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FOREWORD
This publication discusses the Japanese Meteorological Agency’s (JMA)
operational experience with Doppler mode radar wind profilers in Japan, to provide
guidance to other WMO Members planning to implement wind profiler networks.
The report discusses the considerations to be taken into account when initially
installing a wind profiler at a new site, and the different factors to be taken into account in
selecting the appropriate wind profiler for the desired purpose. The report goes into the
principles of wind profiler operation, describes the performance to be expected under
varying atmospheric and environmental conditions, and compares wind profiler data with
that from radiosondes and numerical weather assimilation analyses. Importantly, the report
discusses the quality management procedures to be carried out to ensure data of optimum
quality, and ends by illustrating the use of the data in support of service provision.
As the first of this kind of report which is dedicated to the operational use of
radar wind profilers, I am sure it will be a valuable source of information for those venturing
into the operational use of wind profilers, and I wish to express my sincere gratitude and
that of the Commission for Instruments and Methods of Observation (CIMO) to its authors
from the Japanese Meteorological Agency, for this valuable contribution to the CIMO
literature. I also wish to thank the CIMO experts who gave their time to review an earlier
draft of the report.

(Prof. B. Calpini)
President
Commission for Instruments and Methods of Observation
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SUMMARY
A wind profiler is a device that continually measures wind speed and direction in
the upper air using radio waves. It plays an important role in monitoring atmospheric
phenomena and providing initial values for numerical prediction models. Operational wind
profiler networks are used around the world, including in the United States, Europe, and
Japan. They have worked to improve the corresponding data quality management and
advance the technologies that use this data.
First, this guidance focuses on the matters which should be considered (such as
site location, radio frequency, and height and time resolution) on a new installation of wind
profilers, based on the operational experience of the wind profiler network in Japan
(hereinafter referred to as “WINDAS”). Japan Meteorological Agency introduced wind
profilers in the 1.3 GHz band, after considering required height coverage, radio frequency
allocation, and costs. Since the administration policy of radio frequency allocations could
differ by countries, especially when choosing a radio frequency, it should be examined from
a broad perspective. Moreover, environmental conditions of each observation station should
be considered: for example, in Japan, a radome was introduced to some stations for
protecting the equipment from snow cover in winter.
With regard to the parameters used in wind profilers, there are unfamiliar terms
which are not usually used in weather radars, such as pulse compression or coherent
integration. With a brief introduction to these terms, we describe the need to select the
appropriate combination of observation parameters, some of which have a trade-off
relationship between them.
To illustrate practical performance of wind profilers, we provide the height
coverage and the data acquisition rate in WINDAS. We also indicate that the observational
data keeps adequate accuracy by comparing them with radiosondes and numerical weather
predictions.
Wind profilers of each manufacturer, despite the same principles of
observation, have different hardware configuration. Hence, we introduce the equipment
configuration in WINDAS as a reference. Despite unattended operation, WINDAS has
operated stably for a long time throughout which the average operation rate is higher than
99%. This would owe much to the regular on-site inspection and maintenance of equipment.
We also analyze the cause of the failure, and summarize what attention should be paid to in
advance.
The quality management is of much importance for the remote sensing,
because more invalid data is usually mixed in than in situ measurements. We describe in
detail the techniques of quality control in WINDAS. Various quality management procedures
are conducted at each phase of signal and data processing, in order not to output invalid
data as far as possible. More than 1 % of the observation data is actually treated as invalid
by these quality management processes.
Finally, we briefly introduce some examples of utilization of the data. With the
data of received signal intensity in addition to wind speed and direction, wind profilers can
be used to monitor the various atmospheric phenomena.
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Experience of JMA with the Operation of Wind Profilers

1

INTRODUCTION

A wind profiler is a device that continually measures wind speed and direction in the upper air at
short intervals. It plays an important role in monitoring atmospheric phenomena and providing
initial values for numerical models. Wind profiler networks are used around the world, including
in the United States, Europe, and Japan. Each of these countries has worked to improve the
corresponding data quality management and advance the technologies that use this data.
The advantages of wind profilers include: (I) They enable close observation with respect to space
and time; (II) The equipment involves no moving parts and allows unattended operation at
observation stations; and (III) It is capable of measuring the wind in the upper air just above the
observation points. (Since the radiosonde measures while drifting in the wind, the measurement
does not necessarily represent the conditions just above the observation point.) Conversely, the
disadvantages include: (I) The altitude at which the equipment can take measurements varies
depending on seasonal variations and atmospheric conditions; (II) It is sometimes not possible to
obtain temporally and spatially continuous data due to the removal of erroneous data (produced
by bodies other than air, such as birds), and (III) Wind profilers in the 1.3 GHz band cannot
observe vertical wind when it is raining, because at such times they measure instead the fall
velocity of the precipitating particles.
An evaluation report for wind profilers in the United States was issued by NOAA (1994), and
operation guidelines for wind profilers based on the European network was published as a WMO
technical document by Dibbern et al. (2003). This report gives guidelines regarding the operation
and utilization of the current wind profilers based on the network in Japan (Ishihara et al., 2006).
It is recommended that this report be used along with the WMO document mentioned above. The
wind profiler network in Japan will be referred to in what follows as WINDAS (WINd profiler
network and Data Acquisition System).
2

DEVELOPMENT OF WIND PROFILER SYSTEM IN JAPAN

2.1

Background and Purpose

Weather-related disasters such as torrential rain and snow frequently occur and every year these
cause severe damage in Japan. There is a strong requirement to improve the accuracy of
prediction of torrential rain and snow in order to mitigate the damage from such weather-related
disasters.
The mainstream of current weather forecast is numerical weather prediction (NWP).
Three-dimensional observation data in the upper air is essential as the initial values for predicting
weather phenomena using NWP. Up to the present, wind observation data in the upper air has
been measured twice a day, every 12 hours by radiosondes, the network of which gives sufficient
information for predicting synoptic scale phenomena. However, the mesoscale atmospheric
phenomena that cause weather-related disasters occur in small areas and have short life spans.
Recent NWP models with high resolutions, with the development in the field of supercomputers,
have become capable of forecasting mesoscale phenomena such as torrential rain, if observation
values with high temporal and spatial resolutions are given. Thus, it is necessary to introduce new
observation methods to strengthen the current upper-air sounding network in order to accurately
predict mesoscale atmospheric phenomena. The wind profiler is considered to be the optimal
equipment for doing this.
2.2

Requirements for Installation of Wind Profilers

2.2.1

Site Location

The following five points were laid down as rules for the selection of wind profiler installation
points from the perspective of utilization of observation data, operation of equipment, and
installation cost.
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[1]

The primary purpose of installing a wind profiler is to use its observation data as the initial
values for mesoscale NWP models in order to improve the prediction results for mesoscale
phenomena with horizontal scales of 100 km or more. Thus, wind profilers will be installed
around Japan so that the average spatial interval becomes 100 km when combined with the
current upper-air sounding network which uses radiosondes.

[2]

Wind profilers will not be installed in general at radiosonde observation points, because the
highest possible density for the observation network is achieved by combining wind
profilers with the current radiosonde observation network.

[3]

Wind Profilers will be installed in high concentrations in those areas that have a possibility
of becoming upstream regions of areas with heavy rain and snow. This is so that
observations can be made of the movements of the humid airflows that play an especially
important role in generating and sustaining heavy rain and snow.

[4]

Wind profilers will be installed in high concentrations in areas where major weather-related
disasters have occurred in recent years or in the past, and in densely populated areas.

[5]

In order to ensure that observation data are representative, wind profilers will not be
installed near steep terrain that would not be expressed in mesoscale NWP models.

We selected a shortlist of points based on the above requirements and determined the final
installation points after examining interference with other radio stations and obtaining the final
approval to use radio waves from the radio wave administration authorities.
The interval between observation points in the conventional upper-air sounding network using
radiosondes was 300 to 350 km. However, the addition of the wind profiler observation network
makes the average interval between observation points 120 to 150 km. Figure 2.1 shows the
installation points of the wind profilers and the radiosonde observation points. The intervals
between observation points largely satisfy the 100 km horizontal resolution recommended for
wind profiler networks by WMO (WMO, 1997).

Figure 2.1 - Site locations of the wind profilers of the WINDAS and radiosonde stations of the JMA.
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2.2.2

Radio Frequency

Wind profilers are roughly divided into three categories depending on the frequency of the radio
waves used: the 50 MHz band, the 400 MHz band and the 1.3 GHz band (900 MHz band in some
countries). The available observation altitude varies depending on the radio frequency used.
The 400 MHz band has the advantage of being able to observe up to about 15 km altitude.
404 MHz was formerly permitted around the world as a frequency for wind profilers. However, the
only permissible frequency came to be 449 MHz to avoid interference with the frequency of the
Search And Rescue Satellite Aided Tracking (SARSAT) System. The 50 MHz band has more height
coverage. On the other hand, it requires larger area and more costs for installation. Typical
characteristics of wind profilers with each frequency band are summarized by the WMO (WMO,
2008).
In Japan, it is impossible to use wind profilers with a 400 MHz band, because 449 MHz was already
allocated to medical telemetering. Therefore, the 1.3 GHz band wind profilers were adopted for
WINDAS, because the most important objective was to conduct detailed observation of the flow
of the lower atmosphere, which is strongly related to heavy rain and snow. Aspects related to cost
were also taken into account in this decision. In the conventional categorization, a wind profiler
with the 1.3 GHz-band was called “boundary layer radar”, and its highest observation altitude
used to be two to three kilometers. WINDAS, however, has improved observation capabilities with
expanding antenna sizes, increasing transmission power, and adopting technologies such as pulse
compression, while still using the frequency of conventional boundary layer radar; its highest
observation altitude was nine kilometers and the annual average for the highest observation
altitude was around five kilometers.
2.2.3

Height and Time Resolution

In general, the height resolution is determined by the pulse width which is one of the observation
parameters (see Chapter 3.2). The height resolution in WINDAS has set to 300 m, although 100m
is recommended below 2km for regional NWP models (WMO, 2010). This is because JMA's
current data assimilation system for the mesoscale model ( 4-Dimensional Variational data
assimilation: 4D-Var ) (JMA, 2007) requires observation data free of vertical error correlations,
and therefore higher resolution is not needed.
WINDAS performs observation of wind speed and direction every minute and then calculates
ten-minute averages. At first, the ten-minute average was calculated from ten-minute Doppler
velocity averages along each beam direction.However, it was found that a more precise
ten-minute average was able to be calculated stably from one-minute values, and therefore this
method was adopted.
By selecting these height and time resolution, it is possible, in addition to be used for NWP models,
to monitor the change of wind aloft when a front passes, and the strength of vertical wind shear.
2.2.4

Others

Of the conditions to be considered when installing wind profilers, Dibbern et al. (2003) provides
detailed descriptions on the following points.
•

Clutter prevention

•

Interference of radio waves

•

Problems of sound wave noise when using RASS(Radio Acoustic Sounding System;
this system consists of a wind profiler and a few speakers, and can observe the
virtual temperature profile.(Marshall et al., 1972; Matuura et al., 1986))

•

Corrosion prevention (prevention of salt damage)

•

Improvement of lightning resistance
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Besides the above points, the following must also be considered as conditions for installing wind
profilers.
•

Secure power sources

•

Secure ways to transmit data

•

Prevention of snow accumulation in snowy areas

Secure power sources
Securing a stable power source is a fundamental condition. Therefore, it is sometimes necessary
to prepare equipment to stabilize power sources in those areas where the existing power sources
are unstable, such as on small islands. Power supplied through buried lines is preferable to those
using aerial lines, since it avoids direct or indirect lightning strikes on the power line. It is
preferable to have a back-up power source such as a generator in case of a failure in the
commercial power supply.
Secure ways to transmit data
Wind profilers need to send/receive observation data and device status and control signals
to/from control stations at remote locations in order to enable unattended operation. A means of
communication facilitating this is essential, and securing a means of communication is especially
important when installing wind profilers in remote areas such as on small islands. As with power
lines, buried communication lines rather than aerial lines are preferable so as to avoid lightning
strikes. It is also preferable to have an alternative means of communication for signal lines,
because the main communication system may fail due to malfunction. Giving consideration to the
expense involved, it is realistic to employ a dialup system, remembering that alternative means
of communication represent temporary devices used in emergencies only.
Prevention of snow accumulation in snowy areas
In Japan, snowy areas include the northern regions and areas along the western coast, and some
areas have snow cover of one meter or more. Wind profilers installed in these regions are
protected by radomes to prevent influences from snow. Radomes reduce snow accumulation on
antenna which attenuates radio wave, and make it easier to remove. It is necessary to be careful
to select the proper materials and structures for radomes so that their effect on the emitted radio
waves are minimum, and so that they prevent snow accumulation and can withstand the weight
of the snow that does accumulate.
3

OBSERVATION CHARACTERISTICS AND
PERFORMANCE

3.1

Principle of Observation

On a clear day, the 1.3 GHz-band radio waves emitted from
wind profilers are scattered by atmospheric turbulence of
the order of half the transmitting wavelength. In rainy
conditions, on the other hand, they are scattered most by
precipitation particles . The pulse width used by WINDAS is
0.67μs to 4μs. Wind profilers transmit this pulse 5,000 to
20,000 times every second, and they calculate the altitude
based on the interval between transmitting and receiving
the signals, and the wind components based on Doppler
shift.
As shown in Figure 3.1, wind profilers transmit the beam in
five directions i.e. the vertical (90-degree) direction and
80-degree directions inclined respectively toward the north,
south, east and west, measuring shifts in the frequency of

Figure 3.1 - WINDAS beam
emissions model
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the radio waves that return to the profilers after scattering in the air. Shifts in frequency occur due
to the Doppler effect, in accordance with the movement of the scattering bodies, and the degree
of shifts indicates the components of the traveling speed of the scattering bodies in the direction
of the beam.
For wind profiler operation, there is also a method for calculating wind speed in which radio waves
are emitted in three directions, i.e. in the vertical direction and towards the east and north.
However, five-direction emission provides superior data quality management with regard to the
effects of precipitation, and it is able to provide observations with better precision (Adachi et al.,
2005). Chapter 5 describes quality management in more detail.
3.2

Observation Parameters

Table 3.1 shows the observation parameters that can be set in WINDAS. WINDAS conducts
observations every minute and calculates ,as the basic observation values, three components of
wind speed (vertical and horizontal winds) from the Doppler velocities.
(1) Zenith angle of beams
WINDAS wind profilers operate using five beams. These five beams consist of one vertical beam
(zenith angle) and four beams that are slightly tilted from the vertical direction (towards the north,
south, east and west).
(2) Pulse compression
Pulse compression is a technology that increases transmission power by elongating pulse width
without lowering height (range) resolution. The WINDAS wind profilers use this technology with
eight-bit compression by Spano code （ Spano and Ghebrebrhan, 1996ab ） as the standard
compression rate, which enables an eightfold increase in the received signal intensity (9 dB).
(3) Pulse width
The height resolution is changed by changing the pulse width used. Height resolution= speed of
light × pulse width/2

Table 3.1 - Observation parameters that can be set in WINDAS

(4) Pulse repetition frequency (PRF) and inter-pulse period (IPP)
The pulse repetition frequency is the number of pulses emitted every second. Pulse repetition
interval is the inverse of the PRF. IPP=1/PRF.
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(5) Number of coherent integration
The coherent integration is performed for improving received signal intensity. It is difficult to get
suffcient Signal-Noise Ratio (SNR) from one pulse because of faint signal received from the
atmosphere. Integrating signals from N pulses in the time domain during short time in which
received signals are coherent (in other words, the characteristics of the signals remain
unchanged) results in a N-fold increase in SNR.
(6) Number of Fast Fourier Transform (FFT) points
The frequency (velocity) resolution in a Doppler spctrum is changed by the number of FFT points.
Increasing the number improves the detection accuracy of Doppler velocities. Note that
increasing the number of FFT points worsen the time resolution.
(7) Number of incoherent integration
The incoherent integration is performed for smoothing of a Doppler spectrum. This improves the
detection accuracy of Doppler velocities. Note that increasing the number of incoherent
integration points worsen the time resolution.
(8) Maximum number of processed layers
This is also called the number of range-gate, and it is obtained by dividing the maximum
processing altitude by the height resolution. It indicates the altitude to which the observation is
processed rather than the altitude to which observation is possible.
(9) Combination of observation parameters
It is necessary to consider the following conditions regarding observation parameters if
conducting observation at higher altitudes, but the maximum unambiguous range for a correct
first trip sampling is limited by the following formula, regardless of the constraints of sensitivity
given by the radar equation.

Rmax ≦ speed of light / (PRF × 2)
– To improve the received signal intensity.
• Increasing of the transmitter power.
• Widening of the pulse width.
• Increasing of the number of coherent integration.
– To improve detection accuracy of Doppler velocities.
• Increasing of the number of the FFT points.
• Increasing of the number of incoherent integration.
However, since WINDAS performs observation every minute and then calculates ten-minute
averages, optimal values need to be selected for the individual observation parameters so that
processing can be performed within one minute.
The parameters are mutually dependent, which means that selecting one parameter puts general
limits on the ranges that can be selected for the others. In addition, there is a limitation from the
systems point of view, called the duty factor, between the product of the pulse width and the PRF.
If IPP represents the inter-pulse period, Ncoh the number of coherent integrations, Nfft the
number of FFT points, and Ninc the number of incoherent integrations, it is necessary to satisfy
5×IPP×Ncoh×Nfft×Ninc < 60 [s] in order to produce one-minute values because there are five
beams.
Additionaly, the following equation represents maximum velocity Vmax observed on a horizontal
plane.

Vmax = λ / (4 × IPP × sinθ × Ncoh)
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When the wind speed exceeds Vmax, the folding of the Doppler spectrum leads to erroneous wind
values. Although there are correction methods for the folding, appropriate selection of IPP, θ, and
Ncoh should be needed to avoid the folding as much as possible.
The right hand column of Table 3.1 shows the standard observation modes for WINDAS. The time
for the estimation of the Doppler spectrum(dwell-time) is about 11.5 seconds, witch is shorter
than the ones used in other systems (typically 30 - 60 seconds). The reasons are as follows:
higher PRF is set so far as the duty ratio(< 0.21) and the maximum unambiguous range permit
because there is no need to observe up to high altitude, and the number of coherent integration
and FFT points is set to the minimum necessary from the point view of enabling
minute-by-minute observation, though there is disadvantage of lowering received signal intensity
and frequency (velocity) resolution in Doppler spctrum.
(10) Examples of obseravation mode
Table 3.2 shows optimal combinations of the observation parameters when obtaining one-minute
values (observation and processing using five beams completed within one minute) with height
resolutions of 100 m, 200 m, 300 m, and 600 m. Figure 3.2 shows the acquisition rates of
observation values in these four different observation modes. In all the modes, the higher the
altitude, the lower the acquisition rates of observation values. Of the four modes, the altitude at
which the acquisition rate becomes 50% is 6,400 m in the 300m mode, which is higher than in the
other modes. In addition, in the 300m mode, observation values can be obtained at 9.1 km, the
maximum observation data processing altitude, during precipitation.
In principle, the 600m mode is capable of performing observation at the highest altitude of all the
four modes. The pulse width was intended, in principle, to be twice as wide in the 600m mode as
in the 300m mode, and we expected to see improvements in S/N due to the increased
transmission power. However, the results showed no significant difference to the 300m mode.
Possible causes may be the fact that the number of samples in the 600m mode was fewer than in
the other modes; and that there are weaker scattering of radio waves at higher altitudes.
Since the main purpose of WINDAS is usage for mesoscale NWP models, we laid particular
emphasis on the acquisition of wind data up to 500 hPa. We designated the 300m resolution as
the normal observation mode because the maximum observation altitude is too low at the 100m
resolution, and because, conversely, it is impossible to provide the resolution that NWP requires
in the 600m mode.

Table 3.2 - Optimal observation parameters for each altitude resolution
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Figure 3.2 - Distributions of data acquisition rate for different altitude resolutions

Experience of JMA with the Operation of Wind Profilers, p. 9

3.3

Observation Performance

3.3.1

Height Coverage

For the WINDAS observation data obtained over the seven years from June 2001 to December
2007 in the 300m resolution mode (using the observation parameters for mode 3 shown in Table
3.2), Figure 3.3 shows monthly averages of the reachable observation altitudes at all
31 observation stations for periods with precipitation, periods without precipitation and for all
cases. When the observation data shows vertical velocities of -2.0 m/s or lower in 10 layers or
more in the layers from the lowest layer (about 400 m above the ground) to the 20th layer
(approximately 6 km), the period is marked as a precipitation period. When these conditions do
not apply, the period is marked as a non-precipitation period. The results indicate that the highest
monthly average of reachable observation altitude was approximately 6.5 km, recorded in July,
and the lowest altitude was approximately 4.0 km, recorded in January. The reachable
observation altitude was clearly higher during precipitation. In general, the reachable observation
altitude depends on the scattering conditions for radio waves in the upper air. It is possible to
perform observation at higher altitudes during precipitation because the degree of scattering due
to raindrops is greater than the atmospheric scattering during non-precipitation periods. In
addition, it is possible to perform observation at higher altitudes during summer when the
atmosphere contains more moisture, giving stronger scattering than during winter.

Figure 3.3 - Monthly means of height coverage of wind measurements
without precipitation, with precipitation, and all cases
3.3.2

Data Acquisition Rate

Figure 3.4 shows observation data acquisition rate by altitude in the four seasons during the same
period in 3.3.1. The data acquisition rate is expressed as a percentage by dividing the number of
times that quality management at the Control Center categorized the observations as ‘valid’ by
the number of possible observations (excluding times of mechanical failure). The data acquisition
rate in upper layers is higher in the lower layers, because the receiving sensitivity is better in the
lower layers due to their higher moisture content and the shorter radio wave propagation route.
Conversely, the scattered waves become weaker in upper layers due to the lower moisture

Experience of JMA with the Operation of Wind Profilers, p. 10

content. In addition, the data acquisition rate is lowered further by the reduction of power density
of spherical wave due to the propagation distance. Nevertheless, the values obtained near the
lowest layers are often categorized as invalid by quality management under the influence of
ground clutter. For these reasons, the data acquisition rate shows a curve which peaks near an
altitude of 1,000 m. In terms of monthly variations, the data acquisition rate is generally higher
during summer (July, August, and September) and lower in winter (December, January, and
February). However, the acquisition rate is lower at altitudes below 3 km in April and May, and
from September to November. This is because erroneous observations often occur due to the
echo associated with migratory birds, with these values being removed by quality management.

Figure 3.4 - Seasonal distribution of data acquisition rate
3.4

Valuation of Observation Precision

3.4.1

Comparison with Radiosondes

We evaluated precision using data from the Hachijojima station, where simultaneous observation
is conducted using wind profilers and radiosondes. We compared the data recorded over four
years from January 1, 2004 to December 31, 2007. The wind profiler data that we prepared
consisted of the ten-minute averages at individual observation altitudes in the time frame in
which a radiosonde passes through those altitudes. We prepared radiosonde data by interpolating
observation data at different altitudes so that it corresponds to the altitude of the wind profiler’s
observation data. Comparisons were performed between the two systems for the east-west wind
components, north-south wind components, wind directions, and wind speeds. Figure 3.5 shows
the results. In the comparison between the observation data of the wind profilers and the
radiosondes, the standard deviations of the east-west components, north-south components,
wind directions, and wind speeds were 2.0 m/s, 2.1 m/s, 19 degrees, and 2.0 m/s, respectively.
For the two systems, the correlation coefficients of the east-west components and north-south
components were 0.99 and 0.97, respectively. Considering the differences in the observation
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stations of the two systems and the average times of the data, the data from these two systems
are in good agreement.
3.4.2

Comparison with Numerical Weather Prediction

We obtained the Departure value (D-value) between the observation data of wind profilers and
the 12-hour forecast values (first guess values of next analysis) of the Regional Spectrum Model
(RSM) (JMA, 2007) at the individual wind profiler locations. Similarly, we obtained the D-values
between the observation values of radiosondes in Japan and forecast values. Statistical
evaluation of the precision of observation values using D-values is regularly performed in NWP
operations.
We compared the data for east-west wind components at 800 to 900 hPa from June 1 to 10, 2001.
The D-value distribution in Figure 3.6 shows that the D-values of the wind profilers and
radiosondes show similar values for both the systematic deviation (bias) expressed as an
arithmetic average and the random deviation expressed as RMSE(Root Mean Square Error). This
result shows that the wind profiler’s precision of wind measurement is approximately the same as
the radiosonde’s.

Figure 3.5 - Comparison between wind observation by wind profiler and radiosonde in Hachijojima
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(a) Difference between observation of wind profilers and forecast values (first guess values)

(b) Difference between observation of radiosondes and forecast values (first guess values)

Figure 3.6 - Altitude-specific distribution of the departure (D-value) between the observation of the wind
profilers and the first guess values (forecast values) of the Regional Spectral Model of the Japan
Meteorological Agency.
Average of east-west wind components at 800 to 900 hPa recorded by wind profilers at 25 locations and
radiosondes at 18 locations from June 1 to 10, 2001.

4

INFRASTRUCTURE AND HARDWARE

4.1

Overview and Features of the
System

Table 4.1 and Figure 4.1 shows the
major
specifications
and
network
configurations
respectively,
of
the
WINDAS’s
wind
profilers.
Individual
observation stations are automatically
operated by remote control from the
Control Center at the Japan Meteorological
Agency (JMA) headquarters. Observation
data sent from individual observation
stations are gathered in the Control Center
every ten minutes and passed through
quality management procedures. This
quality-controlled data is available in
forecast offices for monitoring current
meteorological conditions. The data is also
transmitted to the NWP system of JMA and
distributed globally via the GTS (Global
Telecommunication system).

Table 4.1 - Main characteristics of WINDAS
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WINDAS structure and connections
Management office
(meteorological
observatory)

Observation
station
Antenna
system

Outdoor
Clutter fence

Equipment
Shelter

Operation display
monitor

Data processor
Transmitte/
Receiver
LAN connection
or ISDN connection

Module storage rack

Domestic base communication network of Japan
Meteorological Agency

Color laser
printer

Operation monitor

Control
section

Data monitor

(Main)

Control Center
(Headquarters of Japan Meteorological Agency, Tokyo)

(Sub)

(Backup)
Remotely-located
Meteorological
Observatory, Osaka

Figure 4.1 - Overview of wind profiler site system and control center of WINDAS
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4.1.1

Constituents Parts of an Observatory

(1) Antenna
The wind profilers of WINDAS use the phased array antennas, of which opening area is 4m×4m.
The antenna consists of 24×24 antenna units(equivalent to a row of many half-wave dipole
antennas) as shown in Figure 4.2 (a) (d), and enables to shape the radio wave into a straight
beam. Radomes made of fiber reinforced plastic (FRP) with diameter of seven meters are placed
over the antennas in nine stations in areas with heavy snow (Figure 4.2 (b)).

(a）

(b）

(c）

(d）

Figure 4.2 - Photographs of WINDAS
Standard type of wind profiler (a);
Wind profiler with Radome (b),
Control Center at the headquarters of JMA (c),
and coaxial and colinear array antenna inside a radome (d).
(2) Module storage rack
A module storage rack stores 24 active modules which are used to supply power to the
24 antenna unit, creating a phase difference between each of the individual units. The rack is
placed near the antenna in order to minimize power loss from the supply line. Module storage
racks is installed outside except the stations with a radome or a salt damage protection shelter
(installed at the stations near the coast).
(3) Transmitter and Receiver
The transmitter and receiver consists of the following sections: the transmitting section that
generates standard signals, encodes the pulse compression, and produces outgoing intermediate
frequency signals; the receiving section consisting of the phase detector circuit for incoming
intermediate frequency signals; and the digital signal processor which performs A/D conversion
of the signal received from the receiving section, decodes the pulse compression, integrates
signals, and then produces spectrum data through fast Fourier transformation (FFT).

Experience of JMA with the Operation of Wind Profilers, p. 15

(4) Data processor
The data processor calculates Doppler velocity in five directions every minute based on the
spectrum data sent from the digital signal processor and obtains one-minute values and
ten-minute averages for the vertical and horizontal wind using a method that incorporates
automatic quality management. Whilst controlling the individual devices in the observation
station, the data processing section also monitors conditions in the individual sections.
Since the data processing section is equipped with web server capabilities, it is possible to control
and monitor the individual devices in the observation station from the Control Center using
browser software. Leased lines are used for communication between observation stations and the
Control Center.
(5) Equipment Shelter
Transmitter and receiver, and data processor are placed in the equipment shelter with an air
conditioner.
(6) Operation display monitors
Operation display monitors are installed in the management offices of individual observation
stations for backup of the Control Center. They are connected online to the data processor and are
able to control wind profilers, being capable of turning them on and off, turning radio emissions on
and off, and monitoring the condition of the individual devices in the observation station.
Operation display monitors can also display observation data.
4.1.2

Constituents Parts of the Control Center

The Control Center is installed in the headquarters of JMA and equipped with servers, data
monitors, and operation monitors. Officers are assigned to the Control Center around the clock to
monitor data input/output and the condition of the devices, to operate devices by remote control
and to conduct data quality management.
(1) Servers
The servers control communication with the individual observation stations, the NWP system, and
the GTS server. They collect one-minute values and ten-minute average values every ten minutes
from the individual stations and stored them. The collected ten-minute wind averages are sent to
the NWP system and the GTS lines every 10 minute and every one hour, respectively, in the
Binary Universal Form for the Representation of meteorological data (BUFR).
The servers have a redundant configuration, consisting of the main and sub-systems in the
headquarters of JMA. In addition, a back-up system is installed in remotely-located
Meteorological Observatory in case of total failure of the systems in the headquarters due to, for
example, earthquake.
(2) Data monitors
The data monitors are equipped with functions to display the time-altitude cross sections of
ten-minute averages, received signal intensity, and spectrum width stored on the server, and to
allow observers to manually run quality control check, in which defect flags are added for the
values judged as erroneous.
(3) Operation monitors
The operation monitors display the monitoring status on the screen, showing the condition of the
individual observation stations and transmit control and data request signals to individual
observation stations.
Condition monitoring information (housekeeping information) includes information on
normal/abnormal operation of individual devices, status regarding the opening/closing of station
doors, room temperature, and the condition of the power breakers. The control signals include
signals to start/stop devices, start/stop radio wave emissions, and restart the data processor.
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4.2

Inspection and Maintenance of Equipment

The inspection and maintenance of equipment represent an important factor in the performance
of stable observation, since all observation stations are run using unmanned operation.
Accordingly, the two following points are of great importance.
•
•

Regular remote monitoring of equipment
Regular on-site inspection and maintenance of equipment

(1) Regular remote monitoring of equipment
The Control Center inspects all the observation stations on a daily and weekly basis. In order to
make these inspections effective, it is important to be able to monitor many of the relevant items
remotely, and to design a system that allows remote implementation of initial responses.
In daily monitoring, it is also important to detect equipment malfunctions from the characteristics
of the observation data, in addition to the metering of equipment. In order to improve these
monitoring technologies, it is essential to organize information regarding cases of actual
malfunctions in the past into manuals, and to provide training on the use of these manuals.
(2) Regular on-site inspection and maintenance of equipment
Equipment manufacturers conduct regular inspections every six months. In addition, they
conduct more detailed inspections every five years. These inspections detect malfunctions before
they occur, providing advance prevention of equipment shutdowns.
4.3

Operation Rate and Failure-related Shutdown Ratio

Figure 4.3 gives information regarding WINDAS operation status, showing the operation rates,
planned shutdown ratios, and failure-related shutdown ratios of the 31 observation stations from
January 2002 to December 2007. Operation rate, planned shutdown ratio, and failure-related
shutdown ratio are obtained using the following equations.

Operation rate (%) =

Ratio of planned
shutdown (%) =

Monthly average of hours of operation at the 31 stations ×100
Total potential hours of operation in one month

Monthly average of hours of planned shutdown at the 31 stations ×100
Total potential hours of operation in one month

Failure-related
Shutdown Ratio (%) =

Monthly average of hours of failure at the 31 stations
Total potential hours of operation in one month

×100
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Figure 4.3 - WINDAS operation rates, planned shutdown ratios, and failure-related shutdown ratios
from 2001 to 2007
The average operation rate throughout the period was higher than 99%, which shows that
operation of WINDAS is stable.
Figure 4.4 shows the monthly hours of failure-related shutdown, caused by failures which
resulted in radio wave shutdown, during the specified period. There is a concentration of
failure-related shutdowns in the warm period from May to September. When categorized by
observation station, failure-related shutdowns occur mostly at stations that do not have radomes
or salt damage protection shelters; that is, failure related shutdowns frequently occur at stations
where the module storage racks are placed outdoors. The cooling efficiency of the module storage
racks becomes lower and the internal temperature tends to rise during warm periods. A decrease
in the air flow rate due to clogged filters in the air intakes (adhesion of insects, insect eggs, dust,
sand, and mud during rain) sometimes becomes a factor in increasing the internal temperature.
Thus, it is probable that such factors increase the load placed on the active modules and power
units, and increase the frequency of failures.
Failure-related shutdowns also include equipment shutdowns due to power failure. The main
cause of such shutdowns is power failures caused by the lightning and typhoons that frequently
occur during warm periods. Uninterruptible power supply (UPS) units are installed in the data
processors and operation display monitors of WINDAS to avoid malfunctions caused by sudden
power failures. However, no backup power is installed in the other equipment because they would
consume a large amount of energy for those equipments. Generators providing back-up power for
the entire system are installed in only some of the observation stations. For this reason,
observation stops during power failures. In addition, even a momentary power failure results in a
10 to 20 minute gap in the observation data, because the system takes about 10 minutes to
reboot after a shutdown.
Figure 4.5 shows the number of failures by equipment type, and Figure 4.6 shows the duration of
failure-related shutdown by equipment type. Power failure of the commercial power supply is the
biggest cause of failure-related shutdowns, followed by failure in the transmitter and receiver and
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failure in the module storage racks. Duration of shutdown by equipment type shows that failures
caused by lightning are associated with the longest shutdown duration, followed by failures in the
module storage racks and in the data processor, because it takes longer to repair and recover
from these failures than from those caused by interruptions in the commercial power supply,
which result in only a momentary shut down of the radio waves.
As mentioned in Section 2.2, in order to deal with failure of the commercial power supply, it is
necessary to use devices such as generators that can provide backup power. The shutdown of air
conditioners in equipment shelters during summer is not so often occurred but fatal to operation.
Therefore, whenever possible, the system should be installed with multiple air conditioners so
that operation continues in the event of one of them is shutting down, or it should be capable of
quickly turning on a backup air conditioner. In addition, replacements for all of the types of circuit
board must be available for use in the event of lightning-related failures. As a measure for dealing
with lightning-related failures in communication circuits and equipment, it is necessary to have a
separate line such as a dial-up line.

Figure 4.4 - Hours of failure-related shutdown by month

Figure 4.5 - Number of failures by equipment type
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Figure 4.6 - Hours of failure-related shutdown by equipment type.
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5.

QUALITY MANAGEMENT

Because wind profilers measure the wind by receiving faint radio waves, they are vulnerable to
influences such as non-atmospheric scattering and noise, so that the observations obtained may
often include erroneous values. Therefore, it is important to have a procedure for determining the
validity of the observation values and adding quality information indicating “error” to values that
are considered erroneous. In other words, it is necessary to perform quality management on the
observation data.
The following section discusses the quality management performed on observation data in
WINDAS.
5.1

Overview of Quality Management

As shown in Figure 5.1, the quality management of observation data in WINDAS is categorized
into quality management at the observation stations and quality management at the Control
Center.
Observation stations conduct quality management on the values obtained every minute (i.e.
Doppler velocity in the direction of the beam, strength of received radio waves, and spectrum
width). The ten-minute average is produced using only those one-minute values that are deemed
“valid” in all the processes described from 5.2.2 to 5.2.4. During this process, a method called
consensus averaging (5.2.4) is used to produce better estimation.
The Control Center conducts quality management on the ten-minute values produced by the
observation stations and records the ten-minute averages categorized as “valid” as final
observation values.

Quality management
at observation stations

Quality management
at Control Center
<Applicable to ten-minute averages>

<Signal processing>
• Removal of bird echo
• Removal of ground clutter
<Applicable to one-minute values>

=>

• Quadric surface approximation
check
• Vertical shear check
• Manual quality management

• Spectrum width check
• Homogeneity check in the wind field
<Applicable when producing
ten-minute averages>
• Consensus average

Figure 5.1 - Overview of quality management in WINDAS
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5.2

Quality Management at Observation Stations

The process of quality management at the observation stations is described below.
5.2.1

Removal of ground clutter

Erroneous observations caused by the influence of the terrain occur when a radio wave emitted
from the wind profiler is reflected against mountains or buildings and returns to the wind profiler
as a terrain echo. In general, directional antennas like the ones used in wind profilers emit a main
beam that concentrates radio waves in the direction of the target while simultaneously emitting
radio waves, known as the side-lobes, in other directions. Although the electrical power emitted
from side-lobes is much smaller than that of the main beam, side-lobes that are emitted at a low
elevation angle, almost horizontal to the ground, are sometimes reflected against the
surrounding terrain and buildings, and return to the wind profiler. Such signals retain a larger
electrical power than those scattered from the atmosphere in the main-lobe and prevent normal
observation. These extraneous returning signals are called ground clutter.
5.2.1.1

Hardware Measures

One way of preventing ground clutter is by mechanically obstructing the side-lobes. The antennas
of the WINDAS wind profilers are designed to minimize side-lobes with a near-horizontal angle of
elevation. In addition, metal fences (clutter fences) of two meters in height are installed around
the antennas in order to physically block the side-lobes. Figure 5.2 shows beam patterns
indicating the strengths of the radio waves emitted at elevation angles other than the vertical
when a WINDAS wind profiler emits a radio wave vertically towards the sky. The electrical power
of the emitted radio wave rapidly decreases as the angle becomes smaller, and the electrical
power emitted at low angles of less than 20 degrees is suppressed to less than 1/104 (-40 dB) of
that of the main beam. Nevertheless, it is difficult to completely eliminate the effects of side-lobes
if there are mountains and/or buildings near the observation station.
5.2.1.2

Software Measures

The second way of dealing with ground clutter is to remove it using software. Since mountains
and buildings represent stationary targets, their traveling speed is naturally zero, so that in
Doppler spectra ground clutter gives a sharp peak centering on zero Doppler velocity, as shown in
Figure 5.3. It is necessary to remove these sharp peaks when detecting atmospheric echo. The
digital signal processors of the WINDAS observation stations first calculate the slope of the
spectrum curves at several points around zero Doppler velocity. The software identifies the curve
as ground clutter if its slope exceeds a certain threshold, removing it and connecting the ends of
the two remaining curves with a straight line to give a spectrum curve with the terrain echo
excluded.
Although the spectrum shown by the ground clutter usually has a sharp peak, it is occasionally
somewhat spread out for reasons such as the leaves on the trees in the mountains swaying in the
wind. As shown in Figure 5.4, traces of the spectrum peaks remain even after they are removed.
If the remaining traces are stronger than the atmospheric echo, the system erroneously identifies
these traces as atmospheric peaks, and outputs a speed corresponding to a weak wind,
representing a lower value than the actual wind speed. Additionally, not all ground clutter echoes
have a zero Doppler velocity. This applies to, for example, echo signals from wind turbines of wind
farms. In these cases, simple software filtering methods fails so far to eliminate such clutter, and
therefore hardware measures become more important.
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Figure 5.2 - Calculation of power distribution (beam pattern) based on angles of
radio waves emitted from a wind profiler in WINDAS

Figure 5.3 - Example of Doppler spectrum obtained from wind profiler observation

Figure 5.4 - Model of erroneous observation due to ground echo that occurs in the Doppler spectrum

Experience of JMA with the Operation of Wind Profilers, p. 23

5.2.2

Spectrum width check

The difference between the frequency of the radio waves emitted to the upper air and the
frequency of the radio waves returning to the emission point as a result of scattering in the
atmosphere and from other objects shows a scattering distribution rather than a single value. The
quantity that expresses spread of the distribution is called the spectrum width (defined as the full
width at half maximum), and this varies greatly, depending on the types of scattering object and
atmospheric conditions. The normal spectrum width is from 2 to less than 3 m/s, and significantly
larger or smaller values are likely indications that scattering due to objects other than the
atmosphere or precipitation particles is being observed. If the spread of the distribution exceeds
a previously determined threshold, the data (the one-minute value) is classified as invalid by
quality management. This form of quality management is called as the spectrum width check.
Data exhibiting extreme deviation is removed by the spectrum width check using thresholds of
0.3 m/s or 0.4 m/s as the lower limit and 9.0 m/s as the upper limit.
5.2.3

Homogeneity check in the wind field

WINDAS wind profilers usually calculate horizontal wind and vertical flow based on the Doppler
velocity observed in the five beam directions (the vertical direction and the north, south, east and
west directions at an elevation angle of 80 degrees). In this section, the east-west horizontal wind
component u is used to simplify explanation. This component is calculated from the Doppler
velocity in the east and west beam directions using the following equation.
u = (VE - VW ) / 2 sinθ
Figure 5.5 shows the process by which u is calculated. The thick black arrow indicates the actual
wind vector, and the narrow arrows indicate the Doppler speeds obtained from the individual
beams. The thick red arrow indicates the final horizontal wind component.
The diagram shows that the observed horizontal wind speed is correct when there are no
precipitation particles, or when the precipitation particles are evenly distributed. However, when
precipitation particles are present only on one side of the beam, the observed horizontal wind
speed differs from the actual value. To reject these abnormal values, the method first checks
whether the wind field is homogeneous (whether the individual beam values can be treated
equally) before producing one-minute values of wind vector based on the Doppler velocity in the
beam direction. If the quality is found to be acceptable in the check, the system calculates the
wind vector.
In specific terms, vertical speed can be calculated in three ways using the Doppler velocities in the
radial directions of the individual beams (VZ, VE, VW, VN, and VS). Suppose that vertical winds
obtained from the individual beams are w1, w2, and w3;
w1 = VZ

(vertical speed obtained from the zenith beam)

w2 = (VE + VW) / 2cosθ

(vertical speed obtained from the east and west beams)

w3 = (VS + VN) / 2cosθ

(vertical speed obtained from the north and south beams)

In this case, if the wind field is homogeneous (if there is no uneven distribution of precipitation
particles), w1, w2, and w3 are assumed to give similar values. Thus, the quality is categorized as
acceptable if any of the following are satisfied.
|w1 -w2|≤ threshold
|w1 -w3|≤ threshold
|w2 -w3|≤ threshold
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Figure 5.5 - The process of calculating one component of horizontal wind.
Thick black arrow shows actual wind vector,
thin black arrow shows Doppler velocity calculated from each beam, and
thick red arrow shows horizontal wind component obtained as final value.
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5.2.4

Consensus average

Observation stations produce ten-minute averages based on the one-minute values obtained.
Here, a method called consensus averaging is used to obtain the average. The consensus
averaging method calculates the average after removing values that deviate to an extreme extent
from the overall average.
The specific procedure is as follows (Figure 5.6).
[1] As shown in Figure 5.6 (a), suppose a set of data containing ten values (not including
those that were categorized as invalid in the checking procedures, such as the spectrum width
check, described above).
The X axis shows time, and the Y axis shows the magnitude of the data values.
[2] As shown in Figure 5.6 (b), count the number of values for which the difference from the
first value (z) is within ΔV (m/s). This number is seven, including the value itself (z). The
consensus number for the first value is seven.
[3] In the same way, obtain consensus values for all the data values in turn, i.e. up to the
tenth in this case. (z in Figure 5.6 (c) indicates the second value.)
[4] As a result, the consensus values “7, 7, 4, 6, 7, 2, 7, 2, 7, 7” are obtained. The largest
consensus number for this set is 7. Since there are six values with a consensus number of 7,
obtain the average of values having this consensus number, focusing on the tenth value which
is the latest within the time sequence. In this process, a threshold can be set so that if the
value of the largest consensus number is less than N, the ten-minute average is processed as
missing.

Figure 5.6 - Description of consensus average
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The ability of consensus averaging to remove extreme values and its average production rate (the
ratio of cases in which an average is produced) vary depending on the consensus numbers and
the value of ΔV. Figure 5.7 shows a simulation of the relationship between thresholds and average
production rates based on around 450,000 one-minute values obtained over ten days at three
sites.
According to the simulation, increasing the consensus number caused the average production
rate to decrease, and decreasing ΔV caused a drastic reduction in the production rate at values
smaller than around 1.0 m/s. We adjusted the thresholds in actual operation in accordance with
these findings. The current system operates with the consensus number set to 4 and ΔV set to
5.0 m/s (this value was set somewhat high in order to deal, to some extent, with drastic changes
in values during precipitation).

Figure 5.7 - Changes in valid average values based on different values of consensus average
(outcome of simulation based on a total of 456,126 one-minute values recorded every eight hours
from May 7 to 16, 2001 in Obihiro, Mito, and Oita)

5.2.5

Removal of echo from migratory birds

After operation of WINDAS was launched, we found that abnormal observations were widely
occurring, mostly on clear nights in spring and autumn. These abnormal observations showed
wind speeds that deviated significantly from the correct values, and wind directions that were
incorrect by up to 90 degrees. The follow-up investigation found that these observations had been
caused by migratory birds scattering the radio waves, a phenomenon called “bird echo”.
5.2.5.1

Introduction of a function to separate bird echo from received signals
leaving only atmospheric echo

Signals that are received while bird echo is occurring include both bird echo and atmospheric echo.
We found that the strength of the bird echo was not constant; it showed large fluctuations within
short time intervals (intervals of around 0.4 seconds). We therefore set up a system so that it
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would distinguish the presence of bird echo in micro-time segments and produce data by
accumulating signals received while the effect of the bird echo is not present.
WINDAS calculates one received spectrum from the signals received in the space of around
0.4 seconds (inter pulse period: 0.0001 seconds x the number of coherent integrations: 32 x FFT
points: 128) and obtains the average of 28 measurements (incoherent integrations), which is
used as the one-minute value of the received spectrum. As a countermeasure against bird echo,
the system calculates received power of each altitude range using the 28 measurements. If the
data exceeds a certain value, the system recognizes it as the presence of bird echo and removes
the data. The one-minute value of the received spectrum is produced using the received spectra
that were not removed.
Figure 5.8 shows an example of bird echo removal (Mito station, April 14, 2002, 20:25). The
28 spectra are the received spectra produced every 0.4 seconds (the Y axis indicates altitude
range, the X axis Doppler velocity, and the colors receiving power). The data between the black
areas are those categorized as bird echo. The spectrum in the bottom right-hand corner is
one-minute value that produced by averaging (incoherent integrating) the data that remains. It
shows that the effects of bird echo have been removed. As a reference, the figure on the right
shows the time variation of the 28 received power values from each layer, from the first to the 30th.
The areas shown in red are the ones that are possibly affected by bird echo.

Figure 5.8 - Example of removal of bird echo (Mito, April 14, 2002, 20:25)
The data between the black bands are recognized as bird echo and removed.
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5.2.5.2

Introduction of all-weather automatic operation system

The received power is larger when precipitation particles are present in the atmosphere, as is also
the case when bird echo is present. Therefore, when precipitation echo is present, valid
precipitation data is likely to be removed if we apply, without modification, a method in which data
is removed when the received power exceeds a threshold value. Hence, it is necessary to
implement measures to prevent the removal of precipitation echo data.
Figure 5.9 shows the time variation of the received power while bird echo is occurring and Figure
5.10 shows the received power variation while precipitation echo is occurring. These figures also
show the largest and smallest values of the twenty-eight 0.4 second readings within one minute
and the time variation of their differences.

Figure 5.9 - Time variation of received power when bird echo exists. Red line shows maximum
power and blue line shows minimum power. The difference between them is shown in pink area.

Figure 5.10 - Time variation of received power when precipitation echo exists.

Experience of JMA with the Operation of Wind Profilers, p. 29

In bird echo, there is a large time variation in the largest value for the received power, while the
time variation of the smallest value is relatively small. The large difference between the largest
and smallest values of the received power indicates that the short-cycle variation is large (time
scale of several seconds to less than one minute). Conversely, for precipitation echo, both the
largest and smallest values of received power exhibit time variations that are small. The small
difference between the largest and smallest values indicates that the short-cycle time variation is
small (time-scale of several seconds to less than one minute).
By making use of the difference in time variation between the received power for bird echo and
that for precipitation echo, it is possible to remove bird echo only. We therefore set up the two
following methods to determine a received power threshold for the removal of data: the absolute
method in which a previously determined value is applied as the threshold, and the relative
method which adds a previously determined bias value to the smallest received power value
observed in the previous hour and uses the sum as the threshold (Figure 5.11). In the absolute
method, setting a strict threshold completely removes bird echo, but may also remove valid data
if used during precipitation. Conversely, the relative method may allow some bird echo to remain
if birds are flying over on continual basis, but it is less likely to erroneously remove valid values
during precipitation.

Figure 5.11 - Models for assigning thresholds using the “absolute method” and “relative method”
Figure 5.12 shows the results of actual data removal using the absolute method and the relative
method. It shows that both methods removed the abnormal data during bird echo and calculated
normal data at altitudes at which data was missing using the conventional methods. The results
from using the relative method while precipitation echo was occurring (Figure 5.13) show slight
absences in data, but there was little effect on the ten-minute value calculation. The absolute
method and relative method are selected in accordance with the difference between the largest
and smallest values of received power. The absolute method is used when the difference is large,
because it is likely that bird echo is occurring. Conversely, the relative method is used when the
difference is small, because precipitation echo might be occurring.
Figure 5.14 summarizes the algorithm for the all-weather automatic operation system discussed
so far. Since March 2003, we have added a function which judges that there is obvious
precipitation if the previously observed downward speed is larger than a certain value, and acts
to cancel data removal. In addition, we have stabilized operation by using time-shifted averages
accumulated over several minutes as the values of received power and vertical speed.
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Figure 5.12 - The result of implementing bird echo filters.
Example from Oita, November 20, 2002.

Figure 5.13 - The result of implementing bird echo filters during precipitation.
Example from Yakushima, November 20, 2002.
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Figure 5.14 - Algorithm of all-weather automatic operation system
5.3

Quality Management at Control Center

The process and implementation status of quality management at the Control Center is discussed
below.
5.3.1

Quadric surface approximation check

The quadric surface approximation check is a method to approximate wind component values
(north-south component and east-west component) by a three-dimensional quadric surface
where the X axis represents time, the Y axis altitude and the Z axis wind component, and to
identify data that deviates by a certain distance from the quadric surface as invalid data. As
currently applied, the width of the time axis is 120 minutes, and the width of the altitude axis
contains seven layers (Figure 5.15).
The process first takes data from the seven layers that include the lowest layer, removes data that
is judged to be invalid, and produces a quadric surface one layer above, eventually producing
quadric surfaces, based on the data, up to the uppermost layer (Figure 5.16).
The quadric surface at each layer is determined using least squares so that the differences
between the values on the quadric surface (approximation) and the data values are minimized.
Invalid data is removed during the process of repetitively producing the quadric surface so that
the overall error of the estimate stays within a specific range. That is to say, all data (excluding
that categorized as invalid in the quadric surface approximation check for the layer immediately
below) is, at first, used to produce a quadric surface.

Figure 5.15 - Conceptual representation of quadric surface approximation
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Figure 5.16 - Flow of quality management for quadric surface approximation check
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Approximation errors (the difference between the quadric surface approximation and the data) is
obtained for all of the data, and if any data exceeds the threshold (currently set to 5.0+0.2×v
(m/s)) obtained from v, the mean of wind speed for the data on the quadric surface, the single
data value for which the difference is largest is categorized as invalid. Next, the quadric surface
is recreated after excluding the invalid data. This procedure is performed repeatedly, excluding
one point at a time. The surface approximation check completes for a given layer when the
approximation errors for all the valid data remain within the threshold.
The quadric surface approximation check enables removal of data containing values showing
extreme deviation from the data recorded before or after the observation periods or the data for
the upper and lower layers. The data categorized as invalid in the quadric surface approximation
check represents around 1 to 2 % of all recorded data. However, although rare, valid data is
sometimes removed in the case of drastic changes in conditions such as those occurring within a
time scale of 20 or 30 minutes that cannot be expressed on a quadric surface.
5.3.2

Vertical shear check

Vertical shear check is a quality management procedure which focuses on data at a given point
and time and categorizes it as “invalid” when the adjacent data indicates a wind speed in the
vertical direction having a shear that exceeds a certain value. As shown in Figure 5.17, the
algorithm for the vertical shear check is as follows.
[1] This check only covers horizontal wind components.
[2] The checked wind component is marked as invalid when the values of the vertical shear both
to the upper layer and to the lower layer exceed a previously determined threshold and the
signs of the two values are opposite.
[3] When wind data for the upper layer or lower layer is missing, calculation of the vertical shear
to the upper layer or lower layer continues until data is found. (If no data is found after
searching enough layers, the vertical shear is processed as valid.)
[4] In the uppermost layer (the top layer at which observation values are available), the checked
wind component is marked as invalid only when the value of the vertical shear between the
first and the second layer below the top layer is within the specified range, and that between
the top layer and the first layer is outside the specified range. In this process, the signs of the
vertical shears are not taken into account.
[5] A similar condition applies to the lowermost layer (the bottom layer at which observation
values are available).
[6] Overall evaluation uses the logical sum of the evaluations of the east-west wind components
and north-south wind components.

Figure 5.17 - Description of vertical shear check
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We found that for the quality management performed using this algorithm over a six month
period, around 6% of the total invalid data (including that categorized as invalid in the quadric
surface approximation check) was captured as invalid in the vertical shear check.
It is difficult to obtain optimal values for the parameters for the vertical shear check based on
experience, because, for this check, the ratio of values captured as invalid is low. Therefore, using
results from manual quality management, we ran a simulation to discover the changes in the
ratios for “failure (failure to capture invalid values)”, “false alarm (marking correct value as
invalid)” and “correct (accurately capture of invalid values)” when the parameters were changed.
Based on the results shown in Figure 5.18, we set 0.03 (m/sec/m) as the threshold for evaluation,
this being the value at which the number of “false alarm” results becomes smaller than the
number of “correct” results.

Figure 5.18 - Simulation of vertical shear check
5.3.3

Manual quality management

As part of quality management at the Control Center, observation officers perform visual checking
of the values after the data has been processed in automatic quality management, the main part
of which is quadric surface approximation checking. In this visual checking process, the
observation officers manually revise quality management information when necessary (manual
quality management).
Manual quality management is mainly conducted looking from the following perspectives.
[1] Evaluate whether the observation values of the wind profilers are in general agreement with
the overall meteorological conditions that exist at the time, as understood from other
observation data and the results of NWP. (The current automatic quality management
procedures are capable of finding invalid values within a group of mostly correct data, but it
is extremely difficult to identify invalidity if the whole of the data is invalid.)
[2] Automatic quality management sometimes removes valid values when observation values
show drastic changes (for example, when a front or the center of a disturbance passes
through observation points). In such cases, quality management information is manually
added that identifies the data as “valid”.
[3] Quality management information identifying the data as “invalid” is manually added if the
data has not been removed by automatic quality management even though it exhibits a large
deviation from the surrounding data, showing no continuity with the data recorded before and
after in the time sequence or above and below in altitude (such situations often occur when
the data lacks homogeneity due to influences such as noise).
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5.3.4

Quality management status at Control Center

Figure 5.19 shows the status of quality management from June 12, 2001 to January 31, 2002.
The figure uses different colors to show the ratios of the following three cases for the entirety of
the data.

Figure 5.19 - Quality management status at Control Center
•

Automatically marked invalid (the data was marked “invalid” in automatic quality
management, and the observation officer did not change it in manual quality
management)

•

Manually marked invalid (the data was marked “valid” in automatic quality
management, but the observation officer marked it “invalid” in manual quality
management)

•

Manually marked valid (the data was marked “invalid” in automatic quality
management, but the observation officer marked it “valid” in manual quality
management)

The average ratios for these management categories for all data obtained since July 17, when
automatic quality management started operation, are as follows.
“Automatically marked invalid”:

1.3% (of all data)

“Manually marked invalid”:

0.2% (of all data)

“Manually marked valid”:

0.1% (of all data)

Although most data is processed by automatic quality management, manual correction of
observation results does occur, especially when the quality of observation data is poor over a wide
area. Daily variations occur in the ratio of data marked as “invalid” because of variations in
atmospheric conditions (invalid data is likely to occur when the atmosphere is dry or when
convective precipitation is occurring) and due to the effects of changing the automatic quality
management parameters discussed so far.
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6.

USE OF OBSERVATION DATA

6.1

Distribution of Observation Data

The observation values from wind profilers are used in NWP and operational monitoring in
forecasting offices. They are also available online for general users and disseminated on GTS lines
for global exchange. In addition, data from all the observation stations is recorded on CD-ROM
and distributed as offline data
The reporting format to GTS is as follows.
(1) Report time: Every hour on the hour + around 16 minutes
(2) Time interval of report: Every hour (ten-minute value recorded every hour on the hour)
(3) Components of report
• Height above sea level (m) of the observation site
• Data quality management information (as shown in Table 6.1)
• East-west wind component (0.1 m/s) (ten-minute average)
• North- south wind component (0.1 m/s) (ten-minute average)
• Vertical speed (0.01 m/s) (ten-minute average, vertical speed of atmosphere when there
is no precipitation, vertical speed of precipitation particles during precipitation)
• Signal-to-noise ratio (S/N ratio, dB) (ten-minute average)

Table 6.1 - Data quality management information when reporting to GTS

6.2

Use of Data in NWP system

In the NWP system in JMA, as of August 2011, global analysis and mesoscale analysis are
performed, depending on the region of interest. Wind profiler data are utilized in these analyses,
and the observation values used in each type of analysis are as follows.
• Global analysis: Observation values recorded on the hour (about 100 hPa interval in the
vertical direction) for analysis conducted four times a day at 00, 06, 12, and 18 UTC.
• Mesoscale analysis: Observation values recorded on the hour for 24 hours (about
100 hPa interval in the vertical direction) for analysis conducted eight times a day at 00,
03, 06, 09, 12, 15, 18 and 21 UTC.
In addition, hourly atmospheric analysis is conducted. This analysis also uses observation values
recorded every hour at about 50 hPa intervals in the vertical direction.
6.3

Examples of Analysis

6.3.1

Troughs and Ridges

The movement of troughs and ridges in the upper air used to be monitored based on upper air
charts and NWP data. Wind profiler observation values can display atmospheric flows from the
lower level to middle level of the troposphere every ten minutes. Thus, it is possible to accurately
identify the time and altitude at which troughs and ridges pass through from the changes in wind
direction shown in the time-altitude cross sections created from wind profiler observation values.
It is therefore possible to monitor the delay and progress of troughs and ridges that have been
forecast in NWP data.
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In particular, some troughs with shorter wavelengths used to be overlooked because they did not
appear on upper air charts, and this may account for the occurrence of unexpected weather
conditions. Wind profilers, which are capable of operational monitoring at different altitudes
every 10 minutes, can provide detailed monitoring of troughs and ridges.
6.3.2

Deformation of Cold Fronts

Warm fronts and cold fronts are often associated with drastic temperature changes and changes
in wind direction. Thus, it is possible to three-dimensionally identify the structure of a frontal zone
based on the winds observed by wind profilers. While several models of the structure of cyclones
have been suggested, the actual cyclones of which we have experience are not necessarily similar
to those illustrated by these models. In addition, fronts are often deformed into complicated
shapes due to the effects of terrain.
A cyclone passed through northern Japan on July 6, 2001, together with the cold front extending
from its center. As shown in Figure 6.1, the changes in wind direction indicate that the cold air in
the lower level was moving ahead in the cold frontal zone observed by the wind profiler, which was
located in the western part of Japan (in Sakata). Meanwhile, as shown in the observation results
for a wind profiler located in the eastern part of Japan (in Miyako), wind directions at the altitude
of near 1,000 m were changing ahead of the changes on the ground, where the cold frontal zone
that had passed over a mountain range. This is probably because the lower layer of the cold front
was affected by terrain. In such cases, heavy precipitation may not occur because the convective
activity around the cold front is weakened, because the cold air flow near the ground was blocked
by the mountain range, resulting in weakening of low level convergence downstream. On the day
in question, while about 10 mm of precipitation was recorded in Sakata due to the passage of the
front, the recorded precipitation in Miyako was less than 1 mm.

Figure 6.1 - Time-altitude cross section of the wind while a cold front was passing through.
The solid line is the frontal zone estimated from changes in wind direction. Time-altitude cross
section of the wind on July 6, 2001. The left figure shows data from the wind profiler located in
Sakata to the western side of mountain range. The right figure shows data from the wind profiler
in Miyako to the eastern side of mountain range. The time shown is Japanese standard time.
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6.3.3

Detection of Precipitation

The purpose of the wind profiler is to observe wind by targeting turbulence in the atmosphere. At
the same time, the radio waves emitted from wind profilers are scattered well by precipitation
particles. The vertical speed measured by wind profilers represents the vertical speed of the
atmosphere when there is no precipitation in the upper air. When there is precipitation, however,
it represents the sum of the vertical speed of the atmosphere and the falling speed of the
precipitation particles. We can estimate when and at what altitude precipitation starts and ends,
since the falling speed of precipitation particles is higher than the vertical speed of the
atmosphere.
Figure 6.2 shows the results of wind profiler observations recorded when cumulus clouds were
passing through Mito station. Rain shower precipitation and lightning associated with the passage
of the cumulonimbus clouds were observed from 7:50 to 9:55 on August 4, 2001. In these wind
profiler observations, the time period when the downward vertical speed was 3 m/s or higher in
the lowest layer corresponded with the time period when precipitation was observed on the
ground. However, some observation data are missing in the case shown in Figure 6.2. This may
indicate failure to calculate the ten-minute average due to the five beams individually measuring
different wind conditions and precipitation particles falling speeds, as a result of the wind being
disturbed by strong convection inside the cloud, or because the precipitation particles were
unevenly distributed etc.

Figure 6.2 - An example in which vertical speeds corresponding to precipitation were observed.
The time-altitude cross section of the wind and vertical speed observed by the Mito wind profiler
on August 4, 2001.
Surface observation recorded rain shower and lightning associated with the passage of
cumulonimbus clouds from 7:50 to 9:55, August 4, 2001.
In this example, the downward vertical speed of 3 m/s (dark blue) corresponds to the period of
precipitation recorded in the surface observations.
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6.3.4

Distinguishing between Rain and Snow

Forecasters sometimes have difficulty deciding whether precipitation expected in winter will fall
as rain or snow at ground level. In such cases, the basis for the decision is whether the snow
formed in the upper layer will melt while it is falling. During precipitation, the value of the vertical
speed observed by wind profilers is the sum of vertical speed of the atmosphere and the falling
speed of precipitation particles. If the vertical speed of the atmosphere is small, it may be
possible to identify the melting band located in the upper air based on the difference in the falling
speeds of rain and snow (the falling speed is less than 1 m/s for snow and about 2 to 8 m/s for
rain). If a melting layer is found at a certain altitude and this is gradually descending with time,
it can be expected that the rain currently falling on the ground will soon turn to snow.
6.3.5

Estimation of Cloud Layers

The degree to which the radio waves from wind profilers are scattered by the atmosphere
depends on the size and intensity of the turbulence in the upper air, and the accompanying degree
of turbulence in the water vapor content. Therefore, the intensity of the radio waves received
after scattering in an area with high water vapor content tends to be stronger. Moreover, the radio
waves emitted from wind profilers are scattered much stronger by ice crystals as well as
precipitation particles. This indicates that it is possible to estimate cloud layers from the signal
intensity received by wind profilers. However, a layer giving strong received signal intensity may
not necessarily correspond to a cloud layer, because the distribution of turbulence must also be
taken into account; nevertheless, we sometimes obtain good agreement when we compare our
wind profiler observations with ground observations of cloud-bottom height or meteorological
satellite and radar measurements of cloud-top height.
Figure 6.3 shows observation results at Mito recorded on June 22, 2001. The operational surface
observations on this day were “10 St: 3km visibility” at 3:00, and “2 Sc, 10 As, cloud moving from
west to east: 20 km visibility” at 9:00. The wind profiler performed observations in which the
receiving strength (S/N ratio) exceeded 40 dB in the lower layer below 1,000 m from 0:00 to after
3:00, and from altitudes of around 5,000 to 7,000 m from after 2:00 to midday. We estimate that
this data corresponds to the low level cloud and middle level cloud observed from the ground.

Figure 6.3 - Example of estimating cloud layers based on received signal intensity. Time-altitude cross
section of the wind and received signal intensity (S/N ratio) at the Mito wind profiler on June 22, 2001.
The cloud amount and cloud type at 0300 and 0900 are shown at the upper part of the figure. The
received signal intensity more than 40 dB corresponds with the cloud layer in this case.
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6.3.6

Turbulence

Turbulence is one of the phenomena that affect the safe operation of aircraft. Aircraft can avoid
the turbulence that occurs inside cumulonimbus clouds by monitoring such clouds with an
airborne radar, but there is no direct way of avoiding clear-air turbulence that occurs in airspace
with no cloud.
Forecasting officers involved in aeronautical meteorology predict turbulence by focusing on upper
layer troughs, the vicinity of jet axis or fronts, and areas where vertical wind direction and speed
are changing drastically. Since wind profilers obtain information for areas with drastically
changing wind direction and speed, they can also be utilized as turbulence monitoring tools.
Depending on the weather conditions, WINDAS wind profilers can obtain wind data from the
ground level up to an annual average of 5 km and up to 9 km in some atmospheric conditions.
This enables briefings to be provided of aircraft, especially during approach and departure, and of
small aircraft and helicopters that fly at low altitudes.
On June 14, 2001, at 9:15 am, the pilot of an aircraft flying toward Narita International Airport
reported that MOD TURB (moderate turbulence) had been encountered at an altitude of 9,500 ft
(approximately 3,000 m), five miles north of Narita. The wind profiler at Mito, which was the
closest to the location of the reported incident, recorded a vertical shear of wind direction toward
altitude 2,000 to 3,000 m at the time the report was made (Figure 6.4). A northeast wind was
blowing below altitude 2,000 m, but a southwest wind, which has the 180-degree opposite
direction, was blowing above altitude 3,000 m. Therefore, we estimate that air turbulence was
occurring in the area where the aircraft experienced the MOD TURB.

Figure 6.4 - Time-altitude cross section of the wind and vertical speed captured by the
Mito wind profiler that was closest to the airspace in which an aircraft experienced
turbulence.
An aircraft experienced MOD (moderate) turbulence at the time and altitude indicated
by the red circle on June 14, 2001.
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