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A new model for human body impedance
Geoffrey Pritchard

Abstract—The impedance of the human body is strongly
voltage-dependent, and exhibits substantial variation
among individuals. We introduce a new statistical model
that separates body impedance into three terms (internal
tissue, skin, and contact impedances in series). Advantages
over simpler models include a physically plausible mono-
tonicity with respect to voltage and the ability to simulate
the impedance characteristics of individuals.

I. INTRODUCTION

The statistical modelling of electrical shock hazards
goes back at least to [2], [6], [8], and has been pursued
more recently in [7], [10], [11], [15]. While there are
several possible approaches, there is general agreement
that a key concept is that of the ventricular fibrillation
probability. This is the probability that an individual
randomly chosen from the population will, when sub-
jected to electrical shock of a specified kind, undergo
ventricular fibrillation leading to death. It is generally
accepted that ventricular fibrillation is the principal
cause of fatalities due to electrical shock.

A complete model of a shock hazard comprises
a circuit including a voltage source connected to a
human body, possibly in series with other impedances
representing gloves, shoes, resistive pavement material,
etc. To determine the current that flows in the circuit,
it is necessary to model the impedance of the human
body; such a model must be statistical in nature as
there is substantial variation among individuals. The
body impedance is also strongly voltage-dependent.
This implies that to perform circuit calculations, we
require a model that not only describes the probabil-
ity distribution of impedances at a given voltage, but
can also generate the impedance-vs-voltage curves of
randomly chosen individuals for simulation purposes.
The body impedance may also vary with the time of
exposure, e.g. as the skin becomes burned or punctured;
this further complication is not considered in the present
paper.

Once the circuit is solved and the current deter-
mined, another statistical model is required to estimate
the probability that ventricular fibrillation ensues. This
second step is not considered in the present paper; the
reader is instead referred to [4], [5].

The body impedance is principally resistive. Al-
though the skin exhibits some capacitive behaviour,
this is relatively small ([12]) and will be neglected:

for the purposes of the present paper, references to
“impedance” are to resistance only.

II. SIMPLE MODELS FOR THE HUMAN BODY
IMPEDANCE CHARACTERISTIC

Human body impedance models go back at least to
[2] and [8]. More recently available data on human
body impedance, taken from [12] (see also [1], an older
but freely available document), is illustrated in Figure
1 (top). Estimates are tabulated of the 5th, 50th, and
95th percentiles of the impedance at a finite set of
voltages ranging from 25V to 1000V; the first two of
these quantiles are reproduced in Table I. The tables
distinguish between contacts made with dry, wet, or
saltwater-wet skin. Similar tables are available for other
current paths (e.g. left-hand-to-right-foot, or foot-to-
foot).

A simple modelling approach, and one adopted in
[10], is to fit a lognormal distribution to the given quan-
tiles for each given voltage. This choice of distribution
was first suggested by [3] from data therein; it has the
desirable feature that it guarantees non-negativity. The
lognormal distribution, which has two parameters, is
fit exactly to the given values for the 5th and 50th
percentiles. The 95th percentile value is ignored as
being of lesser interest for hazard-assessment purposes
– it is the individuals with low body impedance who
will carry the highest currents and so are most likely
to suffer harm from electric shock – although in fact
it is reproduced quite well by the fitted lognormal
distributions.

To model the body impedance characteristics of in-
dividuals, we need a further assumption regarding the
correlations between impedances at different voltages.
The simplest assumption is to posit a perfect correlation,
i.e. that each individual’s body impedance coincides
with the same population quantile at all voltages. So,
for example, an individual whose body impedance at
25V happens to match the population median will have
a body impedance at 1000V matching the population
median for that statistic also. The body impedance func-
tions of the human population are thus modelled as a
one-parameter family: any individual’s body impedance
is completely specified, as a function of voltage, by the
population quantile with which the individual coincides.
It should be noted that the realism of this simple
assumption is rather problematic: at low voltages, the
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Voltage Dry Water-wet Saltwater-wet
(V) 5th percentile median 5th percentile median 5th percentile median
25 1750 3250 1175 2175 960 1300
50 1375 2500 1100 2000 940 1275
75 1125 2000 1025 1825 920 1250

100 990 1725 975 1675 880 1225
125 900 1550 900 1550 850 1200
150 850 1400 850 1400 830 1180
175 825 1325 825 1325 810 1155
200 800 1275 800 1275 790 1135
225 775 1225 775 1225 770 1115
400 700 950 700 950 700 950
500 625 850 625 850 625 850
700 575 775 575 775 575 775

1000 575 775 575 775 575 775

TABLE I
BODY IMPEDANCE QUANTILES (OHMS) AT VARIOUS VOLTAGES (HAND-TO-HAND, LARGE CONTACT AREA, AC 50-60 HZ). VALUES

ROUNDED TO 25Ω FOR DRY AND WATER-WET CONDITIONS, 5Ω FOR SALTWATER-WET CONDITIONS.

variability among individuals manifests mainly via the
skin (e.g. calloused or soft) and surface contact, while at
higher voltages, body size is relatively more important
([13]).

This simple lognormal model can be used to extrapo-
late to lower quantiles of impedance, as shown in Figure
1 (bottom). Doing so reveals a main flaw in this ap-
proach: for the more extreme quantiles, the impedance
is no longer a monotone function of voltage (see in par-
ticular the curve for 0.1 percentile, which exhibits slope
reversals from negative to positive and then to negative
again over the range of voltages between approximately
250 and 500 V). This is unappealing because we expect
on physical grounds that the impedance characteristic of
any individual will be monotone decreasing in voltage;
therefore, any quantile of the population should be
monotone decreasing also. It is readily apparent why
the simple lognormal model fails in this way: the
impedance (or rather, its logarithm) at low voltages has
greater variance than at high voltages, and so there must
be some quantile at which the low-voltage impedance
falls below the high-voltage impedance.

III. AN IMPROVED MODEL

In pursuit of a better model, we begin by observ-
ing two salient features of the tabulated impedance
data. Firstly, the body impedances for dry, water-wet,
and saltwater-wet contacts are identical for voltages of
400V and higher, but substantially different for lower
voltages. This difference could be thought of as an
additional series impedance that arises from imperfect
contact with the electrically live surface being touched,
and which can be reduced or eliminated by improving
the contact. (See [9] and discussion therein.) On this
view, the saltwater-wet case has a particular importance:
in the absence of better data, we will regard it as repre-
sentative of the true body impedance. (In addition, it is,

of course, of practical significance in itself: it represents
the shock circuits of individuals who are sweating or
immersed in seawater. For completeness, it should be
noted that in the latter case, the water surrounding the
person will also form part of the circuit.)

Note that the additional contact impedance present in
dry conditions cannot be estimated simply by subtract-
ing corresponding quantiles of the impedance for dry
and saltwater-wet cases. In general, it is not true that
e.g. the median of a sum of random variables is equal
to the sum of the medians; nor does this hold for any
other quantile.

Secondly, the body impedance at high voltages ap-
pears asymptotic to a constant value. The physical
basis for this lies in the behaviour of the skin, which
presents a relatively large impedance to low voltages,
but breaks down for voltages on the order of a few
hundred volts. (See [13], [14] for further discussion of
the resistivities of bodily tissues.) This suggests that
the skin and the subdermal tissue could be modelled
separately, as impedances in series, with only the skin
impedance being voltage-dependent.

The form of model thus far suggested is then

Zb(V ) = Zi + Zs(V ) + Zc(V ) (1)

That is, the body impedance function of any individ-
ual is the sum of three terms, representing internal-body,
skin, and contact impedances in series. Only the latter
two terms are voltage-dependent. In the present paper
we assume that all three terms, which we must now
regard as random variables, are statistically independent
and lognormally distributed.

Plotting 5th and 50th percentiles on double-
logarithmic axes (Figure 2) reveals a rough straight line.
This is suggestive of the following form for the skin
term:
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Fig. 1. Body impedance data (top) and a simple lognormal fit
(bottom).

Zs(V ) = CsX
βs(V )
s . (2)

Here the parameters Cs and βs(V ) are common to
all individuals, while Xs is specific to the individual
and thus regarded as a random variable, distributed
lognormally over the population. The body impedance
of a randomly chosen individual in the saltwater-wet
case is then
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Fig. 2. Body impedance data: 5th vs. 50th percentiles.

Zb(V ) = exp(µi + σiWi) (3)
+ exp(logCs + (µs + σsWs)βs(V )) (4)

where µi and σi are the mean and variance of logZi;
µs and σs are the mean and variance of logXs; and
(Wi,Ws) is random with a standard bivariate normal
distribution. From (4) we can see that the total number
of free parameters needed to model body impedances at
m different voltages in the saltwater-wet case is m+4:
one (βs(V )) for each voltage, plus µi, σi, Cs, µs, and
σs. The latter list comprises only four additional degrees
of freedom, not five, because there is multiplicative
degeneracy among βs(V ) and µs, σs: without loss of
generality we can choose βs(V1) = 1 for the lowest
voltage V1. This is in contrast to the simple model of
Section II, which has 2m free parameters: two (mean
and variance) for each voltage.

For the additional contact impedance term that arises
in the water-wet and dry cases, we adopt a form similar
to (2). For water-wet contacts:

Zc(V ) = CwX
βw(V )
w (5)

= exp(logCw + (µw + σwWw)βw(V ))(6)

For dry contacts:

Zc(V ) = CdX
βd(V )
d (7)

= exp(logCd + (µd + σdWd)βd(V )) (8)

We assume independence between Ww and
(Wi,Ws), and similarly between Wd and (Wi,Ws).
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To fit the model, we take a likelihood approach. Let
the vector of parameters be θ. Suppose that θ determines
a univariate cumulative distribution function F (·; θ),
and we have data indicating that the 5th percentile of
this distribution should be q5 and the 50th percentile
q50. That is, F (q5; θ) = 0.05 and F (q50; θ) = 0.50,
or as nearly so as can be managed. The log-likelihood
function corresponding to this condition is

θ 7→ 0.05 logF (q5; θ)

+ 0.45 log(F (q50; θ)− F (q5; θ))
+ 0.5 log(1− F (q50; θ)).

Given a collection of conditions of this form, we
determine the value of θ that best fits them all by
maximizing the sum of the corresponding log-likelihood
functions.

Note that this methodology could, with equal ease,
incorporate the available 95th percentile data on body
impedances. The case for ignoring the 95th percentile
data is the same as in [10]: for hazard-assessment
purposes, it is much more important to model the
low-impedance end of the body impedance distribution
accurately than to achieve accuracy across the whole
population. The model fitted to the 5th, 50th, and 95th
percentile data (available on request from the author)
turns out to be not greatly different from that fitted to
5th and 50th percentiles only, and will not be reported
on in this paper.

In either version of the model, we have 31 different
distributions F , corresponding to saltwater-wet condi-
tions at each of m = 13 different voltages plus the dry
and water-wet conditions at 9 of the voltages (those
below 400V). The parameter vector θ is of size 39,
comprising m + 4 = 17 degrees of freedom for the
saltwater-wet case alone, plus 11 additional parameters
for each of the water-wet and dry cases.

In carrying out the nonlinear optimization, we have
the difficulty that for given θ, each distribution F (·; θ)
is that of the sum of either two or three independent
lognormally-distributed random variables, and so there
is no closed-form analytical expression for F (q; θ). We
overcome this problem in the following way. First, draw
large independent random samples (W i

s)
N
i=1, (W i

w)
N
i=1,

and (W i
d)
N
i=1 according to the standard normal distri-

bution; we used N = 105. These samples, once drawn,
remain fixed throughout the fitting. Then for any θ, (1–
8) enable the construction of an independent random
sample drawn according to the distribution of body
impedances at any voltage V . We use the proportion
of values in this sample that are less than q as an
approximation to F (q; θ).

The fitted values obtained for the parameters are
recorded in Table II.

0 100 200 300 400 500 600 700

5
0

0
1

0
0

0
1

5
0

0
2

5
0

0
3

5
0

0

Dry

voltage (V)

im
p

e
d

a
n

c
e

 (
o

h
m

s
)

50th percentile

5th percentile

1st percentile

0.01 percentile

0 100 200 300 400 500 600 700

5
0

0
1

0
0

0
1

5
0

0
2

0
0

0

Water−wet

voltage (V)

im
p

e
d

a
n

c
e

 (
o

h
m

s
)

50th percentile

5th percentile

1st percentile

0.01 percentile

0 100 200 300 400 500 600 700

6
0

0
8

0
0

1
0

0
0

1
2

0
0

Saltwater−wet

voltage (V)

im
p

e
d

a
n

c
e

 (
o

h
m

s
)

50th percentile

5th percentile

1st percentile

0.01 percentile

Fig. 3. Population quantiles for the model of body impedance.
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Parameter Fitted value
µi 6.40
σi 0.123
Cs 2230
µs -1.075
σs 0.409

βs at 25V 1.00
50V 1.09
75V 1.12

100V 1.18
125V 1.26
150V 1.30
175V 1.33
200V 1.40
225V 1.42
400V 1.73
500V 2.10
700V 2.53

1000V 2.53
Cw 14400
µw -3.08
σw 2.71

βw at 25V 1.00
50V 1.09
75V 1.29

100V 1.46
125V 1.68
150V 2.26
175V 3.00
200V 3.04
225V 3.98
Cd 8340
µd -1.48
σd 0.932

βd at 25V 1.00
50V 1.35
75V 1.84

100V 2.31
125V 2.71
150V 3.45
175V 4.14
200V 4.24
225V 5.18

TABLE II
THE FITTED VALUES OF PARAMETERS IN THE MODEL.

Figure 3 illustrates the model obtained over the
voltage range 0–700 V. A good fit has been achieved
to the required 5th and 50th percentile values. Note in
particular that the impedance quantiles are monotone
decreasing functions of the voltage (at least, over this
range of voltages), a significant point in favour of this
model over the simple one outlined in Section II.

Figure 4 shows the body impedance curves of some
randomly generated individuals over the voltage range
25–1000 V. Even here, the monotonicity with voltage is
achieved in almost all cases. Also noteworthy is that the
curves corresponding to different individuals may cross,
something not possible with simpler models. While
some individuals have relatively low-impedance skin
and a high-impedance internal body, others have high-
impedance skin and a low-impedance internal body.
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Fig. 4. Model-simulated body impedances of randomly selected
individuals.

IV. CONCLUSION

The two postulated advantages of the modelling
approach taken in the present paper have both been
obtained. First, the body impedance is monotone de-
creasing with voltage, both for the population and for
(almost) any individual.

Second, the model is not limited to modelling popu-
lation quantiles, but is capable of simulating the body
impedance curves of individuals. This is an essential
feature for calculations which treat the human body
as a component in a circuit, as for example when
assessing the protective effect of footwear or resistive
paving material between the body and the ground. The
current flowing in a shock circuit is determined not by
any population-average impedance characteristic, but by
the impedance characteristic of the specific individual
involved. It is envisaged that the use of the new model
in practice will involve simulating the body-impedance
characteristics of individuals, and then solving the cor-
responding circuits. This, ultimately, will enable an
assessment of hazard at the population level.
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