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A B S T R A C T

A comparative study was made of three methods of interpolation – inverse distance weighting (IDW), spline and
ordinary kriging – after optimization of their characteristic parameters. These interpolation methods were used
to represent the electric field levels for three emission frequencies (774 kHz, 900 kHz, and 1107 kHz) and for the
electrical stimulation quotient, QE, characteristic of complex electromagnetic environments. Measurements were
made with a spectrum analyser in a village in the vicinity of medium-wave radio broadcasting antennas. The
accuracy of the models was quantified by comparing their predictions with levels measured at the control points
not used to generate the models. The results showed that optimizing the characteristic parameters of each inter-
polation method allows any of them to be used. However, the best results in terms of the regression coefficient
between each model's predictions and the actual control point field measurements were for the IDW method.

1. Introduction

With the current growth of the world of communications, human ex-
posure to electromagnetic radiation is increasing rapidly. This is raising
public concern about the possible harmful effects of such radiation on
health. Faced with this concern, the scientific community has responded
by carrying out research determining the levels to which the general
public is exposed in their daily life, and comparing these levels with the
exposure limits published by the International Commission on Non-Ion-
izing Radiation Protection (ICNIRP, 2010, 1998), the Federal Commu-
nications Commission (FFC) (Cleveland and Ulcek, 1999), the Institute
of Electrical and Electronics Engineers (IEEE Standard, 2005) the Euro-
pean Union (Recommendation, 1999) and the regulations adopted by
some individual countries.

Some recent studies have considered the total electric field levels in
different towns (Calvente et al., 2015; Paniagua et al., 2013), and oth-
ers the electromagnetic radiation to which the population is exposed de-
pending on the frequency of that radiation (Rufo et al., 2011). There
have been dosimetric studies of the electric field levels to which an
inhabitant is exposed in their daily life, using personal exposimeters
(Bhatt et al., 2016a, 2016b; Gajšek et al., 2013; Joseph et al., 2010).

However, the results of these investigations are not available to the
general public. Instead, the recipients of this information are themselves
scientists, so that the fears of the population remain unresolved. Not
only is the information not readily accessible, but the results of these
many research papers are difficult to extrapolate from one scenario to
another. One way of overcoming these problems is to represent the elec-
tric field levels in a geographic information system (GIS) (Aerts et al.,
2013). GIS's have been used for the representation of a variety of para-
meters, such as continuous wind speed surfaces (Luo et al., 2008), sur-
face temperature (Tiengrod et al., 2013), water quality (Aminu et al.,
2015), and electromagnetic field levels in different towns (Azpurua and
dos Ramos, 2010; De Doncker et al., 2006; Paniagua et al., 2013). Some
studies have compared different interpolation methods for such differ-
ent variables as daily global solar radiation (Jeong et al., 2017), surface
temperature (Tiengrod et al., 2013), and average electromagnetic field
magnitude (Azpurua and dos Ramos, 2010). However, which method
best reproduces the measured values can depend on such aspects as data
density, spatial distribution of samples, and temporal variation, inter
alia (Bennett et al., 2013; Li and Heap, 2014).

One of the most important factors in generating a spatial model is
to be able to indicate its associated accuracy (Kirchner et al., 1996).
For this, the results of the model need to be compared with a source of
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greater accuracy. In the present case, this source was quantification at
control points, i.e., points at which field measurements were made but
not used in the generation of the different models.

The main objective of this work was to optimize and compare three
different models of the electric field levels in a given study area. The
models were generated using the ArcGIS 9.2 program, considering three
interpolation methods for study: inverse distance weighting (IDW), or-
dinary kriging and spline. The parameters defining these interpolation
methods were analysed to maximize the accuracy of the corresponding
models. We then used ArcGIS to compare the values measured in the
field at a set of control points with the predictions of the different mod-
els at those points. (As noted above, the control point data were not used
at any time for the computation of the various maps or models).

The analysis of the results was centred on calculating the mean ab-
solute error (MAE), mean square error (MSE), and root-mean-square er-
ror (RMSE). In addition, linear fits were made of the values predicted
by the different models to the measured values, quantifying the value of
the regression coefficient, r. Finally, we studied the percentage error ob-
tained with the three models for each of the emissions and the electrical
stimulation quotient, QE.

2. Material and methods

2.1. Sampling procedure

The study was conducted in a village, Valdesalor, situated near
the city of Cáceres, at 39.377938°N, 6.347946°W (Fig. 1). Its area is
0.16 km2. The fundamental characteristic of this village is that, although
it has only 600 inhabitants, it is just 3 km from a site of MW an-
tennas. The site has two medium-wave radio broadcasting transmit-
ters with effective radiated powers (ERP) of 60 and 25 kW, and fre-
quencies of 774 and 1107 kHz, respectively. Farther away, at about

8.5 km from the village, there is another site with an antenna of 10 kW
ERP and 900 kHz frequency (Royal Decree, 1993).

We selected 52 measurement points in the village, distributed in ac-
cordance with the communication routes (Maling, 1989) throughout the
village. The electric field associated with each of the aforementioned
three antennas (774 kHz, 900 kHz, and 1107 kHz) was determined at
each of these points. In addition to the measurement points, 18 control
points were chosen at which field measurements were made, but not
used in generating the different models. These points served to obtain
the deviation of the predicted values given by the model from those ac-
tually measured in the field. The measurement and control points were
included, together with a digital map, in a GIS. Fig. 2 shows the digital
map with the measurement points.

In order to get a measure of the temporal stability of the data, 12
systematic measurements were made at one of the measurement points
on different days covering the duration of the study. In this way, we
could get an estimate of the error associated with the source's emission
stability as well as the influence of the presence of vehicles or people in
the measurement environment.

A spectrometric analysis was performed at all points using an R&S
FSH3 spectrum analyser. This is sensitive in the frequency range
100 kHz–3 GHz, and it has a dynamic range from −114 dBm to +
30 dBm, a resolution bandwidth from 1 kHz to 1 MHz, and an overall
amplitude accuracy of 0.5 dB. The antenna used with this analyser was
a passive monopole [ETS-LINDGREN (EMCO) model 3303] with a fre-
quency range 0.001–30 MHz and standard uncertainty 0.05 dB. The an-
tenna was situated on a dielectric tripod at 1.5 m above ground level
with vertical polarization. Spectra were acquired in the frequency range
0.5–3.5 MHz with bandwidth resolution (RBW) of 10 kHz and sweep
time 100 ms (ECC, 2006). The measurements were made in max-hold
and peak mode, recording the peak trace over a 6-min period at each
point, according to the recommendation of Electronic Communication
Committee (ECC, 2006).

Fig. 1. The village of Valdesalor, with the locations of the medium-wave radio broadcasting antennas (774 kHz, 900 kHz, and 1107 kHz).
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Fig. 2. Digital map of the village of Valdesalor with the measurement points distributed throughout the locality.

2.2. Data processing

The voltage signals V [dB(µV)] detected by the spectrum analyser
were converted to electric fields E using Eq. (1):

(1)

where K is the antenna factor included in the calibration certificate pro-
vided by the manufacturer and Lr represents the cable losses that is neg-
ligible at these frequencies. The power density S was calculated using
Eq. (2):

(2)

where Z0 is the impedance of the free space, Z0 = 120·π Ω, and all the
measurements are considered to correspond to the far field regime.

The measurement uncertainty uc(E) was evaluated as the square root
of the weighted sum squares (Eq. (3)):

(3)

where uxi is the standard uncertainty and ci are the sensitivity coef-
ficients for the estimates xi of each quantity, used to multiply the input
quantities so as to express them in term of the output quantity (ECC,
2006).

The expanded measurement uncertainty ue is calculated from the
combined standard uncertainty as:

(4)

The combined standard uncertainty, calculated taking into account
the calibration of the spectrum analyser (0.5 dB) and the monopole an-
tenna (0.05 dB), was found to be 0.5 dB, and the expanded uncertainty
0.8 dB. In SI units, this expanded uncertainty implies a relative error of
12% for the electric field and 24% for the power density.

To calculate the levels of electromagnetic field exposure to which
people are subject, it is necessary to compare the measured fields with
reference levels. To this end, we used the ICNIRP power-density refer-
ence levels for the general public. Their mathematical expressions are
given in Table 1 for the frequency ranges used in the present work
(ICNIRP, 1998, 2010).

Table 1
Reference levels for the general public exposure to time-varying E-field strength in the
frequency range 0.15 MHz – 300 GHz, with f as indicated in the frequency range column
(ICNIRP, 2010, 1998).

Frequency
range

E-field strength (V/m)
ICNIRP (1998)

E-field strength (V/m)
ICNIRP (2010)

3 kHz to
1 MHz

87 83

1–10 MHz 87/f1/2 83

According to the ICNIRP (ICNIRP, 2010), the criterion for exposure
to multiple-frequency sources to prevent electrical stimulation and ther-
mal effects should take into account the electric and the magnetic fields.
But, as we have concluded in previous work, the limiting criterion for
preventing electrical stimulation is stricter than the thermal criterion,
and the exposure quotients are closer to unity for the electric field than
for the magnetic field at environmental levels (Paniagua et al., 2009).
For this reason, in the present work we shall focus on the study of the
electric field exposure coefficients. These coefficients are calculated ei-
ther according to Eq. (5),

(5)

Where Ei is the electric field strength at frequency i, and EL,i is the elec-
tric field reference from Table 1 and a is 87 V/m for general public ex-
posure (ICNIRP, 1998).

Or according to Eq. (6),

(6)

Where Ej is the electric field strength induced at frequency j, and ER,j is
the electric field strength reference level at frequency j as given in Table
1 (ICNIRP, 2010).

2.3. Spatial analysis

An interpolation method estimates the values of a given magnitude
at points where it has not been measured, using data of that magnitude
at other relatively close points. Spatial interpolation assumes that the
variation in magnitude is continuous in space. This section introduces
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the different interpolation methods used in this study. These were: in-
verse distance weighting (IDW), spline and ordinary kriging.

2.3.1. Inverse distance weighting (IDW)
This method of interpolation considers the positive influence of the

nearest points. Those measured values closest to the prediction location
will have more influence on the predicted value than those farther away
(Luo et al., 2008). Given that IDW uses average values, the resulting val-
ues for the interpolated cells will never exceed the maximum and min-
imum limits of the input interpolating data. IDW estimates the values
of the pixels by averaging the known interpolating data. The number of
points to take into account and their positions will be defined on the
basis of a geostatistical analysis of the data. To estimate the interpo-
lated cells in ArcGIS, one has to define the following parameters: power,
search radius (fixed or variable), number of points, and barriers.

2.3.2. Spline interpolation
This generic interpolation method fits a minimum curvature surface

through the known interpolating points (Egerstedt and Martin, 2010).
It is usually applied to define gradual variations of surfaces. It may not,
however, be the best method of interpolation when there are large vari-
ations over relatively short horizontal distances. There are two options
in spline interpolation: regularized or tension. On the one hand, the reg-
ularized method allows the smoothness of the surface to be controlled.
The parameters on which one can act are weight and number of points.
Weight allows the smoothness of the surface to be adjusted, and is used
to minimize surface curvature, with greater values resulting in smoother
surfaces. The number of points controls the average number of points
contained in each region used in the calculation of the surface. On the
other hand, the tension method fits a surface to a set of points. The sur-
face is taken to be a thin sheet of slightly elastic material deformed to
fit the points. In a tension spline, the elasticity of the surface can be
controlled. The parameters on which one can act are the same as in the
regularized option – weight and number of points.

2.3.3. Ordinary kriging
Kriging is a stochastic technique in that it uses a linear combination

of weights at known points to estimate the value at an unknown point.
In contrast with the other two methods which are deterministic, kriging
is a geostatistical method (Luo et al., 2008). Kriging provides a solution
to the problem of estimating the surface by taking spatial correlation
into account. To this end, it uses a semivariogram, a measure of spa-
tial correlation between two points in which the weights vary according
to the spatial arrangement of the samples. The semivariogram can be a
function of both distance and direction, and can thus account for direc-
tion-dependent variability. Before computing the models, we performed
a study of the normality, the anisotropy, and the variogram of the exper-
imental data. The software takes this prior analysis into account in gen-
erating the models, as well as whether or not it is necessary to apply a
logarithmic transformation to the samples. To determine the weights of
nearby data in computing the interpolated values, we applied the spher-
ical variogram model since this is the most extensively used variogram
option (Cressie, 1993), getting spatial continuity in the N-S direction
and an anisotropic spatial pattern.

For the accuracy analysis of the spatial extrapolation methods, we
calculated the MAE, MSE, and RMSE in accordance with Eqs. (7)–(9),
as well as the regression coefficient r between each model's predictions
and the actual control point field measurements.

(7)

(8)

(9)

where E(x,y) is the predicted value and Ei is the observed value at the
control point.

The MAE was used to detect bias. It should ideally be zero if the
predictions are unbiased, i.e. centred on the measurement values. The
RMSE was used to compare different methods by seeing how closely pre-
dicted values match the measured values. The smaller the RMSE the bet-
ter.

3. Results and discussion

The village studied has, as mentioned above, a site of AM antennas
at close range. This means that the distribution of electromagnetic field
exposure is largely due to AM frequency emissions ([0.001–30] MHz).

Fig. 3 shows by way of example the spectrum for the medium wave
band of the electric field measured at a point in the centre of the vil-
lage. This spectrum is representative of the general trend of the spec-
tra collected in the village for the frequency band studied. One clearly
observes the 774 kHz, 900 kHz, and 1107 kHz signals, and one can ap-
preciate that the electric field is greater for the 774 kHz and 1107 kHz
signals due to the proximity of the emitting sources and their ERPs of
60 kW and 25 kW, respectively.

Twelve measurements were made at one of the points in the vil-
lage on different days covering the duration of the study. The aim was
to check whether the electric field levels remained stable or presented
some temporal trend. Table 2 gives the descriptive statistics of this tem-
poral variation study. The measured fields fluctuated randomly during
the sampling period, and no temporal trend was detected. As can be
seen in the table, the coefficient of variation is between 23% for the
774 kHz emission and 37% for the 1107 kHz emission. These values are
greater than the expanded uncertainty calculated taking into account
the calibration of the spectrum analyser and the monopole antenna,
which was between −11% and +12% for the electric field.

As described in “Materials and Methods”, electric field measure-
ments were made for the three emissions (774 kHz, 900 kHz, and
1107 kHz) at 52 points distributed throughout the village. The max-
imum values detected were 4.57 V/m, 0.13 V/m, and 2.19 V/m for

Fig. 3. Spectrum measured at a point of the urban centre of Valdesalor where in which
one observes the 774, 900 and 1107 kHz signals.
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Table 2
Statistical summaries of the electric fields measured at a point of the town in the temporal study. Sample size: 12.

E774 kHz E900 kHz E1107 kHz QE 1998 QE2010

Range (V/m) 0.50 – 0.68 4.44 10 −2–8.67 10 −2 0.16–0.28 0.83 10 −2–1.14 10 −2 0.87 10 −2–1.20 10 −2

Average (V/m) 0.59 6.23 10 −2 0.21 9.71 10 −3 1.02 10 −2

SD (V/m) 0.07 1.03 10 −2 0.04 1.14 10 −3 1.19 10 −3

Median (V/m) 0.56 6.06 10 −2 0.20 9.36 10 −3 9.81 10 −3

CV (%) 22.9 32.4 37.4 23.0 23.0

these frequencies, respectively. Fig. 4 is a box-and-whisker plot synthe-
sis of the statistics (range, first and third quartiles, median, and mean)
of the electric field for each frequency signal. One observes in the figure
that the electric field values for the 774 kHz and 1107 kHz emissions are
greater than those for the 900 kHz emission. This can simply be under-
stood as a result of the antenna of this last emission both being further
away than the others from the measurement points and having a lower
ERP, 10 kW. Specifically, the values of the electric field for the 774 kHz
emission are in the range 0.53–4.57 V/m with a median of 1.81 V/m.
For the 900 kHz emission in the range 0.05–0.31 V/m with a median of
0.14 V/m, and for the 1107 kHz emission in the range 0.16–2.19 V/m
with a median of 0.73 V/m. The coefficients of variation for these fre-
quencies are 50%, 44%, and 52%, respectively, all greater than the re-
spective values obtained in the temporal study. It is known that medium
wave signals propagate primarily as ground waves, and are therefore
less affected by attenuation inside the city than when propagation is by
line of sight (Seybold, 2005). In the present study, however, there were
no significant correlations between the measured electric field values
and the distances to each of the emitting antennas because the differ-
ences in these distances to the antennas were relatively small. Given the
linear correlation found between them (m = 2.09 ± 0.12, n = 0.21 ±
0.11, r = 0.922), the spatial variations in the 1107 kHz and 774 kHz
emission electric field levels seem to be affected by the same parame-
ters. For this reason, we consider that the spatial variations that we ob-
served are mainly due to the shielding effect of the buildings in the vil-
lage, and to a much smaller extent to the variation in the distance to the
antennas.

All the electric field values measured in the study are below the
limits established by the ICNIRP. These are 87 V/m for the 774 and
900 kHz emissions and 82.7 V/m for the 1107 kHz emission (ICNIRP,
1998), and generally slightly lower, 83 V/m, for the three emissions
in the ICNIRP, 2010 update (ICNIRP, 2010). However, an appropriate
dosimetric evaluation would require applying the criteria given in Eqs.
(5) or (6) to limit exposure taking into account the effects of electrical

Fig. 4. Box and whiskers plot of the electric fields (V/m) for each frequency (774, 900
and 1107 kHz).

Table 3
Statistical summaries of the electrical stimulation quotients, QE, and power densities,
S(μW/cm2), in the spatial study.

Electrical Stimulation Q E S(μW/cm2)

Exposure quotient (x10 −3) Times below

Mean 33.9 30 1.50
Median 31.4 30 1.04
Minimum 8.8 100 0.08
Maximum 80.9 10 6.84
SD 16.6 – 1.48
Size 52 52

stimulation. Table 3 presents a summary of the statistics (mean, median,
minimum, maximum, and standard deviation) of QE and S, Eqs. (5) and
(2) respectively, obtained from the spatial study data. One observes that
the established limiting criteria are complied with. Indeed, even in the
worst case, the QE quotient is more than 10-fold lower than the limit.

The values of mean and median in our study are 33.9 10−3 and 31.4
10−3. These lie within the range we found in studies conducted over
a larger area centred on the same antenna site (Paniagua et al., 2012,
2010). The present results are also coherent with our previous observa-
tion of no dependence of the electric field intensity on distances when
these were less than 10 km (Paniagua et al., 2012).

3.1. Spatial analysis

The interpolation methods used in our study were: IDW, spline, and
ordinary kriging. Fig. 5 shows, by way of example, the model obtained
for the 774 kHz electric field using the IDW method, optimizing the
different parameters so as to obtain the most favourable case. In this
model, the ArcGIS software applied a prior logarithmic transformation
to the data. The fixed radius value of 75 m was selected in accordance
with the variogram obtained, as also was the separation between the in-
terpolated points. In addition, barriers were used to limit interpolation
between points separated by buildings.

As can be seen in the figure, the highest values detected are distrib-
uted in the outermost parts of the village, a fact that seems to indicate
that the buildings shield the electric field. This result was obtained for
all three methods and all three frequencies analysed. Indeed, the low-
est values are in the central part of the village for all of the emissions.
Table 4 presents a statistical summary of the results, with the values of
MAE, MSE, RMSE, and m (slope), n (intercept), and r (correlation coef-
ficient) for the straight line fit of the predicted values to those actually
measured at the control points.

The values in Table 4 show that, for all the cases studied, the best
methods seem to be ordinary kriging and IDW. These two methods give
smaller RMSE and QE values for the different emission frequencies. The
MAE values were of the same order of magnitude for all three meth-
ods. By emission frequency, the MAE's obtained for the 900 kHz emis-
sion are the smallest. This is because the range of values obtained for
this frequency is smaller than for the other two emissions, 774 kHz and
1107 kHz, and this narrower range goes together with lower values of
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Fig. 5. The IDW interpolated map of the E-field intensity for 774 kHz signal.

Table 4
Statistical summary of the three interpolation methods for each frequency (774, 900 and 1107 kHz) and the electrical stimulation quotients, QE.

Frequency Method MAE (V/m) MSE (V/m)2 RMSE (V/m) m r

n

774 kHz IDW 0.46 0.30 0.55 0.87 ± 0.32 0.79
0.42 ± 0.32

Kriging 0.44 0.28 0.53 0.77 ± 0.14 0.79
0.61 ± 0.29

Spline 0.47 0.41 0.64 0.83 ± 0.18 0.73
0.55 ± 0.36

900 kHz IDW 4.3 10−3 3.1 10-3 5.6 10-3 1.26 ± 0.28 0.73
−0.003 ± 0.04

Kriging 3.0 10−3 1.5 10−3 3.9 10−3 0.89 ± 0.20 0.73
0.03 ± 0.03

Spline 4.4 10−3 3.9 10−3 6.2 10−3 1.31 ± 0.31 0.70
0.09 ± 0.04

1107 kHz IDW 0.20 0.06 0.23 0.79 ± 0.14 0.81
0.17 ± 0.13

Kriging 0.21 0.06 0.24 0.67 ± 0.13 0.79
0.26 ± 0.12

Spline 0.22 0.07 0.26 0.75 ± 0.14 0.77
0.22 ± 0.14

QE IDW 7.6 10−3 8.2 10−5 9.1 10−3 0.86 ± 0.15 0.81
0.007 ± 0.005

Kriging 6.7 10−3 6.9 10−5 8.2 10−3 0.61 ± 0.16 0.70
0.013 ± 0.005

Spline 7.4 10−3 11.1 10 −5 10.5 10 −3 0.82 ± 0.17 0.74
0.009 ± 0.006

MAE, MSE, and RMSE. With respect to the regression coefficient, the
highest values in all cases are for the IDW method.

Fig. 6 is a plot of the IDW-predicted values of the electric field for
the 1107 kHz emission versus the actual measurements at the control
points. It also shows the best straight line fit, whose regression coeffi-
cients are given in Table 4.

Fig. 7 shows box-and-whisker plots of the percentage errors in the es-
timates, Eq. (10), made with the different optimized interpolation meth-
ods for the three emission frequencies and QE.

(10)

For the 1107 kHz emission, the mean error for the most favourable
case (IDW) is 26%, and the median is 24%. For the kriging and the

spline models, the mean errors increase to 27% and 29%, respectively,
and the medians are 23% and 24%, respectively. For the 774 kHz emis-
sion, there appears to be a smaller deviation of the data with the IDW
model, whereas the spline seems clearly to give the poorest reproduc-
tion of the measured values. There appear to be greater differences in
the 900 kHz emission case. The model that gives the best fit in this case
is kriging with a mean error of 24%, while the IDW and spline models
have mean errors of 33% and 35%, respectively. There appears to be
less dispersion of the QE values with the kriging model, for which the
mean error is 28%, while the spline model gives the greatest dispersion
of these values.

In optimizing the modeling with the different methods, we obtained
similar mean errors which in no case were greater than those corre-
sponding to the temporal variation.
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Fig. 6. Estimated Electric Field (V/m) versus measured Electric Field (V/m) for the
1107 kHz signal (solid discs) and straight line fit (solid line).

The values obtained for these variables are similar to those reported
by (Azpurua and dos Ramos, 2010), although in their case the differ-
ences were greater for some of the models used, with the best method
being the IDW. It should be noted that their study was of broadband lev-
els, with no distinction by frequency.

4. Conclusions

In this study, we have characterized the levels of non-ionizing ra-
diation in a village located 3 km from a site of two medium-wave ra-
dio broadcasting transmitters with a total effective radiated power of

85 kW. The electric field and the power density were quantified at 52
points in the village for three AM band emissions (774 kHz, 900 kHz,
and 1107 kHz), obtaining maximum values of 4.57 V/m, 0.13 V/m, and
2.19 V/m, respectively. Simultaneously, a temporal study was carried
out at one of the points of the village covering the duration of the spatial
study. This gave temporal variations of 22.9%, 32.4%, and 37.4% for
the above three emissions, respectively. These values are less than the
corresponding spatial variations detected in the area, which were 50%,
44%, and 52% for the 774 kHz, 900 kHz, and 1107 kHz emissions, re-
spectively. These spatial variations do not seem to have their origin only
in the distance to the antennas since we found no significant correla-
tions between the electric field levels and the distance to each antenna.
But the strong correlation (r = 0.922) found between the 774 kHz and
1017 kHz electric fields, and the distribution of the values shown in the
spatial models that were generated, together suggest that shielding by
the buildings plays a dominant part in this scenario. All the measured
values of the electric fields complied with the ICNIRP guidelines for gen-
eral public exposure, with even the worst case being more than 10 times
below the exposure limits.

We quantified the accuracy in an urban area of three different spa-
tial models (IDW, spline and ordinary kriging) for three different emis-
sions and for QE. To calculate the accuracy of the spatial models, their
electric field predictions were compared with actual measurements at
18 control points which were not used for the generation of the mod-
els. All three of the models reproduced the measured levels acceptably.
However, the models that stood out for their lower RMSE values were or
dinary kriging for the 774 kHz frequency and IDW for the 900 kHz and
1107 kHz emissions. In linear fits of the estimated electric field values
to the measured values, the best regression coefficients, r, corresponded
to the IDW model.

Fig. 7. Box and whisker plots of the percentage of error in the electric field evaluated and in QE, Eq. (10).
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