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COMPETENCY 1: Manage and Operate High-Performance Computers (HPC) and Related IT Infrastructure
Competency Description Able to plan, deploy, secure, operate, and maintain HPC resources (compute, storage, interconnect, scheduler, provisioning), ensuring reliable, efficient, and reproducible execution of high-resolution NWP systems and their production workflows. Must ensure the infrastructure is sustainable and resilient to local environmental factors such as power or telecommunication interruptions.
Performance Components
· Plan hardware and software requirements for an NWP workload, including processing units (CPU/GPU), memory, I/O, and parallel filesystems.
· Install and configure operating systems, workload managers, and cluster provisioning tools.
· Deploy and manage shared parallel storage systems and data staging.
· Configure job scheduling, resource sharing (fairshare), and priority backfill for operational runs.
· Monitor performance, diagnose bottlenecks, and apply tuning for parallel processing (distributed/shared memory), I/O, and high-speed networking.
· Implement backup, disaster recovery, security (authentication, patching), and user account management.
· Maintain reproducibility: utilize software containerization, environment modules, and environment management.
· WMO Level 3 Alignment: Provision a high-performance cluster with at least hundreds or thousands of processing units to produce convective-scale forecasts (5 km or less) within required operational timescales.
· WMO Level 4 Alignment: Ensure infrastructure supports advanced data assimilation, requiring significant technical complexity to ingest and quality-control regional observations.
Knowledge & Skill Requirements
· Linux system administration, including kernel, networking, and storage.
· Workload managers and cluster provisioning methodologies.
· Parallel I/O, high-performance filesystems, and parallel programming models.
· Basic scripting (e.g., shell, Python, automation), and container technology.
· Security best practices, system monitoring dashboards, and logging.
· Understanding of NWP operational needs such as latency, throughput, and wall-clock budgets.
· New Requirement: Knowledge of cloud computing (off-premises infrastructure) as a sustainable alternative or supplement to local hardware.
· New Requirement: Awareness of the infrastructure needs for data-driven artificial intelligence (AI) models, while maintaining caution regarding their physical consistency.

COMPETENCY 2: Implement  convective-scale NWP models

Competency description 
Able to configure, compile, run, tune and maintain a convective-scale NWP model for operational production—including pre-processing (terrain, land/sea masks), lateral boundary conditions (LBCs), physics selection and configuration, ensemble configuration, and sustainable operational scheduling. Focus is placed on models where convection is explicitly represented (typically grid spacing < 5 km) rather than parameterized.
Performance components
· Decide model domain, high-resolution grid (typically 1–4 km), vertical levels (minimum 50 recommended), and nesting strategy to capture local features; Also decide the system configuration for deterministic and ensemble prediction.
· Acquire and prepare analysis and forecast fields (global analysis/forecasts, lateral BCs, SST/soil/landcover) for initial and boundary conditions ensuring reliable real-time data feeds.
· Build and configure the model with suitable physics suites optimized for convection-permitting resolutions (e.g., cloud microphysics, boundary layer, and surface schemes).
· Execute deterministic and ensemble runs; ensure system restartability and continuous forecast chaining.
· Tune physics configurations and validate physical consistency across cycles.
· Automate pre/post processing (interpolation, regridding, unit handling) within an operational workflow manager.
Knowledge & skill requirements
· Awareness of available non-hydrostatic atmospheric models and datasets for initial and boundary conditions.
· Working knowledge of non-hydrostatic atmospheric models: compilation, dependency management, and optimization.
· Basics of advection, diffusion, time-stepping, and the transition from parameterized to explicit convection at high resolutions.
· Mastery of file managements including the knowledge on data formats (GRIB, NetCDF, and BUFR); proficiency in using model-agnostic pre-processor tools.
· Proficiency in scripting and utilizing generic workload managers for operational scheduling, including provenance and naming conventions.
· Basics of sanity checks, mass/energy conservation, spin-up issues, and understanding the "value-add" of regional models over global products.
· New Requirement: Awareness of emerging science and technologies (e.g. artificial intelligence (AI)), required infrastructure and their potential as experimental supplements.

COMPETENCY 3: Implement  data assimilation systems with observation data quality control

Competency description 
Able to implement and operate data assimilation (DA) systems appropriate for convective-scale NWP (3D-Var/4D-Var/EnKF/hybrid approaches), including observation ingest, quality control, bias correction, and diagnostics to generate high-quality initial conditions.  

Performance components 
· Configure observation pipelines (buoy, surface stations, radiosondes, radar, satellite, GNSS, remote sensors) and convert to required formats. 
· Implement QC: gross checks, buddy checks, time/space consistency, and statistical tests. 
· Implement bias correction for radiances/other systematic biases. 
· Configure DA system (background error, observation error, iteration for minimization)
· Run and maintain DA cycle (analysis/forecast loop), handling cycling issues and spin-up. 
· Evaluate DA impact using O-B/O-A statistics, innovation, spread/error diagnostics. 
· Integrate convective-scale radar assimilation and local observations where available.  

Knowledge & skill requirements 
· Available observation data source and the access protocol.
· Principles of variational and ensemble DA (3DVar/4DVar, EnKF, hybrid). 
· Observation operators and representativeness; error characterization. 
· Experience with DA packages (WRFDA, DART, PDAF, LETKF implementations) and observation processing tools. 
· Understanding of satellite radiance assimilation basics and bias correction techniques. 
· Strong scripting and data-format handling (BUFR, NetCDF, GRIB) plus HPC job orchestration.  


COMPETENCY 4: Apply statistical and physical post-processing of model outputs

Competency description 
Able to design, implement, and maintain statistical and physical post-processing pipelines to correct systematic biases, calibrate probabilities, and add local detail to deterministic and ensemble convective-scale NWP outputs. Capable of translating model variables into impact-relevant products, ensuring that high-resolution data is physically consistent, statistically reliable, and suitable for operational forecasting of high-impact events.
Performance components
· Design training/validation strategies appropriate for convective events and rare severe outcomes (reforecast datasets, stratified and time-aware cross-validation, sample weighting, event-based sampling) to avoid overfitting and to handle limited historical samples.
· Identify targeted systematic error to apply post-processing. 
· Implement deterministic bias-correction techniques. 
· Use neighborhood/fuzzy methods and stochastic perturbation to convert high-resolution deterministic fields into spatially aware probabilistic representations suitable for convective uncertainty.
· Implement ensemble calibration methods and multivariate approaches that seek to preserve or restore spatial and temporal correlation structures where required.
· Apply physical and statistical downscaling techniques, including orographic adjustments, sub-grid variability modeling, land/sea mask handling to improve local fidelity in complex terrain, coastal zones, and urban areas.
· Automate and maintain real-time post-processing pipelines with reproducible model versioning, scheduled retraining or transfer-learning updates, and operational testing. 
· Translate post-processed outputs into impact-relevant products (threshold products, probabilistic maps, aggregated metrics by time/area).
Knowledge & skill requirements
· Understanding of statistical and physical post-processing and calibration methods and their assumptions/limitations at convective scales.
· Knowledge of techniques to preserve or reconstruct spatial/temporal dependence.
· Familiarity with open-source tools and libraries for meteorological calibration, statistical and machine-learning post-processing, and large-scale data handling.
· Familiarity with operational frameworks for workflow automation, job scheduling, containerization, and Continuous Integration/Continuous Deployment (CI/CD) to ensure reliable, reproducible, and maintainable pipelines.
· Proficiency with high-resolution data: efficient handling of large NetCDF/GRIB datasets, appropriate upscaling/downscaling choices, metadata standards, and data stewardship practices.
· Practical experience designing training/validation strategies for rare/convective events (reforecast usage, cross-validation, bootstrapping, sample weighting) and for coping with non-stationarity and model drift.
· Understanding of user needs for calibrated products (probability thresholds, lead-time requirements, spatial aggregation) and the ability to operationalize these requirements into reliable, low-latency services.

COMPETENCY 5: Conduct verification and evaluation
Competency description 
Ability to design and implement verification procedures tailored to convective-scale NWP products, combining objective and subjective methods, accounting for spatial and temporal uncertainty (avoiding "double-penalty" issues), and utilizing both conventional and non-conventional observations where appropriate. Supports continuous forecast improvement by linking verification outcomes directly to model and system development.
Performance components
· Select appropriate reference datasets, spatial and temporal scales, and relevant variables, considering the resolution and predictability of convective phenomena.
· Manage automated data ingestion and careful pairing of forecasts to observations, including height corrections, land-sea mask handling, representativeness matching, and handling of sparse or non-conventional observation sources.
· Calculate deterministic metrics, categorical scores, and probabilistic metrics, including confidence intervals.
· Implement neighborhood/fuzzy, object-based, and scale-selective methods to provide physically meaningful evaluation of convective precipitation, accounting for timing, location, and intensity of events.
· Incorporate remote sensing (radar, satellite, lightning) data with appropriate quality control, bias assessment, and spatial-temporal weighting to ensure dense coverage for high-impact events.
· Conduct event-oriented and object-oriented evaluation to assess the skill of convective initiation, life cycle, and severe weather forecasts.
· Generate periodic reports linking results to model development and operational decision-making. 
· Apply robust statistical methods to account for sampling uncertainty, small ensemble sizes, and temporal correlation in forecast-observation comparisons.
· Use verification results to inform system improvements, model physics tuning, data assimilation strategies, and post-processing methods, ensuring reproducibility and traceability.
Knowledge & skill requirements
· Understanding of verification score definitions, decomposition (e.g., Brier components), confidence intervals, significance testing, and sampling issues in small or serially correlated ensembles.
· Experience with verification software packages and the ability to adapt or extend them for high-resolution convective applications.
· Understanding of conventional and non-conventional datasets, including quality control, colocation, interpolation, and bias correction methods.
· Ability to design event-oriented and object-oriented evaluation experiments, considering timing, intensity, spatial scale, and propagation characteristics of convective systems.
· Competence in linking verification diagnostics to model processes and using results to prioritize model/system improvements.
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Competency description 
Able to design, produce, and deliver clear and actionable visualization products (including maps, time-series, and interactive dashboards). This includes the effective use of advanced diagnostic products (e.g., simulated radar and satellite imagery) and the communication of forecast uncertainty (spatial, temporal, and intensity-related), ensuring that the products support professional forecasters.
Performance components
· Identify the key variables and diagnostics required to forecast weather phenomena—especially severe convection—and design visualizations that represent those variables clearly and effectively.
· Produce timely charts, maps, and web-based visualization layers of convective-scale NWP suitable for operational use.
· Generate diagnostic visualizations, including simulated radar reflectivity, synthetic satellite imagery, lightning-risk products, and high-resolution convective indices.
· Blend nowcasting and NWP outputs to create seamless, very-short-range visualization products.
· Create verification and model-evaluation visualizations (e.g., bias maps, reliability diagrams, ROC curves, CRPS time-series).
· Demonstrate proficiency with GIS software, web dashboard frameworks, and programming languages (e.g., Python, R) to build reproducible and automated visualization pipelines.
· Tailor products to user needs and operational constraints.
· Ensure cartographic precision for all public-facing products: correct map projections, consistent WMO-standard unit conventions, complete metadata and provenance, and discoverable data lineage.

Knowledge & skill requirements
· Understanding of convective-scale meteorology.
· Comprehensive understanding of forecast uncertainty concepts (effective vs. grid resolution, storm-displacement uncertainty, ensemble spread) and how those concepts should inform visualization choices.
· Familiarity with observational systems and their diagnostic value (Doppler radar, satellite radiances and derived products, lightning detection networks, surface observations).
· Expertise in event-specific visualization techniques (threshold-exceedance maps, plume/spaghetti plots, probability maps, EFI-style indices.
· Expertise in cartography, including color theory for probabilistic data, legible symbology and annotation, appropriate scale and aggregation choices, and accessibility (color-blind-friendly palettes and contrast).
· Ability to produce concise legends, caveats, and user guidance.
· Proficiency with meteorological plotting libraries and advanced visualization tools, scientific data analysis libraries, and modern interactive dashboard frameworks.
· Mastery of standard meteorological data formats and handling (e.g., GRIB, NetCDF), efficient subsetting and I/O strategies for high-volume datasets, and best practices for reproducibility and version control.
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