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Abstract 17 

The concept of "sustainable building and construction" refers to the approach of planning, designing, constructing, 18 

and managing buildings to foster environmentally sustainable built environments. This approach integrates 19 

sustainability considerations, encompassing environmental economic and social factors throughout the project’s life 20 

cycle. Climate change presents a significant challenge to numerous industries, including construction. The 21 

construction sector must adapt to the increasing frequency of natural disasters, rising global temperatures, and shifting 22 

weather patterns to ensure the sustainability and safety of buildings. This study explores the risks and impacts of 23 

climate change on building construction and potential solutions. This study examines the relationship between climate 24 

change and construction, analysing the challenges, opportunities and strategies for advancing a more sustainable and 25 

eco-friendly future. This research adopts a qualitative approach employing an analytical risk management process 26 

(probability impact matrix). The objective is to contribute to the achievement of SDGs and the implementation of 27 

green construction practices, which construction professionals can use to address the challenges of achieving more 28 

sustainable development. 29 

 30 

Keywords: Climate Change, SDGs, Construction, AHP, Risk Management 31 

1. Introduction 32 

Climate change presents a substantial challenge to the construction industry, characterised by rising temperatures, 33 

altered precipitation patterns, and an increased frequency of hydrometeorological events such as floods and landslides. 34 

In Indonesia, these climatic changes have disrupted construction projects, escalated costs, and inflicted damage on 35 

infrastructure, thereby reducing the lifespan of assets and introducing numerous uncertainties. The construction sector 36 

contributes significantly to global climate change, with the building industry accounting for 38% of global energy-37 

related emissions. Green buildings, which emphasise energy efficiency, eco-friendly materials, and climate 38 

adaptability, offer a potential solution; however, their implementation in Indonesia remains limited. Climate change 39 

is one of the most urgent challenges confronting the construction sector. According to B.I Jin et al. [[1], construction 40 

management professionals should be trained in climate management skills, adopt net-zero and climate-friendly 41 

technologies and procurement practices, develop green and climate-resilient projects, and retrofit existing buildings 42 

to withstand climate change. 43 



Addressing the environmental and climate challenges facing the construction sector requires robust policies and 44 

regulations that prioritise the use of sustainable, low-impact materials, energy-efficient methods, and climate-45 

responsive design principles throughout project lifecycles. Research indicates that adopting energy efficiency as a 46 

roadmap for carbon mitigation helps limit energy use and improve building performance, while sustainable materials 47 

can reduce embodied energy and resource consumption in construction projects, contributing to lower environmental 48 

impacts overall [2]. Integrating climate risk assessments into the early planning and design stages enables 49 

professionals to identify vulnerabilities and implement appropriate adaptation strategies that enhance resilience in the 50 

built environment, reflecting principles embedded in global sustainability frameworks [3] 51 

Adopting a systematic approach is crucial for developing policies related to GIPs within the construction industry. 52 

The AHP is a valuable technique for pinpointing and ranking policy strategies. AHP facilitates structured decision-53 

making by organising criteria and subcriteria into a hierarchy, drawing on the insights and experiences of stakeholders 54 

such as contractors, consultants and project owners. This method enables the creation of construction policies that 55 

address climate risks while also encouraging sustainable development practices and supporting the achievement of 56 

the Sustainable Development Goals [4],[5],[6] . Climate change presents two types of risks to construction: physical 57 

risks, such as damage from natural disasters, and nonphysical risks, including regulatory uncertainties, material price 58 

volatility, and social pressures. Three key pillars must be addressed to implement green or sustainable construction: 59 

economic, social, and environmental factors [7].  60 

Previous studies have highlighted the critical role of the AHP in prioritising policies and strategies within the 61 

construction sector, particularly in the context of climate change and sustainable development. Johnsson et al. [8] 62 

emphasised the need for a structured approach to assess the sector’s contribution to SDGs 9 and 13, with AHP 63 

facilitating complex multi-criteria decision-making. Ahram and Zakaria [2] identified imbalanced priorities, such as 64 

energy efficiency, cost, and regulation, as major barriers to green building adoption, which AHP helps clarify by 65 

integrating stakeholder perspectives. Mickovski [9] further stressed the need for multidisciplinary approaches to 66 

embed nature-based solutions in construction planning. Zhao et al. [10] applied AHP to flood mitigation strategies 67 

and found stakeholder engagement and local knowledge to be the most influential policy criteria. Flood mitigation 68 

planning employs decision-making tools based on multiple criteria to facilitate systematic policy development. The 69 

AHP has been extensively used to prioritise mitigation strategies by integrating technical, social, and environmental 70 

considerations. Nugraha et al. [11] applied AHP to rank urban flood mitigation measures, demonstrating its efficacy 71 



in structuring complex decisions and enhancing policy priorities. Similarly, Caporale and Rinaldi [12] utilised AHP 72 

to evaluate adaptation strategies for flood and landslide risks, demonstrating that community perceptions and local 73 

knowledge influence intervention effectiveness, establishing stakeholder engagement as critical for disaster 74 

mitigation. The integration of social and environmental dimensions within multi-criteria frameworks has been 75 

emphasised in recent studies. Axelsson et al. [[13] combined AHP with the Technique for Order Preference by 76 

Similarity to Ideal Solution (TOPSIS) to promote evidence-based decision-making and incorporate stakeholder 77 

preferences into urban flood adaptation planning. Zhang et al. [14] developed an extended watershed-based statistical 78 

model supported by AHP to estimate risk levels by accounting for environmental conditions, topography, and societal 79 

characteristics. These studies affirm that AHP functions as both a quantitative tool for comparing alternatives and a 80 

framework for integrating stakeholder perspectives and socio-environmental factors into flood mitigation policies. 81 

Consequently, AHP contributes to the development of adaptive strategies that are technically sound, socially inclusive, 82 

and responsive to local contexts, thereby enhancing disaster risk management initiatives. 83 

This study proposes using the AHP to identify adaptive policy strategies for climate change in construction. 84 

AHP has not been widely applied in Indonesia’s sustainable development context to derive actionable policy 85 

recommendations based on stakeholder perceptions. This study connects climate change risk management with 86 

achieving the SDGs. Climate change adaptation requires sustainable building practices that reduce environmental 87 

impact and enhance resilience. The industry can support carbon neutrality goals through green infrastructure 88 

development, carbon footprint reduction, and eco-friendly materials. Sustainable construction delivers physical 89 

facilities that fulfil economic, social, and environmental objectives. By incorporating sustainability into development 90 

processes, national infrastructure initiatives are crucial in meeting climate targets. The construction regulations must 91 

be revised to align with the environmental goals. The deployment of sustainable building materials and strategies, 92 

along with strategic planning and compliance mechanisms, is essential for mitigating climate risks. Evaluating the 93 

long-term impacts of construction projects through environmental impact assessments (EIAs) helps identify 94 

environmental risks and minimise adverse outcomes. 95 

2. Materials and Methods Used 96 

2.1. Data Gathering 97 

This study identifies energy efficiency, water conservation, environmentally friendly materials, and indoor 98 

environmental quality as essential aspects of sustainable construction, connected to climate change risks and 99 



sustainable development goals. The AHP is used to identify and prioritise key factors influencing adaptive policy 100 

implementation in construction. The study employs purposive sampling through nonprobability sampling, involving 101 

stakeholders and policymakers knowledgeable about the research topic. Data collection uses questionnaires with 102 

written questions for the respondents. The research stages involve constructing a hierarchy of elements for reducing 103 

climate change, designing paired comparison questionnaires for stakeholders, conducting AHP data analysis for 104 

priority weights, and testing response consistency. The AHP analysis results inform policy strategies to enhance the 105 

resilience of the construction sector to climate change impacts and promote the achievement of Sustainable 106 

Development Goals (SDGs). This approach provides a scientific basis for developing adaptive policies in the national 107 

construction sector. The analysis follows the established AHP framework, with data interpretation conducted both 108 

numerically through priority weight calculations and qualitatively through examining the context of the construction 109 

sector regarding climate change and SDGs. By analysing respondent assessments and comparing sub-criteria, this 110 

research reveals industry players’ preferences regarding sustainability issues, providing insight into key factors for 111 

building construction sector resilience against climate risks. 112 

 113 

2.2. Analytic Hierarchy Process 114 

The AHP is a prominent MCDM methodology that facilitates decision-makers in structuring complex problems 115 

into a hierarchical framework comprising criteria, sub-criteria, and alternatives, thereby deriving quantitative priority 116 

weights through pair-wise comparisons. Developed by Saaty, AHP is a well-regarded method for addressing both 117 

qualitative and quantitative aspects of complex problems by converting subjective judgments into numerical values 118 

[15]. According to Dolan et al., the standard procedural steps of AHP include: (1) defining the decision goal and 119 

relevant criteria/sub-criteria, (2) conducting pair-wise comparisons of criteria to obtain relative priority weights, (3) 120 

calculating local and global weights, often using the eigenvector method, (4) aggregating alternative weights if 121 

applicable, (5) checking the consistency of judgments, and (6) performing sensitivity analysis of the results. Moreover, 122 

AHP is particularly effective in contexts involving multiple stakeholders, qualitative or intangible factors, and the 123 

necessity for group decision-making, such as in the construction sector, sustainable development, and risk 124 

management [16]. AHP has been extensively applied in the construction sector to evaluate sustainability performance, 125 

assess risk management alternatives, and prioritise strategic policy options. Its structured nature enables the integration 126 

of diverse expert opinions and technical indicators to produce transparent and rational policy outcomes [17]. By 127 



employing this approach, construction policy can be formulated to address climate-related risks while promoting 128 

sustainable development practices, thereby contributing to the achievement of the Sustainable Development Goals 129 

(SDGs)—notably SDG 9 (Industry, Innovation, and Infrastructure), SDG 11 (Sustainable Cities and Communities), 130 

and SDG 13 (Climate Action) [18], [19], [20]. 131 

Applying the AHP to formulate construction policy addressing climate risks and promoting sustainable 132 

development while contributing to the Sustainable Development Goals (SDGs), the methodology offers the following 133 

key advantages: (1) It facilitates the integration of climate risk criteria (e.g., emission reduction, adaptation, and 134 

regulatory compliance) with socioeconomic interests, bridging environmental and social dimensions [21]. It supports 135 

participatory decision-making by incorporating the expertise of multiple stakeholder groups in a structured manner 136 

[22]. The AHP hierarchy is constructed by identifying primary criteria through literature review and field findings 137 

(i.e., GHG emission reduction, infrastructure adaptation, environmental regulatory compliance, and socioeconomic 138 

impact). Each criterion was decomposed into subcriteria based on interviews with stakeholders and literature. The 139 

process includes: setting goals, building hierarchy, performing pairwise comparisons, computing weights, consistency 140 

checking, sensitivity analysis, and deriving prioritised criteria for policy formulation. This approach supports 141 

construction policies that address climate risks while promoting sustainable development and the achievement of 142 

SDGs. A pairwise comparison matrix is an n×n square matrix that captures the relative judgments among elements 143 

and is constructed by comparing each criterion against others. 144 

Matrix Normalisation: 145 

 146 

(1) 147 

Eigenvalue (Priority): 148 

         (2) 149 

Consistency Index (CI): 150 

         (3) 151 

Consistency Ratio  152 

          (4) 153 

Noted: 𝜆max: Maximum Eigen Value; n: Number of Criteria; RI: Random Index (random value based on the number 154 

of criteria); If CR < 0.1, then the matrix consistency is acceptable. 155 



 156 

3. Results and Discussion 157 

3.1. Data Gathering 158 

The use of the AHP to structure expert judgement and derive priority weights is consistent with prior sustainability 159 

decision-making studies in the construction domain, including recent open-access work that applies AHP to low-160 

carbon management and carbon-emission control across the building life cycle. Such studies highlight the suitability 161 

of AHP for translating qualitative expert preferences into comparable weights for environmental and governance 162 

criteria [23]. Based on the questionnaire results, the respondents’ assessments of the principal climate change factors 163 

contributing to the attainment of the Sustainable Development Goals (SDGs) have been analysed and summarised in 164 

the following Table 1.  165 

Table 1 Recapitulation of Respondents’ Answers to the Main Criteria 166 

Criteria | vs Greenhouse Gas 
Emission 

Reduction 

Adaptation to 
Climate Change 

Environmental 
Regulatory 
Compliance 

Socioeconomic 
Impact 

Greenhouse Gas 
Emission Reduction 

1000 1221 2698 1603 

Adaptation to Climate 
Change 

0819 1000 4027 1690 

Environmental 
Regulatory Compliance 

0371 0248 1000 3393 

Socioeconomic Impact 0624 0592 0295 1000 

Total 2,81 3,06 8,02 7,69 

 167 

Table 1 shows the pairwise comparison matrix used in the AHP to assess the relative importance of four 168 

criteria: reduction of greenhouse gas emissions, adaptation to climate change, environmental regulatory compliance, 169 

and socioeconomic impact. Each value reflects how much more one criterion is preferred over another based on expert 170 

judgement. Several patterns can be observed in complex phenomena like this: some major regions of the world have 171 

experienced significant reductions in their GHG emissions, driven by increased efficiency and a reduction in the 172 

carbon intensity of energy supply, partly due to the implementation of climate change policies and the 173 

deindustrialisation of the economic matrix. This is important to become an effective tool for assessing global emission 174 

trends and monitoring climate change mitigation policies, especially during times of crisis [24] . Values greater than 175 

one (1) indicate higher importance, whereas values below 1 indicate lower importance. The totals at the bottom of 176 



each column are used in the normalisation process to calculate the final priority weights for each criterion. The 177 

calculation of the EVV for the main criteria can be grouped in Table 2. 178 

Table 2 Main Criteria of The Vector Eigenvalue 179 

Criteria | vs Greenhouse 
Gas Emission 

Reduction 

Adaptation 
to Climate 

Change 

Environmental 
Regulatory 
Compliance 

Socioeconomic 
Impact 

Average 

Greenhouse Gas 
Emission Reduction 0355 0399 0336 0209 0325 

Adaptation to 
Climate Change 

0291 0327 0502 0220 0335 

Environmental 
Regulatory 
Compliance 

0132 0081 0125 0441 0195 

Socioeconomic 
Impact 0222 0193 0037 0130 0145 

Eigenvector 1000 

 180 

Table 2 presents the normalised pairwise comparison matrix and the resulting eigenvector values for the main 181 

criteria..Each normalised value indicates the proportional contribution of one criterion relative to others, based on 182 

expert assessments.The average column displays the mean value for each criterion, representing its final priority 183 

weight or eigenvector..These eigenvector values indicate that climate change adaptation (0.335) and greenhouse gas 184 

emission reduction (0.325) have the highest relative importance, followed by environmental regulatory compliance 185 

(0.195) and socioeconomic impact (0.145)..The total eigenvector value is equal to 1, confirming consistency in the 186 

weighting process..The main-criteria weights indicate that climate change adaptation (0.335) and greenhouse gas 187 

emissions reduction (0.325) are prioritised over environmental regulatory compliance (0.195) and socioeconomic 188 

impact (0.145)..this pattern aligns with the broader literature emphasising that the built environment simultaneously 189 

(i) requires strengthened resilience to escalating climate hazards and (ii) remains a key mitigation leverage point 190 

through efficiency and decarbonisation measures..open-access reviews underline the centrality of climate-responsive 191 

building adaptation strategies [[25], [26].in parallel, the syntheses of lifecycle carbon emissions stress the need to 192 

address multiple stages (materials, transport, construction, and operation) when prioritising mitigation actions [27]. 193 

Table 3 presents the normalised pairwise comparison matrix and the eigenvector results for the sub-criteria under the 194 

GGES reduction category.y. The subcriteria evaluated include Environmentally Friendly Materials, Energy 195 

Efficiency, Logistics Optimisation, and renewable energyy. The results demonstrate that certain sub-criteria, such as 196 

Energy Efficiency and Logistics Optimisation, hold relatively higher significance than others, emphasising their 197 



crucial role in reducing GHG emissions in construction activities.s. The total eigenvector value is equal to one, 198 

confirming consistency and validity in the weighting processs. 199 

Table 3 Recapitulation of Respondents’ Answers to the Sub-Criteria Greenhouse Gas Emissions Reduction 200 

 201 

Criteria | vs Environmentally 
friendly materials 

Energy 
Efficiency 

Logistics 
Optimisation 

Renewable 
Energy 

Environmentally 
friendly materials 

1000 3563 1921 2464 

Energy Efficiency 0281 1000 4877 1239 

Logistics Optimisation 0521 0205 1000 1407 

Renewable Energy 0406 0807 0711 1000 

Total 2,21 5,58 8,51 6,11 

 202 

Table 4 illustrates the eigenvector values for the subcriteria under the GGES reduction criterion, reflecting the 203 

relative priorities assigned to each component based on expert and respondent evaluations. The subcriteria 204 

Environmentally include Friendly Materials, Energy Efficiency, Logistics Optimisation, and renewable energy. 205 

Innovative and adaptive material integration ensures that infrastructure systems evolve in accordance with ecological 206 

realities and societal needs. The framework developed in this regard emphasises the importance of bridging material 207 

science, policy, and practice [28]. The calculated eigenvector values represent the normalised weights derived from 208 

the pairwise comparison matrix. Among these, environmentally friendly materials demonstrate the highest priority 209 

with an average eigenvector value of 0.430, indicating that the selection and use of sustainable construction materials 210 

are considered the most influential in reducing emissions. This is followed by energy efficiency with a weight of 211 

0.271, underscoring the importance of optimising energy use in project operations. Logistics Optimisation ranks third 212 

with 0.155, while renewable energy holds the lowest weight at 0.144, suggesting a comparatively smaller but still 213 

relevant role in reducing emissions. Overall, these findings reveal that respondents prioritise direct interventions in 214 

material selection and energy management over logistical and renewable energy aspects. The total eigenvector sum 215 

equals 1, confirming consistency and validity within the AHP framework. 216 

Within the GHG emission reduction criterion, the highest sub-criterion weight is that of environmentally friendly 217 

materials (0.430), followed by energy efficiency (0.271), Logistics Optimisation (0.155), and renewable energy 218 

(0.144). The prominence of materials is consistent with lifecycle evidence that embodied emissions from material 219 

production and supply chains can represent a substantial share of total building emissions, motivating strong emphasis 220 



on material selection and low-carbon substitutes [27]. Low-carbon materials and bioclimatic/efficiency-oriented 221 

design can deliver meaningful CO2 reductions [29]. The relatively high role of energy efficiency is likewise supported 222 

by empirical and review findings that energy-efficiency measures in buildings directly contribute to climate and SDG 223 

objectives [25] and that material choices can significantly influence operational cooling and electricity demand [30]. 224 

Finally, the non-trivial weight assigned to Logistics Optimisation is consistent with recent studies highlighting that 225 

construction logistics and material transport can be an important emission hotspot and a practical target for 226 

optimisation and governance (the open-access review “Turning a spotlight on construction logistics for a sustainable 227 

urban environment—a review of current policy concepts and literature” [31]. The foundation of resilient construction 228 

is an infrastructure that adapts to climate change and provides ways to strengthen environmental protection while 229 

reducing the duration of prolonged and socioeconomic instability. As the risk of climate change increases in the form 230 

of drought, floods, storms, and land degradation, conventional materials can still be used to maintain infrastructure 231 

functionality. The integration of innovative, durable, and adaptable materials ensures that infrastructure systems 232 

evolve in accordance with ecological realities and community needs [28], [32]. 233 

Table 4 Sub-Criteria Greenhouse Gas Emission Reduction Vector Eigen Values 234 

Criteria | vs Environmentally 
friendly materials 

Energy 
Efficiency 

Logistics 
Optimisation 

Renewable 
Energy 

Average 

Environmentally 
friendly materials 

0453 0639 0226 0403 0430 

Energy Efficiency 0127 0179 0573 0203 0271 

Logistics 
Optimisation 

0236 0037 0118 0230 0155 

Renewable Energy 0184 0145 0084 0164 0144 

Eigenvector 1 

 235 

Table 5 presents the recapitulation of respondents’ assessments for the subcriteria under Climate Change 236 

Adaptation, which include extreme climate-resilient design, sustainable drainage systems, and adaptive technologies. 237 

The data were derived from the pairwise comparison matrix used in the AHP to evaluate the relative importance of 238 

each adaptation measure. The results indicate that Extreme Climate-Resilient Design received the highest comparative 239 

weight, with total values of 1.894, 3.460, and 6.660 across the respective criterion columns. This suggests that the 240 

integration of climate-resilient structural design features is the most crucial approach for mitigating future climate 241 

risks in construction projects. Subsequently, sustainable drainage systems were rated moderately significant, 242 



emphasising their role in managing stormwater and minimising flood risks. Lastly, ATS were also recognised for their 243 

importance, though ranked slightly lower, reflecting their emerging but growing role in enhancing resilience. 244 

Table 5 Recapitulation of Respondents’ Answers to the Climate Change Adaptation Sub-Criteria 245 

 246 

Criteria | vs 
Extreme climate–

resilient design 

Sustainable drainage 
systems 

Adaptive Technologies 

Extreme climate–resilient 
design 

1 1474 4647 

Sustainable drainage 
systems 

0679 1 1013 

Adaptive Technologies 0215 0987 1 

Total 1894 3460 6660 

 247 

Table 6 displays the eigenvector values for the subcriteria under climate change adaptation, illustrating the 248 

relative importance of each factor as determined through the AHP. The subcriteria evaluated include extreme climate-249 

resilient design, sustainable drainage systems, and adaptive technologies. Among these, Extreme Climate-Resilient 250 

Design achieved the highest average eigenvector value of 0.551, indicating that it is the most critical component in 251 

enhancing infrastructure adaptability to climate impacts. This finding reflects the emphasis of stakeholders on 252 

strengthening building designs and materials to withstand extreme weather events. The next priority, Sustainable 253 

Drainage Systems, received an eigenvector value of 0.266, highlighting the importance of effective water management 254 

and flood mitigation strategies within climate adaptation planning. Lastly, adaptive technologies recorded a lower 255 

weight of 0.183, indicating a supporting but less dominant role in current adaptation measures, likely due to their 256 

relatively recent integration and technological cost considerations. Overall, the results confirm that structural 257 

resilience, complemented by environmental systems and technological innovation, remains the cornerstone of 258 

adaptation strategies to ensure comprehensive climate responsiveness. The eigenvector sum equals 1, indicating the 259 

internal consistency of the AHP computation. Continuous monitoring, evaluation, and adaptation are essential for 260 

maintaining effective constructions and guiding policymakers, managers, and communities in protecting assets from 261 

disasters induced by climate change. Similarly, fair procurement practices and strong political will are crucial to 262 

ensuring financial compliance and project success [33]. Under climate change adaptation, extreme climate–resilient 263 

design (0.551) dominates, followed by sustainable drainage systems (0.266) and adaptive technologies (0.183). The 264 

priority for resilient design is consistent with reviews noting that climate change is increasingly challenging building 265 

habitability and performance, requiring climate-responsive design and adaptation mechanisms [26]. The substantive 266 

weight on SUDS aligns with stormwater literature showing that SUDS are widely promoted as flexible, multi-benefit 267 



solutions that improve flood management while supporting broader urban sustainability goals [34]. Meanwhile, 268 

adaptive technologies (e.g., data-driven monitoring, smart/IoT-enabled management) are increasingly positioned as 269 

enablers of risk-informed adaptation and resilience planning. For example, digital technologies, such as digital twins, 270 

play a role in sustainability performance and emissions reduction across the building life cycle [35]. 271 

Table 6 Climate Change Adaptation Vector Eigen Values of Sub-Criteria 272 

Criteria | vs 
Extreme climate–

resilient design 

Sustainable 
drainage systems 

Adaptive 
Technologies 

Average 

Extreme climate–
resilient design 

0528 0426 0698 0551 

Sustainable drainage 
systems 

0358 0289 0152 0266 

Adaptive 
Technologies 

0114 0285 0150 0183 

Eigenvector 1 

 273 

Table 7 presents the recapitulation of respondents’ evaluations for the subcriteria under Environmental Regulatory 274 

Compliance, which include Green Standards and Certification, Carbon Emissions Audit, and Incentives and Penalties. 275 

The three main tools in carbon emission reduction regulation include conducting environmental audits, enhancing the 276 

credibility of carbon emission reduction disclosures as imperative tools and controls (carbon emission standards), and 277 

market-based tools (carbon taxes and emission trading) that utilise stakeholder monitoring and accountability to 278 

address “government failure” or “market failure” in carbon emission reduction. The table summarises the results of 279 

pairwise comparisons used to assess the relative importance of these subcriteria within the context of SCG. Green 280 

Standards and Certification received the strongest comparative rating, with total values of 1.906, 3.789, and 4.896 281 

across the matrix, respectively. The Carbon Emissions Audit ranks second, emphasising the need for systematic 282 

measurement and verification of carbon outputs to improve transparency and accountability. Finally, Incentives and 283 

Penalties hold a lower comparative value, indicating that regulatory mechanisms are important, but their influence is 284 

perceived as more indirect and dependent on consistent enforcement. 285 

Table 7 Recapitulation of Respondents’ Answers to the Environmental Regulatory Compliance Sub-Criteria 286 

Criteria | vs 
Green Standards and 

Certification 

Carbon emissions 
audit 

Incentives and 
Penalties 

Green Standards and 
Certification 

1 1777 2908 

Carbon emissions audit 0563 1 0989 

Incentives and Penalties 0344 1012 1 

Total 1906 3789 4896 

 287 



Table 8 presents the eigenvector values for the subcriteria under Environmental Regulatory Compliance, 288 

including Green Standards and Certification, Carbon Emissions Audit, and Incentives and Penalties. These eigenvector 289 

values reflect the normalised weights derived from the pairwise comparison matrix, indicating the relative importance 290 

of each subcriterion in achieving regulatory alignment and SCPs. Green Standards and Certification obtained the 291 

highest average eigenvector value of 0.529, confirming its position as the most influential factor in promoting 292 

environmental accountability within the construction industry. The carbon emissions audit follows with an eigenvector 293 

value of 0.254, emphasising the significance of systematically monitoring and verifying emissions to ensure 294 

transparency and performance improvement. Meanwhile, Incentives and Penalties recorded the lowest weight of 295 

0.217, indicating that regulatory enforcement mechanisms, while important, are perceived as secondary to certification 296 

and auditing processes in driving compliance behaviour. Overall, the results highlight a clear prioritisation towards 297 

proactive compliance through standardised certification and quantitative assessment, rather than reactive enforcement. 298 

The total eigenvector value is equal to 1, confirming consistency and validity within the AHP analytical framework. 299 

The leading role of Green Standards and Certification (0.529) in environmental regulatory compliance is 300 

consistent with the research that rating and certification systems operate as governance instruments that formalise 301 

sustainability indicators (energy, materials, and carbon) and provide market signals for adoption. Recent research and 302 

review work document the rapid growth in green building assessment research and highlight the increasing 303 

prominence of carbon- and efficiency-related indicators in rating systems [36]. A comparative analysis of major 304 

certification schemes (e.g., LEED, BREEAM, and WELL) also emphasised their alignment with the triple-bottom-305 

line framing and SDG-related performance dimensions [37]. The non-negligible weight assigned to Carbon Emissions 306 

Audit (0.254) is supported by methodological work on carbon accounting and monitoring, including life-cycle-based 307 

carbon accounting methods for construction projects [38] and real-time monitoring frameworks that convert site-level 308 

data into verifiable emissions management insights [32]. 309 

 310 

Table 8 Sub-Criteria Environmental Regulatory Compliance Vector Eigen Values 311 

Criteria | vs 
Green Standards 

and Certification 

Carbon emissions 

audit 

Incentives and 

Penalties 
Average 

Green Standards 

and Certification 
0524 0469 0594 0529 



Carbon emissions 

audit 
0295 0,2639 0202 0254 

Incentives and 

Penalties 
0,1804 0,2670 0204 0,2172 

Eigenvector 1 

Table 9 provides a recapitulation of respondents’ evaluations for the subcriteria under Socioeconomic Impact, 312 

which include the cost of implementing green policies and technologies, creation of green jobs, and stakeholder 313 

awareness and engagement. The table summarises the results of the AHP questionnaire’s pairwise comparisons, 314 

reflecting stakeholder perspectives on the social and economic dimensions of sustainable construction. The cost of 315 

implementing green policies and technologies holds the strongest comparative weight, with total values of 2.078, 316 

3.648, and 5.081 across the evaluation matrix. This indicates that respondents perceive financial feasibility as the most 317 

critical factor influencing the successful implementation of sustainable practices. In contrast, the creation of green 318 

jobs and stakeholder awareness and engagement received relatively lower comparative values, although both remain 319 

significant in shaping long-term sustainability outcomes. 320 

Table 9 Recapitulation of Respondents’ Answers to the Socioeconomic Impact of the Sub-Criteria 321 

Criteria | vs 

Cost of implementing 
green policies and 

technologies 

Creation of green 
jobs 

Stakeholder Awareness 
and Engagement 

Cost of implementing 
green policies and 
technologies 

1000 2248 1578 

Creation of green jobs 0445 1000 2502 

Stakeholder Awareness 
and Engagement 0634 0400 1000 

Total 2078 3648 5081 

Table 10 presents the eigenvector values for the subcriteria under Socioeconomic Impact, namely, Cost of 322 

Implementing Green Policies and Technologies, Creation of Green Jobs, and Stakeholder Awareness and Engagement. 323 

These eigenvector values represent the normalised weights derived from the pairwise comparison matrix, reflecting 324 

each socioeconomic factor’s relative importance in supporting sustainable construction practices. The findings 325 

indicate that the cost of implementing green policies and technologies has the highest average eigenvector value of 326 

0.469, highlighting its dominant influence in shaping sustainability decisions within the construction sector. The 327 

creation of green jobs ranks second with a weight of 0.327, emphasising the perceived value of employment generation 328 

and its contribution to social welfare and inclusive growth. Lastly, Stakeholder Awareness and Engagement has a 329 



lower weight of 0.204, suggesting that community and stakeholder participation are viewed as supportive rather than 330 

primary drivers, although they are acknowledged as important. Overall, the results underline that economic viability 331 

remains the leading factor in sustainability implementation, followed by the social benefits of GJC, with awareness 332 

and engagement serving as essential enablers for long-term impact. The total eigenvector value is equal to 1, 333 

confirming the consistency of the AHP computation. 334 

In the socioeconomic impact criterion, the dominance of the cost of implementing green policies and 335 

technologies (0.469) reflects a widely reported barrier: higher upfront or transaction costs can slow adoption even 336 

when long-term benefits exist. Other studies identified cost and regulatory stability as key determinants influencing 337 

the uptake of building energy-efficiency measures [25]. The substantial weight on Creation of Green Jobs (0.327) is 338 

consistent with research linking sustainability transitions to changing skill needs and employability in the construction 339 

labour market, emphasising training and competency development as part of a green economy shift [39]. Finally, 340 

Stakeholder Awareness and Engagement (0.204) aligns with the research showing that systematic stakeholder 341 

engagement is often necessary to translate sustainability targets into project decisions and PM [40]. 342 

 343 

Table 10 Sub-Criteria Socioeconomic Impact Vector Eigen Values 344 

Criteria | vs 

Cost of implementing 
green policies and 

technologies 

Creation of 
green jobs 

Stakeholder 
Awareness and 

Engagement 
Average 

Cost of implementing 
green policies and 
technologies 

0481 0616 0311 0469 

Creation of green jobs 0214 0274 0492 0327 

Stakeholder Awareness 
and Engagement 0305 0110 0197 0204 

Eigenvector 1 

Table 11 presents the recapitulation of respondents’ evaluations of the policy alternatives, including fiscal 345 

incentives for green projects, carbon audit regulations, workforce training, and Adaptive Design Standardisation. The 346 

table summarises the results of pairwise comparisons obtained from the AHP questionnaire, reflecting stakeholder 347 

preferences towards different policy strategies for promoting sustainable development. The results reveal that WT 348 

holds the highest comparative weight, with a total value of 6.934 across the evaluation matrix, indicating that 349 

respondents consider CB as the most influential policy measure. Adaptive Design Standardisation follows with a total 350 

value of 5.345, emphasising the importance of standardised and flexible design practices in supporting sustainability 351 

initiatives. Meanwhile, carbon audit regulations (4.661) and fiscal incentives for green projects (3.148) received 352 



comparatively lower weights, suggesting that while regulatory and fiscal mechanisms are valued, stakeholders place 353 

greater emphasis on human resource development and adaptive design frameworks as key drivers of sustainable policy 354 

implementation. 355 

Table 11 Recapitulation of Respondents’ Answers to Policy Alternatives  356 

Criteria | vs 

Fiscal 
incentives for 
green projects 

Carbon Audit 
Regulations 

 Workforce 
Training 

Adaptive Design 
Standardisation 

Fiscal incentives for 
green projects 

1000 2868 
 1408 0918 

Carbon Audit 
Regulations 

0349 1000 
 3885 1867 

Workforce Training 0710 0257  1000 1560 

Adaptive Design 
Standardisation 

1090 0536 
 0641 1000 

Total 3148 4661  6934 5345 

 357 

Table 12 presents the eigenvector values for the policy alternatives, namely Fiscal Incentives for Green 358 

Projects, Carbon Audit Regulations, Workforce Training, and Adaptive Design Standardisation. These eigenvector 359 

values represent the normalised weights derived from the pairwise comparison matrix, reflecting each policy option’s 360 

relative importance in supporting sustainable development initiatives. The findings indicate that fiscal incentives for 361 

green projects hold the highest average eigenvector value of 0.327, underscoring their dominant role in promoting 362 

environmentally responsible investments through financial support mechanisms. Carbon Audit Regulations rank 363 

second with a weight of 0.309, emphasising the importance of regulatory oversight in ensuring transparency and 364 

accountability in ER efforts. Meanwhile, Adaptive Design Standardisation and Workforce Training register lower 365 

weights of 0.185 and 0.179, respectively, suggesting that while design adaptability and capacity building remain 366 

essential, they are perceived as complementary strategies rather than primary policy drivers. Overall, the results 367 

highlight that fiscal and regulatory measures are the most effective instruments for advancing sustainability policies, 368 

with training and design standardisation functioning as supportive components. The total eigenvector value equals 1, 369 

confirming the AHP computation’s consistency and validity. 370 

Table 12 Policy Alternatives for the Vector eigenvalue  371 



Criteria/VS 

Fiscal incentives 
for green 
projects 

Carbon Audit 
Regulations 

Workforce 
Training 

Adaptive 
Design 

Standardisation 

Rata-rata 

Fiscal 
incentives for 
green projects 

0318 0615 0203 0172 0327 

Carbon Audit 
Regulations 

0111 0215 0560 0349 0309 

Workforce 
Training 

0226 0055 0144 0292 0179 

Adaptive 
Design 
Standardisation 

0346 0115 0092 0187 0185 

Eigenvector 1 

 372 

3.2. Formation of Rankings in Priority Determination 373 

The process of determining the priority of climate change mitigation and adaptation strategies in the construction 374 

sector follows a structured analytical approach based on the AHP. It begins by combining two sets of weights: the 375 

criterion weights, which are obtained from the pairwise comparison matrix of criteria, and the alternative weights, 376 

which are calculated from the pairwise comparison matrix of alternatives under each criterion. The weight of each 377 

alternative is multiplied by the corresponding criterion weight to produce a composite value representing its overall 378 

importance within the decision hierarchy. These composite scores are then arranged from the highest to the lowest to 379 

identify which strategies should be prioritised for implementation. The ranking provides a clear picture of the actions 380 

viewed as the most urgent and impactful in addressing climate-related challenges within the construction industry. 381 

The total sum of all composite weights—resulting from the multiplication of criteria and alternative weights—must 382 

equal one to ensure the results are accurate and consistent. This verification step confirms that the calculations are 383 

balanced and that no weighting bias has occurred. Finally, the ranking outcomes derived from the respondents’ 384 

assessments are summarised in the table below. Table 13 presents a clear and data-driven representation of the relative 385 

priorities among the proposed mitigation and adaptation strategies, supporting decision-makers in developing effective 386 

and targeted sustainability policies for the construction sector.  387 

Fiscal Incentives for Green Projects (0.327) marginally exceeds Carbon Audit Regulations (0.309), followed by 388 

Adaptive Design Standardisation (0.185) and Workforce Training (0.179). This ordering is consistent with evidence 389 

that fiscal incentives and reward/compensation mechanisms can accelerate green building uptake, particularly in early 390 

adoption phases [41], and subsidy design and phase-out strategies materially influence market equilibria in green 391 

building development [42]. Monitoring, reporting, and verification (including real-time data capture) is a critical 392 



enabler for performance-based carbon management in construction [40]. The remaining priorities are also literature-393 

consistent: standardisation of climate-adaptive design is emphasised [26], while workforce training and green 394 

employability are repeatedly identified as necessary complements to policy and technology deployment in 395 

construction sustainability transitions [39]. 396 

Table 13. Value of the main factor 397 

 398 

    399 

 400 

 401 

Based on the results of Table 13, the most prioritized areas for improvement are (1) Environmental Regulation 402 

Compliance and (2) Social and Economic Impact. The AHP hierarchy was initiated by identifying the main criteria 403 

based on literature review and field findings related to climate change risks in the construction sector, namely: 404 

Greenhouse Gas Emission Reduction, Infrastructure Adaptation, Environmental Regulation Compliance, and Socio-405 

Economic Impact. Each of these criteria is then broken down into specific sub-criteria, for example, under 406 

"Infrastructure Adaptation," which includes Extreme Climate Resilient Design and Sustainable Drainage Systems 407 

based on input from experts and industry best practices.  The sub-criteria selection process involves focus group 408 

discussions with academics and a literature review by the authors, so the resulting framework reflects a collaborative 409 

and comprehensive perception. After the criteria and sub-criteria were established, a hierarchical matrix was created 410 

to map the relationships between the research objectives (climate mitigation and adaptation priorities), criteria, sub-411 

criteria, and policy alternatives. This hierarchy is then validated thru an initial consistency test using the Consistency 412 

Ratio (CR) to ensure the assessment structure is unbiased. The final result of the framework preparation.  413 

The AHP evaluation is presented in the following hierarchy diagram, which visualizes the order and 414 

interconnections between the elements of the research assessment.  415 

No Factors Percentage 

1 Greenhouse Gas Emission Reduction 42% 

2 Adaptation to Climate Change 24% 

3 Environmental Regulatory Compliance 15% 

4 Socioeconomic Impact 5% 



 416 

Figure 1. AHP evaluation 417 

 418 

Based on the results obtained from the Analytic Hierarchy Process (AHP), Identification of potential climate 419 

change risks consisting of: greenhouse gas Emissions reduction, climate change adaptation, environmental regulatory 420 

compliance and socioeconomic impact. The importance of consistency in quality application in sustainable 421 

construction. Some Practical Implications that can be implemented are:  422 

a. Low Emission Focus: Contractors and project owners should adopt low carbon footprint materials and energy 423 

efficiency technologies as a first step. 424 

b. Emission Performance-Based Incentive Scheme: A tax reduction scheme for projects that successfully reduce 425 

emissions above a certain threshold. 426 

c. Climate-Resilient Design: Building design standards should reflect adaptation needs, such as sustainable drainage 427 

systems and flood-resistant designs and Issuance of new national standards for building designs resistant to 428 

extreme temperatures and floods, coordinated by the Ministry of Public Works and Housing (PUPR).  429 

d. Regulatory Compliance: Local governments need to tighten carbon audit mechanisms and provide fiscal 430 

incentives to encourage stakeholders to comply with regulations. And Requirement for annual emission reports 431 

for all Medium to Large Scale Construction projects, with penalties for non-compliance. 432 

e. Socio-Economic Management: Green jobs training programs and local community participation need to be 433 

expanded to minimize social impacts. Training and Certification of Green Skills, AHP-based training program for 434 

project managers and technicians, accompanied by official certification to enhance climate adaptation capabilities. 435 

 436 

4. Conclusion 437 



The Analytic Hierarchy Process (AHP) identifies "Greenhouse Gas Emissions Reduction" as the top criterion 438 

(0.42), emphasising its role in sustainability performance in construction. This consensus reflects the impact of carbon 439 

emission mitigation on environmental sustainability, aligning with studies citing emission reduction as crucial for 440 

sustainable construction and climate goals. The second criterion, "Infrastructure Adaptation" (0.24) stresses the 441 

resilience of construction assets to climate-induced stresses, highlighting the role of adaptive infrastructure in long-442 

term performance and risk reduction. Research shows that climate-resilient design enhances the robustness of built 443 

environments. The third criterion, "Environmental Regulatory Compliance" (0.15), highlights the role of regulatory 444 

frameworks in sustainable construction but suggests challenges due to institutional constraints, implying the need for 445 

compliance mechanisms, coordination, and incentive-based governance. "Socioeconomic Impact" (0.05) is the lowest 446 

priority, indicating that social and economic aspects are secondary to environmental priorities. This suggests a phased 447 

approach, focusing on emission reduction and adaptation first and then integrating social equity and economic welfare. 448 

Socioeconomic considerations are crucial for inclusive development. The hierarchy of sustainability priorities aligns 449 

with international frameworks, such as the Agreement UN SDGs, emphasising emission mitigation and infrastructure 450 

adaptation, while regulatory compliance and socioeconomic integration highlight the need for balanced policies in 451 

sustainable construction. Quality management encompasses all aspects related to construction, including the 452 

improvement of human resource quality. The need for evaluation regarding economic, social, and environmental 453 

benefits. Good organizational management becomes a key factor in the implementation of sustainable construction.  454 
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