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by the German Lost Art Foundation, Proveana holds records on individuals,

events, collections, and organisations, and visualises the immediate relationship
networks around each entity. This study has extracted these data, reconstructed all
relationships contained in the database, and conducted social network analysis (SNA)
on the resulting network. Findings from SNA indicate that the network is moderately
efficient, with easy and quick interactions despite its large size. A single component
comprises 94% of the entire system, with specific nodes playing crucial roles as
bridges between disparate groups. Of these, the Nazi Party itself has the highest
centrality according to most measures, reflecting its pivotal role in orchestrating the
looting of art. This research also highlights Walter Neuling as the sole bridge linking
the main network of Nazi-era looting with later government-led confiscations in

the German Democratic Republic in the 1960s (codenamed ‘Aktion Licht’). Other
insights from this study shed light on the figures and institutions most crucial to the
circulation of looted goods during and after the war and suggest new opportunities
for research into previously overlooked entities to complement incomplete and
unreliable postwar provenance records.
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Introduction

In the wake of the Second World War, Allied forces determined (through the American
Safehaven Program, Robert Commission, and the Office of Strategic Services’ (OSS) Art
Looting Unit) that the Nazi Party in Germany had confiscated an estimated one-fifth
of all movable art in Europe (primarily constituting paintings, drawings, and sculpture),
seizing over 5 million cultural objects from persecuted Jews and other marginalised
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groups across the continent (Bradsher 1997; Edsel and Witter 2009: xiv; Gravenstein
2022: 1; Spiegler 2001: 297-298). Of these objects, some have since been recovered,
many were destroyed, and hundreds of thousands are still missing, having fallen victim
to trafficking after the war’s end. Allied efforts after the war sought the repatriation and
restitution of looted goods back to their rightful owners or heirs in accordance with val-
ues that were later formalised as the Washington Principles on Nazi-Confiscated Art.!
Some of these principles include:

+ Art that had been confiscated by the Nazis and not subsequently restituted should be
identified.

+ Relevant records and archives should be open and accessible to researchers, in
accordance with the guidelines of the International Council on Archives.

« Resources and personnel should be made available to facilitate the identification of
all art that had been confiscated by the Nazis and not subsequently restituted.

+ In establishing that a work of art had been confiscated by the Nazis and not
subsequently restituted, consideration should be given to unavoidable gaps or
ambiguities in the provenance in light of the passage of time and the circumstances
of the Holocaust era.

+ Every effort should be made to publicize art that is found to have been confiscated
by the Nazis and not subsequently restituted in order to locate its pre-War owners or
their heirs.

« Efforts should be made to establish a central registry of such information. (Eisenstat
1998)

In pursuit of these principles, the German Lost Art Foundation has established two
databases: the Lost Art Database, which holds records of objects that were looted or
confiscated during the war, and Proveana, a provenance database of individuals and
other entities related to the circulation of goods during and after this period. At the time
of writing, the Lost Art Database holds over 184,000 object records of missing items
(‘search requests’) and recovered items (‘found-object reports’); extensive information
is provided on each object, and the database records are made available for download
with a CSV-export function. In addition to the object records of the Lost Art Database,
Proveana also holds an additional 16,000 records of individuals, literature, corporate
bodies, events, provenance marks, and other entities related to the provenance of looted
objects. Both databases are publicly available and free to use for academic and historical
research purposes, in accordance with the Foundation’s primary aim of strengthening
provenance research (German Lost Art Foundation, n.d. -d).

Research on the circulation of cultural goods during and after World War II is cru-
cially important to reconstruct the social networks that facilitated the looting of these
objects (and their trafficking in the postwar period) and to recover items that are still on
the market and for which provenance is unclear. Social network analysis (SNA) offers a
novel approach for this research and the ultimate recovery of objects implicated in the
largest mass looting event in recorded history. Leveraging valuable open resources, par-
ticularly Proveana, this research can support not only the recovery of these objects, but
also the identification of routes and individuals that have aided the trafficking of other

items and related criminal activities.

! Presented 3 December 1998 by Stuart E. Eisenstat at the Washington Conference on Holocaust Era Assets.
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Research aims

Despite a considerable amount of research having been published on the Proveana
database,” including provenance research projects conducted by the German Lost Art
Foundation itself, no social network analysis has yet been conducted on the relationship
network presented in the database. This represents a significant missed opportunity for
researchers of WW1I-era provenance and cultural goods crime, particularly as “Prove-
ana focuses less on the single artifacts and more on the reconstruction of collections
and the circumstances of their displacement and disintegration” (Manikowska 2023: 50).
The present study offers the first social network analysis of the relationship network data
presented in the Proveana database, illustrating and examining the network surround-
ing the circulation of objects looted during WW!II. It complements the mission of the
German Lost Art Foundation, the tenets of the Washington Principles, and the efforts
of other actors involved in provenance research and recovery of WW1II-looted goods.
Finally, it highlights additional opportunities for investigation into actors complicit in
cultural goods trafficking during and after the war and reinforces the value of integrating
traditional provenance research with new computational methods.

Beyond the relationships’ mapping, the study sees the network as a logistical supply
chain: as an individual or organisation acquires goods, typically unaware of the global
infrastructure behind them, looted objects are often not understood or appreciated in
their full context. SNA reveals the underlying supply chain infrastructure - its efficien-
cies, redundancies, and bottlenecks - that made the movement of cultural goods pos-
sible during and after the Second World War. To support this assertion, we have also
conducted a supply chain robustness analysis, the methodology for which is outlined in
Sect. “Supply chain robustness analysis’, with the results explored in the second half of
our Discussion. The analysis of the network’s fragility helps to locate the positioning of
the major network players as well as identify the structural routes that would allow the
system to function should key chokepoints be removed.

Methodology for data collection

Data collection for this research was conducted within the scope of RITHMS (Research,
Intelligence and Technology for Heritage and Market Security) project, a European
Union-funded initiative to develop a platform that leverages social network graphs to
help law enforcement agencies track and thwart the trafficking of cultural goods. The
initial development phase of the project involved the provisioning of data from existing
repositories of stolen, missing, looted, and unprovenanced cultural goods to construct
a network-focused model of the circulation of these objects, centring around actors
and events. While the Proveana database holds detailed records on over 16,000 entities
related to Nazi-looted objects, roughly two-thirds of the record pages also include a rela-
tionship network that illustrates that entity’s immediate network of relations. It is this
element of the database that was the focus of the present study.

First, it should be noted that entities gathered from Proveana belonged to one of the
following eight categories: event, person, group of persons, literature, collection, prov-
enance mark, archival source, and corporate body. For the most part, the scope of each
entity category is self-explanatory; ‘event’ refers to an activity, for instance an auction or

2See, for example, Manikowska 2023 and Heuberger 2022; also Barnstorf-Brandes et al. 2024, who report on Prove-
ana’s records of looted objects with colonial-era provenance rather than WWIIL.
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a government campaign; an entity of type ‘person’ represents a real human being; con-
versely, a ‘group of persons’ represents multiple individuals as a single unit, often refer-
ring to an entire family; ‘literature’ concerns a publication (which in most cases is an
auction catalogue); a ‘collection’ is a private or public assemblage of art and/or artefacts;
a ‘provenance mark’ is a symbol, label, stamp, or other element that conveys informa-
tion about the object’s production or previous ownership; and ‘archival source’ is a body
of archives or other primary historical materials. The only entity category that is some-
what misleading is ‘corporate body; which includes companies as well as political parties
(e.g., the Nazi Party), government ministries (e.g., the Reich Chamber of Culture), public
museums, and so on. For this reason, we have opted to refer instead to this category as
‘organisation, which is more in line with typical network analysis practice. This decision
represents a minor deviation from the original data source but allows for a more accu-
rate classification of entities. It has not changed the distribution of entities across types
and has not impacted the network analysis. Table 1 shows the distribution of entity types
in the Proveana database and in the network prepared for the current study. The dis-
crepancies between the two distributions reflect the fact that not all entities with record
pages in Proveana are part of a network, and not all entities in the relationship network
have record pages.

Data were collected using a web scraping program written using the Python program-
ming language and the packages BeautifulSoup, Requests, Selenium, and Pandas. As
the database is frequently updated, it should be noted that the data used in the present
research were collected on 4 February 2025. Efforts to reproduce this research at a later
date may result in slightly different findings due to the inclusion of new records in the
database and the elucidation of new links between entities.

Proveana comprises four distinct research areas: cultural goods confiscated as a result
of Nazi persecution, cultural goods and collections from colonial contexts, confiscation
of cultural goods in the Soviet Occupation Zone and the German Democratic Republic
(GDR), and cultural goods displaced as a result of war; this work has focused primarily
on the first category. This includes objects seized or confiscated by Nazi officials as well
as objects sold under duress, for example to receive a visa to emigrate from Nazi-occu-
pied territories during the war. However, data have been collected from the entire data-
base, allowing connections to be made among entities related to the looting of cultural
goods during World War II and the looting of goods in other contexts. Importantly, as

Table 1 Type and number of entities in the Proveana database and relationship network

Entity type In Proveana With relationship network
Person 3676 3948
Group of persons 58 33
Organisation (formerly Corporate Body) 2050 2004
Collection 471 509
Event 1009 1026
Provenance mark 261 0
Literature 8697 0
Archival source 4827 0
Physical object? - 329
Total 28,574 7,849

*The category of ‘physical object’ represents artworks and artefacts with reported connections to other entities in
Proveana; these objects are recorded in the Lost Art Database, which was not the focus of data collection. They were
included in the network analysis because they have reported connections, but their relative centralities are low, and they
do not reappear in this article
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will be outlined in the Results and Discussion sections below, this methodology returned
valuable insights on common actors involved in multiple contexts of state-led confisca-
tions of cultural objects.

Data collection from the Proveana database involved two main steps. The first col-
lected descriptive data on each entity record regardless of whether the record included a
relationship network. This was achieved using the BeautifulSoup and Requests packages
to iterate through each page of the database, parse the page HTML, and gather the avail-
able biographical information. The function time.sleep() was implemented after each
record to limit the rate of requests sent to the server and not put unnecessary strain
on the host. The data were then structured as a Pandas DataFrame to facilitate minimal
cleaning, the removal of superfluous characters, and the translation of some data from
German to English for later analysis of entity characteristics and provenance.

The second step of data collection used the Requests package to gather data on
each relationship network. For this, a request was made to retrieve a structured JSON
through a direct link discoverable in each page’s source HTML. Each structured dataset
includes the relationships of one isolated network. These data were iteratively retrieved
and appended to a list, which grew with each record, then saved as a JSON file. The file
was then reloaded and structured to extract the source and destination nodes from each
relationship, each of which was identified by a label (the entity’s name), an ID assigned
to it by Proveana, and the category to which that entity belonged (person, organisation,
event, etc.). This process produced a social network consisting of 7,849 nodes and 15,377
edges; each node represents a person, organisation, or other kind of actor, and each edge
signifies a relationship between two nodes. The dataset was saved in JSON, CSV, and
GEXF formats to facilitate analysis of the network that emerged during visualisation.

There are several essential measures of centrality that were assessed using the Net-
workX library of Python; these include betweenness, closeness, degree, and eigenvec-
tor centrality. The first measure, betweenness centrality (Freeman 1977), assesses the
number of ‘shortest paths’ through the network — in other words, how many paths pass
through or rely on each node. In a similar vein, closeness centrality (Freeman 1978)
judges the overall number and length of shortest paths from one node to every other,
or how close each individual is to others in the network. For the purposes of the pres-
ent analysis, we calculated a normalised harmonic centrality, which is a variant of close-
ness centrality appropriate for disconnected networks (Rochat 2009). Degree centrality
describes the number of links or relationships each node has, which provides insights
on the best-connected or most isolated individuals. In this context, ‘degree’ conveys the
specific number of connections, while a normalised degree centrality score (from 0 to 1)
represents the number of connections relative to the other nodes in the system. Finally,
eigenvector centrality (Bonacich 1987) takes into consideration the relative influence of
these nodes, giving higher scores to individuals who are linked to other influential indi-
viduals—building on the intuition of degree by weighting connections according to the
prominence of the neighbouring nodes.

These metrics all analyse the position of individual nodes within the network, which
allows the pinpointing of those with unusual significance; these may be entities who are
inherently influential themselves or those who play important structural roles in the net-

work such as connecting two clusters or hubs (thus serving as ‘bridges’ or ‘cut points’).
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Distinct from these centrality measures, we also computed the average clustering coef-
ficient (Watts & Strogatz 1998), a network-level property that captures the overall den-
sity of local neighbourhoods rather than the importance of individual nodes. For each
node, the ego-network density is calculated as the proportion of actual ties among its
neighbours relative to the maximum possible ties; the average clustering coefficient is
then obtained by summing these values and dividing by the number of nodes with two
or more ties. A high coefficient indicates that the neighbours of a given node tend to
be connected to one another—a ‘friend of a friend is also a friend” pattern—while a low
coefficient indicates that the node bridges otherwise disconnected parts of the network.
As such, the clustering coefficient captures an aspect of the network’s topography rather
than node-level influence.

Finally, to characterise the network’s global macro-structure, we employed metrics
such as network diameter and average path length. The diameter represents the longest
of all shortest paths, indicating the network’s span, while the average path length mea-
sures the efficiency of interactions across the system. The largest connected component
(LCC) refers to the maximal subgraph in which every pair of nodes is joined by at least
one path; in an undirected network such as ours, its size relative to the total number of
nodes indicates the extent to which the system forms a single cohesive whole rather than
a collection of isolated fragments. For community detection, we utilised the Louvain
method (Blondel et al. 2008). We selected Louvain over alternative algorithms (such as
Girvan-Newman) for its superior efficiency in optimising modularity within large datas-
ets, allowing us to identify tightly knit communities of nodes that interact more densely
with each other than with the rest of the network.

Overall, these analyses allow us to assess the nature of the network’s communication
and breadth and highlight individuals and clusters that play a particularly important role
in the social structure (Hagberg et al. 2008; Freeman et al. 1991Leeson et al., 2024).

Supply chain robustness analysis

To empirically test the network’s resilience and validate the ‘supply chain’ metaphor
introduced above, we performed a targeted stress-test simulation using Python’s Net-
workX library. This analysis involved the iterative removal of the network’s most con-
nected nodes (hubs) to simulate the dismantling of the regime’s central leadership and
major institutions. Specifically, we ranked all nodes by degree centrality and removed
the top 100 entities sequentially. After each removal, we recalculated the size of the net-
work’s largest connected component. This method allows us to distinguish between a
fragile, centralised hierarchy (where the removal of hubs causes immediate collapse)
and a robust, decentralised supply chain (where the network remains largely connected
through redundant paths).

Background

One of the most influential actors in the investigation of Nazi art looting was the OSS
Art Looting Investigation Unit (ALIU), an American intelligence unit that supported the
so-called “Monuments Men” division in collecting evidence to support charges against
Nazi art looters and recover confiscated artworks. Salter (2015) provides a critical look
at the work done by the ALIU in terms of intelligence-gathering on the Nazi officers
responsible for the looting of cultural goods during WW!II. Although they were initially
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classified and not made public for several decades after the war, the most influential
reports produced by the ALIU have been relied upon as key resources in postwar res-
titution litigation and provenance research. The ALIU also produced a list of approx-
imately 1,000 ‘Red Flag Names’ of individuals related to the looting of cultural assets
(Central Registry 2025); of these 1,000, however, just 3—5% have records in Proveana,’
which represents an opportunity for future integration of these two large datasets. Fur-
ther, while Salter recognises the ALIU’s many accomplishments, he argues that interna-
tional criminal law is fragile and occasionally misses the mark when faced with a range
of geopolitical priorities. He stresses that the postwar Nuremberg prosecutions were
extremely selective and saw pre-trial diplomatic negotiations, plea bargaining, political
interventions, and unofficial immunity deals occur outside the official court proceed-
ings. Another of the ALIU’s oversights was their failure to prepare a detailed intelligence
report on the prolific art dealer Hildebrand Gurlitt, among other notable figures, which
allowed Guurlitt to escape criminal proceedings for his involvement in forced confisca-
tions during the war. A further weakness was the unit’s inability to overcome the apa-
thetic and unhelpful stances of Italian, French, and Swiss authorities in prosecuting art
dealers in their countries, likely due to national embarrassment of claims of collusion
with occupational forces.

During the war, four art dealers in particular took on the tasks of purchasing and sell-
ing works for the enrichment of the German national collection or the raising of funds to
support the war effort. These dealers were Hildebrand Gurlitt, Karl Buchholz, Ferdinand
Moeller, and Bernhard Boehmer. Of these, perhaps the most active was Gurlitt, who was
also found by the present research to be one of the most central, well-connected, and
influential nodes in the network of Nazi looting. Hoffman (2017) details how Gurlitt’s
early professional life as an art dealer led to long-term relationships with expression-
ist artists, the working class, and the avant-garde, which he would leverage throughout
his later career. Quarter Jewish, Gurlitt was required to transfer ownership of his gal-
lery to his wife following the enactment of the Nuremberg Race Laws, which limited the
economic, social, and political rights of non-Aryan Germans. Despite this, he success-
fully petitioned the Nazi government for the right to sell confiscated artworks following
their removal from German museums. He later joined the other three Nazi art dealers
in increasingly acquiring works for German museums (on behalf of the Linz Commis-
sion) and was closely involved in cultural propaganda campaigns in France. At the end of
the war, Gurlitt avoided punishment by leveraging the fact that he was also considered
a persecuted person (due to his Jewish heritage) and was able to retain his own personal
collection, which consisted largely of confiscated works.

One of the principal looted collections during the war was that of so-called ‘degenerate
art’ (Entartete Kunst), which either promoted values that were believed to undermine
Nazi ideology or were produced by artists belonging to a persecuted ethnic or religious
group. Gravenstein (2022: 12) emphasises how the Nazi looting campaign and accompa-
nying rhetoric “comforted the people, hiding the atrocities of Hitler’s war under a veil of
beauty and high culture” She notes that resistance to Nazi looting further put works of

3t is difficult to determine the exact number of Red Flag Names included in Proveana due to differences in how
names are recorded in the two datasets (e.g., the order of first and last names, insertion of middle names or initials,
and whether an individual is reported by themselves or as part of a larger group or organisation). According to Zuck-
erman (2021: 2), only 18 Red Flag Names were included in Proveana as of 20 November 2021; as of our last estimation
on 22 April 2024, this number had risen to 34.
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art in danger of destruction during the war, resulting in what German art conservation-
ist Hermann Bunjes called “conservation by acquisition” (Edsel and Witter 2009: 335,
cited in Gravenstein 2022: 13). This logic endured following the end of the war, in which
thousands of ownerless works were officially accessioned by museums across Europe,
ostensibly for safekeeping.

A literature review of scholarship that engages with the Proveana database determined
that no social network analysis has yet been conducted on the relationship networks
presented in the repository. This represents an opportunity for cultural historians, cul-
tural heritage crime researchers, and network analysts to leverage extensive open data
resources and the opportunities of novel technologies to address a pressing sociocultural
issue. Zuckerman (2021) has visualised the networks around Nazi art looting but using
the native graph functions in Wikidata, performing gap analysis using Sparql queries to
assess the comprehensiveness of the knowledge graph. She notes that no solution has
yet been found for accurately representing multiple versions of provenance texts or cod-
ing the data as semantic triples (e.g., Actor, IsRelatedTo, Actor), and she recommends a
property such as “retracted” or “proven false” to be added to provenance texts to facili-
tate more accurate research.

Provenance research is crucial for legitimating claims for restitution or repatriation
of looted objects. It is also important to determine the specific individuals from whom
objects were seized rather than solely their countries-of-origin. This addresses an ongo-
ing challenge in the restitution of wartime looted goods, which is often state-centric,
focusing more on the repatriation of looted goods (to their country-of-origin) than their
restitution (to the rightful owner or heir) (German Lost Art Foundation, n.d. -b; Graven-
stein 2022; Kohler 2019; Manikowska 2023). To a certain degree, this results from a lack
of information about the original owners and surviving heirs — a challenge that can be
mitigated by more extensive and interdisciplinary research on the social circles on which
the confiscation and subsequent circulation of cultural goods relied. This represents one
opportunity for novel insights which was pursued by the present study.

Another challenge is the fact that provenance in museum documentation during
WWII and the postwar period “was very often neglected, intentionally generalised, and
even forged” (Manikowska 2023: 47). At the Central Collecting Point in Munich, for
example, where Allied forces consolidated looted goods for restitution, archival index
cards pertaining to works that went through Gurlitt are often incomplete, failing to men-
tion the dealers from whom Gurlitt sourced his pieces. As a result, researchers must rely
partly on alternate data sources, such as social networks, to track the likely movement of
artworks both during and after the war.

Results

The present study’s reconstruction, visualisation, and analysis of the Proveana network
offers insights on where further investigations might be needed and highlights actors
who played a larger role than previously thought. Further, these social networks can
provide insights on the route taken by looted objects, helpful in the absence of com-
prehensive provenance. This dataset was modelled in Graphistry to illustrate the net-
work’s structure, which is quite clustered, as shown in Fig. 1. The lack of directedness
and weight on the edges indicates a focus on the mere existence of relationships rather
than their nature or strength. The overall structure is non-bipartite, with a clear division
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Fig. 1 Network of entities collected from the Proveana database

into a single distinct group representing the largest connected component: 94% of the
network.

In this network, each node represents an entity included in the Proveana relationship
network for which there is, in most cases, a designated record page with additional infor-
mation. Each edge linking two nodes represents a relationship or interaction reported
in the relationship network and on that entity’s record page. The relationships in this
network are undirected, which means they illustrate mutual relations. In other words,
the visualisation and subsequent analysis of this dataset simply illustrate the existence of
interactions between entities rather than the precise nature of these relationships. How-
ever, entities in the network are of different types, and the types of entities can shed light
on the nature of otherwise uncontextualised relationships; for instance, a connection
between an event and a publication could suggest that the publication was produced as
a result of the event (e.g., the relationship between an auction and auction catalogue). It
is important to note, particularly in the context of organisations, that we intentionally
chose a one-mode network representation because our primary focus is on interactions
rather than affiliations. This means that an edge linking an individual with the Nazi Party
does not necessarily mean that that person had membership in or was affiliated with the
Nazi Party, but only that they interacted in some capacity. This is important for appre-
ciating that organisations themselves are greater than the set of individuals comprising
them and are capable of exerting influence themselves. In other words, organisations are
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not treated as proxies for their leadership just because individual-level data may have
been unavailable in certain cases.

Some initial remarks can be made on the social network that are not particularly sur-
prising to scholars familiar with Nazi-looted art and the confiscation of cultural goods
during WWII. The central cluster, for example, is concentrated around the Nazi party
itself, which was the overarching entity behind most seizures. Many of these confisca-
tions were carried out by various departments of the German government and by indi-
vidual actors who are well-known in the historical record, including the Linz Special
Commission, Nazi leader Hermann Goering, and art dealer Hildebrand Gurlitt. Impor-
tant museums relied upon for the storage and exhibition of works include the Nation-
algalerie Berlin and the Landesmuseum fiir Kunst und Kulturgeschichte Oldenburg,
which remain culturally and politically significant today.

The network analysis presented in this section focused on four measures of central-
ity: betweenness, closeness, degree, and eigenvector. While each measure offers different
advantages for the analysis of the network, there are significant and valuable overlaps
in the list of entities regarded as the most central according to each. For the most part,
the NSDAP (Nationalsozialistische Deutsche Arbeiterpartei, the Nationalist Socialist
German Workers’ Party, or Nazi Party) is the most central node by all measures. Other
influential nodes include Hildebrand Gurlitt, who acquired thousands of cultural goods
during the war, particularly those intended to fill the proposed ‘Fuhrer-Museum’ in Linz,
Austria, and those designated as ‘Degenerate Art’ (due to his predilection for modern
art). Other influential nodes include the Linz Collection itself, the Nationalgalerie Berlin,
the State Museum for Art and Cultural History in Oldenburg, and the C. G. Boerner
auction house in Leipzig, which specialised in the so-called ‘Jewish auctions’ and devel-
oped the auction regulations of the German Reich.

There is a high number of connected components in the network, referring to dis-
tinct and separate groups of connected nodes. There are also many Louvain commu-
nities, which refer to tightly knit groups of interconnected nodes (Blondel et al. 2008).
Together, these metrics allow for an extended analysis of the connected components’
sizes. This analysis revealed that the network’s largest connected component comprises
7,376 nodes, which is 94% of the full system. Conversely, the second largest component
has just 10 nodes. The giant component, as the most connected part of the network,
includes the bulk of the nodes and edges, embodying the primary interaction space
in the database (Fig. 2). The metrics indicated in Table 2 provide an overview of this
giant component. Overall, a diameter of 19 suggests elongated paths within the network
with a high number of nodes. Nonetheless, the average path length of 5.534 indicates
relatively short paths between nodes, suggesting easy and quick interactions across the
network, fully aligned with the six degrees of separation paradigm — the notion that all
people are six or fewer social connections apart. This high efficiency suggests a robust
supply chain where goods could be moved, laundered, or hidden quickly through very
few intermediaries, making the looting machine resilient to local disruptions.

The connectivity of the network, indicated by a radius of 10, provides a new focal point
for analysis. The connectivity of the giant component suggests that it includes major
entities and common relationships within provenance research, while smaller compo-
nents represent isolated and specific cases. The similar average length of the giant com-
ponent emphasises its centrality to the network’s structure, while the high radius of 10
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Table 2 Relevant network measures of the entire network and its giant component

Measure Entire network Giant component
Nodes 7849 7376
Edges 15,377 15,042
Diameter - 19
Radius - 10

Is bipartite False False
Is connected False True
Connected components 178 1
Louvain communities 220 44

Is directed False False
Is weighted False False
Average path length - 5534
Mean degree 3918 4.079
Mean betweenness centrality 0.001 0.001
Mean closeness centrality 0.570 0.184
Mean eigenvector centrality 0.004 0.005

highlights the presence of a few nodes far from the central node, indicating outliers or

special cases within the giant component, worth specific analysis.

Centrality measures provide a profound understanding of the influence and connec-

tivity of nodes within a network. For the Proveana network’s giant component, these

Page 11 of 27
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metrics reveal how entities play different roles based on their structural positions.
Betweenness centrality measures the extent to which a node acts as a bridge on the
shortest path between other nodes, representing entities that often control the flow of
information within the network and act as vital conduits between different clusters. In
the giant component of the Proveana network, the mean normalised betweenness cen-
trality is 0.0008, marginally higher than the overall network’s 0.0006 (both rounded to
three decimal points in Table 2). This suggests that specific nodes within this component
play crucial roles in connecting disparate groups or entities.

Among these nodes, the National Socialist German Workers’ Party (NSDAP) has
the highest betweenness centrality of 0.175, reflecting its significant role during World
War II in orchestrating the looting of art (Table 3). The NSDAP’s position in the net-
work connects a vast array of transactions, confiscations, and redistributions of art and
cultural assets, underscoring its critical role in the network related to Nazi-looted art.
Similarly, Hildebrand Paul Theodor Ludwig Gurlitt, with a centrality score of 0.066, is
another prominent node, with a betweenness centrality that highlights his central role
in art transactions. His involvement bridged various groups, individuals, and institu-
tions, playing a pivotal role in the art transactions and the historical narrative surround-
ing Nazi-looted art. His direct connections to various individuals and events suggest his
active role in organising, curating, or otherwise facilitating influential art auctions (Hoft-
mann 2017).

The Nationalgalerie Berlin, with a betweenness centrality of 0.065, stands out as one
of the leading art museums in Germany. Its position in the network emphasises its sig-
nificant role in the art scene during the period under study, connecting different epochs,
artists, and styles within the broader art historical narrative. The Landesmuseum fiir
Kunst und Kulturgeschichte Oldenburg (State Museum for Art and Cultural History in
Oldenburg), with a betweenness centrality of 0.057, also holds a significant place in Ger-
man history and art trade, reflected in its important connective role within the network.
The next most influential node according to betweenness centrality is the ‘Geheime
Staatspolizei’ — the Secret State Police, also known as the Gestapo. The Gestapo’s role
in art looting was closely tied to its broader function as an instrument of state terror
and expropriation (McLaughlin 2022). They were responsible for identifying and seizing
artworks from persecuted individuals, particularly Jewish collectors and dealers, often
in coordinating with agencies like the Einsatzstab Reichsleiter Rosenberg (ERR, under
idealogue Alfred Rosenberg) (Lugoboni 2019). The Gestapo’s involvement ensured that
confiscated artworks were funnelled into Nazi-controlled markets, sent to institutions
favoured by the regime, or hoarded by high-ranking individuals, including Goering as
well as Adolf Hitler himself (Lugoboni 2019; Petropoulos 2004). Their prominence in
the present network analysis reinforces how state security agencies were not just partici-
pants in repressive activities but also logistical hubs in the systematic plunder of cultural
goods.

The mean closeness centrality in the giant component is 0.184, which is significantly
lower than the overall network’s 0.570. This indicates that nodes are, on average, less
centrally positioned in terms of distance to all other nodes within the giant component.
This pattern suggests a more distributed structure where influential nodes might not be
centrally located but still hold significance due to their specific roles or historical links.

Nodes with high closeness centrality can spread information efficiently through direct or



Page 13 of 27

(2026) 11:48

Giovanelli et al. Applied Network Science

G€00 uopes|uebio (4D 3Y3 JO AI0ISIH UBWIDD) JO WN3SNIA) YA J9P 21YdIYdS9D) ay2SINaQ 4Nj WUNSSNIA
0v00 uonesiuebin (BI2gUIRINN Ul WN3SNA| [PUONEN DIUBULIRD) BISGUINN Ul WNISNUI|RUOIIBN S3YISIUBULIDD
€700 uonesiuebio (Wwnasnyy [e2160[0uUylg ullag) ulldag wnasniy saydsibojouyly
Y00 uonesiuebio (U149g ‘9SNOH uoINY abURT AL SUBH) UI1ag ‘SDUBT A\ SURH SNeYSUOIBINY
(Y21UNN ‘'9SNOH UONINY LI I9|[NWUISAA JIOPY)

8700 uonesiuebio 13]|NWIUISAA J|OPY SNeysbuniablalsianIsuny Jausyduniy
7500 uonesiuebio (921]0d 21€1S 124396 "2Jidwi] UewISD) [971j0dS1eR1S SWIRYD) "Y1y Say2sInag
/500 uonesiuebin (BINQUBP|O ‘A103SIH [BININD PUB MY 1O} WN3SN| 91R1S) BINGUSP|O 9IYDIYSHBIN1 N3 PUN ISUNY| INJ WNISNWSIPUET]
5900 uopesiuebin (U149g ‘AJ3||PD) [RUOIIEN) UllIag Sli9|ebeuoiieN
9900 uosIdd 1I1IND BIMPNT J0PO3Y ] [Ned PUBIgEpP|IH
SL10 uonesiuebio dvasN
Ayjea3Udd ssauUIIMIDY ELTSWATATE (uonejsuesy ysijbuz) sweu Auz

A31[R1IUSD SS2UURMIDQ 0} BUIPIODI. 3I0MIBU Y3 Ul SSpoU [eudd sowl g| do| € ajgeL



Giovanelli et al. Applied Network Science (2026) 11:48 Page 14 of 27

indirect interactions with most other nodes. Unsurprisingly the NSDAP is also the most
central node according to this metric (Table 4).

Tied with the second highest score (0.272) are the Landesmuseum in Oldenburg and
Hildebrand Guurlitt. This indicates both entities’ efficient connectivity within the network
and underscore the ability of both to access and influence various network nodes quickly,
reinforcing their significant positions in the cultural history and art collection network
within Germany. Further, this score suggests that both the museum and Gurlitt not only
bridge various groups and entities but also communicate and influence efficiently across
the network. The efficiency in connectivity complements their roles as central figures in
the system.

The third most influential node in terms of closeness centrality is C. G. Boerner, Auk-
tions-Institut, Kunst-und Buchantiquariat (C.G. Boerner Auction Institute, Art and
Book Antiquarian) (0.270), a famous auction house and antiquarian bookshop which
appears to have had efficient access to a network of buyers, sellers, and artworks. Its
closeness centrality underscores its influence and operational efficiency in the circula-
tion of artworks and books. It is joined in this list by other auction houses, including the
Hans W. Lange Auction House and the Adolf Weinmiiller Art Auction House, both in
Berlin. Overall, it is logical that they (as well as museums) feature significant closeness
centrality scores, considering their businesses rely on the institutions’ influential con-
nections and networking potential.

Also appearing in this list (in the eighth position) is Sonderauftrag Linz (the Linz Spe-
cial Order, or Linz Commission) (0.268) an initiative to establish a renowned national
museum in Hitler’s hometown of Linz, Austria — a project which demanded extensive
looting of Europe’s greatest treasures. Its high closeness centrality reflects the central
role of the project in the Nazi looting apparatus. Its centrality score is tied with Hans
Posse, listed immediately above it; he was appointed as the director of the project and
played a critical role in acquiring art for Hitler’s planned (but ultimately unrealised)
museum. This score underlines the efficient operational capabilities in accessing a wide
range of artworks and entities across Europe, essential for the execution of the vast art
looting campaign.

Degree centrality refers to the number of direct connections a node has with other
nodes and is fundamental for identifying the most connected entities, which often serve
as major hubs within the network due to their numerous interactions. The NSDAP not
only features the highest centrality scores across every measure discussed so far but
also the greatest degree in the network, with 213 immediate connections (Table 5). This
emphasises the party’s pivotal role as a central orchestrator of art looting during World
War II, interacting extensively across the network with various entities involved in trans-
actions of art and cultural assets. In theory, while this suggests that the Nazi campaign
of art looting should feature a high degree of centralisation and, perhaps, efficiency, the
confiscation of art across Europe was, in practice, characterised by bureaucratic redun-
dancy and polycratic overlap, with a range of actors (including the Linz Special Com-
mission, Goering, Gurlitt, and ERR, among other individuals and sub-agencies and task
forces) all tasked with initiating seizures across Nazi-controlled territories (Petropou-
los 2004). Despite systematic efforts at inventorying confiscated works (evidenced by
no fewer than nine separate numbering systems used during and after the war), such a
project took place in a climate of upheaval and uncertainty which led to the designation
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of over 1,000 repositories for the storage of looted goods just in southern Germany (Gra-
venstein 2022: 14). It should be noted that this is another factor that greatly hindered
postwar efforts to recover and restitute looted artworks, and it continues to complicate
provenance research today.

Art dealer Hildebrand Guurlitt displays the next highest degree score, of 150, comple-
menting his significant closeness centrality as well and confirming his central role in
art transactions during the Nazi era. This extensive connectivity underscores his abil-
ity to bridge various groups and entities efficiently, enhancing his influence across the
network. Similarly, the Nationalgalerie Berlin confirms its substantial closeness central-
ity with a degree of 137, which further solidifies its status as a key institution in the art
world. Likewise, the Miinchener Kunstversteigerungshaus Adolf Weinmiiller has 136
immediate connections, indicating its crucial role in the circulation of cultural goods as
a major node for the sale and distribution of a vast number of artworks.

A somewhat surprising node that emerged during analysis of degree scores was Aktion
‘Licht; or secret operation ‘Light’ This initiative started on January 3, 1962, well after the
end of the Nazi period, and was orchestrated by the Ministry for State Security (also
known as the Stasi — East German secret police) in East Germany (officially the Ger-
man Democratic Republic). It involved the extensive and secretive search of over 3,000
buildings across all districts and counties of East Germany, highlighting its significant
operational scale and the need for extensive personnel and secrecy (Kersten 2023). The
primary goal was to investigate financial institutions and other locations suspected of
hiding valuable assets. A degree score of 119 indicates a substantial number of direct
connections within Proveana’s relationship network, suggesting significant interactions
and influence across various nodes related to financial and historical artefact manage-
ment, also reflecting its extensive involvement in operations that had widespread impli-
cations for cultural assets. Its relatively high degree indicates it played a significant role
within the network, although its profile in terms of the other centrality measures (dis-
cussed below) differs from that of the most influential Nazi-era hubs.

Eigenvector centrality measures the influence of a node within a network, assigning
relative scores based on the principle that connections to high-scoring nodes contribute
more to the score of the node in question. In this sense it refines the intuition offered
by degree: rather than counting connections, it weights them according to the promi-
nence of the neighbouring nodes, highlighting entities that are not only well-connected
but also associated with other well-connected nodes. The mean eigenvector centrality
in the giant component shows a slight increase (0.005) compared to the overall network
(0.004). This suggests that within this component, certain nodes are both well-connected
and linked to other influential nodes, fortifying their roles as central figures in the net-
work. The central role of the NSDAP in orchestrating extensive art looting is reinforced
by the highest eigenvector centrality, with a score of 0.308 (Table 6): this score underpins
its position as a highly influential entity, connected to other significant nodes involved in
these operations. In fact, we see many of the same entities in this list as in the previous
ones: art dealer Hildebrand Guurlitt, the Linz Commission, Adolf Weinmiiller Art Auc-
tion House, the State Museum in Oldenburg, National Gallery in Berlin, Hans Posse, and
others. This reflects the fact that these individuals and organisations were deeply embed-
ded in both the bureaucratic and logistical machinery of expropriation and circulation
during the war, coordinating between agencies, facilitating transactions, and legitimising



Page 18 of 27

(2026) 11:48

Giovanelli et al. Applied Network Science

SLLO uonesiuebio (U149g ‘9SNOH uonINY abueT AA SUBH) UI1ag ‘DDUBT A\ SURH SNeYSUoIBNY
8110 uonesiuebin (UeLENbRIUY Y00 puUe Uy ‘DINHISU| UODNY JBUIS0g ') D) JeLienbiueydng pun -}suny| ‘INHISU-SUOINY 1aulsog © D
6210 uopesiuebin (Wooy 23N 1ebHINIS) 1BUIgeYISUNY Ja1eb1INIS
6210 uosIdd 95504 SueH
/710 uonesiuebi0 (U14g ‘AI3)[eD |RUONEN) UllIag SLdjebjeuoieN
8910 uopesiuebion (BInquap|O ‘A103SIH [BINND pUE 1Y JOj WN3sN| 21e1S) BINGUIP|O 31Y21Y2S3H6IN1 N3 PUN 1SUNY| NJ WNISNWSIPUET]
110 uonesiuebin (Ya1uniy ‘9SNOH UoINY 1y J3[|NWUISAA JOPY) J3||NUIUIDAA JIOPY SNBYSOUNISBIRISIZAISUNY| JaUSYdUN|
9810 uonesiuebip (49pIQ |e1dads zul) zul besynesspuos
v€C0 uosiesd JEND BimpnT 10poay ] [ned pueIgap|iH
80€0 uonesiueblQ dvasN
Anjesnuad 101d9Auabiz ad£1 A1nug (uonejsuey ysijbuz) sweu Ayyug

A11R13USD 10123AUSDIS 01 BUIPIOIIL }I0MIBU S} Ul SOPOU [ei3uad 1sow 0| do| 9 ajqel



Giovanelli et al. Applied Network Science (2026) 11:48 Page 19 of 27

or laundering stolen works within high-profile markets and institutions. The repeated
presence of these entities across all four centrality measures indicates that they are not
only well-connected but also crucial for the flow of information, resources, and control.

The eigenvector centrality of Aktion Licht, though relatively low (0.006), coupled with
its closeness centrality (0.174), positions it as a node that, while not centrally influential
like major museums or political entities such as the NSDAD, still played a crucial opera-
tional role in the network. Its activities primarily revolved around the physical search
and recovery of assets, which, while essential, placed it differently in the network’s hier-
archy of influence compared to nodes involved in policymaking, direct art transactions,
and active looting during the Nazi period. The betweenness centrality of 0.009, albeit not
as central as more influential nodes, indicates that this entity acted as an intermediary
in some paths within the network: occasionally it bridged communication and opera-
tional pathways between different nodes, facilitating specific transactions or information
flow that related to the locations and assets it was tasked to investigate. This is crucial
for shedding light on the networks which facilitated the circulation of looted goods well
after the war and after the initial restitution efforts of the immediate postwar period.

Combining Aktion Licht’s centrality measures highlights its unique function within
the network. While it has a considerable number of direct interactions (degree) due to
its widespread operational mandate across East Germany, its role as a conduit (between-
ness) is more focused, indicating its involvement in specific operational channels rather
than across the entire network. Its relatively low eigenvector centrality confirms that
while it is connected to many nodes, those connections are not necessarily with the
most influential nodes within the network. This demonstrates that Aktion Licht typifies
a node with a specialised yet crucial function within the Proveana network, character-
ised by its significant number of interactions, targeted intermediary role, and limited but
focused influence on the broader network dynamics. This multifaceted role highlights
the complex nature of operations and interactions that define the flow of cultural assets
and the enforcement of state policies in postwar contexts.

By examining degree and eigenvector centrality in conjunction with closeness and
betweenness, a clear pattern of influence and connectivity emerges that defines these
nodes’ roles within the Proveana network. Nodes like the NSDAP and Hildebrand
Guurlitt emerge as central figures not only because of their many connections but also
due to their strategic positions within the network, which allowed them to significantly
control and influence the flow of information and assets.

To analyse the effective interrelations between the actors described so far, a subgraph
was generated by identifying the shortest paths between each of the nodes described
above (see Fig. 3). Within this subgraph, the shortest paths among nodes indicate the
most direct and influential relationships. An extended analysis also includes nodes
directly connected to the endpoints of each identified path but not listed among the pre-
defined set. This method allowed for the exploration of the influence and connectivity of
core nodes while capturing their immediate network context, to understand the interre-
lations between them and the nearest nodes of the full network.

In the refined subgraph analysis, the NSDAP emerges naturally as the dominant
force with unparalleled influence, evidenced by its eigenvector centrality and nor-
malised betweenness centrality, indicating its central role in controlling information and

resource flows within the network. Close behind, Hildebrand Gurlitt holds substantial
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sway with significant betweenness and closeness centrality values, pinpointing his cru-
cial intermediary role in art transactions during the Nazi era, his connections ensuring
swift communications across the network. The Nationalgalerie Berlin, another node
of considerable importance, facilitates connections across various epochs and artistic
movements, its strategic position underpinned by a notable betweenness centrality. Sim-
ilarly, the Miinchener Kunstversteigerungshaus Adolf Weinmiiller stands out not only
for its role in the art market but also for its high betweenness and closeness centrality,
suggesting its efficiency in connecting buyers and sellers. The Landesmuseum fiir Kunst
und Kulturgeschichte Oldenburg, with the highest closeness centrality in this analysis,
acts as an effective conduit for cultural transmission, echoing its principal role in the
network.

Further, the Sonderauftrag Linz and Hans Posse feature substantial centrality met-
rics, reflecting their operational efficiencies and central positions in the Nazi art looting
campaign. In contrast, C. G. Boerner appears as a critical hub for the circulation and
auctioning of artworks in general (not necessarily looted), with its centrality scores high-
lighting its role in the broader network of art and cultural history. Aktion Licht appears
as a peripheral node, with minimal centrality values that reflect its specialised and lim-
ited role within the network. Its strategic implications are profound, however, hinting at
the operation’s involvement in a second round of state-driven confiscations and appro-
priation of cultural assets.

In this framework, among the most interesting nodes appears Walter Neuling; his
position within the network, marked by lower but still relatively significant centrality
measures (Table 7), reveals an intriguing aspect of his involvement in the state-led con-
fiscation of cultural goods. Despite being a lesser-known figure, his unique role in the
network is critical, especially in how he modulates connections with peripheral but stra-
tegically important nodes like Aktion Licht. This node, acting as a cut vertex, serves as a
critical bridge connecting Aktion Licht with the rest of the network: this disconnection
capability suggests that Neuling acts as a gatekeeper for specific operational or historical
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Table 7 Centrality scores of Neuling compared with the mean scores of the network’s giant

component

Measure Walter Neuling Giant component
Betweenness centrality 0.032 0.001

Closeness centrality 0.253 0.184

Eigenvector centrality 0.002 0.005

Degree 24 4.079

Clustering coefficient 0.068 0.382

< Senutestatiel (55).

e . b
ONSDAP" i Neuling, Walter -

Nationalsozialistisehe Volkswohifahrt

Fig. 4 Neuling's ego-network with two hops

paths within the network, controlling access to information or resources crucial for
understanding the broader dynamics of cultural asset management and state-driven
operations (see Fig. 4). In network analysis parlance, this gatekeeping role indicates that
Neuling’s connections, while fewer, are highly strategic, serving as critical junctions or
choke points in the network. It is important to clarify, however, that this does not sug-
gest that Neuling in reality played an active role in either network, but only that he inter-
acted with both spheres; the precise nature of these interactions is expanded on in the
Discussion below.

Neuling’s clustering coefficient (0.068) is markedly lower than the mean value of the
giant component (0.382), a finding consistent with his structural role as a bridge between
otherwise disconnected regions of the network. Because his neighbours belong to dis-
tinct spheres of activity—the NSDAP-centred WW!II looting network on one side, and
the GDR-era Aktion Licht network on the other—they are, by definition, sparsely inter-
connected. A low clustering coefficient in conjunction with his position as a cut vertex
reinforces the interpretation of Neuling as a rare structural connector whose removal
would fragment the historical continuity between the two confiscation periods.

From a network analysis point-of-view, cut-point positions such as Neuling’s can often
go unnoticed in traditional centrality analyses but become apparent when examining
the flow of interactions and the structural vulnerabilities of the network. In this context,
the presence of a single bridging node emphasises the secrecy and obscurity of state-led
campaigns for the confiscation of cultural goods, which was paralleled in both circum-
stances (WW!II and Aktion Licht) by the concealment of historical narratives.

Discussion

Neuling, born in Salzwedel, Germany in 1894, led a complex life that brought him in
contact with exceptionally influential individuals and organisations. Initially involved in
university administration in Berlin, his career took a significant turn when he was sent
to Prague during World War II as part of the Friedrich-Wilhelms-Universitét Berlin del-
egation (German Lost Art Foundation, n.d. -c). In Prague, he held administrative roles
at the German Institute for Foreign Studies (Deutsches Auslandswissenschaftliches Insti-
tut), which connected him with influential figures such as Hildebrand Gurlitt, known
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for his involvement in art transactions during the Nazi era. Neuling’s membership in the
NSDAP and various other Nazi-affiliated organisations signify his ties to the political
landscape of the time. His administrative experience, appreciation for art, and relation-
ships within the NSDAP later facilitated his involvement in activities related to the Nazi
regime’s art looting operations, intersecting with entities like the Linz Commission and
the Adolf Weinmiiller auction house in Munich. During the war, Neuling built a consid-
erable private collection of art, artefacts, books, and other cultural goods that had been
looted from both the USSR and Jewish collections in central Europe (German Lost Art
Foundation, n.d. -c, -e). Following the war, Neuling’s career shifted to museum manage-
ment, notably as the first director of the Danneil-Museum in Salzwedel, just east of the
Berlin Wall separating so-called ‘East’ and “West’ Germany. His subsequent involvement
in smuggling cultural artefacts from East Germany to West Berlin led to his arrest by the
Stasi in 1960 and a criminal trial in 1961, which found evidence of his possessing WW1II-
era looted goods (German Lost Art Foundation, n.d. -c, -e).

While Neuling’s biography in Proveana details his involvement with various institu-
tions and organisations, such as the NSDAP and the Danneil-Museum, there is no
explicit mention of Aktion Licht — the broader context of state-led confiscations within
which his illicitly-acquired collection was itself appropriated (German Lost Art Founda-
tion, n.d. -c). It is worth noting that the operation involved extensive searches across the
entire territory of East Germany, including banks, storage depots, and other locations
where valuables might be hidden (Kersten 2023).

Throughout his life, Neuling’s centrality within the network is reflected in his con-
nections to key nodes such as the NSDAP, Gurlitt, and institutions like the Nationalgal-
erie Berlin and Landesmuseum fiir Kunst und Kulturgeschichte Oldenburg. His diverse
roles in university administration, museum management, and involvement in political
organisations position him as a central figure within the network, influencing the flow
of information and assets across various domains within it. His presence as the bridge
linking Aktion Licht (with which he also shares the same Louvain community) with the
other central nodes in the subgraph indicates that he is an intermediary among different
spheres of activity (see Fig. 5). Despite this, his role in the broader context of Nazi art
looting was more that of a beneficiary rather than active plunderer, considering that he
benefitted from the state confiscation of Jewish- and Soviet-owned cultural goods with-
out participating in the seizure of these items himself. Indeed, he is notably missing from
the ALIU’s ‘Red Flag Names’ list of individuals linked to the spoliation of cultural prop-
erty during the war (Central Registry 2025).

His role within the network makes it all the more interesting that he has emerged as
the only bridge between the two periods of confiscations, Nazi-led and GDR-orches-
trated. That is to say, it is notable that none of his peers and counterparts who simi-
larly built collections of looted goods during the war are recorded in Proveana as having
been targeted by the GDR confiscations or indeed involved in any capacity in Aktion
Licht. We see in Neuling a figure with above average centrality metrics and yet someone
who operated in relative obscurity, unknown enough to not be mentioned in the ALIU’s
wide-reaching Red Flag Names List, which included a whopping one thousand individu-
als directly and indirectly linked to looting activities. It is this unique and remarkable
combination of traits (centrality and obscurity) that likely enabled Neuling to retain his
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collection in the wake of the international campaign to recover and restitute stolen art in
the years after the war.

Supporting this theory is a provenance research project conducted by Proveana in
collaboration with the Potsdam Museum, where most of his collection is currently held
(German Lost Art Foundation, n.d. -a). This project found that, of the thousands of
books and artworks with wartime-era or postwar Neuling provenance, almost none were
labelled as such. Beginning in 1961, the confiscated collection was distributed across
multiple museums and archives, representing a national appropriation of the objects
in the absence of information on their original owners. Further, items were later sold
or donated to raise funds for the GDR, and undesirable objects (including books and
archives) were destroyed. Neuling’s coin collection, meanwhile, disappeared; and, to fur-
ther complicate the mishandling of the items, provenance records from the period fea-
ture extensive erasures of details of previous ownership, missing pages, and the removal
of entire sections of otherwise intact record books. Thus, Neuling’s already obscure role
was obscured further, in many cases removing all traces of his involvement in the confis-
cation or circulation of these items.

The robustness analysis revealed a remarkable structural resilience within the Prove-
ana network. As illustrated in Fig. 6, the network does not suffer a catastrophic collapse
even when its primary hubs are targeted.

Even after the removal of the 100 most connected entities - effectively stripping the
network of the NSDAP, Hildebrand Gurlitt, major state museums, and key auction
houses - the largest connected component of the full network retained 72.5% of its origi-
nal nodes (dropping from 94.0 to 68.2% of the total graph size). When applying the same
stress test to the strictly social graph (filtering for Persons and Organisations only), the
network still maintained a connectivity of 65% relative to its initial state.

The gentle slope of the decay curve indicates that the ecosystem was a diffuse, decen-
tralised supply chain rather than a top-down hierarchy hinged on a few leaders. The
high interconnectivity among mid-level dealers and opportunistic actors created a
redundant infrastructure capable of sustaining the flow of goods even without the
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primary architects. Notably, Walter Neuling remained connected to the giant compo-
nent throughout the simulation, empirically validating his role as a resilient structural
bridge rather than a dependent satellite.

While the central hubs of the Nazi looting machine were dismantled or identified due
to their high visibility, Neuling’s position allowed the supply chain to effectively re-route.
His relative obscurity protected the flow of assets between two distinct political regimes,
demonstrating how portions of the network adapt to post-war disruptions through less
visible intermediaries. In such a climate, provenance research that leverages a combina-
tion of diverse sources is required to reconstruct the networks which contributed to the
original acquisition of Neuling’s collection, to identify and compensate the rightful heirs
of the confiscated goods while also acquiring a more accurate picture of Neuling’s role in
both the 1940s and the 1960s.

Limitations

Several caveats should be noted. First, the Proveana database is itself a curated and
incomplete resource: the network analysed here reflects the relationships that the Ger-
man Lost Art Foundation has been able to document, and gaps or asymmetries in record
coverage translate into structural features of the graph. Second, edges in Proveana are
unweighted and undirected, meaning our analysis captures only the existence of interac-
tions rather than their frequency, duration, or directionality; a dealer who mediated a
single transaction is represented identically to one involved in dozens. Third, the one-
mode representation of organisations aggregates institutional activity into a single node,
which simplifies but also flattens internal hierarchies. Finally, robustness claims rest
on the assumption that degree is a reasonable proxy for ‘hub-ness’; alternative target-
ing strategies (e.g., by betweenness) may produce different decay curves. Our findings
should therefore be read as a structural reading of an evolving and partial dataset, to be
integrated with—not substituted for—traditional provenance research.
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Conclusion

This research has offered an unprecedented visualisation and analysis of the social net-
work derived from the Proveana database. The network is dominated by a single clus-
ter, in which a short average path length suggests efficient interactions in line with the
six degrees of separation paradigm. Analysis has highlighted the critical place of Walter
Neuling, who is relatively unknown to scholarship but plays an important and unique
role in the bridging of the WWII network with the separate network of cultural goods
confiscation that occurred in later decades. Further, several measures of centrality rein-
force the influential roles of known individuals and institutions, specifically Hildebrand
Guurlitt, the Nationalgalerie Berlin, and the State Museum for Art and Cultural History
in Oldenburg in the confiscation, storage, and circulation of cultural goods. Unsurpris-
ingly, the Nazi Party itself emerges as the most central and influential node by most mea-
sures. The present network analysis also highlights powerful nodes in close proximity to
the NSDAP, including the auction houses C.G. Boerner and Adolf Weinmiiller, which
acted as prominent intermediaries in the reselling of confiscated works. In the absence
of universally reliable provenance documentation, this network dataset and analysis can
fill gaps on the routes through which looted objects travelled, complementing investiga-
tions and demonstrating the value of integrating traditional provenance research with
novel technologies.

Future research in this domain should focus on the consolidation of other open
resources, such as the ALIU’s 1,000 Red Flag Names, Wikidata, the resources of the Ger-
man Digital Library, and other databases of looted goods and wartime provenance. It
could also look at the intersections of the Nazi-looting network with the other periods
of confiscation addressed by Proveana, particularly during Germany’s imperial period
and in its colonial territories. This would serve to highlight additional continuities with a
broader geographic and temporal scope, potentially identifying other individuals, organ-
isations, and themes that feature prominently in earlier contexts of looting.

Further, dedicated efforts should be taken to identify not only the national origins of
looted objects, but the specific former owners from whom works were either confis-
cated or purchased under duress. This would serve to support the ideological aims of
the Washington Principles and undermine the “deeply ingrained and institutionalized
historical amnesia’, to quote Manikowska (2023: 60), which is appropriating formerly
looted art for the bolstering of contemporary national identity. While historical injus-
tices can never truly be reconciled, the continued consolidation of available resources
and the application of new analytical methods on these materials have the potential to
achieve increasingly satisfactory results for those who were victim to a range of wartime
losses, material and immaterial.
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