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How local is the local field potential?
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The local field potential (LFP), usually referring to the
low-frequency part of an extracellularly recorded poten-
tial (< 500 Hz), is nowadays routinely measured together
with the spiking activity. The LFP is commonly believed
to mainly reflect synaptic activity in a local population
surrounding the electrode [1] but how large this popula-
tion is, i.e. how many neurons contribute to the signal,
is still debated. In this modeling study we investigate
which factors influence the spatial summation of contri-
butions that generate the LFP signal. A better under-
standing of this is crucial for a correct interpretation of
the LFP, especially when analyzing multiple LFP signals
recorded simultaneously at different cortical sites.
4We use a simplified two-dimensional model of a corti-

cal population of neurons where the LFP is constructed as
a weighted sum of signal contributions from all cells
within a certain radial distance to the recording electrode.
First we consider a general formulation of the model: if
the single-cell LFP contributions can be viewed as current
dipole sources [2], the single-cell amplitude will decay as
1/r2 with distance r to the electrode. On the other hand,
for the two-dimensional geometry considered here, the
number of neurons at a given distance increases linearly
with r. In addition to these two opposed scaling factors
the amplitude of the summed LFP signal also depends on
how correlated the single-cell LFP sources are. We calcu-
late the LFP amplitude as a function of the population
radius and relate it to the above factors. We show that if
the single-cell contributions decay as dipole sources or
more steeply with distance, and if the sources are uncorre-
lated, the LFP is originating from a small local population.
Cells outside of this population do not contribute to the
LFP. If, however, the different LFP sources are uniformly
correlated, cells at any distance contribute substantially to

the LFP amplitude. In this case the LFP reach is only lim-
ited by the size of the region of correlated sources. This
result highlights that the spatial region of the LFP is not
fixed; rather it changes with the dynamics of the underly-
ing synaptic activity.
We further validate these results through LFP simula-

tions of morphologically reconstructed cortical cells
[2-4] where we study the effects of neuronal morphol-
ogy on the size of the region contributing to the LFP.
Finally, we show the laminar dependence of the reach
measure used here and discuss potential implications of
the interpretation of experimentally recorded LFPs.
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