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Abstract9

Model quality assessment (QA), and where possible model validation, are critical steps10

in the life cycle of models destined to play a role in Space Weather research and fore-11

casting. A major goal of QA is to characterize the state of the art of models of a given12

class, for example models of the global corona and solar wind. This requires consistent13

assessment of all major models in the class. Commonly, QA has been done in what amounts14

to campaign mode, generating reports that capture the quality of a particular model or15

a limited set of models for speci�c events or time intervals. Inconsistencies between study16

designs, the limited scope of each study, and the intermittency with which the study re-17

ports appear in the literature mean that we never achieve a complete assessment of the18

state of the art. In addition, the timeframe in which new models appear or existing mod-19

els are upgraded is comparable to the publication time of peer reviewed validation re-20

ports, which means that these reports are often out of date soon after they are published.21

The community’s current QA strategy is inadequate and unsustainable. In this paper22

we show why it is unsustainable and advocate for the development of automated pro-23

tocols which can, with minimal ongoing labor cost, support the community’s e�orts to24

maintain up to date results. We illustrate the concept with results from a pilot scheme25

developed in conjunction with the SHINE community.26

1 Introduction27

Forecasting models have little value in the absence of any clear determination of28

their capabilities, accuracy and limitations. Model quality assessment and validation pro-29

vide this foundational support.30

The results of space weather model quality assessment inform the work of space31

weather researchers and decision making of operators of critical hardware systems, both32

in space and on the ground. They also inform the investment decisions of program man-33

agers at the funding agencies tasked with providing resources to understand and fore-34

cast space weather.35

In this paper we will refer to both quality assessment and validation. It is impor-36

tant to make a distinction between the two. Where we talk about validation we mean37

comparison of a speci�c physical quantity, forecast by the model(s), to observations of38

that quantity, using metrics which quantify the di�erences. Quality assessment is a broader39
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In addition the CCMC does not host all codes. Our prototype system gives up a mod-292

est element of strict independence by relying on the developers to provide output, but293

by doing so enables more comprehensive model participation. The system we outline in294

this paper divorces the task of acquisition and preparation of model output from the de-295

sign and execution of the actual quality assessment. By doing so it can support inde-296

pendent quality assessment studies by anyone who wants to conduct them, including those297

of us at the CCMC, where we plan to use this system to streamline our ongoing qual-298

ity assessment activities.299

The prototype was con�gured to minimize the burden placed on modelers, and they300

were all helpful in co-operating and contributing to the system when asked. However our301

experience to date was that they did need to be asked! This is understandable since there302

is currently no funding incentive for them to invest their time on it. This suggests that303

they do not need to be strongly pressured to support this essential activity, but they do304

need some minor incentive. This could be provided in the form of a simple requirement305

in funding announcements that they post test results to the quality assessment system306

when proposing for funds to develop their models.307

Acronyms308

ADAPT Air Force Data Assimilative Photospheric Flux Transport ( Hickmann et al.309

(2015))310

AWSoM Alfven Wave Solar Model (van der Holst et al. (2014))311

CCMC Community Coordinated Modeling Center312

CIR Co-rotating Interaction region313

CORHEL Corona Heliosphere314

EUHFORIA EUropean Heliospheric FORecasting Information Asset (Pomoell and Poedts315

(2018))316

GONG Global Oscillation Network Group317

HAF Hakamada-Akasofu-Fry (Fry et al. (2001))318

HelTomo Heliographic Tomography (Jackson et al.(2002))319

HMI Helioseismic and Magnetic Imager320

LFM Helio Lyon-Fedder-Mobarry Helio Merkin et al. (2011))321

MASP MHD About a Sphere Polytropic ( Mikic et al. (1999))322
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MAST MHD About a Sphere Thermodynamic (Lionello et al. (2003))323

MDI Michelson Doppler Imager324

MWO Mount Wilson Observatory325

NSO/SOLIS National Solar Observatory Synoptic Optical Long-term Investigations326

of the Sun327

PFSS Potential Field Source Surface328

SHINE Solar Heliospheric and Interplanetary Environment329

SIR Stream Interaction Region330

STELab Solar-Terrestrial Environment Laboratory331

SUSANOO Space weather forecast Usable System Anchored by Numerical Operations332

and Observations (Shiota et al. (2014))333

WSA Wang-Sheeley-Arge (Arge and Pizzo (2000))334

YMNP Yeates MacKay Non-Potential (Yeates et al. (2007)).335
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treme Ultra-Violet (EUV) images from models of the coronal plasma (contributed by Dr.240

Sarah Gibson), and for synthetic heliograph images (contributed by Dr. Dusan Odstr-241

cil).242

During our initial evaluation of this system we received solar wind results from the243

WSA, ENLIL/WSA, CORHEL, AWSoM, LFM Helio, and HelTomo, and for the coro-244

nal �eld from the YMNP model and a PFSS model.245

Figure 1 to 3 shows a selection of graphics developed for the system. These are246

snapshots of interactive graphics �les on the web site, which allow users to zoom in or247

out and to mouse over the plots to see the numerical data values.

Figure 1. Comparative timeline of radial wind speed at Earth for a selection of di�erent

model runs, compared with the OMNI wind speed shown by the red dotted line.

248

Similar plots can be generated for any locations (including all inner planets and249

satellites) and surfaces within the computational domain of the models.250

The system is easily extended to add additional test cases and additional metrics251

and graphics.252

In its initial test phase, the system was limited to a single test case type, ie mod-253

eling the ambient solar wind for two Carrington rotations chosen from times near a min-254

imum in the Solar sunspot cycle. This was a choice made by the SHINE community. In255
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Figure 2. The number density times radius squared in the equatorial plane from a run of the

MAS-H model.

Figure 3. A synoptic plot of number density from an ENLIL V2.7 model run.

principle the system can accommodate a wide range of test case types. For example, to256

support FV activities, we could envisage asking model developers to submit extended257

timelines of their model forecasts at L1.258

The system’s interface to any diagnostic graphic is a simple command line with a259

list of arguments to be passed to the plotting routines, the �rst of which identi�es the260
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graphic routine and the rest are the arguments needed by the graphic routine. This makes261

it very easy for community members to prepare, and for us to add, any new contributed262

graphics that are deemed to be worth inclusion, and places no language restriction on263

the graphics routine. This ability to be easily extended is vital for sustainability.264

While the test cases adopted for the initial prototyping were time independent, there265

is no reason why the system cannot incorporate time dependent test cases. Almost all266

the major models have been or are in the process of being extended to work with time267

dependent models of the photospheric magnetic �eld, such as for example ADAPT data268

(Hickmann et al. (2015)). For the automated assessment system to support these model269

runs requires nothing more than adding the graphics and movie making features needed270

to display the results in a time dependent manner.271

3.2 Discussion272

We have described a prototype of a system for automating support for the scien-273

ti�c quality assessment of models of the ambient solar wind. The system represents a274

�rst step in an e�ort to make the community’s assessment of its ever growing inventory275

of models both more e�cient and more systematic. It provides the information process-276

ing skeleton to the assessment process, exposing the model capabilities for further anal-277

ysis and review by the research community. The critical point is that it does this in a278

sustainable way.279

A key feature of the system that we have developed is that it can evolve by adding280

new model diagnostics as needed. E�ective sustainable SQA requires that the process281

be able to expand its coverage to include the changing focus of scienti�c research. The282

system we have presented is the basic information processing skeleton of a 
exible SQA283

capability.284

We recognize that in a strict sense, model developers feeding output �les into the285

system violates the notion of supporting strictly independent validation, unlike the geospace286

model evaluation study (Pulkkinen et al. (2013)) for which model runs were executed by287

the CCMC. However we would argue that a strictly independent standard can never be288

achieved in the real world. Even the codes that the CCMC hosts and runs in its vali-289

dation studies have been con�gured for use by the CCMC with assistance from the de-290

velopers. Some level of trust in the integrity of the model developers must be assumed.291
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