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Emergency broadcasting to protect the public in Japan

1 Disaster broadcasting in Japan
1.1 Earthquake Early Warning (EEW)
Japan is affected by typhoons nearly every year and volcanic disasters triggered by eruption and volcanic earthquake activity frequently occur. Japan is particularly prone to earthquakes, due to its location coinciding with the boundaries of the Pacific plate, the Philippine Sea plate, the Eurasian plate, and the North American plate. The Japan Meteorological Agency can detect the small vibrations that occur before a major earthquake, enabling it to predict and provide information on the magnitude and epicentre of the tremor. This data is automatically delivered to broadcasters via a direct line. Broadcasters instantly provide the warning across all its TV and radio channels.
1.1.1 Structure of Earthquake Early Warning
The structure of the Earthquake Early Warning system is shown in FIGURE 1. When an earthquake occurs, preliminary tremors (P-wave) and the principal motions (S-wave) that causes strong shaking occur simultaneously at the focus. These two sets of waves propagate at different speeds: P-wave at about 7 km/sec and S-wave at about 4 km/sec.  When a seismograph near the epicentre detects a P‑wave that comes first, the system estimates the focus and magnitude of the earthquake and then calculates the arrival time and estimated seismic intensity of the subsequent S-wave, based on the distance from the epicentre and other factors. The Meteorological Agency issues an Earthquake Early Warning when it determines that an earthquake of seismic intensity 5-lower or more is expected in some areas. This warning can inform people, in relatively distant areas from the epicentre of an approaching strong earthquake before the S-wave actually arrives. Therefore, they are given a window of time to take evasive action, such as evacuation and preparing themselves for the earthquake. The Meteorological Agency's Earthquake Early Warning system calculates and analyses data from more than 4,200 seismographs installed all over Japan. The Agency started fully fledged operation of this system on 1 October 2007. It should be also noted that the estimated intensity predicted by the Agency has a margin of error of plus or minus 1.
In the Great East Japan Earthquake, which occurred on 11 March 2011, the Meteorological Agency detected a P-wave by a seismograph installed in Ishinomaki City, Miyagi Prefecture, 22 seconds after the earthquake occurred, and issued an Earthquake Early Warning after another 8.6 seconds[footnoteRef:1]. FIGURE 2 shows the window of time between the Earthquake Early Warning announcement and the arrival of the S-wave in this earthquake. It shows there was an 18 second window before the arrival of the S-wave in Kurihara City, Miyagi Prefecture, which recorded the maximum seismic intensity of 7. It also demonstrates that there was a 16-second window in Sendai City, Miyagi Prefecture, which registered the seismic intensity of 6-lower, and about a 65 second window in Tokyo. [1:  The Japan Meteorological Agency, "Quick Report of Great East Japan Earthquake and Tsunami", A Report on Natural Phenomena at the time of Disasters, No 1. 2011.] 



Most of the broadcasters have exclusive lines for Earthquake Early Warning signals. For example, NHK (Nippon Hōsō Kyōkai / Japan Broadcasting Corporation), the Japanese public broadcaster, has a duplex structure of 64 kbps exclusive lines for Earthquake Early Warning, in order to obtain up‑to-the-minute data from the Meteorological Agency. Once a broadcaster receives data, a graphic, consisting of a map and words (shown in Figure 3) is generated immediately. Soon after the graphic is generated, it is automatically superimposed on the main broadcast feed. At the same time, an alarm voice announcement is synthesized and a warning is conveyed to viewers with the image and voice. All of these processes are performed automatically.
[bookmark: _Ref364436793]FIGURE 1
Concept of EEW
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[bookmark: _Ref366247514]FIGURE 2
Window of time from the EEW announcement till the arrival of S-Wave (sec)
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[bookmark: _Ref366247518]Figure 3
NHK broadcast screen at the time of the EEW announcement 
(The caption says: "Earthquake Early Warning (JMA), an earthquake in offshore Miyagi, 
caution for strong shaking. Miyagi, Iwate, Fukushima, Akita, Yamagata")
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1.1.2 Issue of delay in digital broadcasting
When an Earthquake Early Warning is issued, an Earthquake Early Warning screen is superimposed on the main broadcast feed and an alarm voice announcement is delivered. However, if this method of providing information using video and audio signals is applied via Japan's digital terrestrial broadcasting (ISDB-T), system, there would be a delay caused by the inherent MPEG-2 encoding process and multiplexing of channel streams. Transmission delay will also occur when distributing broadcast signals from the broadcast centre in Tokyo to local broadcasting stations across the nation, because of the multistage relay. Ultimately, a warning is displayed on a digital TV screen about 1 to 2.5 seconds later than on a conventional analogue TV screen. There is only a short window of a little more than 10 seconds to a few tens of seconds from an Earthquake Early Warning announcement until the arrival of S-wave in relatively close areas to the epicentre. From the perspective of protecting lives and properties from a disaster, a maximum delay of 2.5 seconds needed to be achieved where possible. In September 2008, the Ministry of Internal Affairs and Communications demonstrated its recognition that some measures needed to be taken for speedy transmission of Earthquake Early Warnings[footnoteRef:2]. [2:  The Ministry of Internal Affairs and Communications, "Promoting Technical Studies for Prompt Transmission of  Emergency Earthquake Warnings on Digital Terrestrial Television Broadcasting and Media", http://www.soumu.go.jp/menu_news/s-news/2008/080912_5.html (online), 12 September 2008. ] 

In the case of NHK, it started operation of an enhanced warning transmission system on 2 August 2010, using a mechanism of the ISDB-T data broadcast transmission in which the character codes "Earthquake Early Warning" are sent and immediately displayed on a TV screen. By using the mechanism of transmitting instantaneous event messages, which is one of the ISDB-T data broadcast functionalities, a digital TV that has received data, displays the message "Earthquake Early Warning" using its built-in font and replays its built-in alarm sounds immediately (
Figure 4). This made it possible to communicate an Earthquake Early Warning announcement with images and voice to viewers about 1.0 to 2.5 seconds faster than providing superimposed information on the main broadcast feed (Figure 5).
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Figure 4
Showing immediate display of the words "Earthquake Early Warning"
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[bookmark: _Ref366247190]Figure 5
Warning screen displayed in several seconds
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1.2 Emergency Warning System (EWS)
In the event of imminent disaster, an alert is issued via TV and radio to warn the public. Devices capable of receiving the alert are switched on automatically. This system is activated when a tsunami warning is issued by the Japan Meteorological Agency.
In the Great East Japan Earthquake, NHK started the Emergency Warning System (EWS)[footnoteRef:3] simultaneously with the issuance of the major tsunami warning. Though terrestrial TV broadcasting in Japan was due to be completely switched over to digital broadcasting in July 2011, the earthquake occurred in March, during the transitional period when both digital and analogue broadcasts were available. Therefore, NHK implemented the Emergency Warning System on both of their digital and analogue broadcast services. [3:  See Recommendation ITU-R BT.1774-1.] 



1.2.1 Structure of Emergency Warning System on ISDB-T
Japan's digital terrestrial broadcasting system, ISDB-T, enables hierarchical transmission, allowing a mixture of multiple transmission parameters. The Emergency Warning System in digital broadcasting uses the TMCC (Transmission and Multiplexing Configuration and Control) signals defined in OFDM frames for hierarchical transmission parameters, as a way of sending control signals at the start and end of the warning. In these TMCC signals, an Emergency Warning System identifier is defined. Meanwhile, in Japan's analogue TV and radio broadcasting network, the start and end signals of the Emergency Warning System were sent as audible signals to control the receiver. Using the frequency-shift keying (FSK) scheme, data signals "1" and "0" were modulated to 1,024 kHz and 640 kHz tones respectively, and the data was transmitted at 64 kbps. As these tones are audible to the human ear, people readily associate the sound with the start and end of the Emergency Warning System. For digital broadcasting, these audible signals are not necessary for system operation. However, NHK has continued to use the same audible signals, in order to alert viewers using the same warning sound. Upon receiving the EWS flag, digital receivers with the Emergency Warning System reception function, including in-car digital tuners, automatically turn on the receiver or change channel to the one providing EWS broadcasting, or show a prompt message to change channel to the one providing the EWS broadcasting.
2 Broadcasting in the Great East Japan Earthquake
2.1 About the Great East Japan earthquake
An earthquake with a magnitude of 9.0 hit Japan at 14:46:18.1 JST on 11 March 2011. Its epicentre was 130 km off the eastern coast of Sanriku, in Miyagi Prefecture and at a depth of 24 km on the sea bed. It is the largest earthquake on record in Japan. In one place it registered an intensity of 7, the highest on the Japanese seismic scale of zero to 7. Intensities of 5-lower or above were observed in wide areas of eastern Japan. In terms of intensity, it was the fourth largest earthquake in Japan since 1900.
Thirty minutes to one hour after the earthquake, tsunami waves of at least 10 metres high hit various parts of the Japanese archipelago. The maximum run-up height reached 40.5 metres. Huge waves caused serious casualties and devastating damage in coastal areas in Tohoku and Kanto, facing the Pacific Ocean. The earthquake also caused liquefaction and land subsidence in wide areas.
Strong shaking and the tsunami triggered a nuclear crisis. Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power Station lost all its power sources. The plant became unable to cool down its reactors. This resulted in Japan's worst ever nuclear accident, with massive leaks of radioactive material into the air and the sea. Even now, the areas surrounding the power plant are off limits and many people are forced to live in temporary accommodations. There are serious concerns about how radiation can affect people and foodstuffs. This raises the need for long-term responses.
As of 9 August 2013, the disaster left 15,883 people dead and 2,656 missing. In all 126,483 houses were destroyed and 272,287 others damaged. The Japanese government estimates the damage caused by the disaster at about 17 trillion yen or about 170 billion dollars.


2.2 Damage to broadcast facilities
2.2.1 Damage to remote-controlled cameras
Broadcasters in Japan have remote-controlled cameras installed along the Pacific side of the Tohoku region (Aomori, Iwate, Miyagi and Fukushima prefectures). Whilst these remote-controlled cameras served as an extremely useful tool for the initial emergency newscasts, the cameras themselves suffered serious damage from the earthquake and tsunami on the day of the quake, 11 March 2011. According to NHK, two of its 36 cameras installed in the region collapsed and were submerged by the tsunami and 21 cameras became unavailable due to power outages.
One example of a completely lost camera is the "Onagawa camera" installed along the coastline near the Onagawa nuclear power plant, on the Oshika Peninsula, which is located on the east side of Sendai City. Directly hit by the tsunami, the camera was destroyed, along with the steel pole it was attached to (Figure 6). Other remote-controlled cameras of 4 commercial TV stations installed at the same location were similarly damaged.
[bookmark: _Ref364862177]Figure 6
Damage of "ONAGAWA Camera" destroyed by the tsunami
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2.2.2 Damage to transmission sites
On the day of the Great East Japan Earthquake, broadcast transmission sites in the earthquake‑stricken regions were severely damaged.
NHK had 810 digital TV, 1179 analogue TV and 44 medium wave radio transmission sites in the earthquake-stricken regions on the day of the Great East Japan Earthquake. After the earthquake, 182 digital TV, 351 analogue TV and 7 medium radio transmission sites ceased operation, mainly due to power cuts. Most of the transmission sites were recovered by emergency power generators. As shown in Figure 7, two digital transmission sites were washed away, along with many households in their service areas by the tsunami.
Iwate Broadcasting Company (IBC) made every effort to continue radio broadcasting. Some IBC staff went to the radio stations to refuel the generators. The ordinary routes to the stations were damaged by the earthquake and engulfed by the tsunami. Therefore, the IBC staff had to go on foot, with heavy loads and try some detours to the stations (Figure 8). Sometimes these routes were blocked by heavy snow.
The Tokyo Tower analogue television antenna, which served more than 13 million households, was damaged by the quake (Figure 9). Fortunately this did not affect its service area too seriously and it was repaired temporarily and continued operation until the analogue switch off on 24 July 2011.
[bookmark: _Ref364868265]Figure 7
Digital TV station washed away by the tsunami
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[bookmark: _Ref366247124]Figure 8
IBC staff member walking to a radio station
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[bookmark: _Ref366247112]Figure 9
Damage to the "Tokyo Tower" analogue antenna
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2.3 Disaster reporting
Following the severe disaster on 11 March 2011, the broadcasters continued emergency broadcasting for longer than had been experienced before. Emergency broadcasting continued for several weeks after the disaster and the broadcasters had to continue this in a very trying and unprecedented situation.
NHK is the only public, statutory broadcaster in Japan. Under the Broadcast Act, NHK is under an obligation to broadcast early warning emergency reporting in times of natural disasters such as earthquakes and tsunamis. However, the other (commercial) broadcasters also provided emergency programs. All commercial broadcasters refrained from TV and radio advertising for several days after the disaster occurred. Nevertheless, disaster reporting continued, as shown in Figure 10.
[bookmark: _Ref365901263]Figure 10
Nippon Television Network Corporation reporting from the disaster area
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Disaster reporting by NHK and commercial broadcasters provided the public in Japan with plentiful and accurate information. It enabled the people in Japan to rightly determine how to act in the situation of unimaginable catastrophe.
The authorisation process to licence broadcasting stations was also changed, to fit the emergency situation. Some broadcasters were licenced temporarily and promptly, to offer emergency broadcasting utilizing existing equipment, such as community FM radio, or newly-established temporary equipment. Those efforts of broadcasters widened the service area so that more people became able to obtain vital information, such as the location of food and water supplies and names of evacuated people in shelters. Many volunteers and local government officials contributed to the operation of these local radio stations (Figure 11).


[bookmark: _Ref365897922][bookmark: _Ref365897895]Figure 11
The Studio of "Natori Saigai (disaster) FM" 
established at Natori City office building, Miyagi prefecture
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2.3.1 NHK disaster reporting
In the event of a natural disaster, NHK aims to mitigate the impact by delivering accurate and timely information.
When the earthquake occurred at its focus at 14:46:18.1 JST, NHK's General TV was broadcasting Diet Deliberations live. Twenty-two seconds later, a seismograph set by the Meteorological Agency in Ishi-no-maki City in Miyagi Prefecture observed the first seismic wave. Nine seconds later, the Agency issued an Earthquake Early Warning[footnoteRef:4]. At the same moment, NHK aired the warning on all its channels. [4:  The Japan Meteorological Agency, "Quick Report of Great East Japan Earthquake and Tsunami", A Report on Natural Phenomena at the time of Disasters, No 1. 2011.] 

One minute and 59 seconds after the earthquake occurred, NHK suspended regular programs on all its channels, and began broadcasting emergency news. NHK aired tremors live, as captured by remote-controlled cameras, together with newsflashes on how different areas were being shaken. Fifty-four seconds later, NHK received information that the quake measured an intensity of up to the maximum of 7.
Three minutes and 45 seconds after the earthquake, the Meteorological Agency issued a major tsunami warning. Nine seconds later, NHK began emergency broadcasting of the major tsunami warning. NHK repeatedly aired estimated places, times and heights of the tsunami, telling people in coastal areas to evacuate at once. NHK kept on broadcasting VTR images that captured the moment the quake hit different areas and live footage captured by remote-controlled cameras at various places in the Tohoku region.
Twenty-seven minutes after the earthquake, a remote-controlled camera at Kamaishi port in Iwate Prefecture captured sea water slowly beginning to submerge the land. Several minutes later, remote‑controlled cameras at various other places began filming the moments massive tsunami waves reached land. Huge waves were sweeping away cars and water was rising rapidly, engulfing streets and towns.


About one hour after the earthquake, a cameraman on board an NHK helicopter broadcast live from the air how huge tsunami waves were running up on land, hitting buildings and swallowing them, one after another. The huge stream of debris went on engulfing plains. This unbelievable and shocking live footage was broadcast not only in Japan, but all around the world.
Massive aftershocks continued. Many Earthquake Early Warnings were issued. NHK received images from various sites, depicting damage caused by the earthquake and tsunami. In the Tokyo metropolitan area, a fire broke out at a petrochemical complex. Public transportation systems were paralyzed. About 100,000 commuters were unable to go home, and remained stranded on the street. NHK reported all this live. When night fell, NHK obtained footage of a fire engulfing the city of Kesen-numa in Miyagi Prefecture, from a Ground Self-Defence Force's helicopter.
Shortly after 19:30, NHK aired a newsflash, that the government declared a Nuclear Emergency Situation at Fukushima Daiichi Nuclear Power Station. At 21:30, the government issued an evacuation order. From that time on, NHK found itself having to report two extremely serious situations simultaneously: the disaster caused by the earthquake and tsunami, and the nuclear accident. The initial emergency news program, that started with the first Earthquake Early Warning continued non-stop for 43 hours.
During the week that followed, NHK continued disaster reporting on NHK General TV, BS-1 and Radio 1. NHK set Educational TV as the channel for information on missing persons. In this way, NHK continued conveying necessary information to viewers and listeners. For those who had no access to television or radio services, NHK streamed General TV programs on the Internet.
In covering the nuclear accident, NHK positioned itself outside the 30 km evacuation zone. NHK used their helicopters to film reactor buildings, and activities to drop water over the buildings to cool down the reactors. Each of the helicopters is equipped with a Hi-Vision (high-definition) camera with anti-vibration functions. NHK attached a telephoto lens to this camera and installed a filter, in order to provide the clearest images for the viewers.
As for the nuclear accident, NHK was unable to cover news within 30 km from the nuclear power plant, as the area is a compulsory evacuation zone after the nuclear accident. Therefore NHK sent helicopters every day to cover the nuclear power plant. NHK filmed the plant from the air, above a location at least 30 km away from the plant. NHK used cameras with lenses of a magnification of x42, set on anti-vibration tables. To broadcast clearer images captured by helicopters, NHK enlarged and sharpened images, by putting them through digital processing at NHK's news centre (Figure 12).
As the nuclear power plant lost the electricity used to cool down its reactors, fire fighters and members of the Self-Defence Forces sprayed water from fire engines. At that time, NHK was able to report the activities in the best possible way under restricted conditions.
During one month from 11 March, NHK devoted about 77 per cent of its entire broadcasting hours, or 571 hours 52 minutes, to programs related to this serious disaster and the nuclear accident. That was more than twice as many as those provided to cover the Great Hanshin-Awaji Earthquake in 1995.


[bookmark: _Ref364440663]Figure 12
Image transmitted from a helicopter (shot at 30 km away)
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2.4 News gathering in emergencies
Broadcasters in Japan have the resources and facilities to carry out news coverage across the country, including utilising helicopters and remote-controlled cameras.
Remote-controlled cameras
The broadcasters have remote-controlled cameras set up throughout Japan. For example, NHK has more than 460 remote-controlled cameras. These cameras, or "robot cameras", are installed mainly in highly-populated streets, intersections, coastal areas, highways, major terminal stations and nuclear power plants, so that they can be used not only for covering incidents and accidents, but also for reporting earthquakes and tsunamis, typhoons, traffic information, weather information and even nuclear accidents. Video and audio signals from these cameras are transmitted to the nearest broadcasting station via a microwave link or optical line. Cameras are operated and controlled through a dedicated phone line.
In addition, live streaming images from each remote-controlled camera are continuously collected at the broadcast centre in Tokyo, and footage over the previous 12 hours is stored in a storage system. Each remote-controlled camera is continuously connected to the broadcast centre in Tokyo via a virtual private network, using public IP lines, such as FTTH, ADSL and ISDN. Images are compressed in real time by an IP encoder, to about 50 kbps to 384 kbps and then transmitted. Footage and live images from each camera stored in the broadcast centre can be retrieved by simple GUI operation and replayed from the desired point in time. Thus, the broadcasters have the ability to immediately air footage from remote-controlled cameras, as the first reported images in an emergency newscast. For urgent news, footage from this system is used first, although the image quality is low. Within a few minutes, a microwave link or other lines are established and the broadcast can be switched to HDTV high-resolution images.
Most of the remote-controlled cameras have batteries, so they may cope with a minor power interruption. Therefore, they were able to capture the scenes from the moment the earthquake occurred, until the arrival of the tsunami, from various directions, despite the large-scale blackout. The duration of the batteries currently used is about 2 to 4 hours, but the remote-controlled cameras faithfully kept filming the earthquake tremors and how the massive tsunami arrived, without being affected by the loss of power supply in the disaster areas. By using microwave links similarly equipped with batteries, it enabled the shocking footage of the arrival of the tsunami (Figure 13) to be broadcast live. In covering the earthquake and tsunami, images from these remote-controlled cameras, powered by batteries was the only source from which information was gathered, except by the helicopters.
However, even the power supplied by the batteries was depleted in the evening, putting many remote-controlled cameras out of commission. Meanwhile, there was one camera which had been hit by the tsunami, but continued operation. The "Hachinohe-port" camera survived, being the only working camera along the Pacific coast of the Tohoku region. The camera is installed on the rooftop of a six-story building owned by Hachinohe City, Aomori Prefecture. Based on lessons learned from the past experience of tsunamis, a private power generator was installed on the fifth floor of the building. In addition, a pump to supply fuel from an underground fuel tank to the power generator was placed in the room protected by insulated double steel doors. As a result, the private power generator worked successfully. As the remote-controlled camera equipment was also powered by this power generator, the "Hachinohe-port" camera was able to maintain operation, while the surrounding area lost power for more than a week. It became the sole remote-controlled camera installed along the Pacific coast of the Tohoku region since the evening of 11 March, when many other cameras failed due to blackouts and power loss from batteries.
In order to maintain emergency newscast capability using remote-controlled cameras, most of the damaged robot camera equipment is now restored and additional remote-controlled cameras have also been installed. Through this experience, the broadcasters have started examining how they can better respond to longer power outages, for example, by using a larger capacity battery or by introducing a new power supply system, such as a small generator, solar power or wind power as alternatives to battery power. Increasing remote-controlled cameras further will also be considered and more disaster-resistant locations for these cameras will be studied, so that the system will be strengthened to capture earthquakes and tsunamis more accurately than today.
[bookmark: _Ref364862305]Figure 13
Footage of the moment the tsunami arrived captured by the "KAMAISHI" camera (live broadcast) 
(The caption says: Tsunami Warning added; East Kagoshima, West Kagoshima, Okinawa. 
The map on the bottom of the screen shows where Tsunami Warning was issued)
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Satellite OB vans deployed
After the earthquake, the power supply was cut off for many hours in almost all the areas in the Tohoku region. This considerably limited the operation of microwave-relay links. In such a situation, the use of satellite outside broadcast (OB) vans was particularly useful at this initial stage of the disaster.
Figure 14 shows where NHK's satellite OB vans were at work on the evening of 12 March, one day after the earthquake. When the disaster struck, its 46 vans were mobilised. Seventeen of them rushed to the areas hit by the earthquake and tsunami.
For nearly two weeks after the earthquake, mainly relay resources in coastal areas were hit hard, and evacuation centres nearby, were mobilised. The big problem was fuel. There was practically no fuel available in coastal areas.
For disaster reporting, the power of on-vehicle transmitters is usually kept on, so that it can be possible to broadcast live or send news reports at any time. However, to economise on the use of fuel, the power for all devices was removed, except for those used to communicate with the broadcast stations. The power would be turned on only when the transmitters were used to go on air or send reports. For a while, the broadcasters had fuel transported from other regions, such as Nagoya or Tokyo to refuel their vans.
It was also extremely difficult to secure a means of communication between OB vans and broadcast stations. Cellular phones could hardly be used, as service providers set restrictions on calls. Some broadcasters have a license to use microwave wireless links. But this did not solve the problem. More than 40 satellite OB vans, always on the move to gather news, and the helicopters, always flying to gather news, had to use the same wireless channel for communications. This made it difficult to communicate with OB vans. After a while, it became gradually easier to use cell-phone text messages, though using cell-phones themselves remained difficult. Therefore cellular text messages were used to send notices to all and keep in contact with one another.
Another important challenge was safety management of reporting crews at sites. As the days went by, reconstruction work progressed. The broadcasters were reporting more from areas hit hard by the tsunami. But as aftershocks continued, they needed to give the highest priority to the safety of reporting staff.
For example, NHK set the following as safety guidelines:
–	NHK will not report from areas inundated by the tsunami.
–	NHK does not broadcast live, or send news reports by satellite OB vans, from the places considered unsafe. Those who hope to broadcast live from such places will have to seek the approval of those in charge at relevant NHK broadcast stations.


[bookmark: _Ref366246951]Figure 14
Where satellite OB vans were deployed one day after the earthquake
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Helicopters
Broadcasters in Japan have helicopters across the country for emergency reporting. Those helicopters are indispensable to shoot accident or crime scenes from the air and cover rescue activities by fire fighters or the Self-Defence Forces.
NHK always has 14 helicopters standing by in 12 locations. One such NHK helicopter became the only one among those from other television networks to be able to take to the air and made it possible to provide a live report of the tsunami engulfing the city of Sendai in Miyagi Prefecture, near the epicentre. The camera on board the helicopter filmed, from the air, how black tsunami waves were running up the Natori River, about 4 km south of Sendai Airport, engulfing fields and houses (Figure 15). This live footage shocked not only Japan, but the entire world. By analysing images taken from this helicopter, scientists found the tsunami waves were propagating at a speed of 20 km/h. The helicopter was unable to return to Sendai Airport, as the airport itself had been engulfed by the tsunami (Figure 16). So, it continued to gather news from the air, and landed at Fukushima Airport two and a half hours later.
The earthquake also caused damage at many places in Tokyo. The helicopters in Tokyo were used to report the fire at the petrochemical complex and in streets flooded with commuters who were unable to go home.


[bookmark: _Ref364442262]Figure 15
Running up of tsunami filmed from the NHK helicopter 
(The caption on the top centre of the screen says: Tsunami Warning; in East Kagoshima, 
will be at 5:10p.m., 1m height. The list in bottom left describes the observed tsunami: in Soma Port, 
at 3:50 p.m., over 7.3m, and other regions follow)
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[bookmark: _Ref364442243]Figure 16
SENDAI heliport was hit by the tsunami
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2.5 New broadcasting techniques and operations in emergency
2.5.1 Information on missing persons
Immediately after the earthquake, broadcasters in Japan started to broadcast information on missing persons. They thought people would feel an immediate need to make sure their relatives or friends were safe. The broadcasters began accepting information by telephone and began broadcasting it. Several days later, some broadcasters also began broadcasting lists of people accommodated at each of the evacuation centres.
NHK began broadcasting such information on Educational TV and NHK FM at 18:45 on 11 March (Figure 17). Additionally, NHK's homepage, "NHK Online", also began providing such information. NHK also made the data available on NHK Data Broadcasting, so that people could search missing persons by inputting their names 
Figure 18). NHK also linked up with Google's internet message board service, "Person Finder", to give people online access to the information NHK gathered.
Iwate Broadcasting Company, (IBC) first informed the names of 48 people who were evacuated at the Kamaishi Port Office, Ministry of Land, Infrastructure, Transport and Tourism, at 11 p.m. on 11 March. The Kamaishi Port Office was struck by the tsunami and isolated until IBC first got in contact by satellite phone. The names of the people evacuated were read by the staff of the Kamaishi Port Office on the satellite phone. After that, IBC collected lists of people in the evacuation centres and it read out every person's name. On 13 March, IBC started to publish the lists on its homepage. It recorded 1 million views a day on 18 March and over 20 thousand names were listed at that time.
[bookmark: _Ref364442614]Figure 17
Broadcasting information on missing persons 
(Names, places and messages are displayed)
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Figure 18
Screen for searching safety information on data broadcasting 
(Software keyboard for searching names is displayed)
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2.5.2 Streaming services for the internet
Some broadcasters began streaming their programmes live on 11 March, the day the earthquake occurred. This was to offer emergency news and information about people's lives and properties for those people in areas hit by the disaster and for those who have no access to television or radio broadcasting. The broadcasters did this with the cooperation of video service providers.
The live streaming of TV programs was done via video service providers, for example, Ustream, Yahoo! Japan and Nico Nico Douga. In the case of NHK, its General TV service via the Internet recorded access from more than 36-million people (Figure 19). By streaming TV programs via video service providers, the broadcasters were able to avoid a high concentration of access on their homepages. This also enabled them to keep offering essential information on their homepages.
As for radio programs, wire circuits for delivering radio programs from Tokyo to Sendai were cut off. Therefore, some broadcasters started to provide their radio programs via the Internet. For example, NHK streamlined Radio 1 programs on 48 kbps on the Internet. It recorded access from about 920,000 people.
After a while, the broadcasters terminated their on-line streaming, as they were broadcasting increasingly more programs for which they had no approval for distribution on the Internet (NHK ended its streaming services on 25 March). While the broadcasters were offering streaming services, they had never offered any programs for which they had no approval. The broadcasters interrupted streaming, whenever such programs were being aired.


[bookmark: _Ref364442751]Figure 19
Streaming of NHK programme (via Ustream)
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2.5.3 Broadcasting for people with disabilities
For people with hearing disabilities, NHK started broadcasting emergency caption news 20 minutes after the earthquake occurred. NHK usually offers about four hours of caption news for such people per day. To create caption data, the speed word-processing system was utilized.
[bookmark: OLE_LINK2]On the day of the earthquake, NHK increased its schedule of caption news, and began broadcasting them promptly. It was foreseen that NHK was going to be reporting on the disaster for many days. It was clear that it would be unable to depend solely on the speed word-processing system, because it was difficult to get enough operators. Therefore, NHK also used an automatic voice recognition system, developed by NHK Science and Technology Research Laboratories. On Educational TV, NHK extended its regular programmes to include news reports and commentaries with sign-language interpretation. Furthermore, NHK also allocated additional hours for such broadcasting. For people with visual disabilities, commentaries in sound were also offered.
2.5.4 Broadcasting for foreign nationals living or visiting Japan
Immediately after the emergency warnings were broadcast, NHK began broadcasting in a number of foreign languages, to inform foreign nationals living in Japan. Announcements were provided in English, Portuguese, Chinese and Korean on the audio sub channel. The announcements informed foreign viewers that a major tsunami warning, a tsunami warning and a tsunami advisory had been issued, and it repeatedly informed them where the tsunami was likely to hit and when. NHK already kept, in its system, pre-recorded sound data of tsunami warnings and advisories in each of these languages. When tsunami information is given on-line by the Meteorological Agency, the system automatically creates fluent comments to be announced in each of the four languages using the files. The announcements are aired on the sub channel, at the same time as an announcement in Japanese is given on the main audio channel.
In its regular schedule on General TV, NHK offers multiplex news services in Japanese and English, in its main news programmes in the evening, "News 7" and "News Watch 9". At the time of the disaster, it also offered news in English prepared for NHK's international broadcasting network, NHK World, and on many other news programmes on General TV, using the sub channel. These news items were prepared essentially for viewers in other countries. Therefore, it may not have corresponded completely with the news prepared for Japanese audiences. However, NHK World reported a great deal on the disaster. NHK began offering these services on 15 March, four days after the earthquake, until 8 April.
2.5.5 File-based non-linear news video system
Fuji Television Network (Fuji TV), one of the major commercial broadcasters in Japan, utilised its own file-based nonlinear news video system, named "F-BINUS"[footnoteRef:5] [footnoteRef:6]. With this system, footage transmitted from the scene is stored in the recording server, simultaneously allowing access as material to be edited. With traditional tape-based systems, footage can be used only after the recording is completed and only single access at once is possible (Figure 20). [5:  Fuji File-Based Intelligent News Production System.]  [6:  Fuji TV also utilizes IP-based infrastructure in its network (see Report ITU-R BT.2268).] 

[bookmark: _Ref366073411]Figure 20
Editing procedure of Linear and Non-Linear systems
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When the severe disaster of the Great East Japan Earthquake struck, Fuji TV immediately shifted to emergency reporting, despite its broadcast station being damaged by the long lasting earthquake. For several hours after the earthquake, only a small amount of footage had been sent via the network, so the editors had to share this at the same time. The non-linear news video system worked effectively and Fuji TV was able to broadcast the emergency reports smoothly.
However, after several hours, the amount of footage available had gradually increased. Usually, about 200 pieces of footage is sent per day - after the disaster, more than 500 pieces of footage per day were being sent. This situation continued for about one and a half months. The metadata function of F-BINUS played an essential role. Utilising the metadata, footage for on-air play-out was able to be searched quickly among the numerous footages stored. As a result, about 1,500 edited video clips a day were created for on-air play-out. The edited clips were arranged flexibly using F-BINUS's transmission user interface, which indicated footage as "cards" that programme directors could select and intuitively assign to the channels (Figure 21).


[bookmark: _Ref366073510]Figure 21
F-BINUS's transmission user interface
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2.6 The importance of broadcasting in disasters
2.6.1 Survey of media use immediately after the earthquake
According to investigations by NHK Broadcasting Culture Research Institute (Figure 22)[footnoteRef:7], the media used for getting information soon after the Great East Japan Earthquake were "radio" (51%), "TV receiver" (21%) and "One-Seg" (19%). One-Seg is one of the features of ISDB-T, which enables TV programs to be received on mobile phones. In the disaster stricken area, the information could not be acquired from TV receivers because of power cuts. Mobile phone calls and text messages were not connected due to traffic congestion and damage to infrastructure, and this meant that most people were isolated from information. A radio receiver, which can operate for long periods with a small size battery, was the most vital device to obtain information in this situation. [7:  NHK Broadcasting Culture Research Institute, The NHK Monthly Report on Broadcast Research September 2011, "The Great East Japan Earthquake: How Disaster Survivors Used the Media (Japanese)" http://www.nhk.or.jp/bunken/summary/research/report/2011_09/20110902.pdf, Summary (English)  http://www.nhk.or.jp/bunken/english/reports/summary/201109/02.html.] 

According to the report by the Nomura Research Institute (Figure 23)[footnoteRef:8], NHK TV was the most reliable source of information after the Great East Japan Earthquake, (80.5 percent of the respondents), followed by commercial TV broadcasting, (56.9 percent), and internet, (43.2 percent). These results found that broadcasting is the most dominant medium to inform the public in an emergency situation, as the information provided is reliable, accurate and prompt. [8:  Nomura Research Institute, News Release (Japanese), 3 May 2011, http://www.nri.co.jp/news/2011/110329.html.] 



[bookmark: _Ref365971539]Figure 22
Media use immediately after the Great East Japan Earthquake
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[bookmark: _Ref365983251]Figure 23
Reliability of media for information about the Great East Japan Earthquake
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2.6.2 One-Seg Mobile TV saved many lives
One-Seg is one of the features of ISDB-T, which enables TV programs to be received on a mobile phone.
The following newspaper article gives an example of the use of One-Seg after the disaster[footnoteRef:9]: [9:  Summary from Sankei Shimbun (major Japanese national newspaper), 24 June 2011.] 

–	A huge earthquake struck on March 11 in the north-east area of Japan. Right after the end of the violent shakes caused by the earthquake, Mr. Takahashi, Senior Managing Director of TOYO KNIFE (Figure 24), an industrial cutlery company located in Miyagino district, Sendai City, immediately turned on the One-Seg TV function on his mobile phone in his office, to which the power supply was cut off.
–	He got an emergency warning alarm for a tsunami on his One-Seg TV (mobile phone). Regrettably his office was located very near the port (about 500 m from Sendai‑Shiogama Port), so he and other staff did not have much time to evacuate, but 100 people managed to rush to a shelter on a hill.
–	By the time they arrived at the shelter (Tagajyo Public Cultural Center) at 3:30 pm, the TOYO KNIFE office and factory had been completely destroyed by the long‑lasting, huge tsunami (Figure 25).
–	Mr. Takahashi said "We could not watch TV because of the power cut, but we could get information on the disaster quickly from our One-Seg TVs".
[bookmark: _Ref365898868]Figure 24
Location of TOYO KNIFE by Sendai-Shiogama Port
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[bookmark: _Ref365898879]Figure 25
Miyagino district, Sendai City (after the huge tsunami waves)
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The following newspaper article gives another example of the use of One-Seg after the disaster[footnoteRef:10]: [10:  Summary from Yomiuri Shimbun(Japanese major national newspaper), 29 March 2011.] 

–	Two policemen saved 40 lives from the train after receiving the tsunami warning alarm from mobile TV (One-Seg) right after the earthquake occurred at 14:46 on 11 March 2011.
–	They got a tsunami warning alarm from the passenger's mobile phone with TV when checking if everyone is fine in the train. They quickly decided to lead the 40 passengers to the hill to avoid the disaster of tsunami. All passengers were safely evacuated from the tsunami area before the tsunami hit the train.
Figure 26
Location of Shinchi Station
[image: ]
Figure 27
Train carriages derailed by huge tsunami waves.  (12 March 2011)
[image: ]

Many people watched mobile TV in the evacuation centres. As power was disrupted, mobile TV was a very important information source for people in the disaster area[footnoteRef:11] (Figure 28). [11:  Summary from Sankei Shimbun (major Japanese national newspaper), 24 June 2011.] 



[bookmark: _Ref365898104]Figure 28
People could see TV on a mobile phone even during the blackout
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2.6.3 Donating radios and television sets to evacuation centres
Some broadcasters donated radios and television sets to evacuees, so they could have access to broadcasting. NHK distributed 10,000 radios and 750 television sets to evacuation centres in the Tohoku region, with the cooperation of JEITA (the Japan Electronics and Information Technology Industries Association). The Ministry of Internal Affairs and Communications also provided 10,000 radios to the disaster areas free of charge.
Radio played a very important role in the disaster area, as many radio receivers work with batteries and people can receive information even during a power outage. The radios were mainly distributed in areas where power continued to be unavailable.
NHK began installing television sets, starting with those evacuation centres where electricity was secured. About one month after the earthquake, such television sets were in service at 397 of the 1,147 evacuation centres. The remaining evacuation centres already had TV sets.
In delivering radios and television sets, getting fuel was again a big problem. It was also difficult to obtain such essential materials as reception antennas and coaxial cables.
2.6.4 Postponement of the switch off of the analogue TV service
Japan had planned to end all analogue terrestrial television broadcasting at noon on 24 July 2011, in order to complete the conversion to digital terrestrial television broadcasting. But for three prefectures hit hard by the disaster, Iwate, Miyagi, and Fukushima, the government announced that it would postpone the switch off until 31 March 2012[footnoteRef:12]. The Ministry of Internal Affairs and Communications considered it would be difficult for people in those areas to obtain the equipment necessary to receive digital terrestrial broadcasting by the deadline in July. [12:  The Ministry of Internal Affairs and Communications, "On Complete Conversion to Digital Terrestrial Television Broadcasting", http://www.soumu.go.jp/menu_kyotsuu/important/kinkyu02_000089.html (online), 20 April 2011.] 

Also, there were many households and facilities in the Kanto region, including Tokyo, and Nagano Prefecture, central Tokyo that became unable to receive digital or analogue terrestrial broadcasting because of the disaster. For them, broadcasters in Japan cooperated with the Ministry of Internal Affairs and Communications to use satellite channels to broadcast simultaneous re-runs of digital terrestrial television programming, in order to ensure that people could get access to television broadcasting.
3 Disaster resistance broadcasting
3.1 Enhancing broadcasting capabilities to maintain broadcasting
The Great East Japan Earthquake of 11 March 2011 painfully reminded the broadcasters in Japan of their vital role of protecting and reassuring the public. To carry out this responsibility, they must be able to maintain broadcasting to deliver accurate information, regardless of any disaster that may occur. With regard to the enhancement of broadcasting facilities, some broadcasters are preparing back-up systems, in preparation for a major earthquake or other disasters in Tokyo. For example, NHK is preparing a back-up system for its headquarters, at the Osaka Broadcasting Station and at other stations (Figure 29). In addition, the broadcasters have increased the number of installed remote-controlled cameras to capture footage of earthquakes and tsunamis. The power facilities of broadcasting stations and centres will also be enhanced. The broadcasters have also installed more remote-controlled cameras around the Tokyo area and also across the nation. In Watari Town, Miyagi Prefecture, remote-controlled cameras that can function solely on green energy, such as sunlight and wind, have been installed by NHK (Figure 30). NHK is currently researching whether or not these cameras will be able to function during winter, when green power generation is at its lowest. At the broadcast stations, where there is a fear of their power generators being flooded by tsunamis, basic power generators have been installed on the roof (Figure 31). The broadcasters are strengthening their power supply facilities so that they can continue broadcasting even during a disaster.
[bookmark: _Ref364849015]Figure 29
Enhancing broadcasting capabilities
[image: ]


[bookmark: _Ref365905453][bookmark: _Ref365905436]

Figure 30
Remote-controlled cameras and solar panels
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[bookmark: _Ref365905460]Figure 31
Basic power generator
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