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[bookmark: _Toc233435783]Overview
The Career Technical Education (CTE) Model Curriculum Standards (MCS) are organized according to the Advance CTE National Career Clusters Framework®.[footnoteRef:1] The National Career Clusters Framework® supports alignment of state CTE systems with workforce systems while allowing for flexibility and adaptability. Under this framework, the standards establish curricular guidance for high-quality CTE programs. [1: .	Advance CTE National Career Clusters Framework: https://careertech.org/career-clusters/about-the-national-career-clusters-framework/.] 

The CTE MCS outline the essential knowledge, skills, and competencies that contribute to career and college readiness. These standards are designed to guide and support program development, offering flexible options rather than a fixed checklist, so educators can adapt them to best fit their context.
By incorporating the Career Ready Standards, the MCS support students in developing applied literacy, technical skills, and key employability competencies such as communication, collaboration, problem-solving, and leadership. The Career Ready Standards prepare students to navigate workplace expectations, adapt to changing career demands, and succeed in both postsecondary education and the workforce.
Additionally, the MCS establish Cross-Pathway Standards, which promote interdisciplinary learning and reinforce relevant core concepts across multiple career pathways. This interdisciplinary approach encourages students to make connections between different fields, supports a holistic and cohesive approach to CTE program design, and helps facilitate the development of courses aligned with multiple pathways within a Career Cluster.
The MCS establish Pathway Standards that provide structured guidance for instruction within each career pathway. Organized around job-alike skills, these standards define the essential technical knowledge, competencies, and proficiencies students need, ensuring alignment with current workforce demands, promoting applied CTE learning, and preparing students for successful, occupation-specific careers.

[bookmark: _Toc233435784]Description
[bookmark: _heading=h.cay1m2odmv1e]Alignment to the National Career Clusters Framework®[footnoteRef:2] [2: .	Advance CTE Energy & Natural Resources Career Cluster: https://careertech.org/career-clusters/energy-natural-resources] 

“The Energy & Natural Resources Career Cluster spans careers in traditional and renewable fuel production, power generation and energy conversion, utilities, environmental preservation, ecological research, and resource extraction. These industries focus on efficient and responsible resource management, including conservation, transmission, distribution and storage, to minimize environmental impacts and meet global energy needs. Careers in this Cluster are dedicated to creating a sustainable future, innovating cleaner energy solutions, and preserving our planet’s natural resources for generations to come.”
Cluster Grouping: Cultivating Resources
Career Cluster: Energy & Natural Resources
Pathways: Energy, Water & Resource Management,[footnoteRef:3],[footnoteRef:4],[footnoteRef:5] Environmental Stewardship & Sustainability;[footnoteRef:6],[footnoteRef:7],[footnoteRef:8] [3: .	Advance CTE Sub-Cluster Alignment: Clean & Alternative Energy ]  [4: .	Advance CTE Sub-Cluster Alignment: Utilities]  [5: .	Advance CTE Sub-Cluster Alignment: Resource Extraction]  [6: .	Advance CTE Sub-Cluster Alignment: Ecological Research & Development]  [7: .	Advance CTE Sub-Cluster Alignment: Conservation & Land Management]  [8: .	Advance CTE Sub-Cluster Alignment: Environmental Protection] 

[bookmark: _Toc233435785]Document Components
Model Curriculum Standards: The MCS provide a focused set of high-level industry standards intended to guide curriculum development. These standards are designed to be unpacked and differentiated according to the learner’s skill level, rather than tied to a specific grade level or sequenced course. Because CTE pathways can vary from two to five courses in a sequence, the standards are adaptable to any program structure, emphasizing the goal of preparing students for postsecondary and industry readiness.
Career Ready Standards: (1.0–12.0) Career Ready Standards align with the National Career Clusters Framework® Career Ready Practices. The Career Ready Standards emphasize the importance of essential workplace skills such as critical thinking, digital literacy, problem-solving, ethical decision-making, and collaboration. The Career Ready Standards form the core of CTE instruction and are embedded in every level of a CTE pathway.
Cross-Pathway Standards: (13.0–16.0) Cross-Pathway Standards are interdisciplinary and address skills, knowledge, and competencies that apply to all pathways within a Career Cluster. These standards serve as prerequisite and corequisite learning for CTE pathway students.
Pathway Standards: (17.0–20.0) Pathway Standards build on the Career Ready Standards and Cross-Pathway Standards to incorporate technical skills, practical application, and industry practices. Pathway standards are organized by focus areas to facilitate occupational and postsecondary alignment. Pathway Standards are organized in four general categories:
· Skill Building: Students will gain knowledge, refine technical skills, and demonstrate competencies specific to the focus area.
· Process & Practice: Students will engage in collaborative, industry-aligned environments where they apply structured problem-solving processes, iterative workflows, and technical skills to complete authentic, real-world projects.
· Career Exploration: Students will explore careers specific to the focus area.
· Advanced Technology & Impact: Students will examine topics such as emerging technology, environmental sustainability, and social responsibility relevant to the focus area.
Focus Areas: Focus areas are pathway standards organized by occupation-specific skills, knowledge, and competencies. The purpose of focus areas is to help CTE programs align with advanced training opportunities such as registered apprenticeship and postsecondary pathways.
Occupational Alignment to O*NET-Standard Occupational Classification (SOC) Codes:[footnoteRef:9] The O*NET Program is the nation’s primary federal database of occupational information, providing regularly updated data on job characteristics, skills, and labor market trends. It is regularly updated to provide workforce information and economic data. O*NET-SOC Codes are used to identify and classify occupations for workforce research, labor market analysis, and alignment with systems such as registered apprenticeship and other workforce development programs. Each focus area in this document lists relevant O*NET-SOC codes to support clear connections between instructional content and corresponding occupations in the federal database.
 [9: .	O*NET Database: https://www.onetonline.org/find/career?c=020100.] 

[bookmark: _Toc233435786]Career Ready Standards
[bookmark: _heading=h.hga0pbh9wzxi]Career Ready Standards outline the essential skills, knowledge, and behaviors students need to succeed in any workplace or industry. Flexible by design, the Career Ready Standards emphasize transferable skills that prepare students for employment, postsecondary education, and long-term career growth.
Applied across all Career Clusters, these standards serve as a unifying framework that connects classroom learning to industry expectations and bridges education with workforce needs. The Career Ready Standards also provide CTE teachers with a valuable planning resource. Teachers are encouraged to teach all of the standards, adapting the depth and breadth to best fit the CTE course level and student needs. 
1.0 Academics
Integrate academic standards and knowledge (i.e., Common Core English Language Arts and Mathematics, Next Generation Science Standards, and other content-area standards) in CTE pathways.
1.1 Literacy:
Apply academic literacy skills (e.g., reading, writing, speaking, and listening) to design, test, and refine solutions for challenges encountered in authentic industry contexts.
1.2	Applied STEAM:
Develop and apply scientific, technical, engineering, artistic, and mathematical skills to industry-specific projects, in cross-industry scenarios, and within the context of a career pathway.
1.3	Cultural and Historical Influences:
Investigate historical achievements, accomplishments, and advancements by industry pioneers, innovators, inventors from diverse genres, regions, cultures, backgrounds, and experiences.
1.4	Critical Response:
Examine industry-specific case studies and identify key trends, challenges, and innovations.

2.0 Communication
Develop professional written and verbal communication skills and communicate clearly, and with reason.
2.1	Professional Communication:
Respectfully communicate information and ideas in a variety of professional and educational environments.
2.2	Industry Vocabulary:
Use industry-appropriate terminology when discussing projects, writing proposals, and presenting work.
2.3	Oral Communication and Presentation Skills:
Apply extemporaneous speaking skills by adapting language and approach in real time to address questions, solve problems, and manage audience or client needs.
2.4	Social Media Networking:
Examine and explain the importance of establishing professional social media for the purpose of career-related networking and communication.
2.5	Workplace Writing Formats:
Differentiate industry-specific writing processes, formats, and conventions when completing written tasks (e.g., proposals, technical documentation, emails, memos, reports, and presentations).
2.6	Multimedia Communication:
Communicate information and ideas to multiple audiences using a variety of media and formats.
2.7	Digital Citizenship:
Practice safe, legal, and responsible use of digital technology for communication purposes.
2.8	Meeting Deadlines:
Coordinate with cross-functional teams to plan, execute, and evaluate projects, ensuring tasks are completed on schedule and deliverables meet expectations.
2.9	Communication Patterns:
Identify recurring structures, terminology, and formats that contribute to clear and aligned communication within an industry.

3.0 Career Planning & Management
Explore careers through career research, work-based learning, and ongoing career planning.
3.1	Career Pathways:
Research career pathways and identify required education and training, work experience, certifications, and credentials.
3.2	Annual Career Planning:
Conduct interest, skill, and aptitude assessments; develop a career plan that is adaptable and attainable; analyze how career planning can affect short- and long-term professional outcomes.
3.3	Networking:
Evaluate the importance of professional networking, including establishing and sustaining partnerships and relationships.
3.4	Employment Opportunities:
Search for jobs using online search engines; evaluate the application process for internships, apprenticeships, and entry-level positions.
3.5	Understanding Employment and Negotiating Job Offers:
Interpret and compare employment types (e.g., temporary, permanent, and freelance/work-for-hire) and their associated costs, benefits, and tax implications; practice negotiating fair compensation, terms, and benefits relative to individual circumstances.
3.6	Professional Organizations and Unions:
Research and describe the role of labor unions, guilds, and professional associations in business and government; explain the requirements and processes for membership or affiliation.
3.7	Resumes and Portfolios:
Develop a professional resume, personal statement, and industry-specific portfolio that highlights skills, technical proficiencies, and iterative processes.
3.8	Entrepreneurship and Self-Employment:
Demonstrate entrepreneurial skills (e.g., adaptability, confidence, discipline, perseverance, vision, and risk-taking) across industry contexts.

4.0 Technology
Evaluate technological advancements; use technology to complete industry-specific tasks.
4.1	Digital Safety and Information Integrity:
Practice internet safety, identify malicious activity (e.g., phishing and malware), discern and avoid misinformation, and keep personal information private.
4.2	Business and Collaboration Tools:
Use standard business software and online tools to gather information, create documents and presentations, share files, and connect with collaborators or clients.
4.3	Industry-Standard Technology:
Use industry-standard hardware, software, and technology to complete tasks accurately, efficiently, and safely.
4.4	Computing Systems:
Differentiate and use appropriate industry-standard operating systems, databases, and cloud services for data management.
4.5	Document and Asset Management:
Apply industry-standard asset and document tracking, file naming conventions, version control practices, and storage/back-up protocols to file management.
4.6	Industry-Specific Artificial Intelligence (AI) Applications:
Evaluate applications, implications, ethics, and responsible use of AI and machine learning in business and industry; analyze the current and future impact of AI technology when career planning.
4.7	AI Responsible Use:
Employ AI technology responsibly by writing clear and complex prompts, fact-checking, reviewing, editing, and refining all AI-generated content in alignment with business or organizational policies.
4.8	Emerging Technologies:
Analyze industry-specific technological advancements; adapt and innovate with emerging technologies, cross-industry trends, and evolving technological tools.

5.0 Critical Thinking & Problem Solving
Utilize critical thinking to make sense of problems and persevere in solving them.
5.1	Reasoning and Decision-Making:
Use inductive and deductive reasoning to collect and analyze qualitative and quantitative data, make informed decisions, and construct well-supported arguments.
5.2	Accepting and Applying Critique:
Accept critique and apply feedback to revise work and improve skills.
5.3	Reflection and Iterative Processes:
Use questioning, reflection, and feedback to refine problem-solving, explore multiple approaches, and evaluate the outcomes of each.
5.4	Creative Problem-Solving:
Ask purposeful questions, analyze information, and apply logical reasoning to evaluate options, solve problems, and make informed decisions in professional contexts.
5.5	Analyzing Arguments:
Examine and evaluate arguments to identify claims, evidence, assumptions, and logical strengths or weaknesses; recognize argumentative techniques and avoid being misled by logical fallacies.
5.6	Constructing Arguments:
Develop and present well-reasoned arguments using clear evidence and rhetorical devices (e.g., ethos, pathos, and logos) while maintaining logical consistency and avoiding fallacies.
5.7	Applied Academics:
Apply academic subject knowledge to real-world problem solving; apply critical thinking strategies in professional environments to successfully navigate unanticipated situations.
5.8	Systems Thinking:
Apply systems thinking to analyze complex problems, identify recurring issues and their causes, and generate solutions to inform decision-making.
5.9	AI and Critical Thinking:
Employ analysis and decision-making skills when using AI technology; analyze AI-generated outputs to ensure validity, credibility, and accuracy.

6.0 Health & Safety
Evaluate how workplace practices impact health, safety, and financial stability.
6.1	Equipment and Tools:
Appropriately and safely handle industry-specific tools, equipment, and personal protective equipment; Apply injury prevention and sanitation techniques in industry settings.
6.2	Workplace Safety:
Practice workplace safety as defined by industry-specific regulations, state licensing, and certification standards; identify how safety practices evolve with new technology and industry standards.
6.3	Self-Care and Injury Prevention:
Practice self-care and injury prevention strategies (e.g., rest, ergonomics, proper nutrition, exercise, and personal hygiene).
6.4	Workplace Culture:
Contribute to healthful workplace culture through safety-related decision-making and problem-solving techniques; evaluate how organized labor can secure safe work environments and support financial stability.
6.5	Mental Health and Wellness:
Prioritize wellness and mental health needs including physical, emotional, psychological, and social well-being; practice individual and collective strategies for stress management.
6.6	Inclusion and Accountability:
Create a respectful and fair workplace by taking personal responsibility for harmful actions and working to repair relationships when conflicts occur.
6.7	Financial Planning and Literacy:
Apply financial literacy to analyze cost of living, plan budgets, manage income and expenses, file taxes, make informed spending decisions, and maintain credit responsibly.
6.8	Emergency Preparedness:
Evaluate workplace hazards and implement safety, emergency, and disaster preparedness procedures; assess operational continuity, risk management, crisis communication, and mitigation planning.

6.9	Workplace Policies and Worker Rights:
Interpret policies, procedures, and regulations for the workplace, including employee rights and responsibilities; examine how unions promote worker voice through collective bargaining, workplace safety, and representation.
7.0 Social & Civic Responsibility
Act as a responsible and contributing member of society.
7.1	Ethical Conduct and Workplace Integrity:
Demonstrate personal integrity, confidentiality, and ethical behavior in the workplace.
7.2	Cross-Cultural Understanding:
Demonstrate cross-cultural understanding through exploration of various resources that represent diverse perspectives and global viewpoints.
7.3	Avoiding Stereotypes:
Evaluate individual and collective biases; avoid stereotypes and misrepresentation of individuals, groups, and communities.
7.4	Recognizing and Addressing Bias:
Recognize strategies for mitigating bias in industry environments; analyze how individual and collective biases influence decision making (e.g., hiring, promotion, and leadership).
7.5	Civic Responsibility:
Analyze how individual choices, collective efforts, and industry practices influence social, economic, and environmental outcomes within communities.
7.6	Inclusive Workplace Practices:
Support inclusivity, ensure accessibility, and uplift diverse experiences and perspectives in the workplace.
7.7	Community Service:
Engage in initiatives that support communities, promote inclusivity, and advance social good (e.g., volunteering, service learning, mentorship, sustainability programs, and advocacy).
7.8	Industry and Community Connection:
Engage in community partnerships, industry-aligned leadership development activities, and student-led community engagement projects.

7.9	Unions and Organized Labor:
Explain how unions function as democratic, worker-led organizations and analyze their role in civic engagement and representation.
8.0 Leadership & Management
Model accountability, ethical decision-making, and leadership.
8.1	Leadership Qualities:
Recognize and reflect the traits, responsibilities, and skills of successful employees, leaders, and managers (e.g., emotional intelligence, communication, time management, conflict resolution, and interpersonal skills).
8.2	Responsibility and Accountability:
Demonstrate independent initiative, take direction from leaders, ask for help when needed, build positive professional relationships, and follow through with individual responsibilities.
8.3	Work Ethic:
Demonstrate independent initiative, time management strategies, versatility, and work ethic in professional environments.
8.4	Constructive Feedback:
Provide, accept, and integrate constructive feedback at various stages of a project.
8.5	Leading with Purpose:
Demonstrate the ability to lead inclusively and positively, foster teamwork and morale, and assess how leadership decisions impact team dynamics and outcomes.
8.6	Leadership Development and Student Organizations:
Participate in leadership development activities and Career Technical Student Organizations (CTSOs) to enhance academic preparation, promote career choices, and prepare for employment opportunities.
8.7	Organizational Culture:
Analyze organizational culture and apply leadership strategies such as change management, conflict resolution, consensus-building, and communication.
8.8	Outcomes of Successful Leadership:
Define the outcomes of successful leadership and management; develop personal management skills to function efficiently and collaboratively in industry environments.
8.9	Organizational Dynamics:
Differentiate the roles and responsibilities of employees across an organization, and analyze how hierarchical structure, management styles, and power dynamics impact decision-making.
9.0 Collaboration & Teamwork
Work productively in teams while integrating cultural and global competence.
9.1	Collaboration and Shared Responsibility:
Work with teams to establish goals, share responsibilities, and contribute to collective decision-making.
9.2	High-Performing Teams:
Demonstrate the characteristics and qualities of successful teams (e.g., cooperation, communication, empathy, and shared decision-making) that support strong collaboration.
9.3	Conflict Management:
Navigate disagreements constructively and apply strategies to de-escalate and resolve conflict in collaborative environments.
9.4	Inclusive Teams:
Engage with peers, instructors, and collaborators in a professional and respectful manner, actively listening to diverse perspectives and valuing the contributions of others.
9.5	Diverse Perspectives:
Respect individual and cultural differences and respond thoughtfully to divergent perspectives and viewpoints to build trust and collaboration within a team.
9.6	Adaptability and Flexibility:
Adapt to changing and varied roles and responsibilities when working with teams.
9.7	Time Management:
Manage time in collaborative settings by prioritizing tasks, coordinating schedules, meeting deadlines, and supporting teammates to sustain trust and productivity.
9.8	High-Agency Mindset:
Take ownership of collective and individual actions and outcomes, demonstrate initiative and persistence, and proactively address challenges while seeking opportunities for growth.
10.0 Creativity & Innovation
Apply original thinking to develop new ideas, approaches, or products.
10.1	Conditions for Innovation:
Create the physical (e.g., flexible workspaces, access to tools and technology) and mental conditions (e.g., growth mindset, autonomy, and trust) that allow for innovation and exploration of new ideas.
10.2	Developing Ideas:
Use research, brainstorming, and creative strategies to generate, refine, and expand original concepts.
10.3	Visualization Techniques:
Communicate and refine ideas through visual methods (e.g., diagrams, charts, mood boards, illustrations, wireframes, renderings, and storyboards).
10.4	Building and Refining Concepts:
Develop, test, and refine concepts through models, mock-ups, or prototypes that move ideas toward implementation.
10.5	Iteration and Feedback:
Reflect and ask questions to inform analysis and refinement of work; create multiple versions and/or drafts of a project and apply feedback throughout the process.
10.6	Risk-Taking, Experimentation, and Resilience:
Explore and test new methods and approaches in safe and responsible ways; embrace uncertainty, pilot ideas, recover from setbacks, and use challenges as opportunities to learn and improve.
10.7	Application and Implementation:
Translate innovative concepts into real-world projects, processes, or products that meet identified goals or solve problems.
10.8	Evaluation and Impact:
Evaluate innovative outcomes for sustainability and economic impact and apply observations and insights to guide future innovation.
10.9	Collaborative Creativity:
Leverage and apply the knowledge, skills, experiences, and strengths of team members to generate original ideas, experiment with approaches, and develop innovative solutions.

11.0 Research & Media Literacy
Employ valid and reliable research strategies.
11.1	Critical Inquiry and Media Analysis:
Demonstrate media literacy through critical inquiry, analysis, and reflection.
11.2	Diversity of Perspective:
Gather and synthesize information from diverse sources (e.g., research, interviews, observation, and experience) to develop original insight and perspective.
11.3	Citing Sources:
Avoid plagiarism and properly cite sources and proprietary information using appropriate formats.
11.4	Industry Trends:
Research current and emerging industry-specific technology, equipment, tools, and practices; collect, analyze, and apply quantitative and qualitative data to drive decisions.
11.5	Source Credibility and Bias:
Analyze and interpret resources from various sources to assess bias and discern the credibility, quality, and value of information collected online.
11.6	Use of Technology in Research:
Follow fair use guidelines, fact-check information, identify and cite source material, and respect intellectual property rights when using technology or web-based research tools.
11.7	Messaging:
Create original industry-specific messages (e.g., reports, presentations, digital communications, and product messaging) that demonstrate ethical use of information, clear purpose, and consideration of intended audiences.
12.0 Audience & Behavior
Understand the environmental, social, and economic impacts of human behavior.
12.1	Emerging Technology:
Analyze how emerging technologies and technological trends (e.g., AI, automation, biotechnology, and renewable energy) affect environmental sustainability, community well-being, and economic development.

12.2	Environmental Responsibility:
Evaluate and apply practices that reduce environmental impact and support sustainable resource use in industry-specific settings (e.g., lifecycle analysis, sustainable sourcing, resource management, and waste reduction).
12.3	Social Impact:
Develop and contribute to industry-specific projects that address social, cultural, environmental, and community needs.
12.4	Audience Awareness:
Study and engage with diverse audiences by observing perspectives, behaviors, and needs; examine how social and cultural trends influence communication, decision-making, and adoption of products or practices.
12.5	Consumer Behavior:
Evaluate how consumer choices are shaped by technology, data, and trends, and how those choices impact businesses and industries (e.g., algorithm-driven recommendations, data analytics, product reviews, and social influence).
12.6	Economic Impact:
Assess how individual and collective behaviors affect local and global economies, including supply chains, markets, and workforce needs.
12.7	Civic and Ethical Responsibility:
Examine how industries and individuals can promote ethical practices, accountability, and civic engagement to address societal challenges (e.g., fair labor, ethical sourcing, data privacy, and transparency).
12.8	Adaptation and Change:
Evaluate how industries, organizations, and professionals adapt to shifting environmental, social, and economic expectations, and apply strategies for resilience and innovation.
12.9	Long-Term Impacts of Decisions:
Analyze the interconnectedness of environmental, social, and economic systems to understand the long-term impacts of decisions (e.g., circular economy models, regenerative agriculture, and sustainable digital technology practices).

[bookmark: _Toc233435787]Cross-Pathway Standards
13.0 Environmental Science:
Evaluate human impacts, sustainability, and ecosystem resilience.
13.1	Ecological Cycles and Climate Systems:
Analyze the oxygen, carbon, nitrogen, and water cycles and their relationship to climate, ecosystem function, and environmental stability; explain how global and local systems are shaped by the interaction of these cycles (i.e., agricultural nutrient runoff leading to aquatic dead zones).
13.2	Energy Resources:
Differentiate between renewable and nonrenewable energy sources and evaluate their effects on air quality, water quality, ecosystems, and climate.
13.3	Human Impacts:
Analyze weather and climate systems, natural and human-generated sources of greenhouse gas emissions, and human activities that affect environmental conditions, biodiversity, and long-term sustainability. 
13.4	Natural Resource Management:
Compare conservation, preservation, restoration, and sustainable natural resource management strategies used to support environmental stewardship and ecosystem resilience.
13.5	Ecosystem Health:
Investigate factors affecting air, water, soil, and ecosystem health; outline practices that protect environmental quality and biodiversity.
13.6	Climate Adaptation and Resilience:
Evaluate adaptation and mitigation strategies related to climate change, renewable energy, water conservation, wildfire mitigation, and sustainable land use.
13.7	Investigation and Data Analysis:
Apply scientific inquiry, environmental monitoring, field investigation, mapping, and data analysis to support decision-making.
13.8	Environmental Technology and Innovation:
Analyze how Geographic Information System (GIS) operations, environmental monitoring, renewable energy technologies, and emerging innovations support sustainability and climate resilience.

13.9	Interagency Resource Management Systems:
Analyze the roles and collaborative relationships among public agencies, tribal governments, emergency services, utilities, nonprofit organizations, and private industry partners in environmental management, wildfire response, conservation, recreation, and natural resource planning.
14.0 Applied Mathematics and Data Analysis
14.1	Measurement and Conversions:
Apply measurement systems, unit conversions, scale, precision, and estimation to energy and natural resource applications (e.g., water and soil analysis, pressure analysis, land use, and remediation)
14.2	Environmental Data Analysis:
Collect and interpret environmental and resource management data using graphs, formulas, and statistics.
14.3	Energy and Efficiency Calculations:
Calculate energy use, efficiency, cost, production, and environmental impact.
14.4	Mapping and Spatial Analysis:
Use geometry, scale, GPS, GIS, and mapping tools to support environmental and land management.
14.5	Climate and Environmental Modeling:
Use mathematical models and environmental indicators to assess climate patterns and ecosystem change.
14.6	Field Measurement and Technical Skills:
Use industry tools, scientific instruments, and measurement techniques for environmental investigations and resource assessment.
14.7	 Resource Economics and Budgeting:
Apply math to budgeting, cost analysis, sustainability planning, and resource management decisions.
14.8	Quantitative Problem Solving:
Use mathematical reasoning, data visualization, and technical communication to solve environmental and climate-related problems.


15.0 Utility Systems & Infrastructure
15.1	Utility Systems and Infrastructure:
Analyze the structure, function, and interdependence of utility and infrastructure networks including electrical power, water, wastewater, natural gas, transportation, and public works. 
15.2	Energy Production and Distribution:
Examine conventional and renewable energy systems, electrical generation, transmission, distribution, storage, and energy efficiency practices.
15.3	Water and Wastewater Systems:
Investigate water sourcing, treatment, distribution, conservation, stormwater management, and wastewater collection and treatment.
15.4	Environmental Sustainability and Resilience:
Evaluate sustainability practices, resource conservation strategies, climate adaptation measures, and environmental impacts associated with utilities.
15.5	Safety, Regulations, and Risk Management:
Apply state and federal workplace safety procedures, emergency response practices, industry regulations, and risk management practices related to utility and infrastructure operations.
15.6	Data-Driven Decision Making:
Use measurement systems, technical calculations, mapping tools, environmental data, and digital technologies to support utility monitoring and decision-making.
15.7	Infrastructure Technology and Innovation:
Analyze the role of automation, smart grids, sensors, GIS, renewable technologies, and emerging innovations in improving performance and resilience.
15.8	Utility Companies:
Differentiate the ownership structures, operational roles, and priorities of investor-owned utilities, municipal utilities, cooperatives, independent power producers, and private energy corporations.
16.0 Regulation & Compliance
16.1	Energy and Natural Resource Regulations:
Evaluate environmental laws, regulations, and standards (e.g., water quality, air quality, pollution prevention, hazardous materials, and environmental protection); analyze the roles of regulatory agencies and legislative bodies in their development and enforcement.
16.2	Environmental Compliance and Permitting:
Examine environmental permitting, reporting, monitoring, and compliance processes related to air quality, water quality, land use, habitat protection, and resource management; outline roles of public agencies.
16.3	Government Contracting and Procurement:
Outline government contracting and procurement processes (e.g., competitive bidding, requests for proposal (RFP), and compliance obligations) used in publicly funded projects; examine the roles of public agencies in awarding and enforcing public contracts.
16.4	Tribal Environmental Policy and Governance:
Analyze tribal environmental policies, tribal sovereignty, treaty rights, and Indigenous governance related to land stewardship, natural resource management, environmental protection, and cultural resource preservation. 
16.5	Energy Policy and Utility Regulation:
Analyze state and federal energy policies, utility regulations, renewable energy mandates, grid reliability requirements, and climate-related energy initiatives.
16.6	Climate Policy:
Analyze California’s climate adaptation, emissions reduction, sustainability, and environmental policies and their impacts on communities and industries.
16.7	Compliance Documents:
Develop and interpret compliance documentation, inspection records, permits, incident reports, environmental data, and regulatory communication used in industry operations. 
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[bookmark: _Toc233435789]Energy, Water, & Resource Management Pathway
Pathway Description:
The Energy, Water, & Resource Management pathway prepares students with the knowledge and technical skills to manage, operate, and maintain systems related to natural resources, water infrastructure, power generation, and clean energy. Students develop competencies in resource extraction and land-use planning, water treatment and distribution, power generation and grid operations, and clean and alternative energy technologies. Through hands-on, collaborative experiences such as utility operations simulations, environmental compliance projects, infrastructure maintenance activities, and energy systems analysis, students apply industry practices in real-world contexts. The pathway emphasizes safety, regulatory compliance, sustainability, and workforce readiness aligned with California's natural resource, water utility, energy, and clean power industries.
Occupational Alignment: O*NET-SOC Codes
11-9041.01 – Biofuels/Biodiesel Technology and Product Development Managers
11-9121.02 – Water Resource Specialists
17-3029.00 – Engineering Technologists and Technicians, Except Drafters, All Other
17-3031.00 – Surveying and Mapping Technicians
19-1031.02 – Range Managers
19-1032.00 – Foresters
19-4043.00 – Geological Technicians, Except Hydrologic Technicians
19-4044.00 – Hydrologic Technicians
19-4071.00 – Forest and Conservation Technicians
19-4099.03 – Remote Sensing Technicians
33-3031.00 – Fish and Game Wardens
37-3013.00 – Tree Trimmers and Pruners
39-9032.00 – Recreation Workers
45-1011.00 – First-Line Supervisors of Farming, Fishing, and Forestry Workers
45-4011.00 – Forest and Conservation Workers
47-2111.00 – Electricians
47-2231.00 – Solar Photovoltaic Installers
49-2022.00 – Telecommunications Equipment Installers and Repairers
49-9041.00 – Industrial Machinery Mechanics
49-9051.00 – Electrical Power-Line Installers and Repairers
49-9081.00 – Wind Turbine Service Technicians
51-8011.00 – Nuclear Power Reactor Operators
51-8012.00 – Power Distributors and Dispatchers
51-8013.00 – Power Plant Operators
51-8013.03 – Biomass Plant Technicians
51-8013.04 – Hydroelectric Plant Technicians
51-8031.00 – Water and Wastewater Treatment Plant and System Operators
53-7062.00 – Laborers and Freight, Stock, and Material Movers 
Focus Areas:
Resource & Land Management
Water Infrastructure 
Energy & Power Systems
Clean & Alternative Energy
Advance CTE Sub-Cluster Alignment: 
Clean & Alternative Energy; Conservation & Land Management; Utilities

Energy, Water & Resource Management Pathway
[bookmark: _Toc233435790]Resource & Land Management 
Focus Area Description:
The Resource & Land Management focus area prepares students for careers in mining, forestry, quarrying, energy development, and land management. Students examine resource extraction, land-use planning, environmental compliance, reclamation, and resource processing operations while developing technical and workforce skills related to surveying, permitting, excavation, harvesting, infrastructure development, and environmental stewardship. Emphasis is placed on safety, sustainability, regulatory compliance, operational technologies, and workforce readiness aligned with California’s natural resource industries.
17.0 Resource & Land Management: (RLM): Skill Building
RLM.17.1	Resource Extraction and Land Use Systems:
Analyze resource extraction, land-use planning, resource development, and environmental management practices used in mining, forestry, quarrying, and energy industries.
RLM.17.2	Surveying and Site Planning:
Outline surveying, mapping, measurement, and site-planning principles used in land management, excavation, timber operations, and infrastructure projects.
RLM.17.3	Mining and Extraction Processes:
Outline mining, quarrying, drilling, excavation, and aggregate extraction processes; analyze environmental and economic impacts.
RLM.17.4	Timber and Forest Product Systems:
Discuss the California Forest Practice Act and the requirements for Timber Harvest and Habitat Conservation Plans; differentiate timber harvesting methods, forest product manufacturing processes, wood types and utilization, and forest resource management practices.
RLM.17.5	Natural Resource Processing and Manufacturing:
Differentiate resource processing, manufacturing, distribution, reclamation, and environmental protection practices used in timber, aggregate, and energy industries.

RLM.17.6	Land Use Planning and Regulation:
Explain land-use planning, permitting, zoning, environmental review, and regulatory compliance used in natural resource and land development industries.
RLM.17.7	Resource Transportation and Distribution:
Analyze transportation, logistics, storage, and distribution used to move natural resource products from extraction sites to processing and market facilities.
RLM.17.8	Resource Conservation and Reclamation:
Evaluate conservation, reclamation, erosion control, habitat protection, and land restoration practices used in resource extraction and land management operations.
RLM.17.9	Public and Private Land Rights:
Compare and contrast public land designations (e.g., State Park, National Forest, wilderness areas, wild and scenic areas); describe the role of government in managing public and private property rights.
18.0 Resource & Land Management: Process & Practice
RLM.18.1	Worksite Operations:
Apply worksite procedures, safety regulations, operational standards, and environmental compliance practices (e.g., excavation, hauling, material handling, equipment staging, and site operations) used in mining, quarrying, timber, and aggregate industries.
RLM.18.2	Equipment Operations and Maintenance:
Demonstrate equipment inspection, operational procedures, preventive maintenance practices, and troubleshooting techniques (e.g., loaders, excavators, skidders, drilling equipment, sawmills, and hauling equipment).
RLM.18.3	Timber Processing and Manufacturing:
Demonstrate processes for harvesting, milling, wood processing, grading, material handling, and manufacturing procedures used in timber and forest product industries.
RLM.18.4	Aggregate and Mineral Processing Operations:
Document aggregate and mineral processing workflows (e.g., excavation, crushing, screening, conveying, hauling, stockpiling, and material handling) used in mining, quarrying, and aggregate production industries.
RLM.18.5	Land Use Planning and Permitting:
Practice land-use planning, permitting, environmental review, and regulatory requirements used in resource extraction and land management projects.
RLM.18.6 	Reclamation and Land Restoration:
Apply reclamation, erosion control, revegetation, watershed protection, and land restoration practices used to mitigate the impacts of extraction and land disturbance activities.
RLM.18.7 	Safety, Risk, and Environmental Management:
Practice chain-of-command communication, hazard assessment, environmental protection and compliance practices.
RLM.18.8	Infrastructure Management:
Plan support operations (e.g., road maintenance, utility coordination, drainage management, storage operations, and transportation access planning) for resource extraction and land management activities.
19.0 Resource & Land Management: Career Exploration
RLM.19.1	Industry Certifications and Workforce Pathways:
Explore industry certifications, apprenticeships, licensing requirements, union pathways, safety training, and postsecondary education related to extraction and land management careers.
RLM.19.2	Forestry and Timber:
Explore careers in forestry and timber operations (e.g., forester, logging equipment operator, and sawmill technician).
RLM.19.3	Mining and Aggregate:
Explore careers in mining, quarrying, and aggregate industries (e.g., mining technician, quarry operator, and drilling technician).
RLM.19.4	Land Surveying and Planning:
Explore careers in land surveying, GIS, site planning, and land development (e.g., land surveyor, GIS technician, and environmental planner).
RLM.19.5	Environmental Compliance and Reclamation:
Explore careers in environmental compliance, permitting, reclamation, and land restoration (e.g., reclamation specialist, compliance inspector, and permitting technician).
RLM.19.6	Resource Processing and Manufacturing:
Explore careers in forest product manufacturing, aggregates processing, milling, and material production (e.g., millwright, materials technician, and production supervisor).
RLM.19.7	Public Land and Resource Agency:
Explore careers in public land management and regulatory agencies (e.g., CAL FIRE technician, environmental analyst, and land management technician).
RLM.19.8	Natural Resource Operations and Industry Systems:
Explore careers in natural resource operations (e.g., arborist, utility vegetation manager, and heavy equipment operator).
20.0 Resource Extraction: Advanced Technology & Impact
RLM.20.1	GIS and Geospatial Technologies:
Use GIS; Global Positioning System (GPS); drones; Laser Imaging, Detection, and Ranging (LiDAR), and spatial analysis technologies used in surveying, extraction planning, and land management operations.
RLM.20.2	Automation and Heavy Equipment:
Analyze automation and machine guidance technologies, remote operations, and advanced equipment used in extraction and resource industries.
RLM.20.3	Sustainable Extraction and Land Management:
Evaluate practices that promote resource conservation, environmental protection, emissions reduction, and responsible land use in extraction and land management activities.
RLM.20.4	Community Impacts:
Analyze the short- and long-term impact of land development, transportation, and utilities infrastructure projects on communities.
RLM.20.5	Climate Resilience and Resource Systems:
Evaluate climate adaptation, wildfire resilience, water management, and land restoration strategies used in resource extraction and land management industries.

Energy, Water & Resource Management Pathway
[bookmark: _Toc233435791]Water Infrastructure
Focus Area Description: 
The Water Infrastructure focus area prepares students for careers in water, wastewater, stormwater, and utility networks. Students examine water treatment, distribution, wastewater, stormwater management, environmental compliance, and public utility operations while developing technical and workforce skills related to water quality monitoring, treatment technologies, infrastructure maintenance, operations, and public health protection. Emphasis is placed on safety, regulatory compliance, sustainability and workforce readiness aligned with California water operator certification and industry standards.
17.0 Water Infrastructure (WI): Skill Building
WI.17.1	Water Infrastructure and Utility Operations:
Analyze water infrastructure and utility networks (e.g., drinking water, wastewater, stormwater, groundwater, storage, and distribution) used in public and private utilities.
WI.17.2	Water Sources and Resource Management:
Examine groundwater, aquifers, reservoirs, dams, watersheds, water reuse practices, and conservation strategies used to support California water supply and resource management.
WI.17.3	Water Treatment and Distribution Systems:
Differentiate operational procedures used in drinking water treatment, wastewater processing, filtration, disinfection, pumping, and facility operations.
WI.17.4	Water Storage and Flow Management:
Outline water storage and flow management systems (e.g., reservoirs, aqueducts, dams, drainage, watershed modeling, and flood channels) used in water infrastructure and flood management operations.
WI.17.5	Wastewater Collection and Natural Systems:
Analyze wastewater treatment and recovery processes (e.g., wastewater collection, solids processing, recycling, reuse, pollution prevention, and biosolids management) used to reduce environmental impacts and improve water quality.

WI.17.6	Stormwater and Flood Management Systems:
Examine stormwater and flood management practices (e.g., drainage engineering, erosion control, sediment management, watershed protection, stormwater capture, and flood response protocol) used in municipal and environmental operations. 
WI.17.7	Water Quality and Environmental Compliance:
Analyze water quality monitoring requirements, environmental regulations, pollution prevention strategies, contaminated sediment management, and compliance practices related to water and wastewater operations.
WI.17.8	Facility Operations and Equipment:
Differentiate the functions and applications of facility equipment (e.g., pumps, valves, meters, pipelines, motors, filtration equipment, and Supervisory Control and Data Acquisition [SCADA] technologies) used in water and wastewater facilities. 
WI.17.9	Hazardous Materials and Facility Safety:
Outline facility safety procedures (e.g., confined space entry, chlorine handling, hazardous materials protocols, emergency response, and lockout/tagout practices) used in water and wastewater facilities.
18.0 Water Infrastructure: Process & Practice
WI.18.1	Water Sampling and Quality Monitoring:
Conduct water sampling, laboratory testing, environmental monitoring, and water quality analysis used in water and wastewater operations.
WI.18.2	Distribution and Collection System Operations and Maintenance:
Demonstrate equipment inspection, troubleshooting, repair, and preventative maintenance practices for pumps, valves, motors, pipelines, meters, and treatment equipment using industry-standard procedures.
WI.18.3	Water Conservation and Resource Management:
Implement water conservation, watershed protection, groundwater management, drought response, and stormwater management practices.
WI.18.4	Utility Safety and Regulatory Compliance:
Demonstrate ability to apply workplace safety procedures, hazardous materials protocols, environmental regulations, confined space requirements, and compliance practices.


WI.18.5	Data Analysis and Technical Reporting:
Analyze operational, environmental, and water quality data to prepare technical reports, permits, inspection records, and compliance documentation.
WI.18.6	Stormwater and Flood Control:
Evaluate drainage networks, flood control, stormwater capture systems, and erosion prevention practices used in municipal and environmental operations.
WI.18.7	Utility Systems Planning and Emergency Response:
Apply chain of command protocols, utility operations plans, emergency response procedures, infrastructure resilience strategies, and asset management practices.
WI.18.9	Water Modeling and Flow Analysis:
Use water modeling and analysis tools (e.g., Hydrologic Engineering Center's River Analysis System [HEC-RAS], watershed modeling software, and drainage analysis tools) to assess water flow, flood risk, sediment movement, and functionality.
19.0 Water Infrastructure: Career Exploration
WI.19.1	Industry Certifications and Workforce Pathways:
Explore industry certifications, apprenticeships, licensing requirements, union pathways, safety training, and postsecondary education related to water infrastructure careers. 
WI.19.2	Water Industry Regulations and Certifications:
Analyze California water and wastewater regulations, Clean Water Act, operator certification pathways, and industry training requirements related to water treatment, distribution, and wastewater operations (e.g., Wastewater Operator Certification program [WWOCP] and Drinking Water Operator Certification Program [DWOCP]).
WI.19.3	Drinking Water Operations:
Explore careers in drinking water treatment and distribution (e.g., water treatment operator, distribution operator, and water quality technician).
WI.19.4	Wastewater and Collection:
Explore careers in wastewater treatment and collection (e.g., wastewater operator, collections system technician, and wastewater mechanic).

WI.19.5	Stormwater and Watershed Protection:
Explore careers in stormwater management and watershed protection (e.g., stormwater inspector, watershed technician, and flood control technician).
WI.19.6	Utility Infrastructure and Maintenance:
Explore careers in utility infrastructure, maintenance, and public works (e.g., utility worker, pump technician, and pipeline inspector).
WI.19.7	Water Quality: 
Explore careers in laboratory operations, water quality monitoring, and environmental testing (e.g., laboratory analyst, environmental technician, and water quality specialist).
WI.19.8	Water Resource and Environmental Planning:
Explore careers in water resource management, conservation, permitting, and environmental planning (e.g., hydrologist, water resources specialist, and conservation planner).
WI.19.9	Engineering:
Explore careers in civil and environmental engineering (e.g., civil engineering technician, environmental engineering technician, and controls technician).
20.0 Water Infrastructure: Advanced Technology & Impact
WI.20.1	Instrumentation and Automation:
Evaluate instrumentation and automation technologies (e.g., sensors, programmable logic controllers [PLCs], SCADA systems, telemetry equipment, and automated process controls) used in water and wastewater facilities.
WI.20.2	Smart Utility Technologies:
Analyze smart utility technologies (e.g., digital metering, leak detection, remote monitoring, predictive analytics, and intelligent distribution networks) used to improve utility performance and reliability.
WI.20.3	Water Treatment and Infrastructure Technologies:
Evaluate advanced treatment processes, desalination technologies, water recycling and filtration technologies, and infrastructure modernization practices.


WI.20.4	Climate Resilience and Water Systems:
Analyze the impacts of drought, flooding, sea-level rise, wildfire, catastrophic storm events, and water scarcity on water utility operations and strategies for climate adaptation.
[bookmark: _heading=h.w1ihp4jbh7pg]WI.20.5	Water Infrastructure and Community Impact:
Evaluate how water and utility infrastructure, environmental regulations, and resource management practices affect public health, environmental quality, economic development, and community resilience.
WI.20.6	Sustainable Water Systems and Resource Recovery:
Evaluate water conservation practices, renewable energy integration, biosolids management, wastewater reuse, and resource recovery technologies used in sustainable utility operations.
WI.20.7	Water Conservation and Sustainable Landscaping:
Analyze water-efficient landscaping and land management practices (e.g., xeriscaping, drought-tolerant planting, efficient irrigation, soil moisture management, and runoff reduction) used in sustainable landscape and environmental management projects.
WI.20.8	Innovation in Wastewater Management:
Evaluate how biomimicry and nature-based solutions (e.g., constructed wetlands, living shorelines, bioswales, and wetland filtration systems) are applied in wastewater treatment and stormwater management to improve water quality, reduce energy demands, and support ecosystem resilience.
WI.20.9	Water Infrastructure and Energy Efficiency:
Analyze strategies for improving energy efficiency in water collection, treatment, and distribution systems; evaluate the energy demands and infrastructure challenges of water distribution across regions such as the State Water Project's delivery from northern to southern California.
 

Energy, Water & Resource Management Pathway
[bookmark: _Toc233435792]Energy & Power Systems
Focus Area Description:
The Energy & Power Systems focus area prepares students for careers in power generation, utilities, renewable energy, grid modernization, and energy infrastructure. Students examine energy production, transmission, distribution, storage, electrification, and utility operations while developing technical and workforce skills related to electrical systems, power generation technologies, smart grid networks, energy efficiency, and maintenance. Emphasis is placed on safety, regulatory compliance, grid reliability and resilience, emerging technologies, and workforce readiness aligned with California’s energy, utility, and clean power industries.
17.0 Energy & Power Systems (ECD): Skill Building
EPS.17.1	Electrical Systems Fundamentals:
Illustrate fundamental electrical concepts (e.g., voltage, current, resistance, power, magnetism, circuitry, and Ohm’s Law).
EPS.17.2	Energy and Utility Systems:
Analyze energy generation, transmission, distribution, storage, electrification, grid reliability, load management, and utility operations; explain the flow of energy from generation to end users.
EPS.17.3	Power Plant and Utility Operations:
Examine the components, operations, maintenance, and safety procedures used in power plants, substations, and utility facilities.
EPS.17.4	Protective Relay and Controls:
Differentiate protective relay systems, circuit protection devices, switchgear operations, and fault isolation technologies. 
EPS.17.5	Utility Performance: 
Interpret energy demand, production, outage, and efficiency data to evaluate utility performance; analyze power balance and peak demand management, including solar generation peaks and customer usage peaks (e.g., duck curve dynamics, time-of-use pricing, and load shifting strategies).


EPS.17.6	Energy Regulation and Oversight:
Analyze the roles of regulatory agencies and oversight organizations (e.g., Federal Energy Regulatory Commission [FERC], California Public Utilities Commission [CPUC], and Independent System Operators [ISOs]) in energy regulation, grid reliability, rates, infrastructure planning, and utility compliance. 
EPS.17.7	Conventional and Renewable Energy:
Compare and contrast conventional and renewable energy (e.g., coal, oil natural gas, hydroelectric, geothermal, solar, wind, bioenergy, and nuclear); evaluate efficiency, cost, reliability, and environmental impacts.
EPS.17.8	Transmission and Smart Grid Systems:
Explain the operation of electric transmission, gas distribution, substations, metering, and grid modernization technologies used in utility networks.
EPS.17.9	Nuclear Energy:
Analyze nuclear energy generation and reactor operations (e.g., reactors, nuclear fission, radiation safety, reactor physics, decay heat management, containment barriers, and reactor design technologies); explain their roles in modern power generation and energy infrastructure.
18.0 Energy & Power Systems: Process & Practice
EPS.18.1	Electrical Testing and Circuits:
Use electrical testing equipment (e.g., multimeters, Volt-Ohm-Meters [VOMs], digital voltmeters [DVMs], and diagnostic tools) to measure voltage, current, and resistance; construct and test basic electrical circuits.
EPS.18.2	Utility Equipment and Infrastructure:
Demonstrate equipment inspection, classification, preventive maintenance practices, and troubleshooting techniques for utility and power generation equipment (e.g., transformers, relays, switchgear, turbines, boilers, generators, pumps, motors, substations, and switchyards).
EPS.18.3	Power Plant Operations:
Document operational workflows used in conventional, renewable, and nuclear power plants, including startup, shutdown, operational testing, and plant performance evaluation.


EPS.18.4	Energy Data Systems:
Use operational and load management data to plan for utility dispatch, outage response, and maintenance scheduling.
EPS.18.5	Utility Safety and Compliance:
Follow workplace safety and compliance procedures (e.g., personal protective equipment [PPE], lockout/tagout awareness, hazard identification, equipment inspections, quality control, and emergency procedures) in industry settings.
EPS.18.6	Customer and Utility Services:
Demonstrate customer service procedures by determining appropriate responses to inquiries related to metering, billing, outage reporting, service requests, and energy efficiency programs.
EPS.18.7	Smart Grid and Digital Utility:
Demonstrate operation and monitoring practices for distributed energy technologies (e.g., solar photovoltaic systems, battery energy storage, electric vehicle [EV] charging stations, smart inverters, and digital utility controls).
EPS.18.8	System Testing and Diagnostics:
Document inspection, diagnostics, and troubleshooting workflows to evaluate electrical equipment and energy performance using schematics, testing equipment, and digital tools.
EPS.18.9	Preventive Maintenance and Field Operations:
Follow preventive maintenance and field operations procedures (e.g., equipment inspections, routine servicing, maintenance documentation, worksite communication, and chain-of-command protocols).
19.0 Energy & Power Systems: Career Exploration
EPS.19.1	Industry Certifications and Workforce Pathways:
Explore industry certifications, apprenticeships, licensing requirements, union pathways, safety training, and postsecondary education related to energy and power systems careers. 
EPS.19.2	Utility and Public Infrastructure:
Explore careers in public utilities, municipal infrastructure, and public works operations (e.g., utility operator, public works technician, and maintenance technician).

EPS.19.3	Power Generation and Plant Operation:
Explore careers in conventional and nuclear power generation facilities (e.g., power plant operator, turbine technician, and nuclear technician).
EPS.19.4	Transmission, Distribution, and Grid Operations: 
Explore careers in electric transmission, gas distribution, substations, and grid operations (e.g., lineworker, substation technician, and grid operator). 
EPS.19.5	Renewable Energy and Electrification:
Explore careers in renewable energy, electrification, and distributed energy (e.g., solar technician, wind turbine technician, and battery storage technician).
EPS.19.6	Oil, Gas, and Refinery Operations:
Explore careers in oil and gas production, refining, drilling, pipeline operations, and fuel processing industries (e.g., petroleum technician, refinery operator, and pipeline technician). 
EPS.19.7	Utility Operations and Maintenance:
Explore careers in utility operations, equipment maintenance, and technical support (e.g., instrumentation technician, maintenance mechanic, and field service technician).
EPS.19.8	Engineering and Technical Systems:
Explore careers in electrical engineering, controls systems, instrumentation, and energy technologies (e.g., controls technician, instrumentation technician, and electrical engineering technician).
20.0 Energy & Power Systems: Advanced Technology & Impact
EPS.20.1	Smart Grid Technology:
Evaluate grid modernization technologies (e.g., automated controls, predictive analytics, digital substations, distributed energy management, and SCADA systems) used to improve utility reliability and resilience.
EPS.20.2	Energy Storage and Emerging Technologies
Evaluate battery storage, hydrogen systems, fuel cells, microgrids, distributed energy resources, and emerging technologies used in modern power systems.


EPS.20.3	Energy Infrastructure and Community Impact:
Evaluate how energy generation, transmission, operations, and electrification projects affect communities, environmental quality, economic development, and public safety under normal operating conditions and extreme events.
EPS.20.4	Advanced Analytics:
Evaluate digital analytics, predictive modeling, and real-time monitoring technologies used to optimize utility performance.
EPS.20.5	Global Energy Access and Infrastructure:
Analyze differences in energy access, fuel sources, grid reliability, and electrification challenges affecting developing regions and emerging energy markets.
EPS.20.6	Cybersecurity and Critical Infrastructure Protection:
Analyze cybersecurity threats and risk management practices (e.g., network security, intrusion detection, and incident response) to protect digital controls, SCADA systems, and grid networks supporting reliable and secure utility operations.


[bookmark: _Toc233435793]Energy, Water & Resource Management Pathway
Clean & Alternative Energy
Focus Area Description:
The Clean &Alternative Energy focus area prepares students for careers in renewable energy, electrification, and sustainability. Students examine clean energy generation, energy storage, smart grid technology, energy efficiency, and emerging energy technologies while developing technical and workforce skills related to solar, wind, geothermal, battery storage, EV infrastructure, and energy management. Emphasis is placed on safety, regulatory compliance, emissions reduction, grid reliability, and workforce readiness aligned with California’s clean energy and climate resilience industries.
17.0 Clean & Alternative Energy (CAE): Skill Building
CAE.17.1	Clean Energy Infrastructure:
Differentiate renewable energy infrastructure, utility networks, and decarbonization strategies used in modern energy generation.
CAE.17.2	Renewable Energy Generation:
Evaluate renewable energy generation (e.g., solar, wind, geothermal, hydroelectric, biomass, hydrogen, and wave energy) based on energy production, efficiency, reliability, and environmental impacts.
CAE.17.3	Energy Conversion and Storage:
Describe energy conversion and storage technologies (e.g., battery storage, fuel cells, hydrogen technologies, thermal energy storage, distributed energy resources, and bidirectional EV charging) that support clean energy systems.
CAE.17.4	Energy Use and Environmental Impact:
Evaluate the environmental impacts, efficiency, and operating costs of residential, commercial, and industrial energy and appliances (e.g., water heating, heating/ventilation/air conditioning [HVAC], renewable, and conventional energy technology).
CAE.17.5	Solar Energy and Distributed Generation:
Analyze solar energy technology (e.g., photovoltaic, solar thermal, community solar, and distributed generation) used in clean energy production and electrification initiatives.

CAE.17.6	Smart Grid and Electrification:
Differentiate smart grid and electrification networks (e.g., microgrids, EV charging infrastructure, load management, and grid modernization technologies) used in modern energy networks.
CAE.17.7	Energy Policy, Regulation, and Sustainability:
Analyze clean energy policies and sustainability standards (e.g., building energy codes, emissions reduction targets, decarbonization initiatives, renewable portfolio standards, and electrification policies) affecting energy industries.
CAE.17.8	Safety and Environmental Compliance:
Analyze workplace safety procedures, electrical safety standards, environmental regulations, permitting requirements, and compliance practices used in clean energy and utility operations.
18.0 Clean & Alternative Energy: Process & Practice
CAE.18.1	Electrical Testing and Diagnostics:
Use electrical testing equipment and diagnostic tools to measure voltage, current, resistance, power output, and system performance.
CAE.18.2	Solar Energy Operations:
Demonstrate inspection, operational procedures, preventive maintenance practices, and troubleshooting techniques for solar energy equipment (e.g., photovoltaic, inverter, solar thermal, and solar water heating equipment).
CAE.18.3	Wind, Geothermal, and Renewable Energy:
Document operational workflows used in wind, geothermal, hydroelectric, and distributed renewable energy, including monitoring, troubleshooting, and performance evaluation.
CAE.18.4	Energy Storage and Distributed Energy:
Apply procedures to monitor and evaluate distributed energy and storage technologies (e.g., battery storage, hydrogen, fuel cells, thermal storage, and microgrids) using simulations or laboratory activities.
CAE.18.5	Energy Efficiency and Building Performance:
Conduct energy efficiency assessments (e.g., load calculations, HVAC analysis, and building performance evaluations) used to improve energy conservation and efficiency in residential and commercial environments.

CAE.18.6	Smart Grid Monitoring:
Monitor smart grid and electrification systems (e.g., EV charging infrastructure, demand-response, smart meters, and energy management) used in utility and building operations.
CAE.18.7	Environmental Compliance:
Apply environmental compliance practices used in clean energy industries.
CAE.18.8	Energy Data and System Monitoring:
Conduct an energy audit to determine energy production, consumption, storage, efficiency, and emissions data.
CAE.18.9	Sustainable Energy Design:
Interpret technical schematics, performance models, and engineering principles to evaluate clean energy solutions, grid reliability, and climate adaptation strategies.
19.0 Clean & Alternative Energy: Career Exploration
CAE.19.1	Clean Energy Certifications and Workforce Pathways:
Explore industry certifications, apprenticeships, union pathways, licensing requirements, community college programs, and postsecondary education related to renewable energy and clean energy careers.
CAE.19.2	Renewable Energy:
Explore careers in renewable energy (e.g., solar installer, wind turbine technician, and geothermal technician).
CAE.19.3	Energy Efficiency and Building Performance:
Explore careers in energy efficiency, building performance, and electrification (e.g., energy auditor, building performance technician, and electrification technician).
CAE.19.4	Grid Modernization:
Explore careers in grid and infrastructure modernization (e.g., grid operator, substation technician, and EV charging technician).
CAE.19.5	Energy Storage:
Explore careers in emerging energy storage, hydrogen, and fuel cell technologies (e.g., battery technician, hydrogen systems technician, and fuel cell technician).

CAE.19.6	Engineering and Technical Systems:
Explore careers in electrical engineering, controls systems, instrumentation, and renewable energy design (e.g., electrical engineering technician and controls technician).
CAE.19.7	Sustainability and Energy Policy:
Explore careers in sustainability, energy policy, regulatory compliance, and climate planning (e.g., sustainability coordinator, energy analyst, and compliance specialist).
CAE.19.8	Public Sector:
Explore careers in public utilities, environmental agencies, and infrastructure planning (e.g., environmental planner, utility program coordinator, and energy program specialist).
CAE.19.9	Construction and Skilled Trades:
Explore careers in construction and the building trades related to clean energy (e.g., electrician, sheet metal worker, and utility construction worker).
20.0 Clean & Alternative Energy: Advanced Technology & Impact
CAE.20.1	Smart Grid and Automation Technologies:
Analyze the applications of AI, automation, and emerging technologies (e.g., machine learning, digital twins, drones, robotics, IoT-enabled sensors, and predictive analytics) in modern utility and energy operations.
CAE.20.2	Energy Storage:
Differentiate battery types, hydrogen systems, thermal storage, vehicle-to-grid technologies, and other emerging energy storage technologies.
CAE.20.3	Electrification and Decarbonization:
Evaluate building electrification, transportation electrification, emissions reduction, and decarbonization strategies used to support climate goals and clean energy transitions.
CAE.20.4	Climate Resilience and Energy Infrastructure:
Outline the impacts of extreme weather (e.g., high heat and high winds), wildfire, drought, sea-level rise, and climate adaptation strategies on energy and utility networks.

CAE.20.5	Energy Infrastructure and Community Impact:
Describe how renewable energy projects, storage systems, and transmission networks affect communities, land use, and environmental quality.
CAE.20.6	Renewable Ocean Energy:
Evaluate the impact of offshore wind, wave energy, tidal systems, desalination technologies, and utility operations on habitats and marine ecosystems.


[bookmark: _Toc233435794]Environmental Stewardship & Sustainability Pathway
Pathway Description:
The Environmental Stewardship & Sustainability pathway prepares students with the knowledge and technical skills to analyze, manage, restore, and protect land and coastal ecosystems, environmental systems, and public lands. Students develop competencies in forestry and wildlife management, coastal and marine resource conservation, environmental remediation and habitat restoration, and environmental policy and regulatory compliance. Through hands-on, collaborative experiences such as field-based ecological monitoring, habitat restoration projects, coastal and marine systems analysis, and environmental compliance simulations, students apply industry practices in real-world contexts. The pathway emphasizes sustainability, climate resilience, environmental stewardship, and regulatory compliance aligned with California's forestry, coastal and marine, environmental remediation, and public lands industries.
Occupational Alignment: O*NET-SOC Codes
11-9121.02 – Water Resource Specialists
13-1041.01 – Environmental Compliance Inspectors
17-3025.00 – Environmental Engineering Technologists and Technicians
19-1031.02 – Range Managers
19-1031.03 – Park Naturalists
19-2041.01 – Climate Change Policy Analysts
19-2041.02 – Environmental Restoration Planners
19-2041.03 – Industrial Ecologists
19-4042.00 – Environmental Science and Protection Technicians, Including Health
19-4043.00 – Geological Technicians, Except Hydrologic Technicians
19-4044.00 – Hydrologic Technicians
19-4071.00 – Forest and Conservation Technicians
19-4092.00 – Environmental Science and Protection Technicians
33-3031.00 – Fish and Game Wardens
37-2021.00 – Pest Control Workers
37-3019.00 – Landscaping and Groundskeeping Workers
39-9032.00 – Recreation Workers
45-2093.00 – Agricultural Equipment Operators
Focus Areas:
Forestry & Natural Resources
Coastal & Marine Systems
Ecological Remediation & Restoration
Environmental Policy

Advance CTE Sub-Cluster Alignment: 
Conservation & Land Management, Ecological Research & Development, Environmental Protection

Environmental Stewardship & Sustainability Pathway
[bookmark: _Toc233435795]Forestry & Natural Resources
Focus Area Description:
The Forestry & Natural Resources focus area prepares students to analyze, manage, conserve, and sustain the environment and natural resources through the study of forestry, wildlife, fisheries, rangelands, water systems, fire science, environmental stewardship, and outdoor recreation. Students develop technical knowledge and field-based skills related to ecological analysis, resource management planning, conservation practices, environmental monitoring, geospatial technologies, climate adaptation, and sustainable land use while exploring careers, certifications, and emerging technologies connected to forestry, conservation, environmental science, public lands, and natural resource industries.
17.0 Forestry & Natural Resources: Skill Building
FNR.17.1	Air Quality and Atmospheric Systems:
Summarize causes of air pollutants and assess air quality management practices (e.g., emissions monitoring, pollution control, urban forestry, and atmospheric monitoring) and their impacts on ecosystems, climate, and human health.
FNR.17.2	Water Resource Management:
Outline how water resource management (e.g., water use, conservation practices, watershed management, and water quality monitoring) impacts ecosystems and human needs.
FNR.17.3	Soil and Land Conservation:
Investigate soil composition, classification, conservation practices, and land management strategies used to address the impact of ecological fluctuation and human use within environmental and agricultural systems.
FNR.17.4	Rangeland and Grazing:
Analyze rangeland ecosystems and land management practices (e.g., vegetation management, carrying capacity, rotational grazing, habitat restoration, and invasive species control) that support habitat conservation, wildfire resilience, ecosystem sustainability, and responsible land use.

FNR.17.5	Wildlife and Habitat Management:
Examine the Endangered Species Act of 1973; analyze wildlife populations, habitat requirements, biodiversity, population dynamics, and conservation practices used to manage terrestrial ecosystems.
FNR.17.6	Aquatic Resource Management:
Investigate aquatic ecosystems and management practices (e.g., water quality monitoring, habitat restoration, fisheries management, and species population assessments) that support ecosystem health, sustainable resource use, and aquatic habitat conservation.
FNR.17.7	Fire Science and Wildland Management:
Compare fire behavior, suppression practices, fuel management, and wildfire mitigation strategies (i.e., prescribed burns) used in forest and rangeland ecosystems.
FNR.17.8	Forest Ecosystems and Silviculture:
Analyze forest management practices (e.g., sustained yield, watershed management, ecosystem management, and multiple-use management); outline silvicultural practices and environmental factors affecting forest health.
FNR.17.9	Surveying:
Describe the Public Land Survey System (PLSS); use surveying equipment (e.g., global positioning satellites, maps, and compasses) to determine area and parcel boundaries.
18.0 Forestry & Natural Resources: Process and Practice
FNR.18.1	Field Investigation:
Apply field investigation methods (e.g., sampling, surveying, monitoring, and inventory) to evaluate natural resource conditions and support environmental assessment activities.
FNR.18.2	Environmental Data Analysis
Collect and assess environmental and biological data (e.g., water quality, air quality, climate, soil, wildlife, vegetation, and land-use data) using species identification and population monitoring methods.
FNR.18.3	Watershed Management:
Apply watershed management strategies (e.g., riparian restoration, stormwater control, erosion prevention, and watershed protection) to support water quality, land stability, and resource sustainability.
FNR.18.4	Habitat and Vegetation Management:
Implement habitat and land management practices (e.g., vegetation management, habitat restoration, invasive species control, forage management, and wildlife protection) through field activities.
FNR.18.5	Resource Management Planning:
Develop resource and land management plans (e.g., conservation, watershed, habitat restoration, forestry, recreation, or rangeland monitoring plans) that support land management, resource protection, regulatory compliance, and ecosystem resilience.
FNR.18.6	Reporting and Communication:
Prepare technical reports to support environmental planning and resource management decisions; communicate environmental findings through presentations, and public outreach.
FNR.18.7	Trail and Recreation Area Management:
Apply trail construction, trail maintenance, day use area, and campsite management practices to support safe, sustainable, and accessible outdoor recreation environments.
FNR.18.8	Emergency Preparedness and Field Safety:
Demonstrate emergency preparedness, survival, first aid, and field safety practices (e.g., emergency response procedures, hazard assessment, wildfire safety, and outdoor preparedness) used in field operations.
FNR.18.9	Sustainable Tourism and Recreation Practices
Practice sustainable tourism and outdoor recreation operations practices (e.g., Leave No Trace standards, low-impact campsite operations, and visitor impact management) used in parks, campgrounds, ecotourism, and public land recreation.
19.0 Forestry & Natural Resources: Career Exploration
FNR.19.1	Certifications and Workforce Pathways: 
Explore industry certifications, training programs, apprenticeships, higher education pathways, and workforce qualifications related to forestry, conservation, wildland fire, environmental technology, and natural resource management careers.
FNR.19.2	Forestry and Wildland Management:
Explore careers in forestry and wildland management (e.g., forester, forestry technician, and urban forester).
FNR.19.3	Wildlife, Fisheries, and Conservation:
Explore careers in wildlife, fisheries, and conservation management (e.g., fisheries technician, habitat restoration specialist, and park ranger).
FNR.19.4	Outdoor Recreation and Public Lands:
Explore careers in outdoor recreation and public land management (e.g., park ranger, trail technician, and recreation manager).
FNR.19.5	Geospatial Technology:
Explore careers in environmental and geospatial technology (e.g., GIS technician, remote sensing analyst, and drone operator).
FNR.19.6	Environmental Regulatory Systems:
Explore careers in environmental regulation and compliance (e.g., environmental planner, permitting specialist, and compliance inspector).
20.0 Forestry & Natural Resources: Advanced Technology and Impact
FNR.20.1	GIS and Geospatial Technologies:
Use GIS, GPS mapping, drones, and spatial technologies to document environmental conditions, resources, and land management practices. 
FNR.20.2	Environmental Monitoring:
Analyze the use of sensors, remote monitoring, environmental data platforms, and scientific instruments used to monitor ecosystems, air quality, water quality, and climate conditions.
FNR.20.3	Climate Adaptation and Resilience:
Evaluate strategies designed to support climate adaptation, wildfire mitigation, habitat restoration, and ecosystem resilience.
FNR.20.4	Data Analysis and Environmental Modeling:
Use environmental data, digital modeling, and quantitative analysis tools to interpret ecosystem trends, population changes, climate impacts, and resource management outcomes.
FNR.20.5	Sustainable Agriculture and Resource Economies:
Analyze the economic, environmental, and workforce relationships among agriculture, forestry, fisheries, recreation, conservation, and natural resource industries.
FNR.20.6	Data Centers and Environmental Impact:
Analyze the environmental impacts of data centers (e.g., energy consumption, water use, cooling systems, electronic waste, and land use).
FNR.20.7	Tribal Consultation and Indigenous Knowledge:
Analyze how tribal consultation and Indigenous stewardship (e.g., traditional ecological knowledge, cultural burning, native plant stewardship, habitat restoration, and sustainable harvesting) inform environmental policy, land use, conservation, and natural resource management.

Environmental Stewardship & Sustainability Pathway
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Focus Area Description: 
The Coastal & Marine Environmental Systems focus area prepares students for careers in marine science, coastal resource management, fisheries, environmental sustainability, and blue economy industries. Students examine coastal and marine ecosystems, climate resilience, water quality, fisheries, and ocean technologies while developing technical and workforce skills related to habitat restoration, environmental monitoring, GIS mapping, marine operations, and coastal planning. Emphasis is placed on sustainability, environmental stewardship, regulatory compliance, climate adaptation, and workforce readiness aligned with California’s coastal and marine industries.
17.0 Coastal & Marine Systems (CMS): Skill Building
CMS.17.1	Coastal and Marine Environments:
Analyze coastal, estuarine, wetland, and marine environments and their roles in fisheries, restoration, aquaculture, tourism, shoreline management, and marine resource industries.
CMS.17.2	Oceanography:
Evaluate oceanographic and coastal processes (e.g., tides, currents, salinity, wave patterns, and ocean circulation); assess their impacts on marine operations, habitats, and coastal communities.
CMS.17.3	Marine Biodiversity and Habitats:
Differentiate marine habitats, biodiversity, fisheries resources, and conservation practices used to support ecosystem health and marine resource management.
CMS.17.4	Fisheries and Aquaculture:
Examine fisheries, hatchery operations, aquaculture production, and marine harvesting practices used in commercial and environmental operations; evaluate sustainability practices.
CMS.17.5	Coastal Water Management:
Analyze water quality monitoring, watershed management, pollution prevention, marine debris reduction, and coastal protection practices used in marine environments.

CMS.17.6	Climate Resilience and Coastal Hazards:
Assess the impacts of sea-level rise, coastal erosion, flooding, storm surge, wildfire runoff, and ocean warming on coastal ecosystems; evaluate climate adaptation and resilience strategies.
CMS.17.7	Marine Policy and Environmental Regulation:
Explain coastal regulations, marine protected areas, permitting processes, maritime policies, and environmental compliance requirements related to shoreline development and marine operations.
CMS.17.8 	Safety and Environmental Stewardship:
Analyze marine safety procedures, spill response practices, hazardous materials protocols, environmental stewardship, and workplace safety standards.
CMS.17.9	Sustainability:
Evaluate stormwater mitigation practices, habitat management strategies, and resource protection measures used in sustainable coastal operations.
18.0 Coastal & Marine Systems: Process & Practice
CMS.18.1	Marine Field Research and Environmental Monitoring: 
Conduct marine field investigations, water sampling, habitat assessments, biodiversity surveys, and environmental monitoring activities.
CMS.18.2	Water Quality and Ocean Data Analysis:
Collect and interpret marine, estuarine, and coastal water quality data related to pollution prevention, fisheries management, habitat health, and environmental decision-making.
CMS.18.3	Habitat Restoration and Coastal Conservation:
Apply shoreline stabilization, wetland restoration, erosion control, habitat restoration, and marine conservation practices through field activities.
CMS.18.4	Fisheries and Aquaculture Operations:
Document operational workflows related to fisheries management, hatchery operations, aquaculture production, species monitoring, and marine resource operations.
CMS.18.5	Coastal Planning and Environmental Compliance:
Apply coastal planning processes (e.g., permitting, environmental review, shoreline development, and restoration planning) to evaluate coastal resource projects.
CMS.18.6	Marine Safety and Emergency Response:
Document marine safety procedures, spill response operations, hazardous materials handling, emergency preparedness, and field safety workflows used in marine operations.
CMS.18.7	Climate Adaptation and Coastal Resilience:
Apply sea-level rise adaptation and coastal resilience strategies (e.g., flood mitigation, shoreline protection, living shorelines, and habitat restoration) to evaluate coastal infrastructure and environmental planning solutions.
19.0 Coastal & Marine Systems: Career Exploration
CMS.19.1	Marine Certifications and Workforce Pathways:
Explore industry certifications, scientific diving pathways, maritime safety training, community college programs, apprenticeships, and postsecondary education related to marine and coastal careers. 
CMS.19.2	Marine Science and Research Careers:
Explore careers in marine science and research (e.g., marine biologist, oceanographer, and marine ecologist).
CMS.19.3	Fisheries and Aquaculture Careers:
Explore careers in fisheries and aquaculture (e.g., fisheries technician, hatchery specialist, and aquaculture technician).
CMS.19.4	Coastal Resource and Conservation Careers:
Explore careers in coastal conservation, restoration, and environmental management (e.g., coastal planner, restoration technician, and conservation specialist).
CMS.19.5	Marine Technology and GIS Careers:
Explore careers in marine technology, GIS mapping, ocean monitoring, and environmental data (e.g., GIS technician, remote sensing analyst, and hydrographic technician).
CMS.19.6	Maritime and Coastal Infrastructure Careers:
Explore careers in maritime operations, ports, coastal engineering support, and marinas (e.g., port operations technician, marina manager).
CMS.19.7	Environmental Policy and Regulatory Careers:
Explore careers in environmental policy, marine permitting, coastal regulation, and compliance (e.g., environmental planner, permitting specialist, and regulatory analyst).
CMS.19.8	Sustainability and Climate Resilience Careers:
Explore careers in sustainability, climate adaptation, and environmental planning (e.g., climate resilience coordinator, sustainability specialist, and environmental analyst).
CMS.19.9	Public Sector and Environmental Agencies:
Explore careers in public agencies and environmental organizations related to marine and coastal systems (e.g., park ranger, environmental educator).
20.0 Coastal & Marine Systems: Advanced Technology & Impact
CMS.20.1	GIS, Mapping, and Remote Sensing:
Use GIS, GPS, drones, satellites, remote sensing technologies, and marine mapping tools to analyze coastal conditions, habitats, infrastructure, and environmental impacts.
CMS.20.2	Marine Monitoring and Ocean Technologies:
Explain how ocean monitoring techniques, marine robotics, autonomous marine vehicles, and digital monitoring equipment are used to collect environmental data.
CMS.20.3	Renewable Ocean Energy and Infrastructure:
Evaluate the impact of offshore wind, wave energy, tidal systems, and desalination technologies on the ecosystem. 
CMS.20.4	Climate Change and Coastal Impacts:
Analyze the impacts of sea-level rise, ocean acidification, coastal erosion, warming oceans, extreme weather, and climate strategies on marine ecosystems and coastal communities.
CMS.20.5	Coastal Infrastructure and Community Resilience:
Evaluate how ports, harbors, tourism, and coastal development affect environmental quality, ecosystems, and community resilience.
CMS.20.6	Marine Data Analytics and Environmental Modeling:
Use data to model ecosystem conditions, coastal impacts, and resource management decisions.
CMS.20.7	Sustainable Coastal and Blue Economy Systems:
Evaluate how sustainable tourism and investment in the blue economy can support long-term environmental and economic sustainability.


Environmental Stewardship & Sustainability Pathway
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Focus Area Description:
The Environmental Remediation & Restoration focus area prepares students for careers in environmental cleanup, restoration, hazardous materials management, and recovery. Students examine remediation strategies, pollution mitigation, ecosystem restoration, environmental monitoring, and regulatory compliance while developing technical and workforce skills related to site assessment, hazardous waste handling, water and soil remediation, stormwater management, environmental construction, and habitat restoration. Emphasis is placed on safety, environmental regulations, climate resilience, field operations, and workforce readiness.
17.0 Environmental Remediation & Restoration (ERR): Skill Building
ERR.17.1	Site Assessment and Remediation:
Analyze environmental site assessment and remediation practices (e.g., soil sampling, groundwater monitoring, containment, soil treatment, groundwater recovery, and risk assessment) used to address contaminated sites (e.g., brownfield and Superfund sites).
ERR.17.2	Pollution and Contaminant Pathways:
Examine pollutant sources, hazardous materials, contaminant transport, exposure pathways, and environmental health impacts associated with industrial sites and contaminated environments.
ERR.17.3	Hazardous Materials and Waste Systems:
Analyze hazardous waste handling, storage, transportation, disposal, spill response, and environmental safety requirements used in remediation and cleanup operations.
ERR.17.4	Restoration and Stabilization:
Evaluate restoration and stabilization practices (e.g., erosion control, sediment management, dewatering, site stabilization, streambank restoration, and habitat recovery) used to restore impacted environments and protect environmental quality.
ERR.17.5	Water Quality and Stormwater Restoration:
Analyze water quality management and stormwater restoration practices (e.g., runoff mitigation, watershed restoration, stormwater treatment, sediment control, and pollution prevention) used in environmental recovery efforts.
ERR.17.6	Habitat and Ecosystem Restoration:
Differentiate restoration practices (e.g., revegetation, invasive species management, wetland rehabilitation, habitat enhancement, and streambank stabilization) used in ecosystem recovery projects.
ERR.17.7	Environmental Construction and Site Operations:
Analyze remediation and restoration field practices (e.g., excavation, containment, dewatering, demolition support, erosion control, utility recovery, and site stabilization) used in environmental cleanup, restoration, construction and infrastructure recovery projects.
ERR.17.8	Safety, Emergency Response, and Risk Management:
Differentiate remediation worksite safety procedures (e.g., Hazardous Waste Operations and Emergency Response [HAZWOPER], contamination control, confined space protocols, spill response, and chain-of-command requirements).
18.0 Environmental Remediation & Restoration: Process & Practice
ERR.18.1	Environmental Site Assessment and Sampling:
Conduct environmental site assessments, contamination investigations, field monitoring, soil sampling, groundwater sampling, and environmental testing procedures.
ERR.18.2	Hazardous Materials and Waste Operations:
Document hazardous materials handling workflows (e.g., waste segregation, spill containment, labeling, transportation, storage, and disposal).
ERR.18.3	Soil, Water, and Groundwater Remediation:
Perform remediation procedures related to soil treatment, groundwater recovery, stormwater mitigation, sediment control, erosion prevention, and water quality restoration in field activities.
ERR.18.4	Habitat Restoration and Revegetation:
Practice ecosystem restoration (e.g., revegetation, erosion control, invasive species removal, wetland rehabilitation, habitat enhancement, and streambank stabilization).
ERR.18.5	Environmental Compliance and Documentation:
Prepare compliance reports, environmental review documents, inspection records, sampling logs, and technical documentation.

ERR.18.6	Environmental Construction and Field Operations:
Apply remediation and environmental construction practices (e.g., erosion control, containment systems, dewatering methods, excavation support, and site restoration) using industry tools, training equipment, or simulations.
ERR.18.7	Environmental Data and GIS Systems:
Interpret environmental monitoring, GIS, mapping, sampling, hydrologic, and compliance data to support remediation planning and restoration decision-making.
ERR.18.8	Infrastructure Recovery and Resilience Planning:
Apply environmental recovery and resilience practices (e.g., wildfire recovery, flood recovery, stormwater mitigation, erosion prevention, utility restoration, and climate resilience).
ERR.18.9	Safety and Emergency Response Operations:
Apply remediation worksite safety procedures (e.g., selecting PPE, identifying hazards, establishing work zones, responding to spills, and following emergency response protocols).
19.0 Environmental Remediation & Restoration: Career Exploration
ERR.19.1	Certifications and Workforce Pathways:
Investigate OSHA and HAZWOPER certifications, stormwater certifications, hazardous materials training, apprenticeships, union pathways, community college programs, and postsecondary education related to remediation and restoration careers.
ERR.19.2	Environmental Remediation:
Explore careers in environmental cleanup, contamination assessment, and remediation work (e.g., remediation technician, environmental field technician, and hazardous materials specialist)
ERR. 19.3	Hazardous Waste and Safety:
Explore careers in hazardous materials management, industrial safety, and emergency response (e.g., hazardous waste technician, environmental health specialist, and safety coordinator).
ERR.19.4	Restoration and Conservation:
Explore careers in habitat restoration, watershed recovery, wetland rehabilitation, and ecosystem restoration (e.g., restoration technician, revegetation specialist, and restoration ecologist).
ERR.19.5	Environmental Construction and Recovery:
Explore careers in excavation, demolition support, environmental construction, utility restoration, and infrastructure recovery (e.g., environmental construction technician, heavy equipment operator, and utility restoration specialist).
ERR.19.6	Environmental Compliance and Regulation:
Explore careers in environmental permitting, compliance monitoring, inspection, and regulatory review (e.g., permitting specialist, compliance inspector, and environmental analyst).
ERR.19.7	Environmental Data and GIS:
Explore careers in GIS mapping, environmental data analysis, site assessment, hydrologic analysis, and environmental monitoring (e.g., GIS technician, environmental data specialist, and site assessment technician).
ERR.19.8	Public Agency and Disaster Recovery:
Explore careers in emergency management, wildfire recovery, flood response, public works restoration, and disaster recovery agencies (e.g., FEMA recovery specialist, CAL FIRE recovery technician, and public works restoration coordinator).
ERR.19.9	Water Quality and Stormwater:
Explore careers in water quality management, stormwater compliance, watershed protection, and environmental sampling (e.g., stormwater inspector, water quality technician, and environmental sampling technician).
20.0 Environmental Remediation & Restoration: Advanced Technology & Impact
ERR.20.1	Environmental Monitoring and Remediation Technologies:
Analyze environmental monitoring equipment, remediation technologies, vapor recovery equipment, groundwater treatment technologies, water filtration, and contamination cleanup tools used in restoration industries.
ERR.20.2	GIS, Mapping, and Site Assessment Technologies:
Use GIS, drones, LiDAR, remote sensing technologies, satellite imagery, and digital mapping tools to support environmental site assessment and restoration planning.
ERR.20.3	Climate Resilience and Disaster Recovery Systems:
Evaluate climate adaptation, wildfire recovery, flood mitigation, erosion prevention, stormwater resilience, and disaster recovery strategies used in environmental restoration projects.
ERR.20.4	Environmental Recovery and Community Resilience:
Analyze how remediation projects and environmental restoration affect environmental justice, economic development, and community resilience.
ERR.20.5	Environmental Data Analytics and Modeling:
Use environmental, hydrologic, and contamination data to model site conditions, evaluate remediation effectiveness, and support restoration planning decisions.
ERR.20.6	Sustainable Restoration and Resource Recovery:
Evaluate sustainable remediation practices, waste reduction methods, recycled material use, renewable energy integration, biosolids reuse, and resource recovery technologies used in restoration industries.
Environmental Stewardship & Sustainability Pathway
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Focus Area Description:
The Environmental Policy focus area prepares students for careers in environmental policy, regulation, and public affairs by examining how laws, regulations, and agencies shape climate adaptation, land use, energy systems, conservation, environmental justice, and natural resource management. Students develop skills in policy analysis, legislative research, stakeholder engagement, regulatory compliance, data analysis, and public communication while exploring environmental planning, permitting, sustainability initiatives, and environmental governance. Emphasis is placed on ethical decision-making, scientific data, civic responsibility, and technology in modern environmental policymaking.
17.0 Environmental Policy (EP): Skill Building
EP.17.1	Policy Issues:
Evaluate environmental issues and policies related to climate adaptation, land use, energy systems, conservation, natural resources, and public health using research and evidence-based analysis.
EP.17.2	Law and Bill Analysis:
Analyze environmental laws, legislative processes to create laws, regulations, rulemaking, and enforcement used to manage environmental protection and natural resource activities.
EP.17.3	Public Engagement:
Evaluate environmental policy communications and public engagement processes used in advocacy, regulatory review, and environmental decision-making.
EP.17.4	Environmental Justice and Ethics:
Analyze environmental justice, equity, ethics, transparency, and accountability issues related to environmental policy and public decision-making.
EP.17.5	Public Finance:
Explain environmental funding, public budgeting, grants, infrastructure investments, and fiscal decision-making processes related to environmental programs and projects.


EP.17.6	Data Analysis:
Interpret environmental, climate, land-use, and public health data to assess environmental policies, programs, and regulatory outcomes.
EP.17.7	Policy Implementation:
Analyze how environmental policies are implemented through agency operations, permitting, compliance monitoring, public programs, and interagency coordination.
EP.17.8	Tribal Sovereignty:
Analyze the roles of tribal governments, tribal sovereignty, and Indigenous stewardship practices in environmental governance, land management, natural resource protection, and cultural resource preservation.
18.0 Environmental Policy: Process & Practice
EP.18.1	Environmental Research and Policy Analysis:
Conduct environmental policy research using legislative databases, environmental reports, scientific studies, and regulatory documents to support policy analysis and decision-making.
EP.18.2	Bill Analysis:
Conduct an analysis of legislation and policy proposals with environmental implications by identifying purpose, interest holders, compliance requirements, fiscal impacts, and environmental impacts.
EP.18.3	Policy Communication:
Develop environmental policy communications (e.g., policy briefs, public comments, memos, testimony, and fact sheets) used in government, nonprofit, and regulatory environments.
EP.18.4	Public Engagement: 
Present environmental policy positions (e.g., recycling, solid waste, land use management, water quality, renewable and nonrenewable energy); facilitate public engagement processes used in hearings, public meetings, community outreach, and environmental review.
EP.18.5	Legislative and Regulatory Procedures:
Apply legislative and regulatory procedures through simulated policymaking activities (e.g., bill drafting, committee hearings, rulemaking, public testimony, compliance review, and policy debate).


EP.18.6	Environmental Policy and Regulatory Development:
Develop and evaluate environmental laws, regulations, or policy proposals; assess their impacts on environmental protection, public health, industry practices, and resource management.
19.0 Environmental Policy: Career Exploration
EP.19.1	Certifications and Workforce Pathways:
Explore certifications, internships, fellowships, apprenticeships, higher education pathways, and workforce qualifications related to environmental policy, sustainability, and regulatory careers. 
EP.19.2	Government and Legislative:
Explore careers in environmental government and legislative systems (e.g., legislative aide, environmental policy analyst, and agency analyst).
EP. 19.3	Advocacy and Public Affairs:
Explore careers in environmental advocacy, public affairs, and government relations (e.g., advocacy coordinator, government affairs specialist, and communications director).
EP.19.4	Research and Analysis:
Explore careers in environmental research, sustainability analysis, and policy evaluation (e.g., environmental analyst, climate policy researcher, and sustainability analyst).
EP.19.5	Nonprofit and Community Engagement:
Explore careers in environmental nonprofit organizations and community engagement (e.g., conservation coordinator, nonprofit program manager, and community organizer).	
20.0 Environmental Policy: Advanced Technology & Impact
EP.20.1	Emerging Technologies: 
Evaluate how emerging technologies (e.g., artificial intelligence, environmental monitoring, renewable energy technologies, and digital platforms) influence environmental regulation, compliance, and governance.
EP.20.2	Environmental Justice and Community Impact:
Analyze how environmental policies affect environmental quality, climate resilience, public health, resource access, and equitable outcomes across communities.
EP.20.3	Climate, Energy, and Resource Policy Systems:
Evaluate environmental policies related to climate adaptation, energy infrastructure, emissions reduction, sustainability, conservation, and natural resource management.
EP.20.4	Global Environmental Policy and Governance:
Analyze international environmental agreements, global climate policies, multinational governance, and cross-border environmental issues related to climate adaptation, conservation, energy systems, trade, and natural resource management.
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The MCS publication serves as a guidance document for CTE educators. It outlines the industry-aligned knowledge, skills, and competencies needed to prepare students for success in a wide range of careers. These standards are intended to help teachers align classroom instruction with workforce expectations, while still allowing for local flexibility.
Though the standards outline the industry knowledge, skills, and competencies that should be covered in a CTE pathway, CTE educators can determine how they are implemented and taught. The standards are designed to support every level of instruction through the scaffolding of appropriate activities and projects. Educators have the flexibility to integrate the MCS at various levels of instructional depth. Educators may incorporate multiple standards into a single lesson or build extended units of instruction around a single standard. The standards can be implemented through a wide range of instructional strategies, including direct instruction, project-based learning, work-based learning experiences, and workplace simulations.
The MCS are designed to be meaningful, manageable, and measurable. They represent the highest level of competency, allowing educators to scaffold instruction and create grade-level appropriate rubrics. The MCS is designed to help define clear expectations for student achievement while familiarizing learners with the habits, knowledge, and behaviors expected in professional work environments.
The Career Ready Standards (1.0 – 12.0) focus on essential workplace skills and Cross-Pathway Standards (13.0 through 16.0) and focus on the knowledge central to CTE instruction. These standards offer flexibility in curriculum design, articulation, and course sequencing because they transfer seamlessly across multiple pathways and focus areas. These standards are also especially helpful in middle school and other introductory CTE programs, where students are being introduced to skills and knowledge that will support multiple high school pathways. The Career Ready Standards and Cross-Pathway Standards are prerequisite and corequisite to Pathway Standards for all Career Clusters.
The Pathway Standards (17.0 through 20.0) are specific to technical skill development and professional practice within a particular career pathway. These Pathway Standards support students as they prepare for entry-level work and postsecondary planning in targeted occupations. It is highly recommended that Career Ready Standards and Cross-Pathway Standards are addressed in introductory and concentrator courses, prior to implementing Pathway Standards.
CTE programs may develop curriculum around a single focus area or use an integrated, project-based instructional model that blends standards from multiple focus areas within a single pathway. Many focus areas are aligned with registered apprenticeship occupations, making it easier for programs to develop pre-apprenticeship programs and apprenticeship-aligned curricula. Focus areas can be used to design different types of courses within a pathway and should be prioritized for dual enrollment, pre-apprenticeship[footnoteRef:10] and youth apprenticeship alignment in CTE. [10: .	Pre-apprenticeship definitions: Labor Code 3100.] 

Example of Leveled Implementation of a Career Ready Standard
6.1	Equipment and Tools:
Select and use appropriate tools and equipment safely and effectively.
Introductory Course (Introductory Level)
At the introductory level, students are introduced to common tools and equipment used in energy and natural resource industries, with emphasis on identification, safe handling, and basic operational awareness.
Sample Activities:
· Identify and categorize common tools, instruments, and safety equipment (e.g., multimeters, pipe wrenches, soil probes) used in energy and natural resource industries.
· Practice proper tool handling, storage, and PPE selection for a given work scenario.
· Complete a tool safety checklist before and after a simulated hands-on task.
Concentrator Course (Intermediate Level)
At the intermediate level, students select and use tools independently to complete structured tasks, matching tools to job requirements, and applying safe operating procedures.
Sample Activities:
· Given a work scenario (e.g., water pipe inspection, solar panel installation, soil sampling), select appropriate tools and justify choices based on task and safety requirements.
· Use equipment such as water testing kits, electrical meters, or land measurement tools to complete a structured lab activity.
· Identify a simulated equipment malfunction and propose a corrective action following safety protocols.

Capstone Course (Advanced Level)
At the advanced level, students lead or contribute significantly to team-driven design projects with multiple rounds of revision. Students are expected to produce fully realized concepts and prototypes, present work in a professional manner, and demonstrate how feedback shaped their final product.
Sample Activities:
· Plan and carry out a multi-step field or lab task (e.g., energy audit, water quality assessment, land survey) requiring selection and use of multiple tools.
· Evaluate equipment condition and performance, documenting findings and recommending maintenance or replacement.
· Lead a peer safety orientation on the proper use of a specific tool, modeling industry-standard protocols.
Example of Leveled Implementation of a Cross-Pathway Standard
13.2	Energy Resources:
Differentiate between renewable and nonrenewable energy sources and evaluate their effects on air quality, water quality, ecosystems, and climate.
Introductory Course (Introductory Level)
At the introductory level, students build foundational vocabulary and classification skills related to renewable and nonrenewable energy sources and their basic environmental effects.
Sample Activities:
· Sort energy source cards (e.g., coal, solar, wind, natural gas, hydroelectric) into renewable and nonrenewable categories and explain the key differences.
· Match each energy source to at least one effect on air quality, water quality, or ecosystems using a graphic organizer.
· Discuss familiar local examples (e.g., smog, drought, wildfires) and connect them to energy production and resource use.
Concentrator Course (Intermediate Level)
At the intermediate level, students compare renewable and nonrenewable energy sources and analyze environmental trade-offs using evidence and real-world data.


Sample Activities:
· Research one renewable and one nonrenewable energy source and compare their effects on air quality, water quality, and ecosystems using data or case studies.
· Create an infographic or comparison chart summarizing environmental advantages and disadvantages of a renewable and nonrenewable energy source related to impact and sustainability.
· Analyze a scenario in which a community must choose between energy sources and recommend a solution supported by evidence from their research.
Capstone Course (Advanced Level)
At the advanced level, students independently evaluate multiple energy sources and their effects on environmental systems, climate, and community health, and then communicate findings in a professional, evidence-based format.
Sample Activities:
· Analyze regional environmental data (e.g., air quality index, water quality reports) to evaluate how a region’s energy mix affects environmental outcomes over time.
· Develop a policy brief recommending an energy strategy for a specific community or industry, citing environmental trade-offs among renewable and nonrenewable sources.
· Present recommendations to a simulated stakeholder audience and respond to questions about environmental impacts.
Example of Leveled Implementation of a Pathway Standard:
WI.18.1	Water Sampling and Quality Monitoring:
Conduct water sampling, laboratory testing, environmental monitoring, and water quality analysis used in water and wastewater operations.
Introductory Course (Introductory Level)
At the introductory level, students practice basic water sampling procedures, parameter testing, and data recording following industry safety protocols.


Sample Activities:
· Collect a water sample using proper sampling and handling procedures.
· Test a sample for basic parameters (e.g., pH, turbidity, temperature, dissolved oxygen) using field testing kits.
· Record results on a standard data sheet and identify readings outside acceptable ranges.
Concentrator Course (Intermediate Level)
At the intermediate level, students compare water quality data across source types and connect findings to regulatory standards.
Sample Activities:
· Collect and test samples from two water sources (e.g., tap water, stormwater, treated wastewater) across multiple parameters.
· Compare results against California drinking water or wastewater standards and flag non-compliant parameters.
· Document findings in a structured lab report, noting potential sources of contamination.
Capstone Course (Advanced Level)
At the advanced level, students design and carry out a water quality monitoring plan, analyze data, and produce professional technical documentation.
Sample Activities:
· Design and implement a multi-site sampling plan, selecting appropriate testing methods for each location.
· Analyze collected data to identify trends, anomalies, or compliance concerns, referencing regulations.
· Prepare a technical report documenting procedures, results, and recommended corrective actions.


[bookmark: _Toc233435800]Contributors
[bookmark: _heading=h.upm1uzhj35lf]The CDE extends its sincere appreciation to the members of the standards development committee for their invaluable time, expertise, and collaborative efforts in shaping the MCS.
Paul Aguirre, Field Specialist, High Road Training Partnerships, California Workforce Development Board
Ayo Akatugba, CTE Teacher, Skyline High School
Jewyl Alderson, Integrated Curriculum Coordinator, San Diego County Office of Education
Tor Allen, Executive Director, The Rahus Institute
Monique Anderson, High Roads Field Team, California Workforce Development Board
Melissa Bahmanpour, Director of Climate Resilience & Sustainability, Long Beach City College
Danielle Blacet-Hyden, Executive Director, California Municipal Utilities Association
Matthew Carlson, Director of User Experience Design, Adobe Creative Cloud*
Kerry Chang, Associate Governmental Program Analyst, California Workforce Development Board
Satina Chiandro, Teacher, Watsonville High School, Environmental Studies and Natural Resources (ESNR) Academy
Ashley Cooper, Project Manager, The Energy Coalition, Inland Regional Energy Network (IREN)
Adriana Cruz, Field Specialist, California Workforce Development Board
Hope Cupples, Climate Workforce Engagement Specialist, California Air Resources Board (CARB)
Jesse Flores, Field Specialist, Equity, Climate, and Jobs Branch, California Workforce Development Board
Allison Frenzel, Education Programs Consultant, California Department of Education*
[bookmark: _heading=h.hfoz5usvbrss]Katherine Goyette, Computer Science Coordinator, California Department of Education*
Alejandra Guitron, Manager of Workforce Development, Government Relations Division, Port of Long Beach
Nicole Hamasaki, Teacher, Leuzinger High School
Amanda Hanna, Partnership Alignment Outreach Coordinator, California Workforce Development Board
Allison Joe, California State Transportation Agency (CalSTA), Deputy Secretary for Equity/Workforce
Carol Keiser, Teacher and TAC, Wheatland Union High School District, Golden State Pathways Program (GSPP), Capitol Region
Keisha Kelley, Office of Operator Certification Program Manager, State Water Resources Control Board
Roy Mathews, Partnership Alignment Manager, California Workforce Development Board
Kauleen Menard, Director, Los Angeles Cleantech Incubator
Sara Miles, Office of the Public Advisor, Energy, Equity, and Tribal Affairs, California Energy Commission
Alex Mitchell, State Government Relations Officer, Port of Long Beach 
Sandee Nieves, Branch Manager, Statewide Partnerships Team, California Workforce Development Board
Alyssa Rehling, CTE Teacher, Coachella Valley Unified School District
Larry Rillera, Community Equity and Engagement, California Air Resources Board (CARB)
Siria Salas, Program Manager, Energy Coalition
Allysa Schager, College and Career Coordinator, CTE Lead, Glen County Office of Education
Barry Scott, State Program Director, Chair, CTE Advisory Board, National Energy Education Development (NEED), Oakland Unified School District
Kianna Scott, CEO, SmarterHelp
Staci Teegarden, Consultant, Division of Apprenticeship Standards
Stephen Tyrell, Mitsubishi Cement Corporation, Engineering and Maintenance Manager
Sarah Whiting, Director of Client Engagement Services and Data Science Services, Ten Strands
* The CDE offers special thanks to those who directly participated in the writing and revision process.

[bookmark: _Toc233435801]Glossary
[bookmark: _Toc233435802]Universal Terms
21st Century Skills: Essential workplace skills, habits, and characteristics such as collaboration, communication, creativity, critical thinking, and problem solving
Accessibility (ADA Compliance): Designing services, spaces, and experiences to be usable by individuals of all abilities in compliance with the Americans with Disabilities Act (ADA)
Accommodation (Education): Adjustments to instruction, materials, or environment that enable equitable access to learning without altering content expectations (e.g., extended time, visual supports) 
Advance CTE National Career Clusters Framework®: A national system organizing CTE programs into career clusters and pathways aligned with workforce needs and postsecondary education
Artificial General Intelligence (AGI): The ability of an AI system to perform tasks with flexibility and autonomy across domains (e.g., chatbots)
Authentic Learning Experiences: Classroom experiences that emulate situations, tasks, and interactions found in professional environments
Capstone Course: Advanced, final course in career technical education (CTE) pathway sequence of courses 
Career Clusters: Industry sectors as defined by groupings from Standard Occupational Classification (SOC) and North American Industry Classification System (NAICS) codes
Career Ready Practices: Transferable knowledge, skills, and mindsets that learners develop and demonstrate across all Career Clusters to be successful in postsecondary education, the workplace, and community contexts
Career Ready Standards: Standards (1.0–12.0) that define essential employability and academic skills, aligned to the National Career Clusters Framework® Career Ready Practices and the California Standards for Career Ready Practice
Career Technical Education (CTE): A program of study that integrates academic knowledge with technical and occupational skills to prepare students for postsecondary education, training programs, apprenticeships, and careers in specific industry sectors
Cluster Groupings: Large purpose-driven meta-sectors that help guide young people toward Clusters that are aligned with their interests, their sense of purpose, and the impact they want to make on their communities
Co-Curricular Programs: Programs that align with and enhance classroom learning to develop career self-efficacy and build skills necessary for the workplace, such as Career and Technical Student Organizations (CTSOs) 
Competencies: Measurable objectives that provide targeted goals and outcomes for student learning
Concentrator Course: An intermediate-level focus area course in a CTE pathway sequence of courses 
Concentrator Participant: A student who has successfully completed two courses within a specific career pathway or sub pathway
Content: Any material or media appearing on a website or other electronic medium
Cross-Cutting Clusters: Clusters that are based on both sector-specific and contextualized functions. Cross-Cutting Cluster standards can be used across all industry sectors or used for an independent Career Cluster
Cross-Pathway Standards: Interdisciplinary standards (13.0–16.0) that apply across all pathways in each Career Cluster
Culturally Responsive Teaching: An instructional approach that recognizes students’ cultural backgrounds, identities, and lived experiences as assets in the learning process and incorporates culturally relevant perspectives into curriculum and instruction
Differentiated Instruction: An instructional approach that adapts content, process, and assessment to meet diverse learner needs
Educational Technology: Tools and systems (e.g., learning management systems, AI tools, digital platforms) used to support instruction, assessment, and communication
English Learner (EL) / Multilingual Learner: A student whose primary language is not English and who is developing proficiency in English. Under the Every Student Succeeds Act (ESSA) and California Education Code §313, schools must identify and provide language development services to these students.
Essential Workplace Skills: Transferable skills for the workplace, often referred to as “soft skills”
Ethical: Referring to workplace or educational behavior; a set of rules, principles, values, and standards that students, instructors, employees, and employers follow in workplace and/or educational environments
Focus Area: A sub-group of standards within a pathway organized by occupation-specific skills, knowledge, and competencies
Free Appropriate Public Education (FAPE): A legal right under the Individuals with Disabilities Education Act (IDEA), 20 U.S.C. §1400, ensuring that students with disabilities receive specialized instruction and related services at no cost to families in order to meet their educational needs
Generative Artificial Intelligence (AI): Pre-trained AI models that can generate new content (e.g., images, videos, audio, text, and derived synthetic content) by learning patterns from large datasets.
Implementation: The process by which educators adopt, adapt, and deliver curriculum based on the standards
Inclusive Practices: Strategies that ensure all students, including those with disabilities or diverse needs, can access and participate in learning
Inclusive, Equitable, and Accessible Design Practices: Design practices that consider and engage with groups that have historically been disadvantaged or harmed by design, especially those who might be impacted by the outcomes of the design project in question
Individualized Education Program (IEP): A legally required document under the Individuals with Disabilities Education Act (IDEA) outlining a student's educational goals, services, accommodations, and supports designed to ensure access to a Free Appropriate Public Education
Industry-Standard: Tools, equipment, technology, and practices used in professional environments
Instructional Scaffolding: Temporary supports provided to help students achieve learning goals, gradually removed as independence increases
Introductory Course: Exploratory, beginning-level course in a CTE pathway, providing foundational knowledge and broad exposure to an industry sector
Learning Objectives: Clear, measurable statements describing what students are expected to know or be able to do
Least Restrictive Environment (LRE): A requirement under the Individuals with Disabilities Education Act (IDEA) stating that students with disabilities must be educated with their non-disabled peers to the greatest extent appropriate
Lesson Planning: The structured design of instruction, including objectives, materials, activities, and assessment
Machine Learning: Computer systems that use algorithms and data to adapt and change without explicit commands or instructions from a user
Mandated Reporter: An individual legally required to report suspected child abuse or neglect
Media Literacy: The ability to research, organize, analyze, evaluate, and create media in a variety of forms
Occupational Alignment: The matching of CTE standards to specific industry job classifications (e.g., O*NET-SOC Codes)
Participants: Students who take a single CTE course in a pathway or across multiple pathways
Pathway: A sequence of two or more CTE courses in a specific Career Cluster with a final capstone course. Pathways are organized around job-alike skills, knowledge, and competencies ensuring alignment with workforce demands
Pathway Standards: Standards (17.0–20.0) focused on technical and occupational competencies within each pathway
Pedagogy: The methods, strategies, and theories used to support teaching and learning. Pedagogy includes instructional approaches, curriculum design, classroom management, and assessment practices
Professional Ethics: Standards of conduct that guide the behavior of educators and education professionals, including maintaining confidentiality, equity, integrity, and responsibility toward students and colleagues
Registered Preapprenticeship: A classroom-based prerequisite program for registered apprenticeship that is approved by program sponsors and registered with the Division of Apprenticeship Standards
Registered Youth Apprenticeship: An apprentice training program that is registered with the Division of Apprenticeship Standards and/or the United States Department of Labor, consisting of paid on-the-job training, classroom-instruction, and related certifications; “youth” refers to a target age range of 16–24.[footnoteRef:11]  [11: .	California Division of Apprenticeship Standards: https://www.dir.ca.gov/das/.] 

Rubric: A scoring guide used to evaluate student performance based on defined criteria
Service Animal vs. Emotional Support Animal: Distinction affecting access rights under ADA rules
Standards-Based Instruction: Teaching aligned to defined academic or industry standards with measurable outcomes
Sub-Clusters: Major groupings of career areas within a given field that have similar skills as defined by industry area. Sub-clusters are included in the Advance CTE National Career Clusters Framework® and were considered when developing California’s Model Curriculum Standards and Framework
Universal Design for Learning (UDL): An instructional design framework developed by CAST that provides multiple means of engagement, representation, and expression to support diverse learners and remove barriers to learning
Unpacking a Standard: The process of analyzing a curriculum standard to identify its key knowledge, skills, and competencies, helping educators design lessons, assess learning, and ensure alignment with the standard
Web-based technology: Online applications and tools allowing individuals to connect and interact with each other, goods, and services in digital spaces
Work-Based Learning (WBL): Educational experiences that integrate classroom instruction with real-world workplace activities (e.g., job shadowing, service learning, internships, clinical experiences, cooperative education, and apprenticeships)
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Aggregate Materials: Natural construction materials such as sand, gravel, crushed stone, and recycled concrete used in roads, foundations, asphalt, and infrastructure projects
Aquaculture: The controlled cultivation and harvesting of fish, shellfish, seaweed, or other aquatic organisms for food production, restoration, or environmental management
Aqueduct: A constructed system used to transport water across long distances for municipal, agricultural, or industrial use
Asset Management: The process of maintaining, monitoring, repairing, and planning infrastructure, equipment, and utility resources to improve long-term performance and reliability
Autonomous Marine Vehicle (AMV): A robotic marine vehicle capable of operating independently for ocean monitoring, mapping, sampling, or environmental research
Battery Energy Storage System (BESS): A technology used to store electrical energy for later use in utility operations, renewable energy integration, or backup power
Biofuel: A renewable fuel produced from biological materials such as crops, algae, or organic waste
Biomass Energy: Energy generated from plant materials, agricultural waste, wood products, or organic matter through thermal, chemical, or biological processes
Biomimicry: The practice of designing systems, processes, or technologies inspired by patterns and strategies found in nature to solve human challenges
Biosolids: Organic materials produced during wastewater treatment that can be processed for reuse in agriculture, land restoration, or energy production
Bioswale: A vegetated channel or depression designed to slow, filter, and absorb stormwater runoff while removing pollutants
Blue Economy: Economic activities related to the sustainable use of ocean resources, including fisheries, aquaculture, marine tourism, offshore energy, and coastal industries
Brownfield Site: A property where redevelopment or reuse is complicated by the presence of hazardous substances or environmental contamination
Carbon Capture: Technologies and processes used to capture and store carbon dioxide emissions from industrial or energy facilities
Carrying Capacity: The maximum population size of a species or level of land use that an ecosystem can sustainably support without degradation
CERCLA (Comprehensive Environmental Response, Compensation, and Liability Act): Federal law, also known as Superfund, governing the cleanup of contaminated sites and liability for hazardous substance releases
Chain of Command: A structured system of supervision, communication, and reporting used at worksites, utilities, emergency incidents, and industrial facilities
Climate Resilience: The ability of infrastructure, ecosystems, or communities to prepare for, adapt to, and recover from climate-related impacts
Compliance Monitoring: The process of tracking and documenting whether environmental laws, permits, safety standards, and operational requirements are being followed
Confined Space: A restricted work area with limited entry or ventilation that may contain hazardous conditions
Conservation: The protection, restoration, and sustainable management of natural resources and ecosystems
Containment System: Barriers or structures used to isolate hazardous materials, pollutants, or contamination
Contaminant Pathway: The route by which pollutants move through soil, air, water, or organisms
Cross-Connection Control: Procedures and devices used to prevent contamination of drinking water systems through backflow
Cybersecurity: The practice of protecting digital systems, networks, and infrastructure from unauthorized access, cyberattacks, and data breaches
Decay Heat: Residual heat produced after a nuclear reactor is shut down
Demolition Support: Environmental and construction activities associated with dismantling structures while managing safety and hazardous materials
Desalination: The process of removing salts and minerals from seawater or brackish water to produce usable freshwater
Dewatering: The removal of groundwater or surface water from construction, remediation, or excavation sites
Digital Twin: A virtual model of a physical system, asset, or process used to simulate performance, monitor conditions, and support decision-making in real time
Distributed Energy Resources (DER): Small-scale energy technologies such as solar panels, battery storage, and microgrids connected near the point of energy use
Distribution System: Infrastructure used to deliver electricity, water, or natural gas to customers
Drainage Engineering: The design and management of systems that control stormwater runoff and water flow
Drone (Unmanned Aerial Vehicle/UAV): A remotely piloted or autonomous aircraft used for environmental monitoring, mapping, inspection, and data collection
Duck Curve: A graph showing the mismatch between peak solar energy generation during midday and peak customer electricity demand in the evening, creating grid management challenges
Electrification: The process of replacing fossil fuel technologies with electric-powered systems
Environmental Compliance: Meeting environmental laws, regulations, permit requirements, and reporting obligations
Environmental Impact: The effect of a project, operation, or activity on ecosystems, public health, infrastructure, or natural resources
Environmental Justice: The fair treatment and involvement of all communities in environmental decision-making and protection
Erosion Control: Practices used to prevent soil loss caused by wind, water, or construction activities
Estuarine: Relating to an estuary, a partially enclosed coastal water body where freshwater from rivers mixes with saltwater from the ocean, forming a highly productive ecosystem
Field Operations: Hands-on work activities conducted at industrial, utility, restoration, construction, or environmental project sites
Filtration: A treatment process used to remove particles or contaminants from water, air, or industrial systems
Flood Mitigation: Strategies used to reduce flood impacts on infrastructure, ecosystems, and communities
Fuel Cell: A device that generates electricity through a chemical reaction, often using hydrogen
Geographic Information System (GIS): A digital mapping and spatial analysis technology used to collect, analyze, and visualize geographic data
Government Procurement: The process by which public agencies solicit, evaluate, award, and manage contracts for goods, services, and infrastructure projects, including competitive bidding and requests for proposal (RFP)
Grid Reliability: The ability of an electrical grid to consistently provide stable and uninterrupted power
Groundwater: Water stored beneath the earth’s surface in soil or rock formations
Habitat Restoration: Activities used to restore damaged ecosystems and improve environmental conditions for wildlife and plant species
Hazardous Materials: Substances that pose risks to human health, safety, or the environment
Hazardous Waste: Waste materials that are dangerous or potentially harmful to people or ecosystems
Hazardous Waste Operations and Emergency Response (HAZWOPER): An OSHA safety standard governing hazardous materials cleanup, emergency response, and remediation activities
Hatchery: A facility used to breed, raise, and release fish or aquatic species
HEC-RAS: Hydrologic Engineering Centers River Analysis System; software used for hydraulic modeling, flood analysis, and water flow management
Hydrogen Energy System: A system that produces, stores, or converts hydrogen as a clean energy carrier, including electrolysis, fuel cells, and hydrogen distribution infrastructure
Hydrologic Cycle: The continuous movement of water through the atmosphere, land, and oceans
Independent Power Producer (IPP): A private entity that generates electricity for sale to utilities or energy markets
Infrastructure: Physical systems and facilities that support transportation, utilities, communication, energy, or public services
Instrumentation: Devices and technologies used to monitor, measure, and control industrial or utility processes
Invasive Species: Non-native plants, animals, or other organisms that spread aggressively and cause ecological, economic, or public health harm to an ecosystem
Investor-Owned Utility (IOU): A privately owned utility company operated for profit and regulated by government agencies
IoT-Enabled Sensors (Internet of Things): Networked devices embedded with sensors that collect and transmit environmental, operational, or infrastructure data in real time
LiDAR: Light Detection and Ranging; remote sensing technology used to create detailed terrain and environmental maps
Living Shoreline: A coastal management practice that uses natural elements such as plants, oyster reefs, and sand to stabilize shorelines and support habitat
Load Management: The process of balancing energy supply and customer demand across a utility network
Lockout/Tagout (LOTO): Safety procedures used to isolate hazardous energy sources during maintenance or repair
Marine Protected Area (MPA): A designated ocean area managed to conserve marine ecosystems and resources
Marine Robotics: Automated or remotely operated technologies used in marine monitoring, mapping, or exploration
Metering: The measurement and recording of utility usage such as electricity, gas, or water consumption
Microgrid: A localized energy network capable of operating independently or with the larger utility grid
Mitigation: Actions taken to reduce environmental damage, hazards, or project impacts
Nature-Based Solutions: Strategies that use or mimic natural processes to address environmental challenges such as flooding, water quality, and habitat loss
Nuclear Fission: The process of splitting atomic nuclei to release energy
Nuclear Reactor: A system that controls nuclear fission to generate heat and electricity
Ocean Circulation: Large-scale movement of ocean water driven by wind, temperature, salinity, and Earth’s rotation
Ocean Monitoring: The collection and analysis of marine environmental data using sensors, satellites, buoys, and other technologies
Occupational Safety and Health Administration (OSHA): The federal agency responsible for workplace safety regulations and standards
Permit: An official authorization required for regulated environmental, utility, construction, or industrial activities
Pipeline: A system of pipes used to transport liquids, gases, or wastewater
Pollution Prevention: Practices used to reduce or eliminate pollution at its source
Predictive Analytics: The use of data, statistical models, and machine learning to forecast future conditions, equipment failures, or operational trends
Preventive Maintenance: Routine servicing and inspection activities used to reduce equipment failures and extend infrastructure life
Publicly Owned Utility (POU): A utility operated by a city, municipality, or public agency
Pump Station: A facility that moves water, wastewater, or other fluids through a pipeline network
Quality Control: Procedures used to ensure products, processes, or infrastructure meet operational and regulatory standards
RCRA (Resource Conservation and Recovery Act): Federal law governing the management, treatment, storage, and disposal of solid and hazardous waste
Reclamation: The restoration of land disturbed by mining, construction, or industrial activities
Recycling: The collection and processing of materials for reuse
Relay: An electrical device used to protect and control power systems
Remote Sensing: The collection of environmental or geographic data using satellites, drones, aircraft, or sensors
Renewable Energy: Energy generated from naturally replenishing resources such as solar, wind, hydroelectric, biomass, or geothermal sources
Resource Recovery: The process of recovering useful materials or energy from waste
Restoration Ecology: The scientific study and practice of restoring damaged ecosystems
Revegetation: The planting and establishment of vegetation to stabilize soils and restore ecosystems
Riparian: Relating to or located on the bank of a river, stream, or other body of water; riparian zones serve as buffers protecting water quality and aquatic habitat
Robotics: The design, construction, and operation of automated machines used to perform tasks in industrial, environmental, or field settings
Runoff: Water that flows across land surfaces and may carry pollutants into waterways
Salinity: The concentration of salt in water
SCADA (Supervisory Control and Data Acquisition): Digital systems used to monitor and control industrial processes, utilities, and infrastructure remotely
Sediment Control: Practices used to prevent soil particles from entering waterways or drainage systems
Silviculture: The practice of managing forest growth, composition, and structure to meet ecological, economic, and social objectives
Site Assessment: The investigation and evaluation of environmental conditions at a project or contaminated site
Smart Grid: An advanced electrical grid that uses digital technologies to improve efficiency, reliability, and monitoring
Spill Response: Procedures used to contain, clean up, and manage hazardous material releases
Storm Surge: An abnormal rise in water level caused by storms or extreme weather events
Stormwater: Rainwater runoff from developed or natural surfaces
Stormwater Mitigation: Practices used to reduce the volume, velocity, and pollutant load of stormwater runoff through strategies such as retention basins, bioswales, and green infrastructure to protect water quality and reduce flooding
Streambank Stabilization: Practices used to prevent erosion and restore the structural integrity of riverbanks and riparian areas
Substation: A facility that transforms, regulates, and distributes electrical power within the utility grid
Superfund site: A property covered under the 1980 federal legislation giving the EPA authority to clean up contaminated land and force the responsible parties to pay for the remediation
Sustainability: The responsible use and management of environmental, economic, and social resources to meet present and future needs
Thermal Energy Storage: A system that stores heat or cold for later use in building heating and cooling or industrial processes, supporting energy efficiency and grid balancing
Tidal Energy: Renewable energy generated from the movement of ocean tides
Transmission Grid: The network of high-voltage lines, substations, and infrastructure used to transport electricity over long distances
Tribal Sovereignty: The inherent authority of Indigenous nations to self-govern, manage their lands and resources, and maintain cultural and political independence
Turbine: A machine that converts the movement of steam, water, wind, or gas into mechanical or electrical energy
Utility Infrastructure: Facilities and equipment used to deliver electricity, water, wastewater, gas, or public services
Vapor Recovery: Technologies used to capture and control hazardous vapors, gases, or industrial emissions
Vehicle-to-Grid (V2G): Technology that enables bidirectional energy flow between electric vehicles and the utility grid, allowing EVs to supply stored energy back to the grid
Voltage: The electrical force that moves current through a circuit
Wastewater: Used water from homes, businesses, industries, or stormwater systems that requires treatment before reuse or discharge
Watershed: An area of land where rainwater and runoff drain into a shared water body such as a river, lake, estuary, or ocean
Water Quality Monitoring: The testing and analysis of water conditions to protect environmental quality and public health
Wave Energy: Renewable energy captured from the motion of ocean surface waves
Wetland Restoration: The rehabilitation of wetland environments to improve habitat quality, biodiversity, flood control, and water filtration
Wildfire Recovery: Restoration, cleanup, infrastructure repair, and environmental stabilization activities conducted after wildfire events
Xeriscaping: A landscaping method that reduces water use through drought-tolerant plants, efficient irrigation, and soil management practices
Yield Management: The process of monitoring and managing the production or availability of natural resources, water, or energy supplies
Zero-Emission Vehicle (ZEV): A vehicle that produces no direct exhaust emissions, such as battery electric or hydrogen fuel cell vehicles
Zoning: Local land-use regulations that determine how property and infrastructure may be developed or used
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