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When the Sea Disagrees with Its Digital Twin
A Design Science Research Study into Archipelagic Model Evaluation

ABSTRACT:

High-resolution ocean models are increasingly used to support military forecasting in
complex coastal environments, yet their practical value depends on how model behaviour
translates into operational understanding. This study evaluates the performance of the high-
resolution oceanographic model NEMO_ sthlm in southern Mysingen, Stockholm
archipelago region, with focus on its ability to reproduce observed temperature and salinity
structures relevant to military METOC forecasting.

Using a Design Science Research approach, model output is compared with in situ CTD
observations collected during a late-summer field campaign and also compared with two
regional oceanographic models. Quantitative evaluation shows that NEMO _sthlm captures
the overall hydrographic structure of the area, including stratification and water-mass
characteristics, while exhibiting statistically significant but systemic model-observation
differences. These differences are primarily linked to consistent bias in thermocline and
halocline placement, indicating stable and interpretable model behaviour.

The analysis demonstrates that predictable and physically interpretable error patterns allow
model output to be meaningfully integrated into forecasting practise. The study shows how
quantitative evaluation can be linked to operational interpretation, reinforcing the role of
high-resolution models as tools for understanding and forecast interpretation in littoral
waters.
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Nér Havet dr Oense med sin Digitala Tvilling
En Designvetenskaplig Studie avseende Modellutvérdering 1 Skirgérdsmiljo

SAMMANFATTNING:

Hogupplosta oceanografiska modeller anvinds i allt storre utstrickning for att stodja
militdr prognosverksamhet i komplexa kustnédra miljoer, men deras praktiska bidrag beror
i stort pd hur modellernas beteende kan omsdttas i operativ kontext. Denna studie
utvérderar prestanda hos den hoguppldsta oceanografiska modellen NEMO _sthlm 1 sddra
Mysingen i Stockholms skdrgird, med fokus pa modellens formaga att reproducera
observerade temperatur- och salthaltsstrukturer som ar relevant for militir METOC-
prognostisering.

Med utgangspunkt i designvetenskap jamfors modellutdata med in situ CTD-observationer
insamlade under en sensommarfaltkampanj samt att den jamfors dven med tvd regionala
oceanografiska modeller. Den kvantitativa utvirderingen visar att NEMO_sthlm aterger
omradets dvergripande hydrografiska struktur, inklusive stratifiering och vattenmassornas
karaktir, men samtidigt pavisas statistiskt signifikanta och systematiska skillnader mellan
modell och observation. Dessa skillnader ar framst kopplade till konsekventa bias 1
termoklin- och haloklindjup, vilket indikerar ett stabilt och fysiskt tolkningsbart
modellbeteende.

Analysen visar att forutsdgbara och fysiska felmonster blir tolkningsbara att de mojliggor
att modellresultat kan integreras 1 prognosverksamhet. Studien demonstrerar hur
kvantitativ modellutvérdering kan kopplas till operativ verksamhet och dérigenom starka
hogupplosta modellers roll som verktyg for forstaelse och prognostolkning i
skédrgardsmiljo och kustnédra vatten.
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