Proposal for the intercomparison and evaluation of nowcasting products during WISER-EWSA Testbed 2
1.Aims of the intercomparison
· Document current capability for Africa, to inform operational application of the methods / products;
· Identify sources of error, e.g. challenging meteorological phenomena;
· Provide evidence needed for model development in future, e.g. the most promising current approaches and the phenomena which need more attention;
· Provide recommendations for the evolution of African-owned systems.

2. Organisation of the intercomparison
Coordination and Contacts: The intercomparison initiative will be coordinated by Dr Abhilash Singh (a.singh4@leeds.ac.uk), with support from the AINPP Africa group. Collaborations will involve National Meteorological and Hydrological Services (NMHS) from the region, including Zambia Meteorological Department (ZMD) and South African Weather Service (SAWS), alongside international stakeholders providing nowcasting products. A centralised coordination mechanism will ensure streamlined communication, adherence to standards, and effective data sharing.
Dates: The intercomparison activity will focus on Southern Africa and span 7 months, from October 2024 to April 2025. This timeline has been selected to coincide with the period of the WISER-EWSA testbed (https://www.wiser-ewsa.org/testbed/), which enables the use of local observations for verification, as well as narratives of weather impacts from the user engagement. The period includes seasonal variability and capture diverse weather patterns, ensuring a robust evaluation of nowcasting products.
Deadline for submission of data: All contributing organisations are required to submit their datasets by 31st May 2025. This deadline provides sufficient time for the compilation and preliminary analysis of data before the final evaluation phase.
Statement/Agreement of data submission principles: 
i. Ensure transparent and collaborative intercomparison of nowcasting products.
ii. Utilise standardised formats and methodologies for data submission and validation.
iii. Share results for scientific advancement and operational improvement.
Plans for publication: The outcomes of this intercomparison will be documented in a peer-reviewed publication, highlighting methodologies, key findings, and recommendations for operational application. The results will also be presented at relevant conferences (AGU, EGU, AMS, etc.) to share insights with the broader meteorological community. We will have the option to anonymise data in the published results.
Timeline
	Milestone
	Date

	Kick-off and domain finalisation
	February 2025

	Intermediate analysis and feedback
	March-April 2025

	Data collection and submission
	May 2025

	Analysis and evaluation
	June-August 2025

	Publication and presentation
	September 2025



2. Practical details
Domains: The geographical domain for this intercomparison will include Mozambique, Zambia, and South Africa. These regions have been chosen due to their diverse climatic conditions, availability of observational data, and alignment with the WISER-EWSA Testbed 2 objectives.
Format: Contributing organisations will provide their datasets in NetCDF4 (preferred) or Zarr formats ensuring consistency and interoperability. These formats are widely recognised in the meteorological community for handling large datasets efficiently and supporting robust metadata structures.
Provenance: Contributing organisations must provide sufficient information regarding their methodology for the interpretation of model differences to be useful.
· Basic architecture, numbers of parameters in the model;
· Full description of the training data used;
· Capacity used for training;
· Resources required to run the model; latency etc.
· Metadata for the product; frequency, resolution etc.
· Some measure of “cost”, e.g. FLOPs or something 
Naming Conventions: All data submitted for this intercomparison must adhere to the Climate and Forecast (CF) metadata conventions. File names should include essential information such as the product type, domain, and time period, ensuring clarity and uniformity. For example, a rainfall dataset for Zambia for October 2024 could be named rainfall_Zambia_202410.nc. Following CF standards will facilitate seamless integration and analysis of datasets across all contributing organisations.
Resolution: Temporal resolutions will include forward projections at 15 minute intervals till 6 hours to evaluate short-term nowcasting capabilities. Spatial resolutions will focus on fine-scale grids with resolutions of 0.1o or finer, enabling detailed comparisons and validation.
Latency: It is a critical factor in the operational utility of nowcasting products, as it directly impacts their timeliness and relevance for decision-making. Factors influencing latency include data processing times, communication delays, and the computational efficiency of forecasting models. Contributing organisations will need to provide metrics on data processing and model inference times, as well as identify any bottlenecks that could hinder timely product delivery. Strategies to mitigate latency, such as optimising data pipelines and leveraging high-performance computing, should be explored. 

3. Validation data
Rainfall products: The validation of rainfall nowcasting products will leverage AWS data from Zambia Meteorological Department (ZMD) (total 28 stations in good condition). These data are available at 10 minute intervals. Additionally, radar and AWS data from South African Weather Service (SAWS) (status: requested) will provide complementary validation sources, enhancing the robustness of the evaluation. The necessary metadata for product evaluation will be provided.
Storm products: Storm nowcasting products will be validated using lightning occurrence and flash density data as proxies for storm intensity. Severe rainfall events will also serve as a secondary validation metric, offering insights into the predictive accuracy of storm-related nowcasting products.
4. Performance metrics
To ensure a robust evaluation of forecast performance, a comprehensive suite of performance metrics will be employed across different scales and phenomena. Traditional dichotomous measures such as Probability of Detection (POD), False Alarm Ratio (FAR), and Critical Success Index (CSI) will be complemented by continuous metrics like Mean Absolute Error (MAE) and Root Mean Square Error (RMSE) to quantify overall accuracy. In addition, probabilistic forecasts will be rigorously assessed using the Continuous Ranked Probability Score (CRPS) and Brier Skill Score, alongside ROC curves and reliability diagrams, to evaluate forecast reliability and sharpness. Object-based metrics, including the Fractions Skill Score (FSS) and spatial verification techniques, will validate the spatial consistency of rainfall predictions and storm structures. Moreover, quantile-quantile mapping will be applied to ensure robust calibration of model outputs. Each participating centre will generate and share a standardized set of these statistical measures, with detailed protocols such as sampling bins (agreed upon in advance). This collaborative approach will not only facilitate the plotting and comparison of results across centres but also encourage the sharing of code and methodologies, thereby enhancing the overall scientific rigour of the evaluation process.


5. Methodology
5.1 Rainfall (retrievals and 15 minute forward projections till 6 hrs)
1. Deterministic retrieval and prediction of rainfall amount to compare with gauges.
2. Probability of rainfall exceeding a threshold (1mm, 5mm, 10mm, 30mm): Retrieval and prediction products will be evaluated for their ability to predict the likelihood of rainfall exceeding defined thresholds, critical for flood risk assessments.
3. Gridded evaluation of forward projection against its own retrieval and satellite radar & microwave based retrieval: Nowcast skill vs lead time of various gridded products vs their own T+0 “retrieval”. Intercomparison of gridded rainfall products against “truth” retrievals on common grid of retrievals (such as GPM IMERG HQ), and as a function of lead time. 
The spatial evaluation component of the intercomparison aims to assess how well nowcasting products reproduce observed precipitation patterns across different regions. Each centre should conduct spatial evaluations against a set of standard reference datasets, such as GPM IMERG-HQ, to ensure consistency. A critical challenge in spatial verification is avoiding simplistic evaluations where models are ranked solely based on numerical scores without deeper insights into their strengths and weaknesses.
To add value, spatial evaluation should focus on diagnosing key meteorological challenges, such as the diurnal cycle, warm-rain processes, and convective storm structures. Hence, the methodology links evaluation metrics to specific forecast challenges, ensuring that model performance assessments are meaningful and actionable. Additionally, a common grid for satellite data is proposed to facilitate direct comparisons, with participating centres responsible for regridding their datasets accordingly
5.2 Storms
Storm events will be categorised based on two key meteorological indicators: lightning intensity and severe rainfall occurrences. This dual-parameter approach aims to refine early warning capabilities by capturing both the electrical and hydrological impacts of storms. The details are as follows: 
5.2.1 Lightning Intensity
Measurement: Lightning activity will be quantified using high-resolution lightning flash rate data (e.g., flashes per minute per square kilometer). This data is primarily sourced from MTG Lightning Imager. 
Categories: It will be categorised into three categories. For instance, low intensity is defined by flash rates that remain below the baseline threshold, signifying only sporadic lightning activity. Moderate intensity occurs when flash rates exceed this baseline yet do not reach the levels typically observed in severe convective storms. In contrast, high intensity is characterized by significantly elevated flash rates, which reflect robust convective activity and suggest a high likelihood of severe storm development.
5.2.2 Severe rainfall occurrences
Rainfall intensity will be assessed using a GPM IMERG HQ, with measurements expressed in millimeters per hour. Rainfall events will be classified based on their intensity, with moderate rainfall defined as rates that exceed the regional average yet remain below a severe threshold, while severe rainfall is characterized by rates that exceed this threshold potentially leading to flash flooding and significant hydrological impacts. 
Finally, a severity index will be assigned to each storm event by integrating both lightning intensity and rainfall rate. For example, events with both high flash rates and severe rainfall will be flagged as high-impact storm events.
Comparison with NWP
It will be really good if we can add some comparisons from 1-day NWP forecasts for the same periods. HRES, ECMWF or something.
5.3 Case studies
1. Supply maps of products for stated domains and the whole time period. 
2. We later define the case studies and compare the maps.
6. Outputs
Key outputs to meet our aims
	Aim
	Outputs

	· Document current capability for Africa, to inform operational application of the methods / products;

	· Graphs showing absolute measures of skill against observations, and relative to daily NWP, for a range of approaches.
· Different measures appropriate to different applications.

	· Identify sources of error, e.g. challenging meteorological phenomena;

	· Filtering analysis according to time of day, warm rain, rapid development etc.
· Statistical measures highlighting extremes etc.

	· Provide evidence needed for model development in future, e.g. the most promising current approaches and the phenomena which need more attention;

	· Attempt to relate the results to the configuration of different systems.

	· Provide recommendations for the evolution of African-owned systems.

	· First review (discussion) of cost-benefit of different approaches.




Publication
· Results may be anonymised for publication.
· Need common agreement on levels of sharing of data+algorithms (and implications for authorship)

Appendices
Table of verification data
	Organisation
	Product
	Source data
	Resolution (Temporal/Spatial)
	Target region
	Validation dataset

	ZMD
	Rainfall
	AWS data
	15 min / 0.1o
	Zambia
	ZMD AWS data

	SAWS
	Rainfall
	AWS & radar
	15 min / 0.1o
	South Africa
	SAWS AWS and radar



Table of products from contributing organisations (to be filled by each organisation)
	Organisation
	Product type ( Time series/gridded)
	Source Data
	Resolution (Temporal/Spatial)
	Target Region
	Validation Dataset

	-
	-
	-
	-
	-
	-

	-
	-
	-
	-
	-
	-


This detailed plan ensures comprehensive intercomparison and evaluation of nowcasting products, supporting advancements in severe weather prediction and early warning systems across Southern Africa.
----------------------------------------------------------------------------------------------------------------

