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Summary
• We previously created a large-scale spiking network model of

all vision-related areas in one hemisphere of macaque cortex
[1, 2].

• Building on top of the framework, we develop a spiking point-
neuron network model of the areas in one hemisphere of
human cortex.

• Model features:

– Integrates data on cortical architecture such as laminar
thicknesses and neuron densities [3, 4], single-cell
properties [5], and local [6] and cortico-cortical connectivity
[7, 8] into a consistent multi-scale framework.

– Full neuron [3] and synapse density [9], totaling 4 million
neurons and 50 billion synapses.

– Relates cortical network structure to resting-state activity of
neurons, populations, layers, and areas.

– Simulated on a supercomputer using NEST.

– Compared against experimental spiking data recorded in
medial frontal cortex in epileptic patients [10] and whole
brain fMRI scans (M. Senden, personal communication)
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Influence of cortico-cortical scaling

Outlook
We further plan to investigate how area- and layer-specific synaptic receptor densities help to account
for the experimentally observed hierarchy of intrinsic timescales across cortex [19] and differential
timescales of feedforward and feedback processing [20, 21].

Specifically, we will adjust the synaptic time constants in the human cortex model to area- and layer-
specific densities of AMPA, NMDA, and GABAA receptors [22].
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A. Local connectivity compiled in [6] from anatomical
[11] and electrophysiological studies [12]. It is
scaled according to the cytoarchitectonic data.

B. Area-level connectivity determined by DTI data [7].

C. Analysis of human neuron morphologies provides
synapse-to-soma mappings based on layer- and
cell-type-specific dendritic lengths [8].

D. Predictive connectomics based on macaque data
which express regularities of laminar connectivity
patterns as a function of cortical architecture.
Neuron densities taken from the von Economo
and Koskinas atlas [3] and enriched with more
detailed data extracted from the BigBrain atlas (T.
Dickscheid, personal communication).

E. Resulting directionality and target patterns based
on predictive connectomics.

F. All data compiled into layer-specific connectivity
matrix.

Spike journey

Ground state (𝜒 = 1.0) Metastable state (𝜒 = 6.4)

Scaling of cortico-cortical connections and experimentary data
• A: shows the dependence of different

similarity measures on the cortico-
cortical scaling factor 𝜒.

• A sudden increase in the similarity of
spiking irregularity to experimental
data is seen at 𝜒 = 6.4. The activity in
this state is metastable..

• B-D: metastable state matches the
experimental data better than the
ground state, as shown by the firing
rate distribution and the CV and LvR
[13] statistics.

• E-G: functional connectivities of the
experimental and metastable states
show clear structure, while the ground
state shows weak correlation and no
structure.

• Network activity across populations, layers and
areas is asynchronous and irregular.

• Inhibitory neurons show higher firing rates than
excitatory neurons, CV ≈ 0.8, average pairwise
correlation close to zero.

• Network activity in metastable state varies across
areas, generally higher firing rates than ground state.

• Inhibitory neurons have higher firing rates than
excitatory neurons, CV ranges from 0.5 to 1.2, pairwise
correlation ranges from 0 to 0.7.

• A-B: Single-neuron perturbation propagates to all areas in less than 100 ms.
• C: Propagation in metastable state is faster than in ground state, reaching all areas in less than 50ms.
• D: The network structure presents small-world properties. The shortest path length between any pair

of populations is concentrated between 1 and 4.
• E: Dijkstra path length computed by weighting each step with the mean delay reveals path lengths

below 40 ms for the majority of pairs.

Connectivity validation

• A-B: Inter-area connection density is log-normally distributed, and it decays exponentially
with distance. Similar results found in mouse [14,15], marmoset [16], and macaque [17] data.

• C-D: Feedback projections have larger outdegrees [18], and target more areas on average
than feedforward and lateral projections.
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