Numerical Weather Prediction Skills and Knowledge for Operational Meteorologists

EXECUTIVE SUMMARY
This document describes the enabling skills required for operational meteorologists to interpret Numerical Weather Prediction (NWP) products, supporting the broader implementation of WMO Competency Frameworks.
In response to Resolution 27 (Cg-19), which tasked the WMO Commission for Observation, Infrastructure, and Information Systems (INFCOM) to jointly with the WMO Executive Council, develop a competency framework for use of high-resolution NWP Standing Committee on WMO Integrated Processing and Prediction System (SC-WIPPS) under INFCOM identified a gap in Guide to Competency (WMO-No. 1205) and developed these skills to cover NWP interpretation more broadly.
This document is designed for WMO Regional Training Centres and WMO Integrated Processing and Prediction System (WIPPS) Centres (including National Meteorological Centres) to assist in designing and implementing training for operational staff. It provides actionable guidance on the knowledge and skills necessary to utilize NWP products effectively and will be updated periodically to reflect advances in meteorological science and interpretation techniques. The content is maintained by the WMO Integrated Processing and Prediction System, Department of Earth System and Data Prediction
NWP interpretation skills
This document defines the NWP-related skills and knowledge required by operational meteorologists to meet competencies in analysis, diagnosis, prognosis, and the production of weather forecasts and warnings.
It involves analysing the NWP fields to understand the current state of the atmosphere, diagnosing the underlying physical and dynamical processes, and evaluating forecast confidence and uncertainty. 
Interpretation emphasizes understanding the NWP capabilities, limitations, and biases, and applying this knowledge to anticipate potential future scenarios. 
Skills
1. Access and integration of required data
2. Assess recent model performance by interpreting verification metrics
3. Analyse observations and apply conceptual models to the current weather 
4. Determine level of confidence in NWP output
5. Determine possible future outcomes
Application conditions
NWP products interpretation does not occur in isolation but is conducted in conjunction with various observation types and the application of conceptual models. This will provide the context for the interpretative use of NWP. 
The performance components and background knowledge and skills should be customised by each organisation based on its service requirements and available NWP products.
While this document focuses on supporting weather forecasting, other uses of NWP products – such as, research, oceanography, hydrology, climatology and other specific areas - should be considered separately.
Because these skills are intended to support competency performance, they are designated as enabling skills, not competencies. It is intended to use this document together with the qualifications outlined in the Guide to the Implementation of Education and Training Standards in Meteorology and Hydrology (WMO-No 1083) and the WMO competency definitions. 
Context
In this context:
1. NWP products include raw model output, derived and post-processed model fields, and statistical guidance;
2. Models include global, regional, and local convection-allowing models, both hydrostatic and non-hydrostatic, deterministic and ensemble prediction systems (EPSs); 
3. Analysis includes synoptic, mesoscale and local-scale, including allowing for the sub grid point/space processes and their parameterisation in models; 
4. Diagnosis involves identifying the dynamic, thermodynamic and microphysical processes in the atmosphere and allowing for the variations caused by their representation in models;
5. Prognosis involves determining the range of likely possibilities based on conceptual models, ground truthing of model performance and determining probabilities based on different deterministic models and EPSs.
How to use this document
This document defines the enabling skills and knowledge for interpreting NWP products required by operational meteorologists. The sequence of acquiring the skills does not necessarily follow the order presented in the document, and it can be adapted to suit the specific pedagogical approach of the training organizations.
Trainers and training managers who want to align their materials with WMO competencies may utilize this document to develop targeted learning objectives for the NWP interpretation-related elements of their courses.
Similarly, the operational meteorologists may use this document as a reference to guide self-directed learning and professional development, allowing them to strengthen their ability to interpret NWP products in operational forecasting contexts, and to identify specific areas requiring additional training or experience. Furthermore, this document may serve to support the consistent application of NWP interpretation skills within daily forecasting, decision-making, and warning operations.
BASIC KNOWLEDGE
It is assumed that users of this document have a basic and practical knowledge of the NWP models in use, including model configuration and data assimilation techniques, covering the following:
1. Model representations
a. Domains: global, regional and limited area.
b. Horizontal and vertical resolution
c. Hydrostatic or non-hydrostatic formulations
2. Model physics and parametrization
a. Physical parameterizations, including microphysics, convection, planetary boundary layer (PBL), and surface processes
b. Treatment of convection (explicit and/or implicit)
3. Model initial condition and data assimilation
a. Types of data assimilation
b. Strengths and weaknesses of observational data
c. Spin-up time, particularly with respect to precipitation and cloud fields
4. Model systematic bias and known errors
5. Operational model setup (e.g., cycling)
6. Forecast lead time, and update cycle
Skill 1: Access and integration of required data 
Description
Locate, access, retrieve and integrate dataset required to interpret NWP products in organization’s own working platform. This skill must be applied before starting the interpretation process. The required data, as specified throughout this document, includes observations, NWP products, and verification sourced through the WMO Operational Infrastructure.
Depending on the resources available within the organization, the integration system may be set up by either the IT section or by forecasters and may be configured for automated operation. This skill ensures that forecasters can reliably obtain and utilize the comprehensive range of NWP products and supporting data necessary for high-quality meteorological analysis and forecasting as detailed in Skills 2-5
Note that in cases where organizations prefer to utilize only the web-based graphics provided by WMO Operational Infrastructure, this specific skill may be considered optional.
Performance components
1. Access WMO Information System (WIS) and/or navigate relevant platforms to find required data.
2. Identify, locate, and select the specific datasets required for the operational task.
3. Execute the necessary technical procedures to access, retrieve, and download the selected datasets.
4. Integrate downloaded dataset into local visualization platforms or working systems to enable interpretation and analysis.
Background knowledge and skills
1. Recognize the role and structure of WMO Integrated Global Observation System (WIGOS), WIS and WMO Integrated Processing and Prediction System (WIPPS) to identify data pathways.
2. Navigate diverse data sources, including specific websites, Application Programming Interface (APIs), and portals of WMO Designated Centres.
3. Differentiate between various meteorological data formats and interpret their associated metadata.
4. Utilize various transfer protocols to download meteorological datasets.
5. Configure local visualization software and workstations to ingest and integrate retrieved datasets.
Skill 2: Assess recent model performance by interpreting verification metrics
Description
Assess recent model performance by interpreting standard objective verification metrics whether provided in model performance reports or provided by WIPPS Lead Centres for verification. This assessment should be conducted at regular intervals and when new metrics become available, and when updated model versions are released.
Performance components
1. Interpret verification metrics for model output and statistical forecast data.
2. Identify model errors using verification metrics, considering weather and seasonal dependency factors.
3. Identify situations where verification results are misleading due to various issues, including sparse observations, geographical representativeness issues, or poor sampling in time and space.
Background knowledge and skills
1. Interpret basic statistical parameters (mean, median, mode, probability distribution function, etc). 
2. Interpret traditional verification statistics to deterministic NWP products (e.g. Bias, Root mean squared error (RSME), S1 skill score, Mean absolute error (MAE), correlation, standard deviation, etc).
3. Interpret verification metrics for EPSs (e.g., contingency tables, Brier score, Relative Operating Characteristic (ROC) curves, Reliability diagram, and rank histogram, etc).
4. Explain and interpret newer verification metrics such as Fractions skill score, and other neighbourhood-based verification methods, and scale-separation diagnostics, as the power-spectra scores based on spherical harmonics.
5. Recognize strengths and limitations of different verification metrics.
6. Recognize spatial and temporal aggregation effects (e.g., point-based vs grid-based, daily vs. hourly verification).
7. Understand representativeness issues when comparing model output with point observations, remote-sensing retrievals, or gridded analyses.
8. Explain forecast performance differences across weather regimes including stable versus convective conditions.
Skill 3: Analyse observations and apply conceptual models to the current weather 
Description
Utilize observational data from a variety of sources, spatial and temporal scales and apply conceptual models to explain the present situation and expected developments. 
The outcome of this skill is to enable a meteorologist to evaluate the performance of NWP models.
Performance components
1. Analyse the weather situation from synoptic to local scale, including the likely key dynamic and physical processes, using observations and relevant analysis techniques.
2. Apply the appropriate four-dimensional (4D) conceptual model(s) to identify the key physical processes and expected changes over appropriate timescales.
3. Identify the main current and expected weather elements and their corresponding hazards.
4. Identify seasonal and climate drivers to assess the expected conditions, if appropriate. 
Background knowledge and skills
1. Analyse and interpret a range of observations, including radar, satellite, surface observations, vertical soundings etc.
2. Utilize various analysis techniques, including Nephanalysis, Skew-T–log P diagram and Hovmöller diagram.
3. Knowledge of available weather-related conceptual models at all atmospheric scales to identify weather hazards.
4. Knowledge of available climatology-related conceptual models at all relevant scales to assess potential extremes and mid-term changes in synoptic situation (1-2 weeks).
Skill 4: Determine level of confidence in NWP output
Description
Determine level of confidence in NWP products based on the analysis done in Skills 2 and 3. Make comparison with previous runs, other NWP model runs and EPSs for determining levels of uncertainty and understand the cause of the differences.
Performance components
1. Evaluate the evolution of the main current and expected weather elements, identified in Skill 3, using deterministic model’s fields against the conceptual models.
2. Evaluate current deterministic model run to previous runs, considering both run-to-run consistency and the reliability of prior runs.
3. Compare multiple deterministic NWP models to assess the most reliable and to identify uncertainty information.
4. Evaluate the performance due to the configuration and specification of NWP models.
5. Assess the deterministic forecast against ensemble spread.
6. Assess ensemble mean and spread using appropriate diagnostics. 
Background knowledge and skills
1 Describe the configuration and specification of the model and operational forecasting cycle of NWP system.
2 Describe the relationship between forecast error and ensemble spread.
3 Explain how the uncertainty is represented in EPSs.
4 Interpret the EPSs products including spaghetti diagram, postage stamp maps.
Skill 5: Determine possible future outcomes
Description
Determine the range of possible future scenarios with associated uncertainties. 
Performance components
1. Establish most reliable future outcomes by consolidating all the information obtained using Skills 1 – 4.
2. Identify the times and areas where uncertainty remains high throughout the forecast period and spatial domain.
3. Determine the range of possible scenarios and their associated probabilities.
Background knowledge and skills
1. Identify plausible alternative forecast scenarios and assess their relative likelihoods.
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