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ABSTRACT

In this study, to improve an existing ground-wave based time broadcasting system, a study that predicts the field distribution
and field strength of the transmitted signal of a new ground-wave based time broadcasting system was performed. The
prediction area was assumed to be the Korean peninsula; and to reflect the mountainous terrain of the Korean peninsula in
the prediction of the variations of field distribution and field strength, a new prediction method based on the Monteath model
was proposed and utilized. As field distribution changes depending on the position of a transmitter station, potential sites
for the transmitter station were selected considering the geographical characteristics. In this regard, the ground conductivity
information of North Korea cannot be obtained, and thus, the ground conductivity of the North Korean region was reflected
considering the geological characteristics of South Korea and North Korea. Based on this, the variations of field distribution
and field strength were predicted by setting the Korean peninsula as the prediction area, and the prediction results depending

on the position of the transmitter station were discussed.

Keywords: ground-wave, Monteath, field attenuation

1. INTRODUCTION

Time information is important information that is used
for basic national infrastructures, and it is provided from
GPS or HLA. Time information is mostly provided from GPS.
However, GPS signals are vulnerable to jamming, and in
case of emergency, GPS-based time information cannot be
used. Thus, it needs to be substituted by ground-wave based
time information. Currently, in South Korea, the ground-
wave based time broadcasting system, HLA, is operated by
the Korea Research Institute of Standards and Science. HLA
provides time information using the frequency band with a
center frequency of 5 MHz at a transmitted power of 2 kW.
For HLA, a number of shadow zones that time information
cannot reach occur in South Korea, and thus, the use of
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the time information of HLA is also limited. In general, the
propagation loss of ground waves increases as the frequency
increases. To stably and universally apply time information
to basic national infrastructures, a new time broadcasting
system that minimizes shadow zones by lowering the
frequency bands of time information signals needs to be
established. In the case of the design for the establishment
of a new time broadcasting system, design details for system
operation should be considered. However, in this study, to
use time information before design, the premise was the
prediction of minimum field strength in the application area
compared to the transmitted power.

The signal frequency band of a new time broadcasting
system is different from that of an existing time broadcasting
system. Thus, studies on a new time broadcasting system
need to be based on simulation. The examples of a ground-
wave based time broadcasting system in foreign countries
include DCF77 from Germany, JJY from Japan, WWVB
from the United States, and RTZ from Russia (Kuhn 2006).
The DCF77 from Germany uses a transmitted power of 50
kW and a frequency of 77.5 kHz (Bauch et al. 2009), the JJY
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from Japan uses 50 kW and 40 kHz/60 kHz (JSTG 2005),
and the WWVB from the United States uses 50 kW and
60 kHz. For these systems, to predict the variations of the
field distribution and field strength of time information
signals during research, a prediction method based on
the Millington model recommended by ITU was used
(Millington 1949, ITU 1992). This method has been used
in numerous studies, and is regarded as a typical method.
The present study examines a time broadcasting system for
the Korean peninsula, and the Korean peninsula is small
compared to other countries and has mountainous terrain.
Thus, the effect of mountainous terrain, which has not been
considered in the systems from other countries, should be
considered. The prediction method based on the Millington
model, which was typically used in the research of the time
broadcasting systems from other countries, cannot reflect
terrain elevation, and thus, there is a difficulty in reflecting
the effect of mountainous terrain. Therefore, in this study,
a new prediction method based on the Monteath model,
which reflects the terrain elevation of prediction area, was
proposed and utilized. In this regard, the time information
application area was assumed to the Korean peninsula
including the North Korean region, rather than considering
only the South Korean region, because including the North
Korean region is thought to be a rational choice considering
the future. Mountainous terrain was considered because it is
related with the occurrence of shadow zones. The Monteath
model can examine the information on field strength and
propagation delay at the same time. Propagation delay is
important information for a time broadcasting system.
However, in this study, a propagation delay element was
not considered because this study is a study that predicts
the variations of the field distribution and field strength of
time information signals for application area and because
propagation delay presumes that time information signals
can be received.

For studies on a new ground-wave based time
broadcasting system, to minimize shadow zones, the
frequency band of a time information signal can be lowered,
the transmitted power can be increased, or potential sites
for the transmitter station can be selected considering
the geographical characteristics. In this regard, potential
sites for the transmitter station consider areas where the
establishment of a time broadcasting transmitter station is
possible.

Ground conductivity is reflected during the prediction
simulation of field distribution and field strength. As the
ground conductivity of the North Korean region cannot be
obtained, the minimum value of the ground conductivity of
the South Korean region was used. This is because the rock

http://dx.doi.org/10.11003/JPNT.2014.3.2.083

distribution or composition of the ground is not significantly
different between South Korea and North Korea and
because conductivity is determined by the moisture content
of the rock of ground surface rather than by geological
composition (McNeill 1980). Also, conductivity changes
due to the effect of climate, and thus, accurate calculation
is difficult. In this study, the emphasis is on the method
for minimizing shadow zones. Therefore, to derive the
prediction results of the worst case, the minimum value
of the ground conductivity of South Korea was used as the
ground conductivity of North Korea.

In this study, to improve an existing ground-wave based
time broadcasting system, a study that predicts the field
distribution and field strength of the transmitted signal of
a new ground-wave based time broadcasting system was
performed. The prediction area was assumed to be the
Korean peninsula; and to reflect the mountainous terrain
of the Korean peninsula in the prediction of the variations
of field distribution and field strength, a new prediction
method based on the Monteath model was proposed
and utilized. As field distribution changes depending
on the position of a transmitter station, potential sites
for the transmitter station were selected considering the
geographical characteristics. In this regard, the ground
conductivity information of North Korea cannot be
obtained, and thus, the ground conductivity of the North
Korean region was reflected considering the geological
characteristics of South Korea and North Korea. Based on
this, the variations of field distribution and field strength
were predicted by setting the Korean peninsula as the
prediction area, and the prediction results depending on the
position of the transmitter station were discussed.

2. FIELD STRENGTH PREDICTION MODEL

To predict the field strength of the ground waves
transmitted from a ground-wave based time broadcasting
system, a new prediction method based on the Monteath
model was used. For the proposed prediction method based
on the Monteath model, two kinds of models are used.
One is the model that has been organized as a function of
distance when the propagation environment is assumed
to be a free space, and it predicts field strength using the
distance between a transmitter station and a receiving point
in a free space (ITU 1994). The other is the Monteath model,
and it predicts field strength depending on the distance
and also predicts additional field strength attenuation
using the ground conductivity and terrain elevation on
the propagation path (Monteath 1978). Therefore, the



prediction method based on the Monteath model predicts
the field strength at a receiving point by adding each result
value of the two models.

The Monteath model predicts additional field strength
attenuation using the value of the complex attenuation
factor, G. In this regard, the propagation path of the complex
attenuation factor defined using an integral equation is
divided into regular intervals, and the complex attenuation
factor is expressed as the sum of integration, as shown in Eq.
(1) (Monteath 1978).

1—BN“D”ZNif(I)f(N—I)K(N,I)G(]D)E(ND,ID)
G(ND)= =0

1+BD"K(N,N)E(ND,ND) )

where G is the complex attenuation factor, D is the path
interval, N is the number of the sections obtained through
dividing the propagation path by the path interval, I is
the number of the sections obtained through dividing the
propagation path by the path interval at the center point
of the propagation path, K is the coefficient, and E is the
effective ground impedance. B is expressed in Eq. (2), and f
(m) is expressed in Eq. (3).
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where jis /-1, and A is the wavelength in a free space.
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The differences in the prediction method based on the
Monteath model and the prediction method based on
the Millington model were compared. The two prediction
methods have the same application purpose in predicting
field strength, but have differences in the prediction results
depending on the reflection of an environment variable.
For the prediction method based on the Monteath model,
the effect of terrain elevation is reflected; whereas for the
prediction method based on the Millington model, the
effect of terrain elevation is not reflected. Fig. 1 shows the
prediction results depending on each prediction method.
In this study, the prediction method based on the Monteath
model, which reflects the effect of terrain elevation, was
used.

3. PREDICTION PLATFORM

The prediction method based on the Monteath model
for field strength prediction is implemented in a prediction
simulation platform, and performs prediction. In the
prediction simulation platform, the field strength of the
transmitted signal at each receiving point is predicted using
the conductivity and elevation information of a prediction
area. During field strength prediction, receivers that are
arranged in a regular lattice form in the prediction area
are assumed, and the ground-wave field strength at each
receiving point is predicted through the field strength
prediction model. Using the field strength prediction value
at each receiving point, a field strength prediction map for
the prediction area is generated; and based on the generated
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Fig. 1. Compares the field strength prediction models.
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field strength prediction map, the field strength distribution
of the ground waves transmitted from a transmitter station
is predicted. The position of the transmitter station is
considered because the field strength prediction map shows
different field strength distribution results depending on
the position of the transmitter station. To perform field
strength prediction, conductivity and elevation data are
processed considering the position of a transmitter station
and a receiving point, and field strength prediction values
are calculated using the processed data and the field
strength prediction model. The processes from data to field
strength prediction are handled by dividing them into a
preprocessing module and a prediction model processing
module.

3.1 Preprocessing Module

The field strength at a receiving point depending on
the desired position of a transmitter station is predicted
through the field strength prediction model. In this
regard, the field strength prediction model requires the
ground conductivity data and terrain elevation data on the
propagation path that reflected the position of a transmitter
station and a receiving point. For the ground conductivity
data to be used in the prediction model, the conductivity
information of South Korea can be obtained through the
atlas ground conductivity data of Rec. ITU-R P832-3 from
ITU (ITU 2012); and for the terrain elevation data to be used
in the prediction model, the elevation data of the Korean
peninsula and the adjacent area can be obtained through
the Shuttle Radar Topography Mission (NASA SRTM) (NASA
2000). Fig. 2 shows the ground conductivity data obtained
from the atlas ground conductivity data of Rec. ITU-R P832-
3 from ITU and the terrain elevation data obtained from
NASA SRTM.

The obtained ground conductivity data and terrain
elevation data are in the form of a map. Thus, the
preprocessing module processes the ground conductivity
data and terrain elevation data in the form of linear-type
data by reflecting the position of a transmitter station and a
receiving point in each obtained data. Also, as the Monteath
model adds in the form of progression, the path interval
of the propagation path is also reflected during the data
processing. Fig. 3 shows the flow chart of the preprocessing
module. For the processing of the conductivity data and the
elevation data, the sizes of the two data maps are set to 1:1
ratio, and they are processed as the ground conductivity and
terrain elevation data on a linear-type propagation path.
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Fig. 3. Flow chart of preprocessing module.

3.2 Prediction Model Processing Module

In the prediction model processing module, the field
strength at a receiving point is predicted using the field
strength prediction model that applies the prediction
method based on the Monteath model. In this regard, the
field strength at a receiving point is predicted by applying
the ground conductivity data and terrain elevation data
processed in the preprocessing part to the field strength
prediction model. The field strength at a receiving point
is derived by adding the field strength prediction result in
a free space and the additional field strength attenuation
prediction result obtained by the Monteath model. The field
strength prediction value for a receiving point is derived
at each receiving point of the prediction area; and if the
field strength prediction values for each receiving point are
gathered together, the field strength distribution depending
on the corresponding transmitter station is obtained in
the form of a map. In this regard, the field strength in a
free space is derived by reflecting the distance between a
transmitter station and a receiving point, and the additional
field strength attenuation due to the ground conductivity
and terrain elevation is predicted by the Monteath model.
Fig. 4 shows the flow chart of the implemented algorithm
processing module.
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Fig. 4. Flow chart of processing module of prediction model.

4. PREDICTION ENVIRONMENT

For the prediction simulation platform, to predict the
field distribution of the new ground-wave based time
broadcasting system, environment variables relevant to the
new time broadcasting system need to be established. For
the time information signal of the new time broadcasting
system, the frequency of the time information signal was
set to 70 kHz, which is a low frequency band with good
propagation characteristics, and the transmitted power
was set to 50 kW, considering the various examples from
foreign countries. The time information application area of
the new time broadcasting system was assumed to be the
Korean peninsula. Thus, the longitude of the prediction area
was set to 124.3° ~ 131.0°, and the latitude was set to 33.1° ~
43.0°. To regularly arrange receiving points in the prediction
area, it was set to 10x10 km lattice size. The Monteath model
used for field strength prediction calculates field strength
at a constant path interval of the propagation path. In this
regard, the path interval is related with the accuracy of
calculation, and it was set to 100 m for sufficiently small
calculation error. In the case of the ground conductivity
that is closely related with propagation loss, 5 S/m was used
for the sea surface, and the atlas ground conductivity data
provided by the Rec. ITU-R P832-3 of ITU was used for the
South Korean region. In the case of the North Korean region,

Table 1. Parameters of platform environment.

Type Value
Frequency (kHz) 70
Transmitted Power (KW) 50
Path interval (m) 100
Sealevel 5000
Conductivity (mS/m) The South Korea Rec. ITU-R P832-3 data
Other region 0.5
Elevation NASA SRTM data
Dielectric constant 4
Prediction range (°) 33.1-43.0 (Latitude)
124.3~131.0 (Longitude)
Lattice size (km) 10x10

the geological composition of the ground is not significantly
different from that of South Korea. Thus, to derive the
field strength variation of the worst case during the field
strength prediction, 0.5 mS/m, which is the lowest ground
conductivity of South Korea, was used. For the terrain
elevation, NASA SRTM data was used, and the dielectric
constant was set to 4. Table 1 summarizes the environment
variables of the prediction simulation platform.

When the field strength of the prediction area is
predicted, the position of the transmitter station should
be considered. This is because the conductivity and
elevation information of the prediction area is not changed
during the performance of a prediction simulation, but
each propagation path between the transmitter station
and each receiving point depending on the position of
the transmitter station changes and the conductivity and
elevation information on the corresponding propagation
path also changes. Therefore, the position of the transmitter
station should be considered when the field strength
of the prediction area is predicted. As the prediction
area was the Korean peninsula, potential sites for the
transmitter station were selected at the center of the Korean
peninsula considering the geographical characteristics.
For the geographical characteristics, a mountainous
terrain, a gentle terrain, and an intermediate terrain were
considered. Accordingly, Hyangnobong was selected as the
mountainous terrain at the center of the Korean peninsula,
Yeonpyeong Island was selected as the gentle terrain, and
Cheorwon-eup was selected as the intermediate terrain of
a mountainous terrain and a gentle terrain. For an existing
time broadcasting system, a number of shadow zones
currently occur in the South Korean region. Thus, to derive
the field strength distribution of time information signals
when only the South Korean region was considered, Mt.
Songni, which is the center of South Korea, was additionally
selected. Fig. 5 shows the position of each selected
transmitter station.
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Fig. 5. Positions of the selected transmitter.

5. PREDICTION RESULTS

By setting the environment variables for the new
time broadcasting system, the field distribution of time
information signals in the Korean peninsula region was
predicted. Based on the field distribution prediction results
of time information signals, the field strength of the time
information signals, transmitted from the transmitter
station, at each receiving point of the time information
application area can be analyzed, and the effects of the
propagation environment factors on the field strength
variation of the time information signals when the signals
propagate on land and on the sea, respectively, can be
analyzed. Fig. 6 shows the field distribution prediction
results of the time information signals for each transmitter
station.

First, common results are analyzed for the four kinds
of prediction simulation results. In the above prediction
simulation results, the field strength attenuation rate of low
frequency band time information signals can be divided
into the land environment and the sea surface environment.
In general, field strength attenuation rate is high in the land
environment with low conductivity, and is low in the sea
surface environment with high conductivity. In utilizing
time information, the field strength attenuation rate is
related with the coverage of time information signals. For
the section with high field strength attenuation rate, the
coverage of time information signals is short, and thus, time
information can be used only in the region that is close to
the time broadcasting transmitter station. For the section
with low field strength attenuation rate, the coverage of
time information signals is long, and thus, time information
can be used in the region that is relatively far from the time
broadcasting transmitter station. When low frequency
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Fig. 6. Field strength prediction map corresponding to each transmitters,
(a) Yeonpyeong Island, (b) Cheorwon-eup, (c) Hyangnobong, (d) Mt.
Songni.

band time information signals pass mountainous terrain,
the time information application area is affected by the
variation of the terrain elevation, besides the effect of the
conductivity of the propagation path. The results indicated
that the field strength attenuation rate was not constant
and showed a large deviation when the time information
signals passed mountainous terrain. For this result, the
position of the transmitter station could be important, but
it could be regarded as a problem related with transmitted
power. When the transmitted power is low, field strength
variation is large in mountainous terrain, and thus, a
number of shadow zones could occur. In contrast, when
the transmitted power is high, the field strength of time
information signals could be sufficiently large compared
to the amount of attenuation despite mountainous terrain,
and thus, shadow zones would decrease.

The prediction results for each potential site were
analyzed. The time information application area was
assumed to be the Korean peninsula, and the positions
of the potential sites for the transmitter station were
selected to be Yeonpyeong Island, Cheorwon-eup, and
Hyangnobong. Time information signals were transmitted
from the transmitter station at 50 kW. The field strength
distribution prediction simulation for these three potential
sites indicated that the minimum field strength prediction



result values were about 48 dB (uV/m), 55 dB (#V/m), and
60 dB (uV/m) when the transmitter station was positioned
at Yeonpyeong Island, Cheorwon-eup, and Hyangnobong,
respectively. The minimum field strength prediction result is
the result obtained by the large field strength attenuation of
time information signals when the time information signals
propagate on a long propagation path. Accordingly, the field
strength prediction result value of the time information
signals at the northern end of Hamgyeongbuk-do, which is
far from each transmitter station, becomes the minimum
field strength prediction result value depending on the
potential sites for the transmitter station. Especially, when
the transmitter station was positioned at Hyangnobong, the
northern and southern ends of the Korean peninsula had
similar propagation distances from the transmitter station,
and thus, similar sizes of field strength attenuation were
observed at any boundary regions of the Korean peninsula
with similar propagation paths. It can be interpreted that the
field of the time information signals was evenly distributed
in the Korean peninsula region because the position of the
transmitter station was close to the center of the smallest
circle that includes the Korean peninsula.

In this study, the validity of the field strength prediction
results was examined using the values provided by JSTG
from Japan. In using the examples from Japan, it was
based on the distance between a transmitter station and
a receiving point. In this study, the distances between
Hamgyeongbuk-do and each potential site for the
transmitter station were about 700 km for Yeonpyeong
Island, about 580 km for Cheorwon-eup, and about 520 km
for Hyangnobong. In the case of the field strength prediction
values from Japan, the field strength prediction values at
receiving points that are about 510 km, 600 km, and 680 km
apart from the Hagane-yama transmitter station in Japan
were used. The average field strength prediction values
at the points that are about 510 km, 600 km, and 680 km
apart from the Hagane-yama transmitter station were 65
dB (uV/m), 66 dB (uV/m), and 61 dB (uV/m), respectively
(JSTG 2005). When the prediction results of this study and
the prediction values from Japan were compared based
on the field strength prediction values at similar distances,
respectively, they showed significant differences. However,
it should be considered that the differences between the
results of this study and the prediction values from Japan
were observed because in the case of Japan, a prediction
method based on the Millington model was used and
the carrier frequency of the time information signal was
60 kHz; while in this study, the lowest conductivity was
uniformly applied to the region other than South Korea.
Therefore, when the field strength prediction result of this
study and the field strength prediction result from Japan are
compared, it is thought that the field strength prediction
result of this study is valid.

Lastly, when the time information application area
was assumed to be South Korea, the potential site for the
transmitter station was selected to be Mt. Songni. The time
information signals were transmitted at 50 kW, and the
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minimum field strength prediction result value in the South
Korean region was about 72 dB (¢V/m). When the potential
site for the transmitter station was positioned at Mt. Songni,
the time information application area was small compared
to the transmitted power, and the deviation of the field
strength attenuation was not large as the signals propagated.
Therefore, it is thought that the occurrence of shadow zones
due to mountainous terrain would be scarce.

6. CONCLUSIONS

In this study, to improve an existing ground-wave based
time broadcasting system, a study that predicts the field
distribution and field strength of the transmitted signal of
a new ground-wave based time broadcasting system was
performed. In the case of the prediction method for the field
distribution and field strength of time information signals,
a prediction method based on the Monteath model, which
derives prediction results by reflecting the terrain elevation
of a prediction area, was used. A prediction simulation
was performed by applying the environment variables of
the new time broadcasting system to a prediction platform
based on the Monteath model. The results indicated that
when the time information application area was assumed
to be the Korean peninsula, among the minimum field
strength prediction values of the prediction area for each
transmitting point, Hyangnobong showed the highest
value (60 dB (xV/m)). This result can be interpreted that
the field of the time information signals transmitted
from Hyangnobong was evenly distributed in the Korean
peninsula region compared to other transmitter stations.
When the result of this study is compared with the field
strength prediction result values from Japan, it is thought
that the field strength prediction result values of this study
are valid. When the time information application area was
assumed to be South Korea, the minimum field strength
prediction value was 72 dB (#V/m). The results and analysis
indicated that when the new time broadcasting system was
established assuming the Korean peninsula as the time
information application area, the Hyangnobong region was
the appropriate potential site for the transmitter station.
When the new time broadcasting system was established
for the South Korean region, the field strength of the time
information signals generally increased, and the deviation
of the field strength attenuation was not large as the signals
propagated in mountainous terrain. Therefore, it is thought
that the occurrence frequency of shadow zones due to
mountainous terrain would decrease. Lastly, this study
could provide the design indices of a new time broadcasting
system design by selecting a new potential site for the
transmitter station and by deriving the minimum field
strength that can be received compared to the transmitted
power of the new time broadcasting system.
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