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Summary of project objectives (10 lines max)

PER MAR aims to develop and apply high-resolution regional climate simulations using the Regional
Climate Model (RegCM) to simulate Mediterranean hydroclimatic conditions during key periods of
antiquity, particularly around 500 BCE. The project focuses on generating time-slice simulations
driven by paleoclimate boundary conditions (performed on DKRZ supercomputer with MPI-ESM
with high-frequency outputs) to resolve regional atmospheric circulation, storm tracks, extreme
precipitation, wind fields, and marine-relevant weather conditions to be subsequently ingested in
SHYFEM. Advanced downscaling techniques will be used to bridge large-scale climate variability
and local navigational conditions. The simulations will provide unprecedented spatial and temporal
detail for assessing climate impacts on ancient maritime routes and will constitute a modelling
framework for integrating paleoclimate, archaeological, and historical evidence across the
Mediterranean Basin.

Summary of problems encountered (10 lines max)

Project activities experienced delays due to the PI's maternity leave (1 December 2025-24 May 2026)
and the later-than-planned recruitment of the project researcher, Roberto Ingrosso, who started on 1
June 2026. Additional technical challenges arose in preparing MPI-ESM simulations for use as initial
and boundary conditions (ICBCs) for RegCMS5. Specifically, incompatibilities were identified
between Holocene restart files and the absence of nitrogen-related restart variables with the current
model version mpiesm-1.2.01p7 run on DKRZ supercomputer. Addressing these issues required
modifications to preprocessing scripts and a series of technical tests, including evaluations of high-
frequency outputs, transient versus fixed boundary conditions, and CMORization procedures. These
tests are currently ongoing, and the first 100-year RegCMS5 simulation for 400 BCE is expected to be
completed by the end of June. Starting on June 4th 20206 the team has accessed to Atos and installed
the RegCM model.

Summary of plans for the continuation of the project (10 lines max)

Project activities will continue according to the original work plan, with a primary focus on the
production of high-resolution paleoclimate simulations. Following the successful preparation and
validation of the MPI-ESM outputs, the initial and boundary conditions (ICBCs) will be transferred to
the ATOS HPC infrastructure to support large-scale RegCMS5 integrations. The next phase includes
the execution of regional climate simulations at approximately 50 km resolution over the
Mediterranean domain, followed by dynamical downscaling to ~12 km resolution to better resolve
regional circulation, storm systems, wind patterns, and hydroclimatic extremes. The 50 km
simulation is necessary (and initially UNPLANNED) IF MPI-ESM cannot be run at HR ~100km in
the atmosphere to avoid shocks while performing the 12 km downscaled simulation. We believe that
this intermediate step would not dramatically impact the allocated computational resources.

List of publications/reports from the project with complete references

1. (submitted): Verification and Validation of Seafaring Models. Theoretical and Practical
Challenges, in: Beyond STRADA. Abschlusskonferenz des ERC-Projekts STRADA (Simulation of
Transport between the Adriatic Sea and the Danube, 101001835), Universitit Graz, 3.—5. Juni 2026,
Conference Proceedings (co-authored with M. Ritondale). Ancient seafaring models face a
fundamental epistemological problem: their outputs cannot be verified against historical reality in
any definitive sense. The paper proposes a three-dimensional framework for model credibility:
inputs and assumptions (meteorological reconstructions, ship parameters), internal consistency
(navigational decision logic), and alignment with archaeological and historical evidence. Two case
studies illustrate the approach — the Cyrene grain deliveries (SEG IX,2) as a regression-based
validation test, and the MarDepend ERC project (Grant ID 101170294), which pursues direct
validation through towing-tank experiments on a trireme scale model.
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2. (submitted): Handel in Krieg und Frieden. Handlungsoptionen fiir Syrakus zur Zeit Hieron IL., in:
S. Fral3/C. Michels/S. Lentzsch (eds.): Im Schatten der GroBméichte? Das Tyrrhenische und das
Levantische Meer als historische Meso-Regionen im 3. Jahrhundert v.Chr., Tagung Ruhr-
Universitdt Bochum, 26.-27. Juni 2025 (Mittelmeerstudien, Brill | Schoningh). The dominant view
describes Hieron II as the architect of a Mediterranean-wide commercial network; this paper argues
that the evidence does not bear that reading. Drawing on Polybius, Diodorus, epigraphic documents
from Athens and Syracuse, and Finkielsztejn's revised chronology of Rhodian amphora stamps, it
shows that Hieron's famous donations to Rhodes after the earthquake of 227 BCE (Polyb. 5.88)
combined dynastic display with commercial intent — yet produced no measurable growth in
Rhodian trade with Syracuse. The numismatic record reinforces this: decades of bronze-only
coinage without trade imagery point to an economy driven by internal demand and a vast building
programme, not by export. What emerges instead is a structural link between Syracuse's
documented grain deliveries and active military conflicts: the city prospered as a strategic supplier
to belligerent powers, exploiting its intact territory and its proximity to the principal theatres of war.

3.(in preparation): Tracing Trade in Classical and Hellenistic Athens. An Overview of Stamped
Amphorae Handles from the Kerameikos, in: Amphoras and the Archaeology of Ancient
Economies, Conference Proceedings (co-authored with M. Gonzélez Vazquez). The amphora
stamps from the Kerameikos in Athens provide a core dataset for Classical and Hellenistic Aegean
trade patterns. Collaborative work with Mateo Gonzalez Vazquez on this material from the
Kerameikos establishes methodological foundations for tracking trade patterns. Preliminary results
have been presented at the international conference "Amphoras and the Archaeology of Ancient
Economies Part 3: Regional Production — Regional Circulation: Amphoras and Aegean
Communities" (Thessaloniki, October 2025), with subsequent publication in preparation.

4. (submitted): Economic Explanations for the Grain Deliveries from Cyrene (SEG IX 2). Some
Thoughts on Maritime Economics and Quantifying the Effects of Maritime Connections, in: J.
Degen/M. Gonzalez Vazquez/Ch. Schéfer (eds.): Maritime Connections and their Influence on
Ancient Sea Trade, Berlin (co-authored with L. von Auer). The economist Ludwig von Auer and
the PI demonstrate in a study on the grain deliveries from Cyrene documented in SEG IX,2 the
applicability of the Gravity Model to historical questions. This work establishes methodological
foundations for applying modern trade models to ancient evidence, particularly addressing
challenges of incomplete data and distance calculations in maritime contexts.

5. (submitted): Connecting Syracuse with the East, in: E. Nantet (ed.): Sailing from Polis to Empire.
Part 2: Warships, Merchantmen, Cargoes, Harbours, and Marine Rituals in the Eastern
Mediterranean During the Hellenistic Period, Cambridge. This paper investigates the distinct sea
routes taken by ancient warships and merchant vessels travelling from the Peloponnese to Syracuse.
Using virtual sailing simulations, optimal routes are analysed under varying weather conditions. In
this article a distinction is made for the first between routes of warships and merchantmen. It
investigates accessibility and quality of access across the sea.

6. (submitted): From Africa to Gaul. Sailing Conditions and Shipwrecks in Late Antiquity, in: D.
Dobreva/T. Schmidts/F. Schimmer (eds.): Commerce in the Late Antique West, Verona. Among the
transport price limits set by the Edictum (Diocletiani) De Pretiis Rerum Venalium, one of the most
perplexing is the remarkably low rate of only four denarii for transporting a modius kastrensis from
Africa to Gaul. This paper proposes a plausible explanation for this pricing anomaly. It argues that,
based on considerations of sailing conditions and evidence from shipwrecks, in Late Antiquity an
overlooked and significant shipping route ran directly from Caesarea Mauretaniae to Narbo. The
main emphasis of the paper is on sailing conditions in the Western Mediterranean and on cargos of
amphorae.

7.(2026): Corinth and Syracuse. The Maritime Ties That Bind, in: Corinth and Syracuse. A Two-
Way Relationship, Syracuse 5-7 December 2024, Conference Proceedings. The paper examines the
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maritime link between Corinth and Syracuse and frames maritime dependencies as a key to
understanding ancient trade, power, and conflict, proposing an interdisciplinary approach that
combines historical research, archaeology, marine engineering, oceanography, and economic
theory—integrating geography, economy, and political control into a coherent interpretive model.

8. (2026): Ruling the Waves. The Nautical Setting of the Attic Empire, in: F. Daubner/P. Reinard/C.
Rollinger (eds.): The Attic Empire. Athenians and their Allies, Berlin & Boston. The chapter
describes the nautical setting of the Aegean in the 5th century BCE and analyses how Athenian rule
over its ‘allies’ depended on its ruling of the waves. It addresses the environmental conditions —
geography and climate —, and the Athenians’ adaptation to these conditions — shipbuilding,
seamanship, and sea routes. In a synthesis, the practical effects of this adaptation in terms of finance
and economics are considered, and the shaping of Athenian power by the sea is discussed.

9.(2024): Trade Dependencies and Transaction Costs. The Occupation of Decelea Highlights Both
the Benefits and the Drawbacks of a Maritime Economy, Journal of Ancient Civilizations 39, 29-
50. Thucydides asserts that the occupation of Decelea by the Spartans in 413 BC made the grain
supply for Athens costly by forcing the transport from land onto the sea. This calls to question the
well-established consensus that sea transport was far cheaper than land transport. This paper
contends that the cost of protecting supply lines — specifically the expenses associated with the
warships which escorted the supply ships — rendered the grain transported on the new route
exceptionally costly. The paper discusses the benefits and drawbacks of a maritime economy,
including transaction costs, trade dependencies, and the capabilities of warships and supply ships.

10. DKRZ computational resources for MPI-ESM and ICON-ESM allocated — CliMar Climate
Model Simulations for Maritime Dependencies in Antiquity by Pascal Warnking (PI) — project
1579.

Summary of results

If submitted during the first project year, please summarise the results achieved during the period from the
project start to June of the current year. A few paragraphs might be sufficient. If submitted during the
second project year, this summary should be more detailed and cover the period from the project start. The
length, at most 8 pages, should reflect the complexity of the project. Alternatively, it could be replaced by a
short summary plus an existing scientific report on the project attached to this document. If submitted during
the third project year, please summarise the results achieved during the period from July of the previous
year to June of the current year. A few paragraphs might be sufficient.

We started using Atos on June 10", We have successfully installed RegCM35 and performed
scalability tests over the Mediterranean domain - never performed from our group on this machine —
that are mandatory for optimising the resources. The figure below indicates peak memory
consumption, strong scaling efficiency, strong scaling speed-up and RegCM strong scaling 1 month
simulation (wall-time) for 12 km horizontal resolution cantered on standard Med-CORDEX
Latitude: 21° N to 63° N and Longitude: 27° W to 58° E. The scalability tests show that RegCM5
runs efficiently on Atos for the 12 km Med-CORDEX configuration. The 1-month test simulation
decreases from about 85-90 min with 128 MPI ranks to about 35 min with 512 MPI ranks, while
peak memory consumption remains moderate, around 60—75 GB. The scaling is good up to 512
MPI ranks, with a measured speed-up of about 2.5-2.6 and a strong-scaling efficiency of about
60—65%. Increasing to 1024 MPI ranks further reduces the wall-clock time only marginally, to
about 30 min, but the efficiency drops to about 35%, indicating that this configuration is no longer
cost-effective.

The best compromise between runtime, memory use and computational efficiency is therefore 512
MPI ranks, which will be used as the reference configuration for production simulations. A 256-
rank setup remains a good option when queue availability or resource economy is more important,
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while 1024 ranks are not recommended for standard production runs because of the limited
additional speed-up.

In the meanwhile, on Levante at DKRZ global simulation at high and low resolution with MPI-
ESM are currently running for both 400-500 BCE and historical periods to provide ICBC for
RegCM dynamical downscaling.

Peak Memory Consumption

Strong Scaling Efficiency
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Figure 1: RegCM5 scalability tests on ECMWE Atos for the Med-CORDEX 12 km Mediterranean domain. The panels
show peak memory consumption, strong-scaling efficiency, strong-scaling speed-up, and wall-clock time for a 1-month
RegCM5 simulation performed with 128, 256, 512 and 1024 MPI ranks.
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