in 
the field of IKN development and management. The group 
was composed of policymakers from national and regional 
agencies (30%), private sector developers and architects 
(25%), academics specializing in urban planning and en-
vironmental science (25%), and representatives from com-
munity and environmental NGOs (20%), ensuring a rep-
resentative cross-section of key stakeholders. They were 
selected based on their experience, institutional authority, 
and academic expertise related to sustainable development 
and green building. 

3.4.	Ethical Approval

The study was conducted in accordance with the 
Declaration of Helsinki, and approved by the Ethics Com-

mittee of Universitas Brawijaya, Indonesia (IRB number: 
146). Informed consent was obtained from all subjects in-
volved in the study.

3.5.	Experimental Design

The study used a descriptive-exploratory design 
aimed at determining the key success variables and sus-
tainability priorities related to green building implemen-
tation in vertical housing in IKN. The population in this 
research includes all relevant stakeholders involved in the 
planning, execution, or evaluation of urban development, 
especially in sustainable infrastructure and vertical housing 
in IKN. The sample was selected using nonprobability pur-
posive sampling involving 91 expert respondents, compris-
ing policy-makers, urban planners, engineers, sustainabili-
ty consultants, community leaders, academics, and private 
developers. Experts were required to meet pre-defined 
criteria, such as having at least five years of professional 
experience in their respective domains and verifiable in-
volvement in projects or policy discussions related to IKN, 
ecological planning, or sustainable urban development in 
Indonesia. The data collection instruments used were:

a)	 A structured questionnaire with a Likert-type influ-
ence matrix scale for MICMAC.

b)	 Closed- and open-ended surveys to collect descrip-
tive perception data.

c)	 Focus group discussions (FGD) to validate sustain-
ability indicators.

d)	 In-depth interviews with key informants to enrich in-
terpretative findings.

Each of the five dimensions—environmental, social, 
economic, infrastructure, and institutional—was broken 
down into variables based on theoretical, policy, and em-
pirical sources [25–27]. Definitions and indicators of each 
variable are clearly operationalized in the questionnaire.

3.6.	Analysis Data

The Micmac method (Cross Impact Matrix Multipli-
cation Applied to Classification) is a software developed 
by the Institut d’Innovation Informatique pour l’Entreprise 
(3IE) [21], to update the structural analysis method from its 
previous qualitative form to a quantitative one [28]. In its op-
eration, Micmac applies matrix properties [29]. The purpose 
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of Micmac is to identify and analyze the main variables 
of a system. The advantage of Micmac compared to other 
structural methods is that it allows for grouping and hierar-
chical determination of strategic variables of a system and 
understanding their mutual influence. This feature is very 
beneficial in the policy-making process as it directs the 
policy focus, considering that policy focus often leads to 
irrelevant variables, resulting in failure. The explanations 
provided by Micmac analysis increase confidence and 
trust in the issues raised and present diverse assumptions 
[30].  The qualitative data gathered from the focus group 
discussions (FGDs) and in-depth interviews were analyzed 
using a thematic analysis approach. Audio recordings were 
transcribed, and the transcripts were systematically coded 
to identify recurring themes, patterns, and insights related 
to the success variables. This qualitative analysis served to 
triangulate and enrich the interpretative findings from the 
quantitative MICMAC analysis, providing deeper context 
to the inter-variable relationships. The operationalization 
of the Micmac method consists of several stages, namely: 
(1) Defining the problem, identifying internal and external 
variables; (2) Assessing the relationships between vari-
ables according to the level of influence and dependence, 
assessed with a ranking scale between: 0 = none, 1 = weak, 
2 = moderate, 3 = strong, P = potential. The assessment 
results will qualify the intensity of influence between vari-
ables into groups of direct influence, indirect influence, 
and potential influence. Direct influence occurs if variable 
A affects variable B; indirect influence occurs if variable A 
influences B and B influences variable C, and thus C is in-
directly influenced by A. Potential influence occurs if vari-

able A should affect B, while no direct influence occurs if a 
variable does not affect another variable; (3) Analyzing the 
intensity of influence and dependence of variables deter-
mined by the position of variables on the influence and de-
pendence quadrant map. Figure 2 assists in analyzing the 
influence and dependency of system variables and catego-
rizes them into five typologies, which include determinant 
variables, relay variables, depending variables, excluded 
variables, and regulatory variables. This research utilizes a 
list of strategic variables from five dimensions, consisting 
of environmental, economic, social, infrastructure, institu-
tional, technological, conservation, and regulatory dimen-
sions (Table 1).

While the MICMAC method offers valuable insights 
into variable interdependencies and system structure, it is 
not without limitations. One of its primary weaknesses lies 
in its reliance on expert judgment to assess influence-de-
pendence relationships between variables. This can intro-
duce subjectivity and bias, especially if expert perspectives 
are not sufficiently diverse. To mitigate this, our study 
employed purposive sampling to select a heterogeneous 
panel of 91 experts from various sectors—government, 
academia, private developers, and NGOs. In addition, the 
structured questionnaire was validated through a panel of 
reviewers and tested in a pilot study to ensure clarity and 
reduce interpretative ambiguity. While MICMAC does not 
provide statistically generalizable outputs, the approach re-
mains appropriate for exploratory system-based planning, 
particularly when expert-based knowledge is prioritized 
to uncover leverage points in complex, multi-dimensional 
systems such as IKN.

Figure 2. Quadrant Mapping.
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Table 1. List of Strategic Variables for the Development of IKN Area.
Dimension Variables and Code Measurement

Environment

Use of environmentally friendly construction materials (LI1)

•	 0: Variable (A) has no influ-

ence on other variables (B)

•	 1: Variable (A) has a weak in-

fluence on other variables (B)

•	 2: Variable (A) has a moderate 

influence on other variables (B)

•	 1: Variable (A) has a strong in-

fluence on other variables (B)

•	 P: Variable (A) has a potential 

influence on other variables (B)

Implementation of efficient use of construction materials (reduce) (LI2)
Implementation of the use of used construction materials (reuse) (LI3)

Implementation of the use of recycled construction materials (recycle) (LI4)
Implementation of maintaining the quality of water, air and light (LI5)

Implementation of waste management (LI6)

Social

Involvement and participation of the community (SO1)
Implementation of the construction of facilities that are responsive to gender, the 

disabled, and the marginalized (SO2)
Implementation of the provision of access and interaction space for the communi-

ty (SO3)
Concern for community welfare (SO4)

Implementation of the arrangement of ornaments and landscapes (SO5)
Buildings that support the preservation of local culture (SO6)

Economy

This project pays attention to aspects of sustainable construction for the economic 
sector (EK1)

Energy efficiency conservation (EK2)
Use of local construction materials (EK3)

Study of benefits related to the economic sector (EK4)
Spatial flexibility in and outside the building (EK5)
Efficiency of fund allocation for development (EK6)

Infrastructure

Availability of health facilities (IN1)
Development of toll roads and highways (IN2)

Availability of TPA (IN3)
Implementation of provision of access and facilities for public transportation 

users (IN4)
Availability of public facilities (IN5)

Electricity network and internet access (IN6)

Institutional

Governance (KE1)
Role of apparatus (KE2)

Regional level regulations (KE3)
Policy synergy (KE4)
Coordination (KE5)

Cooperative relations (KE6)
Source: See references [31–33].

4.	 Result and Discussion
4.1.	System Stability Test

The system stability test in MICMAC (Matrice d’Im-
pacts Croisés Multiplication Appliquée à un Classement) 
aims to evaluate how stable or vulnerable a system is to 
changes in certain variables. MICMAC classifies variables 
based on direct and indirect influence. The system stability 
test is conducted by simulating changes in specific variables 
to observe their impact on the overall system. The results of 
the system stability test in MICMAC (Table 2) show that 
in the first iteration, the influence value reached 86% and 
the dependence value 95%, indicating that in the early stag-
es, the system was not yet fully stable but already showed a 

relatively strong relationship among the existing variables. 
According to Godet [21], if the system stability level exceeds 
80%, the classification of strategic variables in system man-
agement can be considered valid. In the second iteration, 
both influence and dependence reached 100%, signifying 
that all variables in the system had reached equilibrium and 
were interacting optimally. The maximum level of stability 
implies that there are no longer significant changes in the re-
lationships among variables after the second iteration, mean-
ing that the system has achieved full stability. This maximum 
stability indicates that the model developed in this analysis 
has high reliability and can be trusted to represent the dy-
namics of factors influencing the sustainability of vertical 
housing development in the Nusantara Capital City (IKN).
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Table 2. System Stability Test.
Interaction Influence Dependence

1 86% 95%
2 100% 100%

4.2.	Strategic Variable Mapping

Strategic variable mapping is the process of analyz-
ing and identifying key factors that influence the success 
or failure of an organization or project. In the context of 
strategic management, it involves identifying variables 
that have a significant impact on organizational goals and 
performance. Strategic variable mapping enables organi-
zations to focus on the most influential aspects and to for-
mulate appropriate strategies. Furthermore, it helps organi-
zations anticipate changes in the organizational or industry 
environment, allowing them to respond more quickly and 
effectively [34]. In conclusion, strategic variable mapping 
is a critical step in strategic planning that allows organi-
zations to understand and manage the key factors shaping 
their operational context.

Strategic variable mapping using the MICMAC 
approach is an analytical method used to understand the 
interrelationships and roles of variables within a complex 
system. Each variable is evaluated based on its level of 
influence on other variables and its level of dependence 
within the system. The objective of the mapping is to iden-

tify key variables that have a significant impact on system 
dynamics, thus serving as a foundation for more strategic 
decision-making [29]. The results of the mapping are visu-
alized in a graph that displays the position of each variable 
in four main categories: input variables, key variables, out-
put variables, and excluded variables.

In the context of green building development for 
vertical housing in the Nusantara Capital City (IKN), stra-
tegic variables were grouped using the MICMAC method 
to help identify the main factors determining the sustain-
ability of the project, such as government policy, energy 
efficiency, the use of environmentally friendly materials, 
and construction technologies that support sustainability 
principles [35,36]. The relationships among variables allow 
for the formulation of more effective strategies to support 
the implementation of sustainable development policies. 
Figure 2 shows the variables grouped into the four quad-
rants.

As shown in Figure 3, the research results indicate 
that there are 11 variables in Quadrant I, 9 variables in 
Quadrant II, 7 variables in Quadrant III, and 3 variables in 
Quadrant IV (Table 3).

Figure 3. Pemetaan Variable Strategies.
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Table 3. MICMAC Quadrant Analysis: Ecological and Sustainability Implications of Critical Success Variables.
Variable and Code Ecological and Sustainability Implications

Quadrant I: Input/Deter-
minant Variables (High 
Influence, Low Depen-

dence)

Use of environmentally friendly 
construction materials (L11)

Reduces embodied carbon and resource depletion, lessening pollution from manufac-
turing. In IKN’s context, prioritizing certified local timber and bio-composites supports 

sustainable forestry and protects regional biodiversity [37].
Implementation of efficient use 

of construction materials (reduce) 
(L12)

Minimizes waste generation, conserves natural resources, and lowers project costs. Di-
rectly supports a circular economy model by reducing the demand for virgin materials 

and the ecological footprint of construction.
Implementation of the use of used 

construction materials (reuse) 
(L13)

Decreases landfill burden and the energy required for producing new materials. Pro-
motes innovation in deconstruction and material life-cycle management, a core tenet of 

sustainable urban metabolism.
Implementation of the arrange-

ment of ornaments and landscapes 
(S05)

When using native flora, this directly creates micro-habitats, supports local pollinators, 
and enhances ecological connectivity. Contributes to biophilic design, which improves 

residents’ well-being and connection to nature [38].

Buildings that support the preser-
vation of local culture (S06)

Fosters social sustainability and place identity. Integrating traditional architectural mo-
tifs that are adapted to the tropical climate (e.g., natural ventilation features) can reduce 

energy demand for mechanical cooling [39].

Energy efficiency conservation 
(EK2)

Directly reduces operational greenhouse gas emissions and lowers energy costs for 
residents. A key driver for mitigating climate change and enhancing the city’s energy 

security and resilience [40].

Use of local construction materi-
als (EK3)

Supports the regional economy, reduces transportation-related carbon emissions, and 
ensures materials are suited to the local climate. Can create supply chains for sustain-

ably harvested resources in Kalimantan [41].

Efficiency of fund allocation for 
development (EK6)

A critical enabler for all green initiatives. Ensures that capital is available for higher up-
front cost technologies (e.g., advanced water recycling, high-performance insulation), 

making sustainability economically viable for developers.

Availability of TPA (Final Dispos-
al/Landfill Site) (IN3)

A foundational element of environmental health. Proper landfill design and manage-
ment prevent soil and water contamination, which is critical for protecting IKN’s 

surrounding sensitive ecosystems and watersheds.

Electricity network and internet 
access (IN6)

Essential for operating smart building systems that monitor and optimize energy and 
water use, enabling data-driven sustainability management and enhancing urban resil-

ience.

Policy synergy (KE4)
The master enabler of ecological integration. Aligns green building codes with spatial 
planning, environmental protection, and economic policies, creating a coherent and 

enforceable regulatory landscape that prevents loopholes and encourages investment.

Quadrant II: Key/Relay 
Variables (High Influ-

ence, High Dependence)

Implementation of waste manage-
ment (L16)

Acts as a central node in the urban metabolism. Dependent on funding (EK6) and poli-
cy (KE4), it directly influences water quality (L15), public health (IN1), and ecosystem 

integrity by reducing pollution and promoting resource recovery.

Involvement and participation of 
the community (S01)

Fosters social acceptance and long-term stewardship of green infrastructure. Commu-
nity involvement can lead to more culturally and ecologically appropriate designs and 

ensure that public spaces meet residents’ needs.
Development of facilities that are 
responsive to gender, the disabled, 

and the marginalized (S02)

A core tenet of social sustainability and equity. Ensures that the benefits of green ur-
banism, such as access to healthy environments and public spaces, are distributed fairly 

across all segments of the population [42].
Implementation of the provision 

of access and interaction space for 
the community (SO3)

Enhances social cohesion and well-being. Well-designed green spaces serve as commu-
nity hubs, promoting physical activity and mental health, which are key components of 

a resilient urban society.

Concern for community welfare 
(SO4)

A high-level social goal that is both a driver and an outcome of sustainable design. 
Dependent on good governance, it influences the prioritization of health-centric infra-

structure like clean air and water systems.

Study of benefits related to the 
economic sector (EK4)

Dependent on project implementation, this variable provides the feedback necessary 
to justify and scale up green building investments. It quantifies returns on investment, 

influencing future policy and funding decisions.7

Spatial flexibility in and outside 
the building (EK5)

Promotes long-term building adaptability, reducing the need for future demolition 
and reconstruction, thereby saving embodied carbon and resources. It is a strategy for 

future-proofing the built environment.

Availability of health facilities 
(IN1)

A key component of social resilience. Dependent on funding and planning, its quality 
is influenced by the overall environmental health of the city (e.g., clean air and water) 

promoted by other green variables.

Availability of public facilities 
(IN5)

Interacts strongly with social and ecological goals. Green public facilities (parks, com-
munity centers) provide ecosystem services (cooling, water management) and social 

benefits (recreation, community building).
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Variable and Code Ecological and Sustainability Implications

Quadrant III: Output/De-
pendent Variables (Low 
Influence, High Depen-

dence)

Implementation of maintaining 
the quality of water, air and light 

(L15)

A primary outcome of successful ecological integration. This is a result of effective 
waste management (L16), use of non-toxic materials (L11), and energy-efficient de-

sign, rather than a driver in itself.
This project pays attention to 

aspects of sustainable construction 
for the economic sector (EK1)

An outcome variable reflecting the successful implementation of input variables like 
energy efficiency (EK2) and material choice (EK3). Its success is dependent on the 

initial strategic decisions made.
Implementation of provision of 
access and facilities for public 

transportation users (IN4)

A dependent variable that relies on integrated urban planning and policy synergy (KE4). 
It supports low-carbon mobility but is an output of a larger sustainable transport strate-

gy, not an independent driver.

Governance (KE1)
Represents the operational functioning of the system. Good governance is an outcome 
of clear policy (KE4), effective apparatus (KE2), and stakeholder coordination (KE5), 

and is highly dependent on these inputs.

Regional level regulations (KE3)
These are the instruments that codify the strategic direction set by policy synergy (KE4). 

They are dependent on higher-level policy decisions and cannot be effective in isola-
tion.

Coordination (KE5)
An outcome of established governance structures (KE1) and cooperative relations 
(KE6). It is essential for implementation but is dependent on the pre-existence of a 

framework for collaboration.

Cooperative relations (KE6) The result of successful community engagement (S01) and institutional design. These 
relationships are an output of a well-managed system, not an initial driver.

Quadrant IV: Excluded/
Autonomous Variables 
(Low Influence, Low 

Dependence)

Implementation of the use of 
recycled construction materials 

(recycle) (L14)

While beneficial, its systemic influence is low. The decision to use recycled materials is 
often a project-specific choice dependent on availability and cost, operating somewhat 

independently of the core strategic drivers.1

Development of toll roads and 
highways (IN2)

Operates largely outside the system of building-level sustainability. While it impacts re-
gional connectivity, it does not directly drive or depend on the ecological performance 

of vertical housing projects.1

Role of apparatus (KE2)
Represents the function of individual actors within the system. While important for ex-
ecution, their role is defined by the larger governance (KE1) and policy (KE4) frame-

works, giving them low independent influence on the system’s structure.1

Strategic variable mapping is the process of analyz-
ing and identifying key factors that influence the success 
or failure of an organization or project. In the context of 
strategic management, strategic variable mapping involves 
identifying variables that have a significant impact on the 
goals and performance of an organization. This process al-
lows organizations to focus on the most influential aspects 
and formulate appropriate strategies. Moreover, strategic 
variable mapping helps organizations anticipate changes in 
the business or industry environment, enabling them to re-
spond more quickly and effectively [34]. In conclusion, stra-
tegic variable mapping is a crucial step in strategic plan-
ning that allows organizations to understand and manage 
the key factors shaping their operational context.

Strategic variable mapping in MICMAC is an ana-
lytical approach used to understand the interrelationships 
and roles of variables within a complex system. Each vari-
able is assessed based on its level of influence on other 
variables and its dependence within the system. The aim 
of the mapping is to identify key variables that signifi-
cantly impact the dynamics of the system and can serve 
as a foundation for more strategic decision-making [29]. 

The results of the mapping are visualized in a graph that 
shows the positions of variables within four main catego-
ries: input variables, key variables, output variables, and 
excluded variables. In the green building development of 
vertical housing in Nusantara Capital City (IKN), strategic 
variables are categorized using the MICMAC method to 
help identify the main factors determining project sustain-
ability—such as government policy, energy efficiency, the 
use of environmentally friendly materials, and construction 
technologies that support sustainability principles [35,36]. 
The relationships among variables enable the formulation 
of more effective strategies to support the implementation 
of sustainable development policies. Figure 2 shows the 
variables grouped into the four quadrants. As shown in 
Figure 3, the research findings indicate that there are 11 
variables in Quadrant I, 9 variables in Quadrant II, 7 vari-
ables in Quadrant III, and 3 variables in Quadrant IV (Ta-
ble 3). The research results show that strategic variables 
in the implementation of green buildings in vertical hous-
ing at IKN can be categorized into four quadrants based 
on their level of influence and urgency. Quadrant I (Input 
Variables) includes factors that form the foundation of sus-

Table 3. Cont.
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tainable development, particularly in the efficient use of 
resources and materials. These variables include the imple-
mentation of construction material use efficiency (reduce), 
the use of environmentally friendly construction materi-
als, and the use of reused materials (reuse). In addition, 
social and infrastructure aspects also play a role, such as 
the implementation of ornament and landscape planning, 
buildings that support the preservation of local culture, and 
the availability of electricity networks and internet access. 
Environmental infrastructure is also a concern, including 
the availability of final waste disposal sites (landfills), effi-
cient allocation of construction funds, energy conservation, 
use of local construction materials, and policy synergy in 
green building implementation.

Quadrant II (Key Variables) comprises the main 
factors that determine the success of green building imple-
mentation and community well-being. These include the 
development of facilities responsive to gender, people with 
disabilities, and marginalized groups, as well as concern 
for community welfare. Active community involvement 
and participation are also key factors, supported by the 
provision of access and spaces for interaction that allow 
for communication and social activities. From an econom-
ic perspective, assessing the benefits related to the eco-
nomic sector and spatial flexibility of interior and exterior 
spaces becomes a priority. Supporting infrastructure, such 
as the availability of healthcare facilities, public ameni-
ties, and effective waste management, also serves as a key 
element in the sustainability of development. Quadrant 
III (Output Variables) includes factors that result from the 
implementation of green buildings and contribute to the 
sustainability of the project. These variables include lo-
cal-level regulations governing green building governance, 
coordination among stakeholders, and collaborative rela-
tionships to ensure policy sustainability. Additionally, the 
implementation of water, air, and light quality control is 
essential for maintaining a healthy environment. From the 
economic side, the project must also consider sustainable 
construction aspects to support the economic sector. Other 
supporting infrastructure, such as access and facilities for 
public transport users, is important to ensure sustainable 
accessibility for communities. Quadrant IV (Excluded 
Variables) includes those with lower influence or less rele-
vance to the sustainability of green buildings in IKN. Fac-

tors in this category include the development of toll roads 
and highways, the role of government officials in policy 
implementation, and the use of recycled construction mate-
rials. While these factors may contribute to sustainable de-
velopment, their impact on green buildings is more limited 
compared to the main variables in the other quadrants.

4.3.	Influence and Dependence: Direct vs. In-
direct Impacts

Dependence among variables refers to the relation-
ship or interaction between one variable and another within 
a system or model. This interdependence can affect chang-
es in the behavior or conditions of the variables within the 
system. In systems analysis, variable dependence plays a 
crucial role in understanding system complexity and dy-
namics. In this study, the influence and dependence among 
variables are analyzed through two types: direct influence 
(Direct Graph) and indirect influence (Indirect Graph), as 
illustrated in Figures 4 and 5. The results show that the 
main variables directly influencing the sustainability of 
vertical housing in IKN include policy synergy (KE4), ef-
ficient fund allocation (EK6), construction material use ef-
ficiency (LI2), and the preservation of local culture (SO6). 
Policy synergy between central and regional governments 
is a key determinant of system sustainability, while effi-
cient funding has broad impacts on sustainability aspects, 
including energy efficiency and the use of environmentally 
friendly materials. Moreover, efficient use of construction 
materials greatly affects sustainability from both envi-
ronmental and infrastructure perspectives, while cultural 
preservation supports social sustainability and enriches the 
cultural value of vertical housing development.

The complexity of variable interrelationships also 
highlights the importance of understanding indirect depen-
dencies. Indirect dependence in this system indicates that 
some variables, such as governance (KE1), material use ef-
ficiency (LI2), and fund allocation efficiency (EK6), have 
widespread impacts on other variables through intermedi-
ary pathways. For example, improvements in governance 
and fund efficiency influence other variables even if not 
directly. These relationships are complex and non-linear, 
forming a network of interactions that must be considered 
in planning for sustainable vertical housing development 
in IKN.
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Figure 4. Influence of Direct Dependence.

Figure 5. Effect of Indirect Dependence.

Some variables act as intermediaries in indirect 
dependence pathways, such as the availability of public 
facilities (IN6), which may not be directly affected by 
environmental policies but rather through pathways such 
as Fund Efficiency (EK6) → Policy Synergy (KE4) → 
Availability of Public Facilities (IN6). This illustrates that 
changes in fund allocation can influence policies, which in 
turn affect public facility provision. Furthermore, there are 

strong linkages between social variables such as cultural 
preservation (SO6) and economic and infrastructure fac-
tors, indicating that social sustainability is not an isolated 
element but is interconnected with governance policies 
and supporting facilities. Therefore, the planning approach 
for vertical housing in IKN must be multidimensional, en-
compassing social, economic, and environmental aspects 
in one integrated system. The reciprocal relationships be-
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tween variables are also a key factor in the sustainability of 
this system. For example, policy synergy (KE4) and fund 
efficiency (EK6) interact mutually in determining project 
sustainability. In addition, the use of green materials (LI1) 
is closely related to aesthetics and the preservation of local 
culture, which supports social sustainability. Energy effi-
ciency (EK2) is also related to the availability of public fa-
cilities (IN6), impacting infrastructure quality and support 
networks.

Based on the analysis of direct and indirect influence 
graphs, it can be concluded that the success of sustainable 
vertical housing development in IKN greatly depends on 
a holistic policy approach. More effective policy interven-
tions and investments should focus on strengthening policy 
synergy, fund efficiency, efficient material use, and cul-
tural preservation. With a deeper understanding of the in-
teraction patterns among variables, development planning 
can be more targeted and maximize sustainable impact. 
The implementation of integrated policies and sound gov-
ernance systems will help strengthen social, economic, and 
environmental resilience in vertical housing development 
in IKN. In addition, regular monitoring and evaluation 
should be prioritized to ensure that the strategies applied 
remain relevant to the dynamics of development and com-
munity needs. Thus, vertical housing development in IKN 
can serve as a sustainability model that considers not only 
ecological aspects but also social and cultural dimensions. 

The influence–dependence analysis clarifies direct 
and indirect ecological impacts. Variables like efficient 
fund allocation (EK6) directly affect infrastructure invest-
ments – for instance, enabling advanced waste treatment 
plants – which in turn indirectly improve ecosystem out-
comes (pollution control, water quality). Similarly, im-
proving water efficiency (LI1) has a direct regulatory ben-
efit in conserving water but also indirectly reduces energy 
use: studies show that cutting potable water use (through 
measures like dual‐flush toilets or greywater reuse) can re-
duce pumping and heating loads, yielding concomitant en-
ergy savings. For example, one study found that dual-flush 
toilets, greywater reuse, and rainwater harvesting can cut 
potable water use by ~30–60%, which in turn cuts building 
energy consumption by avoiding the energy needed to treat 
and pump that water. Another example: deploying high-ef-
ficiency cooling and insulation can directly slash building 

energy demand (up to ~32–44% in tropical contexts), indi-
rectly reducing urban heat-island effects. Clarifying these 
pathways helps planners understand that bolstering direct 
drivers (like budgeting efficiency or material standards) 
leads to indirect ecological benefits (e.g., less waste or 
emissions).

4.4.	Key Variables for the Successful Imple-
mentation of Green Buildings in Vertical 
Housing in IKN

The factors in Quadrant 1 (Input Variables) are the 
primary driving elements for the sustainability of vertical 
housing in the Nusantara Capital City (IKN) because they 
have a significant influence on the system but are not high-
ly dependent on other variables. The variables in this quad-
rant span several aspects: environmental, social, infrastruc-
ture, economic, and institutional. From an environmental 
perspective, efficiency in construction material use through 
the reduce concept (LI2) plays a key role in optimizing 
limited resources [43], reducing waste, and minimizing 
project costs [44]. The use of environmentally friendly con-
struction materials (LI1) is a sustainability standard that 
can be directly applied by developers or building designers 
[45]. Moreover, the implementation of reuse in construction 
(LI3) positively impacts the reduction of natural resource 
exploitation and construction waste, particularly by repur-
posing materials like steel or concrete in new projects [46].

From a social standpoint, supporting green build-
ings involves integrating ornament and landscape plan-
ning (SO5) in urban design to create comfortable and 
high-quality environments for residents [47] while incor-
porating local cultural elements (SO6) into vertical archi-
tectural design helps prevent aesthetic homogenization 
and strengthens area identity [8]. These social perspectives 
contribute to building environments that are not only 
functional but also possess aesthetic and social value, in-
dependent of other variables. In terms of infrastructure, 
the availability of electricity and internet access (IN6) is 
essential for modern vertical housing, especially in de-
veloping areas like IKN [48]. The presence of an effective 
landfill (TPA) (IN3) is a critical factor in urban waste 
management, ensuring a clean environment and support-
ing the green city concept [49].

The economic aspect includes the efficient allocation 
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of funds for development (EK6), a key factor in ensuring 
project sustainability through optimal budgeting [49]. En-
ergy conservation (EK2), such as the use of LED lighting 
and energy-efficient cooling systems, contributes to re-
duced energy consumption and lower long-term operating 
costs [50]. The use of local construction materials (EK3) not 
only supports the regional economy but also reduces car-
bon emissions from transportation, making it a policy that 
can be directly adopted by developers [51]. The institutional 
aspect, in the form of policy synergy (KE4) between cen-
tral and local governments, plays a crucial role in ensuring 
smooth implementation without overlapping regulations 
[51,52]. This policy harmony provides a strong foundation for 
sustainability strategies without relying on other factors. 

In summary, the factors in Quadrant 1 serve as the 
main drivers for planning and policy development in IKN, 
as they significantly influence sustainability without re-
quiring intervention from other variables. Environmental 
factors push for resource efficiency and waste reduction; 
social factors enhance quality of life and cultural identity; 
infrastructure factors ensure the sustainability of basic ser-
vices; economic factors support cost efficiency and local 
economic sustainability; and institutional factors ensure 
policy implementation certainty. Thus, primary focus in 
development planning in IKN must focus on strengthening 
these factors so that sustainability strategies can be imple-
mented directly and effectively.

Quadrant 2 (Key Variables) includes the develop-
ment of facilities responsive to gender, people with disabil-
ities, and marginalized groups (SO2), as well as the provi-
sion of access and spaces for community interaction (SO3), 
which are crucial for social inclusiveness and well-being, 
without relying on other policies. The same applies to the 
availability of healthcare facilities (IN1) and public facili-
ties (IN5), fundamental elements in supporting the quality 
of life for residents, which have a strong impact on the 
system yet are not directly influenced by external factors 
[53]. Economic benefit assessments (EK4) and flexibility in 
interior and exterior spatial design (EK5) are also vital in 
determining the competitiveness and adaptability of ver-
tical housing to residents’ needs. These variables strongly 
influence resource efficiency and economic sustainability, 
but their implementation tends to be strategic rather than 
reactive. Additionally, waste management implementation 

(LI6) is critical to environmental sustainability, where ef-
fective management impacts ecosystem preservation with-
out direct reliance on other variables.

Quadrant 3 (Output Variables) in MICMAC analysis 
includes factors that do not have a dominant influence on 
the system but are highly dependent on stronger variables. 
These variables cannot stand alone and tend to follow the 
dynamics of existing policies (KE3), regulations, and gov-
ernance (KE1), meaning any national or regional policy 
changes directly impact these variables across institutional, 
economic, environmental, and infrastructure aspects [54]. 
Hence, the sustainability of vertical housing in IKN heav-
ily depends on the effectiveness of regulations and coordi-
nation at the governmental and stakeholder levels (KE6). 
Institutional variables like regional green building regula-
tions lack full autonomy and are subject to national-level 
policy. Governance is part of a system highly dependent 
on policy and institutional coordination—if the central 
government changes management strategies, regional gov-
ernance systems must adjust accordingly [54,55]. The same 
applies to coordination and collaboration among stakehold-
ers, which only functions effectively with clear regulations 
and strong policy synergy. Without regulatory alignment, 
cross-sector cooperation between government, private en-
tities, and the public may face obstacles that hinder green 
building implementation in IKN [56].

From an environmental angle, maintaining water, 
air, and light quality (LI5) is highly dependent on environ-
mental policies and resource governance [57]. Achieving 
good environmental quality in vertical housing requires 
an integrated management system supported by consistent 
regulations. From an economic perspective, a sustainable 
construction approach (EK1) in vertical housing cannot 
function independently and must align with broader pol-
icies [58]. The provision of access and facilities for public 
transport users (IN4) is also essential for sustainability, but 
requires policy synergy. Overall, variables in Quadrant 3 
show that vertical housing sustainability in IKN depends 
heavily on effective regulation, stakeholder coordination, 
and consistent government policy [59]. If variables in other 
quadrants—especially those with dominant influence—are 
managed well, Quadrant 3 variables will develop optimal-
ly. Conversely, uncoordinated regulation or policy changes 
may destabilize these factors, hindering the sustainability 
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of vertical housing in IKN. Therefore, the necessary strate-
gy is to strengthen green development regulations and pol-
icies, improve inter-agency coordination, and ensure that 
each policy implemented remains consistent with the core 
sustainability goals [60].

Quadrant 4 (Excluded Variables) describes those 
with low influence and low dependence on the analyzed 
system. While important in specific contexts, they do not 
play a dominant role in the system’s main dynamics and 
tend to operate independently. In the context of vertical 
housing sustainability in IKN, the variables in Quadrant 
4—such as toll road and highway development (IN2), the 
role of government officials (KE2), and the use of recycled 
construction materials (LI4)—have limited impact. Toll 
road and highway development, while essential for ensur-
ing connectivity between vertical housing and other facil-
ities, does not directly affect green building sustainability. 
This type of infrastructure is usually planned and budgeted 
separately, and is not dependent on other system variables. 
The role of government officials in sustainability policy 
implementation is important but not central in determining 
the design or application of green building technologies. 
Officials mainly serve as policy executors, and their in-
fluence on the sustainability system is relatively limited. 
Meanwhile, the use of recycled construction materials, al-
though supportive of sustainability efforts, does not play 
a central role in the system. The decision to use recycled 
materials often depends on developer policy and is not 
heavily influenced by other variables. Furthermore, recy-
cled materials are not always feasible for large-scale use in 
all projects. Thus, while these three variables are relevant, 
changes in them will not significantly alter the sustainabil-
ity system of vertical housing in IKN.

From an economic perspective, the identification 
of key variables such as energy efficiency conservation 
(EK2), fund allocation efficiency (EK6), and the use of lo-
cal materials (EK3) demonstrates the financial rationality 
of green building implementation. These variables indicate 
that sustainable vertical housing not only reduces long-
term operational costs but also improves local economic 
circulation by promoting regional supply chains. Efficient 
fund allocation ensures that limited financial resources 
are optimally used for technologies that yield long-term 
returns, such as energy-saving installations and water re-

cycling systems. Moreover, economic benefit assessments 
(EK4) allow developers and policymakers to evaluate the 
return on investment, which strengthens the case for scal-
ing green housing policies. This economic meaning rein-
forces the idea that ecological integration and economic 
viability are not mutually exclusive but are mutually rein-
forcing pillars of resilient urban development.

To strengthen the ecological relevance of each strate-
gic variable, this study explicitly links them to measurable 
environmental outcomes in the context of IKN. For in-
stance, the variable Energy Efficiency Conservation (EK2) 
is directly related to the reduction of operational emissions, 
thereby mitigating the urban heat island effect and lower-
ing the ecological footprint of high-rise residential build-
ings. The use of Local Materials (EK3) reduces the carbon 
intensity of construction through shorter supply chains and 
promotes regional circularity, particularly when renewable 
or biodegradable resources such as bamboo or compressed 
earth blocks are utilized. Furthermore, Water Treatment 
(EK7) contributes to ecological restoration by reducing the 
discharge of untreated effluent into rivers and coastal eco-
systems, which are critical habitats for biodiversity in East 
Kalimantan. These projected ecological benefits are sup-
ported by empirical evidence.

4.5.	Inter-Variable Role: Influence of Depen-
dency

The implementation of sustainability in vertical 
housing in the Nusantara Capital City (IKN), based on 
findings from the direct influence graph, heavily relies on 
policy synergy, optimized fund allocation, efficient materi-
al usage, local cultural preservation, governance strength-
ening, and the availability of public facilities. Policy syn-
ergy (KE4) serves as the main foundation for ensuring 
aligned regulations between central and regional govern-
ments [61]. This policy integration can be achieved through 
stakeholder coordination forums, where issued regulations 
provide incentives for developers applying green building 
principles and disincentives for projects that do not meet 
sustainability standards. Additionally, spatial planning pol-
icies should aim to balance residential, commercial, and 
green areas to ensure that vertical housing development is 
not only land-efficient but also aligned with a healthy and 
inclusive urban ecosystem. Efficient fund allocation (EK6) 
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through green financing schemes can support sustainable 
projects, including green bonds and low-interest loans ded-
icated to environmentally certified projects [62]. Applying 
the circular economy model in the construction sector can 
also reduce long-term costs by recycling building materials 
and implementing operational efficiencies, thereby reduc-
ing environmental impact and enhancing project profitabil-
ity.

The sustainability of vertical housing is also signifi-
cantly influenced by efficient use of construction materials 
(LI2), which can be realized through regulations mandat-
ing the use of low-carbon footprint materials such as re-
cycled concrete, FSC-certified wood, and bio-composite 
materials. These materials must also meet international 
sustainability standards and certifications to ensure that 
all aspects of development contribute to energy efficiency 
and carbon emissions reduction [63]. Beyond technical and 
economic aspects, local cultural preservation (SO6) is es-
sential for building socially sustainable vertical housing. 
Architectural design can incorporate elements of local Ka-
limantan culture. Regarding urban governance (KE1), the 
formulation of a Vertical Housing Sustainability Master 
Plan in IKN is a strategic step to ensure structured devel-
opment, with clear implementation stages, achievement 
targets, and evaluation mechanisms. Governance transpar-
ency must also be improved by involving the public and 
stakeholders through public consultation systems and dig-
ital feedback platforms, ensuring that decisions reflect the 
needs and aspirations of all affected parties.

Another critical aspect is the availability of public 
facilities (IN6), which enhances the quality of life for res-
idents. Furthermore, green spaces and blue infrastructure, 
such as vertical gardens, green roofs, and rainwater man-
agement systems, should be integrated into housing design 
to maintain ecological balance within the urban area [11]. 
Overall, the success of sustainable vertical housing in IKN 
does not solely rely on technical construction aspects, but 
also on policy strategies, governance, and continuous com-
munity participation. By optimizing policy synergy, fund 
efficiency, environmentally friendly material use, cultural 
preservation, and tech-based governance, vertical hous-
ing in IKN can become a model of development that is 
not only ecological and economical but also inclusive and 
globally competitive.

In the vertical housing sustainability system in IKN, 
indirect dependencies indicate that certain variables may 
not directly affect others but still contribute significantly 
through intermediary pathways. This underscores the im-
portance of understanding how policy, economic, social, 
and infrastructure elements are interlinked in a complex 
network. To implement effective strategies, a systematic 
approach is required—one that considers the domino ef-
fects of changes in one variable on others. A key example 
of indirect dependency is the role of urban governance 
(KE1) in enhancing vertical housing sustainability. While 
governance may not directly improve energy efficiency 
or the social viability of housing, through supportive pol-
icies for better fund allocation (EK6) and regulatory syn-
ergy (KE4), governance can impact the provision of green 
infrastructure and public facilities (IN6). Efficient fund 
allocation (EK6) serves not only as a financial driver but 
also as an intermediary for improving public facilities and 
social sustainability. Environmental policies may not di-
rectly affect the availability of public facilities (IN6), but 
through effective funding mechanisms (EK6) and policy 
coordination (KE4), public facilities can be sustainably 
developed [49].

Efficient construction material use (LI2) also shows 
indirect dependency on social and economic sustainabil-
ity. The use of environmentally friendly materials—such 
as recycled concrete or certified wood—not only benefits 
ecological aspects but also improves long-term energy effi-
ciency and reduces building operating costs. Local cultural 
preservation (SO6) also demonstrates indirect dependency 
on spatial planning policies and funding efficiency. Verti-
cal housing projects that incorporate cultural elements into 
their designs are more likely to be accepted by commu-
nities when regulations support incentives for developers 
who prioritize cultural approaches [27]. This success, as 
demonstrated in community-based models, is highly de-
pendent on a participatory design process that positions the 
community as the primary subject, not merely an object 
of development [64]. Building landscapes and ornamenta-
tion (SO5) reflecting local values will strengthen regional 
identity and deepen residents’ social attachment to vertical 
housing, thus supporting long-term social sustainability.

Public facility availability (IN6) exhibits indirect 
dependency patterns on economic and policy factors. The 
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provision of amenities such as green spaces, integrated 
public transport, and blue infrastructure not only depends 
on physical planning but also on budget allocation and 
policy coordination. Understanding these indirect depen-
dency patterns means that strategies for vertical housing 
development in IKN must be holistic and integrated, em-
phasizing the role of intermediary variables that amplify 
sustainability impacts. Adaptive regulation, transparent 
governance, and innovation in financing and technology 
must be combined to ensure that all development aspects 
work synergistically toward long-term goals. Thus, the im-
plementation of sustainable vertical housing in IKN should 
not only be ecological but also capable of creating a resil-
ient, inclusive, and globally competitive urban ecosystem. 

4.6.	Policy Instruments, Monitoring, and 
Trade-offs

Building on the key drivers above, we recommend 
concrete policy instruments. Regulatory mandates could 
require all new buildings above a threshold size to meet 
green standards (including ecological criteria), not just 
large commercial projects. Local governments should 
adopt stricter building codes that integrate IKN’s net-zero 
and biodiversity goals. For example, planning regulations 
could enforce minimum green cover and wildlife corri-
dors, prohibit development in priority conservation areas, 
and discourage non-native plantings. Incentives are also 
vital: subsidies or tax breaks for using certified local ma-
terials and for installing renewable energy systems would 
leverage natural assets (e.g., abundant tropical forests for 
sustainable wood) and advance net-zero targets. These in-
centives should be designed to shorten the supply chain by 
prioritizing materials from local community-based enter-
prises or cooperatives [65]. This not only ensures material 
authenticity but also directly enhances the income and eco-
nomic resilience of the surrounding community, preventing 
economic leakage. Explicit biodiversity guidelines – such 
as requiring native species in landscaping and penalizing 
invasive species – will help restore natural systems as part 
of urban design. 

An adaptive management framework should accom-
pany these policies. This framework should be institution-
alized through a formal multi-stakeholder collaboration 
model involving government, private developers, aca-

demia, and community representatives to ensure transpar-
ent decision-making and effective conflict resolution, as 
proven crucial in sustainable ecosystem management [66]. 
We stress performance monitoring of actual ecological out-
comes (energy use, water savings, species counts) in build-
ings over time. Prior studies confirm that monitoring and 
feedback measurably improve building performance. Thus, 
IKN authorities could implement mandatory post-occu-
pancy evaluations and “green audits” to adjust practices. 
These evaluations must be expanded to include socio-eco-
nomic indicators, such as local labor absorption rates, the 
success of small enterprises connected to building opera-
tions, and resident satisfaction with the implementation of 
cultural values, aligning with empowerment principles. If 
targets (e.g., water use per capita, on-site renewable gener-
ation) are missed, regulations can be adaptively tightened. 
This ensures that ambitious policy translates to real-world 
impact. In applying these strategies, planners must ac-
knowledge trade-offs. For instance, vertical green walls 
and landscaping improve cooling (reducing energy use and 
enhancing well-being) but increase irrigation demand. In 
tropical IKN, we therefore recommend coupling greening 
with water reuse: rainwater harvesting and greywater re-
cycling can supply irrigation and toilet flushing, delivering 
~73% overall water savings while still maintaining lush 
vegetation. Similarly, emphasizing local materials reduces 
emissions but may strain limited certified supplies. Pol-
icies might temporarily supplement with well-assessed 
imported green materials while scaling up local forestry 
certification programs. Importantly, energy‐saving mea-
sures (like air conditioning) must be balanced against their 
carbon intensity: Singapore’s experience shows that green 
building mandates can shrink operating costs (~11.6% re-
duction), but without cleaner energy, electricity demand 
can still rise. Hence, integrating renewable electricity (part 
of IKN’s 2045 plan) will align energy efficiency with 
emission cuts.

5.	 Conclusions
The study reveals that the success of green building 

implementation in vertical housing in Ibu Kota Nusantara 
(IKN) is determined by nine critical variables across social, 
economic, infrastructure, and environmental dimensions. 
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These include the provision of inclusive facilities that re-
spond to gender, disability, and marginalized populations, 
along with meaningful community engagement in plan-
ning and governance. Equitable access to public services, 
healthcare, and communal spaces significantly enhances 
resident well-being. Economically, the long-term viability 
of vertical green housing depends on flexible spatial design 
and comprehensive investment benefit assessments. Envi-
ronmentally, the adoption of circular economy principles, 
particularly in effective waste management, is essential 
to minimize ecological degradation and promote sustain-
able urban growth. This research offers a strategic frame-
work for policymakers, urban planners, and developers 
to align vertical housing development with the ecological 
and social mandates of IKN as a green and inclusive cap-
ital city. The findings support the formulation of targeted 
regulations, public investment strategies, and multi-stake-
holder collaborations that enhance urban resilience while 
safeguarding biodiversity and ecosystem services. It also 
contributes to the evolving discourse on tropical green 
urbanism by incorporating context-specific success vari-
ables applicable to archipelagic and biodiversity-rich na-
tions like Indonesia. The study is limited by its reliance 
on expert perceptions, which may introduce subjectivity 
and bias in the identification and prioritization of success 
variables. Furthermore, the research focuses specifically 
on the IKN context, and while its framework offers rep-
licability, broader generalizations to other urban environ-
ments should be approached cautiously. Future studies are 
encouraged to validate these findings through longitudinal 
case studies and empirical assessments post-implementa-
tion.

The study is limited by its reliance on expert per-
ceptions, which may introduce a degree of subjectivity 
into the influence assessments, despite efforts to ensure 
a diverse panel. The purposive sampling method, while 
appropriate for this type of exploratory research, means 
the findings are contextually rich but not statistically gen-
eralizable to a wider population. To build upon this struc-
tural analysis, future research should prioritize empirical 
validation and quantitative assessment, as suggested by 
the review process. The following research avenues are 
recommended: post-implementation studies are crucial to 
track the actual performance of green buildings in IKN. 

This should involve collecting empirical data on energy 
and water consumption, indoor air quality, biodiversity in-
dicators in and around buildings, and impacts on local wa-
ter systems to validate the predicted benefits. Detailed case 
studies are needed to quantify the economic trade-offs of 
various green technologies and design strategies within the 
IKN context. This research would provide developers and 
investors with robust data on the return on investment for 
specific interventions, such as vertical greening systems 
versus high-performance glazing. As IKN develops, com-
parative studies analyzing the effectiveness of different 
policy instruments (e.g., mandates vs. incentives) in driv-
ing green building adoption would offer valuable insights 
for adaptive management and for other nations planning 
similar large-scale urban projects.

Author Contributions
Conceptualization, I.S. and M.K.; methodology, I.S. 

and A.E.; software, I.S.; validation, I.S., M.K., and A.E.; 
formal analysis, I.S. and A.E.; investigation, I.S.; resourc-
es, I.S.; data curation, I.S.; writing—original draft prepara-
tion, I.S.; writing—review and editing, I.S., A., and A.E.; 
visualization, I.S. and A.E.; supervision, M.K. and A.E.; 
project administration, A.; funding acquisition, I.S. All au-
thors have read and agreed to the published version of the 
manuscript.

Funding
This work received no external funding.

Institutional Review Board State-
ment

The study was conducted in accordance with the 
Declaration of Helsinki, and approved by the Ethics Com-
mittee of Universitas Brawijaya, Indonesia (IRB number: 
146). 

Informed Consent Statement
Informed consent was obtained from all subjects in-

volved in the study.



175

Research in Ecology | Volume 07 | Issue 05 | December 2025

Data Availability Statement
The data presented in this study are available on 

request from the corresponding author. The data are not 
publicly available due to privacy restrictions of the respon-
dents.

Acknowledgments
The authors wish to express their sincere gratitude 

to the Doctoral Program of Environmental Science at Uni-
versitas Brawijaya for its academic support throughout 
this research. Special appreciation is extended to all ex-
pert respondents—including government officials, urban 
planners, environmentalists, architects, and community 
representatives—who generously contributed their time 
and insights. The authors also thank the IKN Authority and 
related ministries for facilitating access to planning docu-
ments and stakeholder forums.

Conflicts of Interest
The authors declare no conflict of interest.

References
[1]	 Berawi, M.A., Yatmo, Y.A., Sari, M., et al., 2023. 

Nusantara Smart Building Guidelines: Green and 
Digital Transformation of the Nusantara Capital City 
Authority, 1st ed. An in-house publication of the Dep-
utyship for Green and Digital Transformation of the 
Nusantara Capital City Authority: Jakarta, Indonesia. 
Available from: https://www.ikn.go.id/storage/pe-
doman-bangunan-cerdas-nusantara.pdf  (in Indonesia)

[2]	 Ryan-Fogarty, Y., O’Regan, B., Moles, R., 2016. 
Greening healthcare: systematic implementation of 
environmental programmes in a university teaching 
hospital. Journal of Cleaner Production. 126, 248–259. 
DOI: https://doi.org/10.1016/j.jclepro.2016.03.079

[3]	 Pan, S.Y., Gao, M., Kim, H., et al., 2018. Advances 
and Challenges in Sustainable Tourism Toward a 
Green Economy. Science of The Total Environment. 
635, 452–469. DOI: https://doi.org/10.1016/j.scito-
tenv.2018.04.134

[4]	 Aguilar-Lacasaña, S., Cosin-Tomas, M., Raimbault, 
B., et al., 2025. Epigenome-wide association study of 
pregnancy exposure to green space and placental DNA 
methylation. Environmental Research. 274, 121286. 

DOI: https://doi.org/10.1016/j.envres.2025.121286
[5]	 Condie, C.M., Fulton, E.A., Alexander, K.A., et al., 

2024. Social influence modelling demonstrates that 
strategic communication and depoliticization reduces 
conflict in aquaculture. Marine Policy. 165, 106211. 
DOI: https://doi.org/10.1016/j.marpol.2024.106211

[6]	 Feng, S., Zhang, R., Li, G., 2022. Environmental De-
centralization, Digital Finance and Green Technology 
Innovation. Structural Change and Economic Dynam-
ics. 61, 70–83. DOI: https://doi.org/10.1016/j.strue-
co.2022.02.008

[7]	 Akgün, E.Z., Monios, J., Rye, T., et al., 2019. Influ-
ences on Urban Freight Transport Policy Choice by 
Local Authorities. Transport Policy. 75, 88–98. DOI: 
https://doi.org/10.1016/j.tranpol.2019.01.009

[8]	 Yunxuan, W., Ruikai, Y., Ibrahim, N.L.B.N., 2025. 
From Traditional to Modern: Cultural Integration and 
Innovation in Sustainable Architectural Design Edu-
cation. Journal of Ecohumanism. 4(1). DOI: https://
doi.org/10.62754/joe.v4i1.6030

[9]	 Argente García, J.E., Ramallo-González, A.P., Ber-
nardeau-Esteller, J., et al., 2023. A combination of 
ICT solutions with socio-ecological and economic 
indicators to evaluate the governance and improve the 
management of Posidonia oceanica in the Sierra He-
lada Marine Natural Park. Regional Studies in Marine 
Science. 60, 102841. DOI: https://doi.org/10.1016/
j.rsma.2023.102841

[10]	Wang, R., Li, F., Hu, D., et al., 2011. Understanding 
Eco-complexity: Social-Economic-Natural Com-
plex Ecosystem Approach. Ecological Complexity. 
8(1), 15–29. DOI: https://doi.org/10.1016/j.eco-
com.2010.11.001

[11]	Bardhan, R., Debnath, R., Malik, J., et al., 2018. 
Low-income housing layouts under socio-archi-
tectural complexities: A parametric study for sus-
tainable slum rehabilitation. Sustainable Cities and 
Society. 41, 126–138. DOI: https://doi.org/10.1016/
j.scs.2018.04.038

[12]	Puspitasari, N., Mufidah, A., Prihatini, D., et al., 
2024. Proposing a corporate governance model for 
an Islamic property developer. International Journal 
of Housing Markets and Analysis. 17(5), 1329–1348. 
DOI: https://doi.org/10.1108/IJHMA-02-2024-0017

[13]	Wang, H.-H., Grant, W.E., 2021. Reflections of two 
systems ecologists on modelling coupled human 
and natural (socio-ecological, socio-environmental) 
systems. Ecological Modelling. 440, 109403. DOI: 
https://doi.org/10.1016/j.ecolmodel.2020.109403

[14]	Yang, Y., Bao, W., de Sherbinin, A., 2023. Mapping 
fine-resolution nested social-ecological system ar-

https://www.ikn.go.id/storage/pedoman-bangunan-cerdas-nusantara.pdf
https://www.ikn.go.id/storage/pedoman-bangunan-cerdas-nusantara.pdf
https://doi.org/10.1016/j.jclepro.2016.03.079
https://doi.org/10.1016/j.scitotenv.2018.04.134
https://doi.org/10.1016/j.scitotenv.2018.04.134
https://doi.org/10.1016/j.envres.2025.121286
https://doi.org/10.1016/j.marpol.2024.106211
https://doi.org/10.1016/j.strueco.2022.02.008
https://doi.org/10.1016/j.strueco.2022.02.008
https://doi.org/10.1016/j.tranpol.2019.01.009
https://doi.org/10.62754/joe.v4i1.6030
https://doi.org/10.62754/joe.v4i1.6030
https://doi.org/10.1016/j.rsma.2023.102841
https://doi.org/10.1016/j.rsma.2023.102841
https://doi.org/10.1016/j.ecocom.2010.11.001
https://doi.org/10.1016/j.ecocom.2010.11.001
https://doi.org/10.1016/j.scs.2018.04.038
https://doi.org/10.1016/j.scs.2018.04.038
https://doi.org/10.1108/IJHMA-02-2024-0017
https://doi.org/10.1016/j.ecolmodel.2020.109403


176

Research in Ecology | Volume 07 | Issue 05 | December 2025

chetypes to reveal archetypical human-environmental 
interactions. Landscape and Urban Planning. 239, 
104863. DOI: https://doi.org/10.1016/j.landurb-
plan.2023.104863

[15]	Nagel, B., Partelow, S., 2022. A methodological 
guide for applying the social-ecological system (SES) 
framework: a review of quantitative approaches. 
Ecology and Society. 27(4), 39. DOI: https://doi.
org/10.5751/ES-13493-270439

[16]	Wang, Y., Cai, Y., Xie, Y., et al., 2023. A quantitative 
framework to evaluate urban ecological resilience: 
broadening understanding through multi-attribute 
perspectives. Frontiers in Ecology and Evolution. 11. 
DOI: https://doi.org/10.3389/fevo.2023.1144244

[17]	Parker, J., Simpson, G.D., 2020. A Theoretical Frame-
work for Bolstering Human-Nature Connections and 
Urban Resilience via Green Infrastructure. Land. 9(8), 
252. DOI: https://doi.org/10.3390/land9080252

[18]	Tanguay, G.A., Rajaonson, J., Lefebvre, J.F., et al., 
2010. Measuring the sustainability of cities: An anal-
ysis of the use of local indicators. Ecological Indica-
tors. 10(2), 407–418. DOI: https://doi.org/10.1016/
j.ecolind.2009.07.013

[19]	Corton, J., Donnison, I.S., Ross, A.B., et al., 2021. 
Impact of Vegetation Type and Pre-processing on 
Product Yields and Properties Following Hydrother-
mal Conversion of Conservation Biomass. Renewable 
and Sustainable Energy Reviews. 137, 110462. DOI: 
https://doi.org/10.1016/j.rser.2020.110462

[20]	Mcdermott, A.M., Hamel, L.M., Steel, D., et al., 2015. 
Hybrid Healthcare Governance For Improvement? 
Combining Top‐Down And Bottom‐Up Approaches 
To Public Sector Regulation. Public Administra-
tion. 93(2), 324–344. DOI: https://doi.org/10.1111/
padm.12118

[21]	Godet, M., 2000. The Art of Scenarios and Strategic 
Planning: Tools and Pitfalls. Technological Forecast-
ing and Social Change. 65(1), 3–22. DOI: https://doi.
org/10.1016/s0040-1625(99)00120-1

[22]	Dattalo, P., 2007. Determining Sample Size Balanc-
ing Power, Precision, and Practicality, 1st ed. Oxford 
University Press: Oxford, UK.

[23]	Hamed, T., 2016. Sampling Methods in Research 
Methodology; How to Choose a Sampling Technique 
for Research. International Journal of Academic Re-
search in Management. 5(2), 18–27. DOI: https://doi.
org/10.2139/ssrn.3205035

[24]	Sugiyono, 2016. Educational research methods: 
quantitative, qualitative, and R&D approaches. 
ALFABETA: Bandung, Indonesia. Available from: 
https://elibrary.bsi.ac.id/readbook/204383/metode-pe-

nelitian-pendidikan-pendekatan-kuantitatif-kualitat-
if-dan-r-d.html (in Indonesia)

[25]	Wahjutami, E.L., Antariksa, Nugroho, A.M., et al., 
2016. Sansevieria trifasciatas, xerophyte as indoor 
humidity absorber of small type residences. Ecology, 
Environment and Conservation. 22(1), 9–16. https://
www.researchgate.net/publication/303211074_San-
sevieria_trifasciatas_xerophyte_as_indoor_humidity_
absorber_of_small_type_residences_1 

[26]	Khandker, S.R., Koolwal, G.B., Samad, H.A., 2010. 
Handbook on Impact Evaluation : Quantitative Meth-
ods and Practices, 1st ed. The World Bank: Washing-
ton, D.C., USA. pp. 1–262.  

[27]	Efani, A., Tiarantika, R., Manzilati, A., et al., 2024. 
Key Variables for Successful Community - Based 
Ecotourism Management in East Java, Indonesia. 
Evergreen. 11(4), 2831–2847. DOI: https://doi.
org/10.5109/7326927

[28]	Delgano-Serrano, M.M., Vanwildemeersch, P., Lon-
don, S., et al., 2016. Adapting Prospective Structural 
Analysis to Strengthen Sustainable Management And 
Capacity Building in Community-Based Natural Re-
source Management Contexts. Ecology and Society. 
21(2), 1–13. DOI: https://doi.org/10.5751/ES-08505-
210236

[29]	Chen, J.K., 2018. An Extension of Importance-Per-
formance Analysis Method: Integrated with fuzzy 
MICMAC. International Journal of Services Opera-
tions and Informatics. 9(1), 83–99. DOI: https://doi.
org/10.1504/IJSOI.2018.088518

[30]	Díaz, M.R., Espino-Rodríguez, T.F., 2016. Determin-
ing the Sustainability Factors and Performance of 
a Tourism Destination from The Stakeholders’ Per-
spective. Sustainability. 8(9), 951. DOI: https://doi.
org/10.3390/su8090951

[31]	Efani, A., Saptoyo, Manzilati, A., et al., 2023. Bisnis 
Ekowisa Berbasis Green Economy, 1st ed. UB Media: 
Malang, Indonesia.

[32]	Hutagaol, R., 2023.Study on the Implementation of 
Construction Project for Landfill Mining and RDF 
(Refused Derived Fuel) Plant Development in Bantar 
Gebang, Bekasi. Prosiding Seminar Nasional Teknik 
Sipil UMS. 240–248. Available from: https://proceed-
ings.ums.ac.id/index.php/sipil/article/view/2717 (in 
Indonesian)

[33]	Randu, M.D.S., Hartono, B., 2020. Sustainability of 
Economic Dimensions, Infrastructure Technology, 
and Institutional Law for the Evaluation of Sandal-
wood Horse Development in Southwest Sumba Re-
gency. Jurnal Sain Peternakan Indonesia. 15(1), 1–23. 
(in Indonesian)

https://doi.org/10.1016/j.landurbplan.2023.104863
https://doi.org/10.1016/j.landurbplan.2023.104863
https://doi.org/10.5751/ES-13493-270439
https://doi.org/10.5751/ES-13493-270439
https://doi.org/10.3389/fevo.2023.1144244
https://doi.org/10.3390/land9080252
https://doi.org/10.1016/j.ecolind.2009.07.013
https://doi.org/10.1016/j.ecolind.2009.07.013
https://doi.org/10.1016/j.rser.2020.110462
https://doi.org/10.1111/padm.12118
https://doi.org/10.1111/padm.12118
https://doi.org/10.1016/s0040-1625(99)00120-1
https://doi.org/10.1016/s0040-1625(99)00120-1
https://doi.org/10.2139/ssrn.3205035
https://doi.org/10.2139/ssrn.3205035
https://elibrary.bsi.ac.id/readbook/204383/metode-penelitian-pendidikan-pendekatan-kuantitatif-kualitatif-dan-r-d.html
https://elibrary.bsi.ac.id/readbook/204383/metode-penelitian-pendidikan-pendekatan-kuantitatif-kualitatif-dan-r-d.html
https://elibrary.bsi.ac.id/readbook/204383/metode-penelitian-pendidikan-pendekatan-kuantitatif-kualitatif-dan-r-d.html
https://www.researchgate.net/publication/303211074_Sansevieria_trifasciatas_xerophyte_as_indoor_humidity_absorber_of_small_type_residences_1
https://www.researchgate.net/publication/303211074_Sansevieria_trifasciatas_xerophyte_as_indoor_humidity_absorber_of_small_type_residences_1
https://www.researchgate.net/publication/303211074_Sansevieria_trifasciatas_xerophyte_as_indoor_humidity_absorber_of_small_type_residences_1
https://www.researchgate.net/publication/303211074_Sansevieria_trifasciatas_xerophyte_as_indoor_humidity_absorber_of_small_type_residences_1
https://doi.org/10.5109/7326927
https://doi.org/10.5109/7326927
https://doi.org/10.5751/ES-08505-210236
https://doi.org/10.5751/ES-08505-210236
https://doi.org/10.1504/IJSOI.2018.088518
https://doi.org/10.1504/IJSOI.2018.088518
https://doi.org/10.3390/su8090951
https://doi.org/10.3390/su8090951
https://proceedings.ums.ac.id/index.php/sipil/article/view/2717
https://proceedings.ums.ac.id/index.php/sipil/article/view/2717


177

Research in Ecology | Volume 07 | Issue 05 | December 2025

[34]	Nematpour, M., Khodadadi, M., Rezaei, N., 2020. 
Systematic Analysis of Development in Iran’s Tour-
ism Market in the Form of Future Study: A New 
Method of Strategic Planning. Futures. 125, 102650. 
DOI: https://doi.org/10.1016/j.futures.2020.102650

[35]	Khoshnava, S.M., Rostami, R., Mohamad Zin, R., et 
al., 2020. The Role of Green Building Materials in 
Reducing Environmental and Human Health Impacts. 
International Journal of Environmental Research 
and Public Health. 17(7), 2589. DOI: https://doi.
org/10.3390/ijerph17072589

[36]	Liu, Z., Guo, A., 2021. Application of Green Build-
ing Materials and Multi-objective Energy-Saving 
Optimization Design. International Journal of Heat 
and Technology. 39(1), 299–308. DOI: https://doi.
org/10.18280/ijht.390133

[37]	Kamar, K.A.M., Hamid, Z.A., 2011. Sustainable con-
struction and green building: the case of Malaysia. 
WIT Transactions on the Built Environment. 167(8), 
15–22. DOI: https://doi.org/10.2495/ST110021

[38]	Lamond, J., Everett, G., 2019. Sustainable Blue-
Green Infrastructure: A social practice approach to un-
derstanding community preferences and stewardship. 
Landscape and Urban Planning. 191, 103639. DOI: 
https://doi.org/10.1016/j.landurbplan.2019.103639

[39]	Tetiranont, S., Sadakorn, W., Rugkhapan, N.T., et al., 
2024. Enhancing Sustainable Railway Station Design 
in Tropical Climates: Insights from Thailand’s Archi-
tectural Theses and Case Studies. Buildings. 14(3), 
829. DOI: https://doi.org/10.3390/buildings14030829

[40]	Adni, S.F., Fatimah, G., Saputri, H.R., et al., 2024. 
Potensi Silvofishery Sebagai Blue Carbon Reservoir 
dan Sumber Pendapatan Masyarakat di Desa Sawah 
Luhur, Banten dalam Mitigasi Perubahan Iklim. 
Jurnal Silva Tropika. 8(1), 1–13. DOI: https://doi.
org/10.22437/jurnalsilvatropika.v8i1.33017

[41]	Kravanja, G., Mumtaz, A.R., Kravanja, S., 2024. A 
Comprehensive Review of the Advances, Manufac-
turing, Properties, Innovations, Environmental Impact 
and Applications of Ultra-High-Performance Con-
crete (UHPC). Buildings. 14(2), 382. DOI: https://doi.
org/10.3390/buildings14020382

[42]	Marzuki, A., Dyonisius, D., Joyosumarto, I.,et al., 
2024. Imagining Nusantara Capital City (IKN). Avail-
able from: https://www.undp.org/indonesia/publica-
tions/imagining-nusantara-capital-city-ikn (cited 22 
January 2025).

[43]	Nikoukar, S., Tavakolan, M., 2025. A simula-
tion-based approach to optimizing resource allocation 
and logistics in construction projects: a case study. 
Engineering, Construction and Architectural Manage-

ment. DOI: https://doi.org/10.1108/ECAM-05-2024-
0629

[44]	Arcas-Pilz, V., Gabarrell, X., Orsini, F., et al., 2023. 
Literature review on the potential of urban waste for 
the fertilization of urban agriculture: A closer look at 
the metropolitan area of Barcelona. Science of The 
Total Environment. 905, 167193. DOI: https://doi.
org/10.1016/j.scitotenv.2023.167193

[45]	Adom, R.K., Simatele, M.D., 2022. The role of stake-
holder engagement in sustainable water resource man-
agement in South Africa. Natural Resources Forum. 
46(4), 410–427. DOI: https://doi.org/10.1111/1477-
8947.12264

[46]	Chen, L., et al., 2023. Green construction for low-car-
bon cities: a review. Environmental Chemistry Let-
ters. 21, 1627–1657. DOI: https://doi.org/10.1007/
s10311-022-01544-4

[47]	Hamdani, E.V., Teh, S.W., 2023. The Role of Vertical 
Housing with a Sustainable Architectural Approach 
to Quality of Life and Public Awareness of the Lack 
of Greenery. Jurnal Sains, Teknologi Urban, Peran-
cangan, Arsitektur. 4(2), 1859–1872. DOI: https://doi.
org/10.24912/stupa.v4i2.22303 (in Indonesian)

[48]	Jelinčić, D.A., Šveb, M., 2021. Financial Sustainabil-
ity of Cultural Heritage: A Review of Crowdfunding 
in Europe. Journal of Risk and Financial Manage-
ment. 14(3), 101. DOI: https://doi.org/10.3390/
jrfm14030101

[49]	Hajimi, H., Fauzi, M.R., Salbiah, S., 2024. Overview 
of Waste Final Processing Place (TPA), Kubu Raya: 
A Descriptive Study. Ahmar Metastasis Health Jour-
nal. 4(2), 88–97. DOI: https://doi.org/10.53770/amhj.
v4i2.276

[50]	Scio’, G., Ermini, M.V., Verna, M., et al., 2025. Com-
prehensive analysis on Green Hydrogen production in 
Italy and oxygen sale impact on LCOH. International 
Journal of Hydrogen Energy. 137, 1042–1055. DOI: 
https://doi.org/10.1016/j.ijhydene.2025.02.247

[51]	Drews, S., Exadaktylos, F., van den Bergh, J.C.J.M., 
2020. Assessing synergy of incentives and nudges in 
the energy policy mix. Energy Policy. 144, 111605. 
DOI: https://doi.org/10.1016/j.enpol.2020.111605

[52]	Lambin, E.F., Meyfroidt, P., Rueda, X., et al., 2014. 
Effectiveness and synergies of policy instruments for 
land use governance in tropical regions. Global En-
vironmental Change. 28, 129–140. DOI: https://doi.
org/10.1016/j.gloenvcha.2014.06.007

[53]	Gritsenko, D., 2024. Advancing UN digital cooper-
ation: Lessons from environmental policy and gov-
ernance. World Development. 173, 106392. DOI: 
https://doi.org/10.1016/j.worlddev.2023.106392

https://doi.org/10.1016/j.futures.2020.102650
https://doi.org/10.3390/ijerph17072589
https://doi.org/10.3390/ijerph17072589
https://doi.org/10.18280/ijht.390133
https://doi.org/10.18280/ijht.390133
https://doi.org/10.2495/ST110021
https://doi.org/10.1016/j.landurbplan.2019.103639
https://doi.org/10.3390/buildings14030829
https://doi.org/10.22437/jurnalsilvatropika.v8i1.33017
https://doi.org/10.22437/jurnalsilvatropika.v8i1.33017
https://doi.org/10.3390/buildings14020382
https://doi.org/10.3390/buildings14020382
https://www.undp.org/indonesia/publications/imagining-nusantara-capital-city-ikn
https://www.undp.org/indonesia/publications/imagining-nusantara-capital-city-ikn
https://doi.org/10.1108/ECAM-05-2024-0629
https://doi.org/10.1108/ECAM-05-2024-0629
https://doi.org/10.1016/j.scitotenv.2023.167193
https://doi.org/10.1016/j.scitotenv.2023.167193
https://doi.org/10.1111/1477-8947.12264
https://doi.org/10.1111/1477-8947.12264
https://doi.org/10.1007/s10311-022-01544-4
https://doi.org/10.1007/s10311-022-01544-4
https://doi.org/10.24912/stupa.v4i2.22303
https://doi.org/10.24912/stupa.v4i2.22303
https://doi.org/10.3390/jrfm14030101
https://doi.org/10.3390/jrfm14030101
https://doi.org/10.53770/amhj.v4i2.276
https://doi.org/10.53770/amhj.v4i2.276
https://doi.org/10.1016/j.ijhydene.2025.02.247
https://doi.org/10.1016/j.enpol.2020.111605
https://doi.org/10.1016/j.gloenvcha.2014.06.007
https://doi.org/10.1016/j.gloenvcha.2014.06.007
https://doi.org/10.1016/j.worlddev.2023.106392


178

Research in Ecology | Volume 07 | Issue 05 | December 2025

[54]	Zhou, T., Hu, H., Hu, J., et al., 2024. Ecosystem ser-
vices and cost-effective benefits from the reclamation 
of saline sodic land under different paddy field sys-
tems. Ecosystem Services. 70, 101682. DOI: https://
doi.org/10.1016/j.ecoser.2024.101682.

[55]	Zaki, B.L., 2024. Policy learning governance: a new 
perspective on agency across policy learning theories. 
Policy and Politics. 52(3), 412–429. DOI: https://doi.
org/10.1332/03055736Y2023D000000018

[56]	Wilson, C., Claussen, C., Valverde, P., 2021. Does 
civil society matter for natural resource governance? 
A comparative analysis of multi-stakeholder partici-
pation and EITI validation outcomes. Resources Poli-
cy. 72, 102084. DOI: https://doi.org/10.1016/j.resour-
pol.2021.102084

[57]	Wang, P., Wong, Y.H., Li, S., et al., 2024. AHP-DE-
MATEL construction of sustainable design decision 
for indoor vertical greening system. Journal of Indus-
trial and Production Engineering. 41(4), 362–379. 
DOI: https://doi.org/10.1080/21681015.2024.230756
2

[58]	Zhong, W., Schroeder, T., Bekkering, J., 2023. De-
signing with nature: Advancing three-dimensional 
green spaces in architecture through frameworks for 
biophilic design and sustainability. Frontiers of Archi-
tectural Research. 12(4), 732–753. DOI: https://doi.
org/10.1016/j.foar.2023.03.001

[59]	Scarpato, D., Civero, G., Rusciano, V., et al., 2020. 
Sustainable strategies and corporate social responsi-
bility in the Italian fisheries companies. Corporate So-
cial Responsibility and Environmental Management. 
27(6), 2983–2990. DOI: https://doi.org/10.1002/
csr.2016

[60]	Zhou, L., Song, S., 2022. Green Building Project 
Cost Budgeting and Cost Control Integrating In-
teractive VR Genetic Algorithm. Mathematical 

Problems in Engineering. 1–9. DOI: https://doi.
org/10.1155/2022/3734946

[61]	Arafat, M.Y., Faggal, A.A., Khodeir, L., et al., 2023. 
Customizing the green pyramid rating system for 
assessing university buildings’ sustainability: A stake-
holder-involved weighting approach. Alexandria 
Engineering Journal. 82, 446–458. DOI: https://doi.
org/10.1016/j.aej.2023.10.013

[62]	Llopis-Albert, C., Rubio, F., Valero, F., 2021. Impact 
of digital transformation on the automotive indus-
try. Technological Forecasting and Social Change. 
162, 120343. DOI: https://doi.org/10.1016/j.tech-
fore.2020.120343

[63]	Bannor, R.K., Arthur, K.K., 2024. A systematic 
review and bibliometric analysis on agribusiness 
gaps in emerging markets. Research in Globaliza-
tion. 8, 100214. DOI: https://doi.org/10.1016/j.res-
glo.2024.100214

[64]	Efani, A., 2024. Optimizing Market Efficiency 
through Blue Economy: Supply Chain and Risk Anal-
ysis of Tuna Fisheries in South Coastal East Java. 
Egyptian Journal of Aquatic Biology and Fisheries. 
28(5), 961–980.

[65]	Efani, A., Tiarantika, R., Manzilati, A., et al., 2024. 
Complex Solutions Collaborative-Based Mangrove 
Ecosystem Management Model for Development 
Ecotourism in South Coastal East Java Indonesia. 
International Journal of Sustainable Development 
and Planning. 19(10), 3821–3835. DOI: https://doi.
org/10.18280/ijsdp.191011

[66]	Efani, A., Manzilati, A., Wardana, F.C., et al., 2024. 
Prospective Variable Design for Agribusiness Suc-
cess: Sustainability and Food Security Prospects in 
the Coastal Areas of East Java. International Journal 
of Safety and Security Engineering. 14(5), 1419–
1429. DOI: https://doi.org/10.18280/ijsse.140509

https://doi.org/10.1016/j.ecoser.2024.101682
https://doi.org/10.1016/j.ecoser.2024.101682
https://doi.org/10.1332/03055736Y2023D000000018
https://doi.org/10.1332/03055736Y2023D000000018
https://doi.org/10.1016/j.resourpol.2021.102084
https://doi.org/10.1016/j.resourpol.2021.102084
https://doi.org/10.1080/21681015.2024.2307562
https://doi.org/10.1080/21681015.2024.2307562
https://doi.org/10.1016/j.foar.2023.03.001
https://doi.org/10.1016/j.foar.2023.03.001
https://doi.org/10.1002/csr.2016
https://doi.org/10.1002/csr.2016
https://doi.org/10.1155/2022/3734946
https://doi.org/10.1155/2022/3734946
https://doi.org/10.1016/j.aej.2023.10.013
https://doi.org/10.1016/j.aej.2023.10.013
https://doi.org/10.1016/j.techfore.2020.120343
https://doi.org/10.1016/j.techfore.2020.120343
https://doi.org/10.1016/j.resglo.2024.100214
https://doi.org/10.1016/j.resglo.2024.100214
https://doi.org/10.18280/ijsdp.191011
https://doi.org/10.18280/ijsdp.191011
https://doi.org/10.18280/ijsse.140509

