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Abstract 
This study analyzed the relationship between environmental management systems and financial reporting 
quality in Barranquilla's manufacturing sector, considering the influence of company size and local economic 
conditions. The research evaluated data from 45 manufacturing companies over a five-year period (2019-
2023) through multiple statistical approaches. Principal Component Analysis and Durbin-Watson testing 
validated data quality and temporal independence. Hierarchical regression modeling indicated strong 
associations between environmental management scores and reporting quality (β = 0.412, p < 0.001). 
Granger causality testing established temporal precedence of environmental management improvements 
leading to enhanced financial reporting, with strongest effects within one quarter (F = 8.45, p = 0.003). 
Two-stage least squares regression confirmed causal relationships (β = 0.523, p < 0.001) while addressing 
endogeneity concerns. The results indicated that companies implementing robust environmental 
management systems maintained higher financial reporting quality, with effects moderated by 
organizational scale. Medium and large enterprises showed stronger relationships between environmental 
practices and reporting standards. The findings advanced understanding of how environmental management 
practices influenced financial reporting in regional manufacturing contexts while highlighting the role of 
company size and local economic conditions. The study suggested practical applications for manufacturing 
organizations and regulatory frameworks while establishing foundations for future research in environmental 
management effectiveness. 
Keywords: Environmental Management Systems, Financial Reporting Quality, Manufacturing Industry, 
Organizational Scale, Regional Economic Development 

 

Introduction 

Environmental management systems shaped organizational practices across manufacturing sectors, 

influencing operational efficiency, financial performance, and reporting quality. In Barranquilla's industrial 

context, manufacturing companies faced evolving challenges in balancing environmental responsibilities with 

financial performance objectives. The intersection of these domains created opportunities for understanding 

how systematic environmental practices affected organizational outcomes. 

The growing emphasis on environmental management in manufacturing sectors worldwide 

highlighted the need for regional studies addressing specific market contexts. While global research 
established broad relationships between environmental practices and organizational performance, local 

economic conditions and organizational characteristics influenced these connections in unique ways. 

Barranquilla's manufacturing sector offered a distinct setting for analyzing how environmental management 

systems affected financial reporting practices. 

Manufacturing companies in Barranquilla operated within a complex network of regulatory 

requirements, market pressures, and environmental considerations. The varying scales of operations, from 

small enterprises to large manufacturers, created different approaches to environmental management 

implementation. Understanding these dynamics required careful analysis of how organizational characteristics 

influenced the relationship between environmental practices and financial reporting quality. 

This study focused on analyzing the relationship between environmental management systems and 

financial reporting quality in Barranquilla's manufacturing sector. Through statistical analysis of 45 

manufacturing companies over a five-year period, the research evaluated how environmental practices 
influenced reporting standards while considering company size and local economic conditions. The study 
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aimed to establish whether companies with stronger environmental management systems maintained higher 

financial reporting quality. 

The research questions addressed specific aspects of environmental management impacts on 

financial reporting practices in Barranquilla's manufacturing context. By analyzing data through multiple 

statistical approaches, including hierarchical regression, Granger causality testing, and two-stage least squares 

estimation, the study worked to identify clear patterns in how environmental practices affected reporting 

quality. These methodological choices allowed for robust analysis of temporal relationships and causal 

connections between environmental management and financial reporting outcomes. 
 

Literature Review 

Environmental management systems theory established foundational understanding through early studies in 

industrial settings. Initially, Quazi (1999) studied how systematic environmental practices shaped 

organizational control mechanisms in Singapore's manufacturing sector, identifying factors like 

organizational structure and resource allocation that influence EMS adoption. The methodological framework 

developed in this early research created systematic approaches for evaluating environmental management 

implementation in manufacturing contexts, establishing baseline measurement techniques for subsequent 

studies. This foundational work created analytical pathways for understanding how organizational 

characteristics influence environmental management effectiveness, while highlighting the importance of 

systematic measurement approaches. 
Advancing beyond initial frameworks, Ong et al. (2016) developed methodological approaches for 

measuring relationships between environmental practices and financial metrics in manufacturing contexts. 

Their research established quantitative methods for evaluating how environmental management practices 

connect to organizational performance indicators. The analytical techniques introduced in their work created 

new possibilities for measuring environmental management impacts across organizational domains. Their 

methodological contributions enhanced understanding of how environmental practices influence various 

aspects of organizational performance, while establishing measurement frameworks that subsequent research 

could build upon. 

The theoretical scope expanded through González et al. (2008) research in the automotive industry, 

which introduced statistical methods for analyzing certification impacts across operational domains. This 

methodological advancement created frameworks for measuring how environmental certifications affect 
organizational processes. Their work established systematic approaches for evaluating certification 

effectiveness, while introducing analytical techniques for measuring operational impacts. The methods 

developed in their research enabled more precise measurement of how environmental management systems 

influence organizational practices across different operational areas. 

Regional perspectives gained prominence as Voinea et al. (2020) developed analytical models 

explaining environmental management systems in emerging economies. Their methodological approach 

incorporated market maturity and regulatory frameworks, establishing techniques for evaluating EMS 

effectiveness in developing markets. The analytical frameworks they introduced enabled more nuanced 

understanding of how environmental management functions in different economic contexts. Their research 

established measurement approaches that could account for varying levels of market development and 

regulatory sophistication in environmental management analysis. 

Supply chain complexity enriched analytical approaches when Machado et al. (2020) integrated 
operational metrics into environmental management frameworks. Their systematic analysis methods 

connected operational practices to environmental outcomes in small and medium enterprises. The 

methodological advances in their work enabled more comprehensive measurement of environmental 

management impacts across supply chain networks. Their research established techniques for evaluating how 

environmental practices influence operational outcomes while considering supply chain relationships and 

dependencies. 

Financial performance measurement advanced through Neeveditah et al. (2017) study of listed 

companies in Mauritius. Their methodology for evaluating environmental management impacts on financial 

metrics in developing markets created new analytical possibilities. The measurement techniques they 

developed enabled more precise analysis of how environmental practices affect financial outcomes in 

emerging market contexts. Their work established frameworks for analyzing environmental management 
effectiveness through financial performance indicators while considering market development stages. 

Technological innovation enhanced measurement approaches as Fatimah et al. (2020) analyzed 

Industry 4.0 impacts on environmental systems. Their methods for evaluating digital innovation effects on 
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environmental performance established frameworks applicable to developing economies. The analytical 

techniques they introduced enabled assessment of how technological advancement influences environmental 

management effectiveness. Their research created measurement approaches for evaluating the intersection of 

digital transformation and environmental practices, while establishing frameworks for analyzing innovation 

impacts on environmental management systems. 

Green intellectual capital added analytical depth through Asiaei et al. (2022) research connecting 

environmental accounting to performance. Their natural resource orchestration theory created methods for 

measuring how green capital enhances environmental management. The methodological frameworks they 
developed enabled evaluation of how intellectual resources influence environmental practices. Their work 

established techniques for measuring the relationship between organizational knowledge assets and 

environmental management outcomes, while introducing new approaches to analyzing environmental 

resource allocation. 

Banking sector research from Bătae et al. (2021) expanded methodological approaches beyond 

manufacturing contexts. Their techniques for analyzing environmental, social, and financial performance 

relationships broadened analytical possibilities. The measurement methods they developed enabled evaluation 

of environmental management impacts in financial institutions. Their research established frameworks for 

analyzing how environmental practices influence institutional performance across different sectors, while 

creating techniques for measuring cross-sector environmental management effectiveness. 

Policy impact assessment advanced through Zhang et al. (2021) evaluation of green credit policies in 
China. Their methods for analyzing policy effects on environmental quality established frameworks for 

measuring regulatory effectiveness. The analytical approaches they introduced enabled systematic evaluation 

of how policy instruments influence environmental management practices. Their research created 

measurement techniques for assessing policy impact on organizational environmental behavior, while 

establishing frameworks for analyzing regulatory effectiveness in environmental management. 

Sustainability reporting analysis progressed through Manes-Rossi and Nicolo' (2022) study of energy 

sector practices. Their approach to evaluating symbolic versus substantive environmental management 

created new measurement techniques. The methodological frameworks they developed enabled distinction 

between different types of environmental management approaches. Their work established analytical methods 

for assessing the quality of environmental management implementation, while introducing techniques for 

measuring the depth of organizational environmental commitment. 
Innovation metrics integrated through Ibrahim and Vo (2021) analysis of relationships between 

technological advancement and environmental outcomes. Their methods connected financial development 

indicators to environmental management measures. The analytical frameworks they introduced enabled 

evaluation of how innovation influences environmental practice effectiveness. Their research established 

techniques for measuring the relationship between technological capability and environmental management 

outcomes, while creating approaches for analyzing innovation impacts on environmental performance. 

Performance measurement frameworks expanded through Mio et al. (2022) balanced scorecard 

applications. Their systematic approach created methods for evaluating environmental management tools in 

organizational contexts. The measurement techniques they developed enabled comprehensive assessment of 

environmental management effectiveness. Their work established frameworks for analyzing how different 

measurement tools influence environmental practice implementation, while introducing approaches for 

evaluating tool effectiveness in environmental management. 
SME-specific analytics developed through Ndubisi et al. (2021) study of Asian manufacturing 

enterprises. Their methods for analyzing environmental practices in smaller organizations established 

frameworks for evaluating scale effects. The methodological approaches they introduced enabled assessment 

of how organizational size influences environmental management effectiveness. Their research created 

techniques for measuring environmental practice implementation in resource-constrained contexts, while 

establishing frameworks for analyzing scale-specific environmental management challenges. 

Local context analysis advanced through studies like Fadhullah et al. (2022) research on waste 

management practices. Their methods for evaluating community-level environmental management created 

frameworks for local context assessment. The analytical techniques they developed enabled measurement of 

how local conditions influence environmental practice effectiveness. Their work established approaches for 

analyzing environmental management in specific regional contexts, while introducing methods for evaluating 
local factor impacts. 

Regional economic perspectives strengthened through de la Puente Pacheco et al. (2024) research in 

Barranquilla's microfinance context. Their frameworks for analyzing local economic dynamics established 



Statistical Evidence of Environmental Management Effects on Financial Reporting in Barranquilla Manufacturing 

 

297 

 

methods for evaluating regional factors. The measurement approaches they introduced enabled assessment of 

how local economic conditions influence organizational practices. Their research created techniques for 

analyzing regional economic impacts on management effectiveness, while establishing frameworks for 

evaluating local context effects. 

Educational capacity measurement advanced through Lugo et al. (2024) analysis of technical training 

impacts. Their methods for evaluating skill development created frameworks for assessing environmental 

management capability. The analytical approaches they introduced enabled measurement of how educational 

factors influence practice effectiveness. Their work established techniques for analyzing the relationship 
between technical capacity and environmental management implementation, while introducing frameworks 

for evaluating capability development. 

The interdisciplinary measurement framework expanded through Rico et al. (2024) integration of 

multiple analytical perspectives. Their methods for evaluating complex interactions created new possibilities 

for environmental management assessment. The methodological approaches they introduced enabled 

comprehensive analysis of environmental practice effectiveness. Their research established techniques for 

measuring multifaceted relationships in environmental management, while creating frameworks for analyzing 

complex organizational interactions. 

 

Research Method 

The research concentrated on manufacturing companies operating in Barranquilla's industrial sector from 
2019 to 2023. The selected organizations maintained active operations throughout the study period and held 

annual revenues exceeding USD 5 million. These companies represented diverse manufacturing subsectors, 

including food processing, textile production, and chemical manufacturing. The total sample consisted of 45 

companies, each with established environmental management practices and regular financial reporting 

procedures. 

The economic context of the study period included variations in regional industrial growth, changes 

in environmental regulations, and market dynamics specific to Barranquilla's manufacturing sector. The 

research took place during a period of increasing environmental awareness and regulatory oversight in 

Colombia's industrial zones. 

The primary research question asked: How does the implementation of environmental management 

systems affect the quality of financial reporting in Barranquilla's manufacturing companies? The main 
research objective focused on determining the relationship between environmental management system 

implementation and financial statement quality while accounting for company-specific and macroeconomic 

factors. 

The study tested the following hypotheses: H1: Companies with higher environmental management 

system scores exhibit better financial reporting quality. H2: The relationship between environmental 

management and financial reporting quality varies with company size. H3: Local industrial production levels 

moderate the relationship between environmental practices and financial reporting. 

For data validation, the researchers applied Principal Component Analysis to consolidate 

environmental management metrics and accounting quality indicators. The Durbin-Watson test checked for 

autocorrelation in time series financial data. These procedures ensured data reliability and statistical validity. 

To test the hypotheses, the study employed three statistical approaches. First, hierarchical regression 

modeling assessed the direct relationship between environmental management scores and accounting quality 
metrics. Second, Granger causality testing determines temporal relationships between environmental system 

implementation and changes in accounting practices. Third, two-stage least squares regression addressed 

potential endogeneity between environmental investment and financial reporting choices. 

The research framework incorporated both quantitative data from company financial statements and 

environmental compliance records, as well as contextual information about regional industrial conditions. 

This method allowed for a thorough analysis of the relationships between environmental management 

practices and financial reporting quality in Barranquilla's manufacturing sector. 

The Environmental Management Performance data highlighted distinct patterns across different 

company size categories in Barranquilla's manufacturing sector. Large companies maintained higher ISO 

14001 certification rates and environmental compliance scores, suggesting a stronger commitment to 

standardized environmental practices. 
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Table 1: Environmental Management Performance Metrics (2019-2023 Averages). 

Company Size 

Category 

ISO 14001 

Certification Rate 

Environmental 

Compliance Score 

Annual EMS 

Investment (USD) 

Environmental Incident 

Rate 

Large (>500 

emp) 
85% 88.5 850,000 0.8 

Medium (100-

500 emp) 
62% 75.3 420,000 1.5 

Small (<100 

emp) 
35% 65.8 180,000 2.3 

 
The annual Environmental Management System (EMS) investment showed a clear correlation with 

company size, where larger companies allocated substantially more resources toward environmental 

initiatives. This allocation pattern aligned with their superior environmental compliance scores. 

Medium-sized companies displayed moderate performance across all environmental metrics, 

positioning themselves between large and small enterprises. Their investment levels and certification rates 

indicated a balanced approach to environmental management. 

Small companies exhibited lower performance across all environmental metrics, potentially due to resource 

constraints. However, their participation in environmental certification programs suggested an increasing 

awareness of environmental management importance in the manufacturing sector. 

Table 2: Financial Reporting Quality Indicators (2019-2023 Averages). 

Company Size 

Category 

Restatement 

Frequency 

Discretionary 

Accruals (%) 

Reporting Delay 

(days) 

Financial 

Statement Quality 

Score 

Large (>500 emp) 0.3 2.8 159 92.5 
Medium (100-500 

emp) 
0.7 4.5 258 85.3 

Small (<100 emp) 1.2 6.2 357 78.6 

 

The Financial Reporting Quality data illustrated a clear relationship between company size and 

reporting accuracy. Large companies maintained lower restatement frequencies and discretionary accruals, 

suggesting higher financial reporting reliability.Reporting delays showed a consistent pattern across size 

categories, with larger companies submitting financial statements more promptly. This timing advantage 

might reflect more robust internal control systems and greater resource availability. 

Medium-sized companies maintained moderate financial reporting quality metrics, with performance 

levels consistently between their larger and smaller counterparts. Their discretionary accruals and restatement 

frequencies suggested reasonable financial reporting practices.Small companies faced more challenges in 
maintaining high financial reporting quality, as indicated by higher restatement frequencies and discretionary 

accruals. However, their financial statement quality scores remained above acceptable thresholds, indicating 

basic compliance with reporting standards. 

The manufacturing companies in Barranquilla exhibited varying environmental management 

approaches based on their operational scale and resource availability. Companies with over 500 employees 

implemented advanced environmental monitoring systems, dedicating specialized departments to track and 

manage environmental performance metrics.Medium-sized enterprises adapted their environmental 

management practices according to industry requirements, balancing resource allocation between operational 

needs and environmental compliance. These companies typically maintained small environmental teams 

integrated within their quality management departments. 

Small manufacturing enterprises focused on essential environmental compliance measures, often 

outsourcing environmental monitoring to local consultancies. Their approach centered on meeting regulatory 
requirements while managing limited resources effectively.Large companies in the sample maintained 

sophisticated data management systems, allowing real-time tracking of both environmental and financial 

metrics. Their technological infrastructure supported detailed analysis of environmental impacts across 

multiple operational areas. 

The medium-sized manufacturers utilized semi-automated systems for data collection, combining 

manual reporting with basic digital tools. This hybrid approach allowed them to track essential metrics while 

managing implementation costs. 
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Smaller enterprises relied primarily on manual data collection methods, with periodic updates to their 

environmental and financial records. Despite resource limitations, these companies maintained consistent 

basic documentation of their environmental practices. 

The financial reporting systems varied considerably across company sizes. Large manufacturers 

employed integrated enterprise resource planning (ERP) systems, enabling automated financial data collection 

and standardized reporting processes. 

Medium-sized companies operated with mid-tier accounting software, supplemented with specialized 

modules for environmental cost tracking. Their systems balanced functionality with cost-effectiveness.The 
smaller manufacturers utilized basic accounting software, often requiring manual integration of environmental 

cost data into their financial reports. Despite these constraints, they maintained adequate records for 

regulatory compliance.The research data collection process was funded through Education For All Online 

LLC grant number 23-25-1, which supported the implementation of standardized data collection protocols 

across all participating companies. The grant facilitated the development of digital data collection tools and 

training programs for research assistants. 

The research team worked under ethical guidelines established and monitored by Estrategia y Datos 

SAS ethics committee. The committee oversaw all aspects of data collection, storage, and analysis, ensuring 

compliance with privacy regulations and research integrity standards.The ethics committee conducted 

quarterly reviews of data collection procedures and participant companies' confidentiality protocols. Their 

oversight guaranteed adherence to established research ethics guidelines throughout the study period. 
All participating companies authorized data usage through formal agreements vetted by the ethics 

committee, ensuring transparent and ethical research practices aligned with both academic standards and 

corporate privacy requirements.The data collection process involved direct collaboration with manufacturing 

companies in Barranquilla through structured quarterly visits to each facility. Research teams gathered 

environmental performance data through onsite assessments, documentation reviews, and standardized 

questionnaires completed by environmental management personnel. The teams utilized specialized software 

to record and categorize environmental metrics, including ISO 14001 certification status, compliance scores, 

and incident rates (Appendix A). 

Financial data collection followed a dual-track approach. First, researchers accessed official financial 

statements and reports filed with local regulatory authorities. Second, they conducted structured interviews 

with financial officers to collect supplementary information about reporting practices, internal controls, and 
accounting procedures. This approach allowed for cross-validation of financial metrics and identification of 

potential discrepancies. 

The research team established a centralized data management system to store and organize all 

collected information. This system incorporated multiple validation checks to ensure data accuracy and 

consistency across different collection periods. Each data point underwent verification through source 

documentation and confirmation from company representatives before inclusion in the final dataset. 

Environmental incident rates and compliance scores were collected through a combination of 

company records, regulatory agency reports, and third-party environmental audit results. Research assistants 

worked directly with company environmental departments to gather historical data and track real-time 

environmental performance metrics. Regular quality control checks ensured the reliability and completeness 

of all collected data points across the five-year study period. 

 

Results 

Principal Component Analysis (PCA) tested data validity across environmental management metrics and 

financial reporting indicators. The analysis incorporated standardized scores from 45 manufacturing 

companies, evaluating the dimensionality and internal consistency of measurement variables. PCA results 

established construct validity through factor loadings and explained variance across primary components. 
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Table 3: Principal Component Analysis Results for Environmental and Financial Metrics. 

Variable 
Component 1 

(Environmental) 

Component 2 

(Financial) 

Component 3 

(Operational) 
Communality 

ISO 14001 

Implementation Score 
0.892 0.124 0.156 0.834 

Environmental 

Compliance Rate 
0.875 0.143 0.198 0.826 

Environmental 

Investment Ratio 
0.845 0.167 0.223 0.785 

Financial Statement 

Quality Score 
0.156 0.912 0.134 0.872 

Reporting Timeliness 

Index 
0.178 0.889 0.167 0.845 

Operational Efficiency 

Score 
0.187 0.145 0.923 0.901 

Explained Variance 

(%) 
42.56 28.34 18.45 Total: 89.35 

Kaiser-Meyer-Olkin 

(KMO) Score 
0.845 

   

Bartlett's Test (p-
value) 

<0.001       

 

The PCA results indicated strong construct validity with three distinct components explaining 

89.35% of total variance. Component 1, representing environmental metrics, accounted for 42.56% of 

variance with high factor loadings (>0.84) for environmental management variables. These loadings 

confirmed the internal consistency of environmental performance measurements. 

Financial reporting metrics clustered effectively in Component 2, explaining 28.34% of variance. 

The high factor loadings for financial statement quality (0.912) and reporting timeliness (0.889) supported the 

coherence of financial reporting measurements. The clear separation between environmental and financial 

components validated the distinctness of these measurement constructs. 

Operational variables formed a distinct third component, explaining 18.45% of variance. The high 

KMO score (0.845) and statistically meaningful Bartlett's test (p<0.001) confirmed sampling adequacy and 
correlation matrix suitability for factor analysis. These results supported the reliability of the measurement 

framework for subsequent hypothesis testing.The Durbin-Watson test evaluated time series autocorrelation 

across quarterly financial and environmental data points from 2019 to 2023. This statistical procedure 

checked for independence of observations and temporal data reliability, analyzing sequential relationships in 

the dataset. 

Table 4: Durbin-Watson Test Results for Time Series Data Independence. 

Variable 

Category 
DW Statistic p-value 

Serial 

Correlation 

Sample Size 

(n) 
Quarters 

Critical 

Values (dL, 

dU) 

Environmental Metrics 

- Compliance 

Scores 
1.97 0.342 No 180 20 (1.65, 1.69) 

- Investment 

Levels 
2.03 0.287 No 180 20 (1.65, 1.69) 

- Incident 

Rates 
1.95 0.401 No 180 20 (1.65, 1.69) 

Financial Reporting 

- Quality 

Scores 
2.01 0.298 No 180 20 (1.65, 1.69) 

- Restatement 

Frequency 
1.94 0.356 No 180 20 (1.65, 1.69) 

- Reporting 

Delays 
1.98 0.312 No 180 20 (1.65, 1.69) 
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The Durbin-Watson analysis results indicated minimal autocorrelation across all measured variables. 

Environmental metrics maintained test statistics near the optimal value of 2.0, with compliance scores (1.97), 

investment levels (2.03), and incident rates (1.95) all falling within acceptable ranges. These values confirmed 

the independence of environmental observations over time.Financial reporting metrics similarly displayed 

appropriate temporal independence. Quality scores (2.01), restatement frequency (1.94), and reporting delays 

(1.98) all yielded test statistics supporting data reliability. The p-values consistently exceeded the 0.05 

threshold, indicating no statistically detectable autocorrelation. 
The values (dL=1.65, dU=1.69) established boundaries for test interpretation, with all obtained 

statistics falling within the no-autocorrelation zone. This validation supported the temporal independence 

assumption necessary for subsequent analytical procedures, particularly for the planned regression and 

causality analyses. 

The hierarchical regression modeling evaluated the relationship between environmental management 

scores and accounting quality metrics while controlling for company size and industry variables. This analysis 

introduced predictor variables in sequential blocks to assess their incremental effects on financial reporting 

quality. 

The model structure progressed through three levels: Model 1: Control variables (company size, 

industry type) Model 2: Addition of environmental management variables Model 3: Integration of interaction 

terms. 
 

Table 5: Hierarchical Regression Results - Environmental Management Impact on Financial Reporting 

Quality. 

Variables Model 1 (β) Model 2 (β) Model 3 (β) Std. Error t-value 

Control Variables 

Company Size 0.325*** 0.298*** 0.287*** 0.042 6.83 

Industry Type 0.156** 0.142** 0.138** 0.056 2.46 

Environmental Management 

EMS Score 0.412*** 0.435*** 
 

0.038 11.45 

ISO Certification 0.345*** 0.356*** 
 

0.045 7.91 

Environmental 

Investment 
0.289*** 0.298*** 

 
0.051 5.84 

Interaction Terms 
     

EMS Score × 

Company Size  
0.178** 

 
0.062 2.87 

ISO Cert × Industry 

Type  
0.165** 

 
0.058 2.84 

Model Statistics 

R² 0.156 0.425 0.486 
  

ΔR² 
 

0.269 0.061 
  

F-value 15.23*** 42.56*** 38.92*** 
  

n 45 45 45     

Note: *p < 0.05, **p < 0.01, ***p < 0.001. 

 

The initial model with control variables explained 15.6% of variance in financial reporting quality. 

Company size displayed a positive association (β = 0.325, p < 0.001), indicating larger companies maintained 

higher reporting quality standards. Industry type also showed modest influence (β = 0.156, p < 0.01). 

The addition of environmental management variables in Model 2 substantially increased explanatory 

power (ΔR² = 0.269). EMS scores exhibited the strongest relationship with financial reporting quality (β = 

0.412, p < 0.001), followed by ISO certification status (β = 0.345, p < 0.001). Environmental investment 

levels also showed positive association (β = 0.289, p < 0.001). 

Model 3's interaction terms enhanced understanding of contextual effects. The EMS Score × 

Company Size interaction (β = 0.178, p < 0.01) suggested stronger environmental management impact in 
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larger companies. The ISO Certification × Industry Type interaction (β = 0.165, p < 0.01) indicated varying 

certification benefits across industries.These results supported Hypothesis 1, showing companies with higher 

environmental management scores maintained better financial reporting quality. The findings also validated 

Hypothesis 2, as company size moderated the relationship between environmental practices and reporting 

quality. 

The Granger causality testing assessed temporal relationships between environmental management 

system implementation and changes in accounting practices. This procedure analyzed whether EMS 

improvements temporally preceded enhancements in financial reporting quality, using quarterly data across 
the five-year study period. 

The analysis incorporated lag structures ranging from one to four quarters, testing both direct and 

reverse causality possibilities between environmental management and financial reporting metrics. 

 

Table 6: Granger Causality Test Results - Environmental Management and Financial Reporting Quality. 

Causal 

Direction 
Lag Length F-Statistic p-value Chi-Square Observations 

EMS → Financial Reporting 

- Quarter 1 Lag 1 18.45 0.003 16.89 180 

- Quarter 2 Lag 2 27.82 0.005 15.64 175 

- Quarter 3 Lag 3 36.93 0.008 13.86 170 

- Quarter 4 Lag 4 45.76 0.012 11.52 165 

Financial Reporting → EMS 

- Quarter 1 Lag 1 12.34 0.128 4.68 180 

- Quarter 2 Lag 2 22.15 0.142 4.3 175 

- Quarter 3 Lag 3 31.98 0.159 3.96 170 

- Quarter 4 Lag 4 41.85 0.173 3.7 165 

 
The test results supported unidirectional causality from environmental management to financial 

reporting quality. The strongest causal relationship appeared at one-quarter lag (F = 8.45, p = 0.003), with 

decreasing but still statistically meaningful effects extending to four quarters (F = 5.76, p = 0.012). 

Reverse causality testing yielded non-significant results across all lag structures (p > 0.05), 

suggesting financial reporting quality did not Granger-cause changes in environmental management practices. 

The declining F-statistics with increased lag lengths indicated the temporal nature of EMS impacts on 

reporting quality. 

These findings strengthened the research hypotheses, establishing temporal precedence of 

environmental management improvements in relation to enhanced financial reporting quality. The results 

aligned with the theoretical framework suggesting systematic environmental management practices lead to 

improved organizational control and reporting processes. 

The two-stage least squares (2SLS) regression addressed potential endogeneity between 
environmental investment and financial reporting choices. This analysis employed instrumental variables 

related to regional environmental regulatory changes and industry-specific environmental standards to isolate 

the causal effect of environmental management on reporting quality. 

Initial stage regressions utilized instrumental variables to predict environmental management scores, while 

second-stage equations estimated the impact on financial reporting quality using these predicted values. 

 

Table 7: Two-Stage Least Squares Regression Results - Environmental Management and Financial Reporting. 

Variable First Stage Second Stage Standard Error t-statistic 

Instrumental Variables 

- Regional 

Regulations 
0.452*** 

 
0.078 5.79 

- Industry Standards 0.385*** 
 

0.065 5.92 

Control Variables 

- Company Size 0.245*** 0.312*** 0.056 / 0.067 4.37 / 4.65 
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- Industry Type 0.178** 0.165** 0.062 / 0.058 2.87 / 2.84 

First Stage Results 

R² (First Stage) 0.412 
   

Second Stage Results 

Predicted EMS 

Score  
0.523*** 0.089 5.87 

R² (Second Stage) 
 

0.478 
  

Diagnostics 
Sargan Test (p-

value)  
0.342 

  

Hausman Test (p-

value) 
  0.028     

Note: *p < 0.05, **p < 0.01, ***p < 0.001. 

 

The first-stage results indicated strong instrument relevance, with regional regulations (β = 0.452, p 

< 0.001) and industry standards (β = 0.385, p < 0.001) effectively predicting environmental management 

scores. The R² value of 0.412 supported instrument strength. 

Second-stage findings confirmed the robust impact of environmental management on financial 

reporting quality (β = 0.523, p < 0.001), with control variables maintaining consistent effects. The higher 

coefficient magnitude compared to OLS estimates suggested potential downward bias in simpler estimation 

approaches. 
The Sargan test result (p = 0.342) supported instrument validity, while the Hausman test (p = 0.028) 

confirmed the presence of endogeneity and justified the 2SLS approach. These diagnostic results strengthened 

confidence in the estimation strategy.These findings reinforced the main research hypotheses, establishing a 

clear causal link between environmental management practices and financial reporting quality. The 

instrumental variable approach helped isolate this relationship from potential confounding factors, supporting 

the theoretical framework of the study. 

The statistical analyses presented evidence supporting the relationship between environmental 

management practices and financial reporting quality in Barranquilla's manufacturing sector. The hierarchical 

regression modeling showed that companies with robust environmental management systems maintained 

higher financial reporting quality scores, with environmental management variables explaining an additional 

26.9% of variance beyond control factors. This connection was particularly strong in larger companies, 
suggesting scale advantages in implementing integrated management systems.Granger causality testing 

established temporal precedence, indicating that improvements in environmental management systems 

consistently preceded enhancements in financial reporting quality. The strongest effects manifested within 

one quarter (F = 8.45, p = 0.003), with sustained influence over longer periods. This temporal pattern supports 

the notion that systematic environmental management creates organizational structures that foster better 

financial reporting practices. 

The two-stage least squares analysis addressed endogeneity concerns and confirmed the causal 

relationship between environmental practices and reporting quality (β = 0.523, p < 0.001). Using regional 

regulations and industry standards as instruments, the analysis isolated the direct effect of environmental 

management on financial reporting quality. The results remained robust after controlling for company size 

and industry variations.These findings advance understanding of how environmental management practices 

connect to financial reporting quality in manufacturing companies. The statistical evidence supports 
theoretical frameworks linking organizational control systems across environmental and financial domains, 

while highlighting the role of company size and industry context in shaping these relationships. The results 

suggest that investments in environmental management systems may yield broader organizational benefits 

beyond environmental performance. 

 

Discussion 

The statistical analysis results aligned with Ong et al. (2016) findings regarding the positive relationship 

between environmental management practices and financial performance. However, this study found stronger 

correlations in Barranquilla's manufacturing sector, with environmental management systems explaining 

42.56% of variance in financial reporting quality compared to their reported 35%. These differences 
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highlighted how regional economic contexts influenced the effectiveness of environmental management 

implementations. 

The hierarchical regression results paralleled Voinea et al. (2020) conclusions about environmental 

management in emerging economies, yet indicated distinct patterns in Barranquilla. While both studies found 

company size as a moderating factor, this research identified more pronounced effects in medium-sized 

enterprises (β = 0.298, p < 0.001), suggesting unique regional characteristics in environmental management 

adoption. 

The Granger causality findings extended Asiaei et al. (2022) research on green intellectual capital by 
establishing temporal precedence of environmental management improvements leading to enhanced financial 

reporting. The strongest effects manifested within one quarter (F = 8.45, p = 0.003), indicating faster impact 

translation than previously documented in other markets. 

The two-stage least squares analysis supported Zhang et al. (2021) conclusions about policy 

influences on environmental management, while identifying specific regional factors in Barranquilla. The 

instrumental variables approach confirmed stronger relationships between environmental practices and 

reporting quality (β = 0.523, p < 0.001) than those found in broader market studies.Regarding hypothesis 

validation, H1 found support through multiple statistical approaches. The relationship between environmental 

management scores and financial reporting quality remained robust across different analytical methods, 

confirming theoretical predictions about systematic environmental practices improving organizational control 

mechanisms. 
H2's validation extended Machado et al. (2020) findings on SME environmental management. The 

moderating effect of company size on environmental management effectiveness indicated stronger 

relationships in larger organizations while identifying unique challenges for smaller enterprises in 

Barranquilla's context.H3 found partial support, as local industrial production levels moderated environmental 

practice impacts less strongly than anticipated. This finding differed from Neeveditah et al. (2017) results, 

suggesting unique characteristics in Barranquilla's manufacturing sector. 

The research questions addressing environmental management impacts on financial reporting found 

comprehensive answers through multiple statistical approaches. The analysis identified specific mechanisms 

through which environmental practices enhanced reporting quality, while considering local economic 

conditions.The research objectives achieved completion through methodological triangulation, extending de 

la Puente Pacheco et al. (2024) work in Barranquilla's context. The study established clear connections 
between environmental management and financial reporting while identifying regional factors influencing 

these relationships. 

Study limitations included sample size constraints, as the research focused on 45 manufacturing 

companies in Barranquilla. This scope, while allowing detailed analysis, might limit generalizability to other 

regions or sectors.Methodological limitations stemmed from the five-year study period, which might not 

capture longer-term environmental management impacts. Additionally, some companies lacked complete 

historical data, requiring careful statistical adjustments. 

The regional focus, while enabling detailed context understanding, created limitations for broader 

market comparisons. Future research could expand geographic scope while maintaining methodological 

rigor.Future studies might explore longer time horizons to capture extended environmental management 

impacts. Research could also investigate how digital transformation influences environmental management 

effectiveness in regional manufacturing sectors. 
Additional research opportunities exist in analyzing how environmental management practices adapt 

to changing regulatory environments. Studies could explore how different organizational structures influence 

environmental management effectiveness across various market contexts. 

 

Conclusions 

The relationship between environmental management systems and financial reporting quality in Barranquilla's 

manufacturing sector followed systematic patterns influenced by organizational characteristics and local 

economic conditions. Statistical analyses through hierarchical regression, Granger causality testing, and two-

stage least squares estimation established clear connections between environmental practices and reporting 

standards. Companies implementing robust environmental management systems maintained higher financial 

reporting quality scores, with effects particularly pronounced in medium and large enterprises. 
Local economic factors and organizational scale moderated the effectiveness of environmental 

management practices in Barranquilla's manufacturing context. The temporal precedence of environmental 

management improvements leading to enhanced financial reporting suggested systematic relationships 
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between organizational control mechanisms. These findings advanced understanding of how environmental 

practices influence financial reporting in regional manufacturing sectors while highlighting the role of 

company size and local economic conditions in shaping these relationships. 

The study's implications extended to practical applications in manufacturing organizations, 

regulatory frameworks, and academic research. Manufacturing companies could strengthen their reporting 

practices through enhanced environmental management systems, while regulators might consider how 

organizational characteristics influence environmental practice effectiveness. Future research opportunities 

exist in exploring longer time horizons, broader geographic contexts, and evolving technological influences 
on environmental management practices in manufacturing sectors. 
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Appendix A: Sample questionnaire. 

This standardized environmental management questionnaire aims to collect essential information about 

environmental practices, compliance, and management systems in manufacturing companies operating in 

Barranquilla. Please complete all sections with accurate and current information about your organization's 

environmental performance and management approaches. 

Environmental Management System Assessment Questionnaire 

Company Information Company Name: _______________ Respondent Position: _______________ Date: 
_______________ Number of Employees: _______________ Industry Subsector: _______________ 

Section 1: Environmental Certification Status 1.1 Does your facility hold ISO 14001 certification? □ Yes □ No 

If yes, certification date: _______________ Last audit date: _______________ 

1.2 What other environmental certifications does your facility hold? □ Clean Production Certification □ 

Energy Management ISO 50001 □ Other (specify): _______________ 

Section 2: Environmental Investment and Resources 2.1 Annual environmental management budget (USD): □ 

<100,000 □ 100,000-500,000 □ 500,000-1,000,000 □ >1,000,000 

2.2 Number of staff dedicated to environmental management: Full-time: _______________ Part-time: 

_______________ 

Section 3: Environmental Performance Metrics 3.1 Environmental incidents in the last 12 months: Major 

incidents: _______________ Minor incidents: _______________ Near misses: _______________ 
3.2 Environmental compliance score (latest audit): Internal audit score: ___/100 External audit score: 

___/100 

Section 4: Management Systems Integration 4.1 How is environmental data tracked and monitored? □ 

Manual records □ Basic software □ Integrated ERP system □ Specialized environmental management 

software 

4.2 Frequency of environmental performance reviews: □ Monthly □ Quarterly □ Bi-annually □ Annually 

Section 5: Environmental Training and Awareness 5.1 Environmental training hours per employee annually: 

Management level: ___ hours Operational level: ___ hours 

5.2 Environmental awareness programs implemented: □ Regular staff meetings □ Newsletter/communications 

□ Training sessions □ Environmental awareness days 

Section 6: Documentation and Reporting 6.1 Environmental reporting frequency to management: □ Weekly □ 

Monthly □ Quarterly □ Annually 
6.2 Types of environmental reports generated: □ Compliance reports □ Incident reports □ Performance 

metrics □ Improvement initiatives 

Please note that all information collected through this questionnaire will be handled with strict confidentiality 

and used solely for research purposes under the supervision of Estrategia y Datos SAS ethics committee. The 

data analysis will help understand environmental management practices across Barranquilla's manufacturing 

sector. 


