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1 PURPOSE 

The Earthquake Engineering Research Institute (EERI) supports gathering and sharing information about the effects and 
damage caused by tsunamis as well as the lessons learned about tsunami evacuation and response activities.  This 
report summarizes the damage and response outcomes of the tsunami which was generated by the M7.8 Kaikoura, New 
Zealand earthquake on November 14, 2016 (November 13, 2016 for U.S.) (Figure 1). Although EERI-related field teams 
were not deployed for the tsunami, the report provides information compiled by the authors from various references, 
colleagues, and their own experiences during and after the event. Laurie Johnson was a member of the Geotechnical 
Extreme Event Reconnaissance team supported by the National Science Foundation to investigate geotechnical effects of 
the earthquake. The information presented should be considered preliminary; for updates, the authors recommend 
readers visit the scientific and emergency management websites discussed herein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
The authors who compiled this information include: 

§ Rick Wilson, Senior Engineering Geologist with the California Geological Survey 
§ Laurie Johnson, Laurie Johnson Consulting/Research 

The authors’ objectives for this paper include: 

1. Summarizing the physical tsunami effects and damage from the event. 
2. Documenting tsunami notification and response activities both in New Zealand and elsewhere. 
3. Discussing potential lessons learned and future improvements for tsunami-related scientific research, 

engineering, notification and response (NOTE: discussion about lessons learned represent the opinions of the 
authors). 

Figure 1  The epicentral area of the November 14, 2016, earthquake. 
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2 EARTHQUAKE RUPTURE PATTERN AND TSUNAMI EFFECTS 

2.1 Event Description 

The M7.8 earthquake occurred at 11:02:56 UTC on Sunday, November 13, 2016 (00:02:56 local New Zealand time on 
Monday, November 14, 2016).  The earthquake hypocenter was located approximately 95km north-northeast of 
Christchurch, New Zealand, at a depth of 23km.  According to the USGS recent earthquakes webpage for the event, the 
plate boundary in the region of the earthquake is complex, involving a transition from subduction along the Kermadec 
Trough to the east of the North Island, to transform faulting through the South Island.  The New Zealand GeoNet website, 
the official geological/geotechnical research website for the country, reports that the rupture started onshore near 
Kaikoura and then progressed northward jumping along as many as ten fault segments until it went offshore towards the 
subduction zone.  The offshore rupture created significant co-seismic uplift greater than 2m in some places. 
 
A small to moderate-sized local tsunami was generated by the vertical displacements along the offshore faults.  The 
tsunami was recorded at four tide gauges in New Zealand (see Table 1, summarized from the U.S. National Tsunami 
Warning Center website).  The peak recorded tsunami amplitude was 2.31m at the tide gauge on the North Wharf at 
Kaikoura, which also sustained approximately 1m of uplift as observed on the marigram at the tide gauge (Figure 2). 
 

Table 1 Tsunami information from tide gauges in the region (summarized from National Tsunami Warning Center event 
website). 

Tide Gauge Measurement 
Location 

Observed Arrival 
Time (UTC) 

Peak Amplitude 
(above sea level in 

meters) 

Time of Peak 
Amplitude (UTC) 

Castlepoint, NZ 1200 0.25 1312 
Kaikoura North Wharf, NZ 1113 2.31 1144 
Chatham Islands, NZ 1425 0.16 1729 
Queens Wharf, NZ 1113 0.46 1300 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Although field teams are still collecting field data, the highest measured tsunami run-up elevation to date is approximately 
4-5m at the southern end of Little Pigeon Bay (GeoNet website).  Because the bay faces north towards the tsunami 
source region and it narrows from north to south, it appears that the tsunami surge became focused as it reached the 
back-end of the bay, as shown in Figure 3 (photos courtesy of Catherine Chague-Goff).  This produced amplification of 
the tsunami surge as it came onshore, producing the 4-5m run-up.  
 

Figure 2 Marigram from Kaikoura North Wharf tide gauge from November 12-15, 2016.  The sudden, apparent 1m drop of the water 
level represents a 1m tectonic uplift at the tide gauge site.  Shortly after this, the tsunami signal is noted by the water level 
fluctuations of 4m (from the IOC Sea Level Station Monitoring Facility website). 
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Based on field accounts within the source region itself, the tsunami may have been 2-3m in amplitude however the 
coastline experienced 1-2m of co-seismic uplift and another meter drop because of low-tide conditions during the main 
activity of the tsunami.  Co-seismic uplift and low-tide conditions appeared to offset the potential for significant inundation 
in this region.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2 Geotechnical Setting and Effects  

To date, there has only been one report of damage to coastal or maritime structures from the tsunami. However, field 
teams are still gathering information and they may find additional damage, possibly in harbors because of moderate to 
strong tsunami currents likely generated by the tsunami.  The one report of damage comes from the area that 
experienced the highest tsunami run-up (4-5m) in Little Pigeon Bay, east of Christchurch.  Figure 4 shows photos of the 
structure that was damaged; Figure 4a is a picture of the structure before the tsunami, and Figure 4b shows the structure 
after the tsunami.   

According to the GeoNet website, the structure was pushed off its foundation, partly caving in the external walls.  The 
maximum water level inside the structure was measured to be approximately 1-1.5m.  The deck of the house was 
detached and deposited on the beach.  Damage to the structure may have been caused by a combination of the force of 
the water and debris; tree trunks and other large debris were found approximately 140 meters inland from the shoreline. 

 

 

 

 

 

 

 

 Figure 4  Before and after pictures (3a and 3b, respectively) of a cottage damaged by the tsunami at the north end of 
Little Pigeon Bay.  Photos from GeoNet website. 

a 

a b 

b 

Figure 3  Photos showing the open mouth and narrow shape of Little Pigeon Bay.  The photo on the left is facing north 
towards the mouth of the bay, and the photo on the right is facing south.  Photos courtesy of Catherine 
Chague-Goff 
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3 EMERGENCY NOTIFICATION AND RESPONSE 

3.1 Local Emergency Notifications and Response 

In New Zealand, the Ministry of Civil Defence and Emergency Management (MCDEM) is responsible for the dissemination 
of national official tsunami notifications. With technical support from GNS Science, MCDEM assesses all messages 
received from the Pacific Tsunami Warning Center (PTWC, based in Honolulu, Hawaii) to determine the threat for New 
Zealand.  Table 2 summarizes the three tsunami information statements from the PTWC during the first two hours after 
the earthquake. 

Table 2  Summary of tsunami information statements from the PTWC for New Zealand and other areas within PTWC’s 
responsibility. 

Tsunami 
Information from 
PTWC 

Time Message 
Sent by PTWC 
(Local New 
Zealand time) 

Information about Earthquake Message about Tsunami 

Statement #1 1212AM event time 1203AM….M7.4 There is NO tsunami threat from this earthquake. 

Statement #2 1243AM event time 1203AM….M7.9 
Drawdown of 2.5m observed at Kaikoura tide 
station; Damaging local tsunami might have 
occurred. 

Statement #3 1259AM event time 1203AM….M7.9 
New Zealand Civil Defense has issued tsunami 
threat message for east coast of south island; 
Tsunami threat beyond New Zealand not expected. 

 

Official tsunami notifications for New Zealand are disseminated by MCDEM via the National Warning System.  According 
to an Associated Press article dated November 19, 2016, the duty officer for the warning system and GeoNet does not 
monitor earthquakes and tsunami activity around the clock but is available 24 hours per day and seven days a week.  
Information is also disseminated via social media like twitter and facebook.  Based on the MCDEM twitter feed, two Stuff 
website articles dated November 14 and 18, 2016, and a November 19, 2016, Associated Press article about GeoNet’s 
activities, the following provides a timeline of the emergency notification activities and relevant earthquake and tsunami 
information flow after the start of the earthquake at 1203AM: 

1203AM – GeoNet’s automated earthquake monitoring system generated an initial magnitude of M6.5, much lower than 
the ultimate M7.8 for the event.  Some potential explanations that the initial/preliminary magnitude was lower than the true 
magnitude include that:  1) all instruments were not incorporated into the analysis; 2) the complexity of the rupture across 
numerous faults caused complications; and/or 3) the earthquake was not finished rupturing along the fault(s). 

1205AM – The nation’s emergency call number, “111,” fails as the call center in Wellington is evacuated and the backup 
system does not engage. 

1206AM – MCDEM’s first twitter message after the earthquake: “Hope everyone is ok. Remember to drop, cover and hold 
in any aftershocks.” A link to GeoNet about the earthquake was included.  

1209AM – GeoNet’s automated earthquake system indicates that the earthquake magnitude has risen to M7.5, however 
other monitoring system information leads the duty officer to downgrade the magnitude to M6.6 while also upgrading the 
site’s confidence in its estimate.  According to the GeoNet director from the November 19, 2016, Associated Press article, 
monitoring stations close to the epicenter became overloaded due to the severity of the earthquake shaking which lead to 
the improper magnitude downgrade.  Because the fault ruptured over a number of faults, this could have also led to the 
confusion over the earthquake magnitude. 

1212AM – The PTWC issues its first tsunami information statement with a preliminary earthquake magnitude estimate of 
M7.4 and an indication of “no tsunami threat” from the earthquake.  The PTWC also indicates in their message that the 
“national authorities will determine the appropriate level of alert for each country,” however GeoNet indicates that it looks 
to the PTWC for direction on whether there is a tsunami threat. 
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1216AM – MCDEM twitter stated: “Cheviot earthquake – we are assessing situation with assistance of scientific advisors 
and civil defence groups.”  

1237AM – MCDEM twitter stated: “We are currently assessing whether there is any tsunami threat to NZ.”  Additional 
basic tsunami information about evacuation was included, especially the message that if you feel an earthquake along the 
coast you should move to high ground or inland. 

1237AM – MCDEM twitter stated: “There is no tsunami threat to New Zealand following the Cheviot earthquake.”  This 
message is retweeted hundreds of times.  About this time, both GeoNET and the PTWC noted that the Kaikoura tide 
gauge showed a sudden drop in water level, which is indicative of water drawdown from a tsunami. 

1243AM – The PTWC issues its second information statement, upgrading the magnitude to M7.9 and indicated that a 
damaging local tsunami may have occurred. 

1256AM – MCDEM twitter stated: “situation has changed – tsunami is possible. People near the coast in south island 
should move to high ground or inland.”  Many people responded on twitter requested that MCDEM remove the previous 
“no tsunami threat” tweet sent at 1237AM so that it was not re-tweeted once a tsunami threat was recognized. 

1257AM – Police report that the “111” emergency call system is running again, however people near the earthquake 
epicenter cannot make phone calls because both land-based and cell phone networks are not working. 

0101AM – MCDEM twitter stated: “Tsunami threat is for the eastern coast of the south island.  Anyone near the east coast 
of the south island should move to high ground.”  Some local communities have started sounding siren alarms, but other 
locations like Wellington either don’t have sirens or decide not to engage them. 

0104AM – MCDEM twitter stated: “A tsunami is possible. Anyone near the east coast of the south island should move to 
high ground.” This was re-tweeted over 1600 times. 

0111AM – MCDEM twitter stated: “We are having issues with our website. We will be posting info on twitter and 
facebook.com/NzGetThru/ please share.” 

0121AM – MCDEM twitter stated: “The tsunami threat is for the east coast of all New Zealand (including Christchurch, 
Wellington, and the Chatham Islands).” This was re-tweeted over 3,500 times. 

MCDEM continued to provide tsunami evacuation information for various locations around New Zealand.  Three hours 
after the earthquake (approximately 3AM locally), a detailed tsunami threat-level map was provided via twitter with a 
message that there was a tsunami threat for the entire country’s coastline (Figure 5a).  Almost three hours later 
(approximately 6AM locally), a second map was provided which downgraded the size of the tsunami threat level for all 
parts of the coast (Figure 5b).  The tsunami warning remained in effect for various parts of the coast until about 3PM local 
time, 15 hours after the earthquake. 

According to local newspaper accounts, the coastal population away from the epicentral region was confused by the 
change in message from the original “no tsunami threat” to the change approximately 40-50 minutes after the earthquake 
to there being a tsunami threat and being ordered to move away from the coast.  However, after a large, sudden drop in 
the water level at the tide gauge at Kaikoura occurred, the PTWC and decision makers at MCDEM recognized that a 
tsunami had been generated. 

Despite the confusion in the messaging, most coastal residents who felt the earthquake immediately evacuated to high 
ground.  According to an article on The Guardian website (article dated November 13, 2016 Pacific time), after the 
tsunami threat alert was raised about 50 minutes after the earthquake, tens of thousands of people evacuated towns on 
the east coast of New Zealand.  Sirens alerted people in many locations, and door-to-door evacuations were also 
performed.  Larger cities like Christchurch and Wellington also had large evacuations by walking and driving from low-
lying areas into the hills and mountains.  Many residents spent the rest of the night on high ground.  There were reports of 
looting after the evacuation in more than a dozen homes in Christchurch. 

In addition to the mixed tsunami-warning messages sent in the hour following the earthquake, there have been a number 
of issues raised about the notification and emergency response efforts.  According to an article on the Stuff website (dated 
November 14, 2016 Pacific time), there was public criticism by Christchurch residents about a delay in the sirens 
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Figure 5 Tsunami warning maps provided by MCDEM three hours (4a) and six hours (4b) after the initial 
earthquake. 

sounding and evacuation notifications being sent.  In other areas some distance away from the epicenter, the earthquake 
shaking was relatively light and therefore people hesitated to evacuate until the government confirmed the tsunami threat.  
There was also a case where evacuees in Aramoana were told to evacuate along a coastal road to the adjacent town, 
instead of just evacuating directly inland and uphill to higher ground. 

One outcome according to the Otago Daily Times on December 3, 2016, was that Prime Minister John Key indicated that 
plans for a new national alerting system will be accelerated.  Local emergency managers agreed with the idea, whether it 
be increasing the number of sirens, or making better use of text messaging or some other technology alongside greater 
public education about tsunamis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Emergency Notifications and Response for Distant Coastal Areas – Example from the State of California 

The U.S. Pacific and National Tsunami Warning Centers (PTWC and NTWC) provided tsunami notification information to 
U.S. and other regions around the Pacific Ocean after the earthquake.  For example, the NTWC provided a number of 
“Tsunami Information Bulletins” about the tsunami threat to the west coast of the U.S. which includes the State of 
California.  For the west coast of the U.S., the earthquake occurred at 3:03AM on November 13, 2016.  Table 3 
summarizes the content of the messages sent by the NTWC: 

 

a b 
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Table 3 Summary of tsunami information statements from the NTWC for the U.S. west coast states. 

Tsunami 
Information from 
NTWC 

Time Message 
Sent by NTWC 
(Pacific time) 

Information about Earthquake Message about Tsunami 

Statement #1 3:15AM event time 3:03AM….M7.4 Tsunami NOT expected for U.S. west coast 

Statement #1(?) 3:57AM event time 3:32AM….M7.9 Event being reviewed for U.S. west coast 

Statement #2 4:27AM event time 3:32AM….M7.9 Event being reviewed for U.S. west coast 

Statement #3 5:07AM event time 3:03AM….M7.9 Event being reviewed for U.S. west coast 

Statement #4 5:50AM event time 3:03AM….M7.9 Tsunami NOT expected for U.S. west coast 
 

Once the NTWC indicated that they were still evaluating the threat, the State of California Governor’s Office of Emergency 
Services (CalOES) followed internal protocol and held several teleconferences between the Earthquake and Tsunami 
Program duty officer and the State and Regional Operation Centers’ 24-hour duty officers.  The tsunami scientist from the 
California Geological Survey (CGS) was also asked to join the call.  The duty officers reviewed the initial information from 
the NTWC and discussed the potential for alerting counties within the state.  The CGS representative reported on 
historical information for tsunamis from New Zealand, and reviewed tsunami travel time maps and tidal forecasts at the 
potential time of arrival, which would have been approximately 4:30PM on November 13.  It was determined that because 
the potential for a damaging tsunami was low for California, statewide calls with all counties would not take place unless 
the NTWC upgraded the status of the tsunami threat level.  Some calls from individual counties to the State Operations 
Center were fielded and the counties were informed there would be no need for evacuation or response activities unless 
there was a threat change from the NTWC. 

For some emergency managers in California at the state and county level, there was initial confusion about the message 
sent at 3:57AM because it identified a different start time for the earthquake, a larger earthquake magnitude, and a 
different message about the tsunami threat that went from no threat to gathering more information about the threat.  Some 
emergency managers believed there were two separate events, but the NTWC corrected the event time in a later 
message indicating it was the same event.   

With regard the magnitude change, the initial tsunami alert message was sent minutes after the earthquake and it include 
only a preliminary magnitude.  As is typical with large magnitude events, the real magnitude may become larger if the fault 
rupture is still active when the preliminary magnitude is generated.  This occurred as the magnitude was changed from 
M7.4 to M7.9. 

With regard to the change in the message about the tsunami, M7.9 is the threshold for the NTWC to evaluate the tsunami 
threat further.  The NTWC indicated that it needed more time to evaluate the tsunami threat because the tsunami had not 
reached the first deep-ocean tsunami detection buoy, which took several hours after the earthquake.  Once the tsunami 
reached the buoy and the measurement was evaluated, the NTWC indicated that there would be no tsunami threat to the 
west coast of the U.S. and CalOES called off its response activities. 

 

4 LESSONS LEARNED 

The Kaikoura earthquake and tsunami provides an opportunity for scientists, engineers, planners, and emergency 
managers to review the event outcomes and develop a list of potential improvements to their ongoing work.  There are a 
number of “lessons” that the authors would like to note.  These lessons and recommendations are the opinion of the 
authors based on this and other recent events. 

4.1 Tsunami Science and Engineering 

Potential lessons about tsunami science from this event: 
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1. The fault rupture during this earthquake was complex, starting from onshore faults to faults offshore near the 
Kermadec subduction zone.  The complexity of earthquakes and fault rupture at the end of subductions zones 
can be applied to other areas with similar tectonic settings, such as the south end of the Cascadia subduction 
zone in northern California.  The uncertainty in tsunami generation on faults rupturing from onshore to offshore 
may be observed in similar settings and should be considered in tsunami planning efforts. 

2. The offshore portions of faults can generate local tsunamis but they may not be as large if they do not rupture the 
primary subduction zone with significant slip/displacements.  Tsunami warning specialists and emergency 
managers should be aware that there is significant variability in the potential tsunami hazard for regions at the 
ends of complex subduction zones. 

3. Co-seismic uplift can help reduce the inundation and impact to coastal areas from small to moderate tsunamis.  
Although this was beneficial during this event, earthquakes within the subduction zone will likely cause tsunami 
run-up larger than the coastal uplift from co-seismic deformation, increasing the potential for inundation along the 
coast.  Variable tidal conditions can also produce notable differences in tsunami run-up.  Evaluation of tsunami 
hazards should include all variables (e.g. location, fault type, co-seismic deformation, tides, etc.) which could 
impact tsunami inundation potential. 

4. To date, the only tsunami damage was observed at the back end of Little Pigeon Bay where the tsunami surge 
appears to have been amplified because of directionality of the incoming tsunami from the source region and 
narrowing of the bay.  In past events, narrow bays and/or harbors have also shown they are prone to this type of 
amplification.  Examples include Aneyoshi Bay in Japan during the 2011 Tohoku-Oki event (Wilson, 2011) and 
Santa Cruz Harbor in California during the same event (Wilson et al, 2012).  Planners and engineers should be 
aware of this kind of amplification risk when locating coastal structures or designing harbors. 

4.2 Tsunami Warning Notifications 

Potential lessons locally within New Zealand:   

1. After assessing the tsunami risk, MCDEM indicated that there was no tsunami threat 35 minutes after the 
earthquake.  However this original message changed 54 minutes after the earthquake to a message that there 
was a tsunami threat locally.  This change caused confusion for many residents in the area.  More thoroughly 
vetted analysis that there was no tsunami threat and conservative messaging from emergency management 
might have helped reduce uncertainty for the public. 

2. The government has suggested that improvements will be made to the earthquake/tsunami monitoring and 
warning system.  This includes providing 24-hour monitoring by a duty officer and improved decision making 
regarding tsunami generation.  To help address this and other issues, an online Radio New Zealand article dated 
December 22, 2016, indicates that the government has increased funding to GeoNet by $3M in order to initiate 
around-the-clock duty officer capability and address other issues related to the November 14 event.  The 
capabilities and responsibilities of the PTWC, GeoNet, and government emergency decision makers should be 
more clearly defined and understood in order to improve the accuracy of messaging and streamline the decision 
making process.  

3. The public has requested improvements to messaging and notification systems.  This includes potentially 
increasing the number of sirens and reliance on social media for alerting the public.  Along with solid education 
and outreach efforts, redundant warning notification methods are preferable however they should be considered 
in relation to their benefits, caveats, and cost.  For example, although useful for outdoor and beach areas, siren 
systems may not be audible indoors, may not work if electricity goes out, and can be expensive to install and 
maintain. 

4. After the earthquake, according to the November 19, 2016, Associated Press article, the national emergency call 
center staff based in Christchurch evacuated their building, and tried but failed to engage the backup system.  
Potential improvements include initiating a more automated call system and developing a backup call center at 
the opposite ends of the country so that at least one of the call centers will be functional. 

Potential lessons for distant areas, specifically lessons from the California experience: 

1. Because there was a change in magnitude from the first message (M7.4) from the NTWC to the second message 
(M7.9), there was an unexpected change in messaging.  Once the M7.9 threshold within NTWC protocols was 
reached, the message changed from “no tsunami threat” to “the tsunami threat is being analyzed.”  This caused 
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confusion for some local and state emergency managers.  Initial preliminary magnitudes in the mid M7 range and 
above can increase in magnitude as the earthquake fault continues to rupture.  In their initial message provided 
within the first few minutes after the start of the earthquake, warning centers should clearly indicate that 
earthquake and tsunami information is “preliminary” and subject to change in following messages.  

2. There was a three-hour period of time between the earthquake the all-clear message from the NTWC because 
they were waiting for the tsunami to reach the first deep-ocean buoy to help make a decision.  During this time, 
there was uncertainty by some local and state level emergency managers about the potential tsunami threat.  
Scientific agencies can help reduce this uncertainty by providing useful background information about the tsunami 
hazard potential based on historical events from the same area.  Because tsunamis are rare events, education 
should be continuous within the emergency management community regarding the potential lag in time it takes for 
warning centers to make informed decisions. 

4.3 Tsunami Response 

Potential lessons about tsunami response activities in New Zealand: 

1. Most people who felt the earthquake evacuated to high ground as they were educated to do.  In some cases 
however, they appeared to travel to very high elevations in the hills and mountains well beyond the threat for 
tsunami inundation.  Improving education about the severity of the tsunami threat and the location of official 
evacuation sites can reduce the potential for over-evacuation and reduce needlessly stranding people at higher 
elevations. 

2. It was reported that there were a number of evacuees that used their vehicles to evacuate as opposed to 
evacuating on foot.  Vehicular evacuation can possibly lead to in traffic jams, delays in getting to safe ground, and 
injuries to pedestrian who are using streets to evacuate.  If safe areas are close by, it is recommended that 
people immediately evacuate on foot to improve life safety for themselves and others. 

3. People had to evacuate at night and then wait in the darkness without being able to see what was happening 
down along the waterfront. This caused confusion about when it was safe to return home. They couldn’t see if 
waves had come in, and some people didn’t receive the “all clear” message.  Emergency managers should be 
aware that evacuees might become isolated and include protocols in their response plans to improve 
communication during and after the tsunami. 

4. Fire fighters were sent into tsunami evacuation areas to evacuate people.  This tactic can put fire fighters and 
other emergency responders at risk if the tsunami threat is imminent.  Although it is instinctual for some 
emergency responders to want to save people, they should not enter tsunami evacuation zones while threating 
tsunami hazards and inundation is active.  Door-to-door evacuation efforts should end at least a half hour before 
the start of tsunami activity for a community. 

5. Some residents were instructed to evacuate laterally along coastal roads instead of vertically to high ground or 
inland.  Lateral coastal evacuation can expose evacuees to incoming tsunami threats while evacuating.  
Evacuation plans should be reviewed and updated to include evacuation immediately inland to the closest area of 
safe or high ground. 

6. A byproduct of evacuating a community or neighborhood from a tsunami hazard zone is the potential for looting 
evacuated homes or businesses.  This was the case during the November 14 tsunami evacuation where it was 
unsafe for police to enter the tsunami zone to monitor and protect property.  Community leaders should develop 
recommendations for securing or monitoring coastal evacuation zones through laws with stronger punishment for 
looting, or use of security cameras and/or remote systems (helicopters, unmanned aerial vehicles, etc.) for 
monitoring. 
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