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ABSTRACT 

On 26 December 2004, a 9.3 magnitude earthquake struck off the west of Sumatra, Indonesia 

triggering a tsunami that killed over 280,000 people in thirteen countries.  The total energy 

released from the earthquake was equivalent to 550 million times that of the Hiroshima atomic 

bomb.  It was one of the deadliest natural disasters in modern history, and, in terms of scale 

and number of victims, the largest ever disaster victim identification (DVI) operation.  In 

response, teams of police and forensic experts from around the world united to form the Thai 

Tsunami Victim Identification (TTVI) operation in Phuket from 12 January 2005 in an 

unprecedented effort to identify 3,679 victims.  Approximately half of the victims were foreign 

tourists who perished along the popular tourist strip in Thailand.   Forensic evidence, including 

the primary identifiers dental, fingerprints and DNA, were used to compare ante-mortem (AM) 

and post-mortem (PM) data in accordance with INTERPOL DVI guidelines.  The identification 

effort continues today at the Royal Thai Police Headquarters in Bangkok for approximately 

370 unidentified victims. 

 

Given the extraordinary scale and complexity of the operation, a number of unique challenges 

confronted the TTVI DNA Team.  One significant obstacle was the lack of AM DNA reference 

samples to compare against PM samples.  This included personal items swept away by the 

wave.  There were also multiple victims from the same family, often limiting the source of 

suitable kinship references.  The most extreme example encountered involved twenty-two 

victims killed from one family, including twelve children.   
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Mass disasters occur through natural phenomena such as earthquakes and floods, accidents 

including aviation disasters, or through deliberate acts of terrorism such as the World Trade 

Centre attacks and the Bali Bombings.  A rapid, reliable and efficient forensic response to 

mass fatalities is needed to identify the victims, which, in the last 10 to 15 years, has become 

a highly specialised field separate from routine criminal case work.  This specialised DVI 

capability has evolved and progressed as a result of the lessons learnt from each major 

disaster.   

 

Each disaster has its own set of challenges that require logistical, technical and procedural 

solutions.  The DVI response is usually thoroughly evaluated at an operational debriefing to 

evaluate the effectiveness and success of the response, to determine what issues and 

impediments existed that limited the response, and identify any lessons learned and 

improvements for use in future disasters.  To date, only a small number of limited evaluations 

have occurred for the TTVI DNA response to the 2004 South-East Asia Tsunami, and all but 

one paper were written by authors without forensic biology experience, and only one paper 

has been published from a member of the TTVI DNA Team.  These papers report only on the 

early phase of the TTVI operation where DNA had little success, or report inaccurate DNA 

identification figures, or fail to recognise critical impediments that limited the DNA response.  

Some papers state that DNA had little impact overall on TTVI identifications and recommend 

that DNA should only be used when all other methods are exhausted.   Given the inaccuracy 

of many of these earlier evaluations and recommendations, the question still remains: how 

effective was the TTVI DNA response to victim identification?  This thesis focuses on 

answering this important question. 

 

The first paper in this thesis reveals that all TTVI teams struggled to identify a large proportion 

of victims due to incomplete or poor quality AM and PM data.  In response to these challenges, 
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the TTVI implemented a new ‘near-threshold’ DVI management strategy to systematically 

target presumptive identifications and improve operational efficiency.   DNA kinship matches 

that failed to reach the reporting threshold of 99.9% were prioritized under this strategy and 

progressively filtered through the Investigation, Dental, and Fingerprint Teams to either add 

evidence to strengthen the case for identification, or conclusively exclude the match.  Using 

the near-threshold strategy over a five-month period, 111 victims from ten countries were 

identified.  The new identifications comprised 87 adults, and 24 children, of whom 97 were 

Thai locals.  

 

In the second paper, analysis was performed to determine whether there was a difference in 

identification rates between adults and children (≤16 years old).  The data show that during 

the first 100 days of the operation the percentage of adult identifications far outweighed child 

identifications.  On a nationality basis, the percentages of adult compared to child victims 

identified were: 89.0% of Finnish adults compared to 29.4% of Finnish children; 84.4% of 

German adults compared to 28.6% of German children; and 91.5% of Swedish adults 

compared to 27.0% of Swedish children.  Additionally, the younger the child, the longer the 

identification process (p<0.0001), with children under the age of 1 taking an average of 195 

days to identify, compared to 130 days for children aged 16.  Identification times increased an 

average of 4.3 days for each year the victim was younger than 16. 

 

 

Reasons for the slower identification of children revealed numerous deficiencies in AM and 

PM material for children which were largely present for adults.  In an effort to overcome the 

challenging child cases, the TTVI implemented a number of targeted DNA strategies which 

resulted in a significant increase in identifications shortly after introduction. Specifically, the 

DNA strategies identified 214 children (48.4% of the 442 children identified up to 12 December 

2005), while fingerprints identified 152 (34.4%), dental 73 (16.5%) and physical 3 (0.7%).   
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The third paper evaluates the overall impact of the TTVI DNA operation, leveraging off issues 

and strategies reported in the first two papers.  The data demonstrate that in the early phase 

of the operation (end of May 2005), only 15 identifications had been established using DNA 

analysis (compared to 307 by fingerprints, 1,266 by dental and 11 by physical) indicating that 

critical impediments were limiting the TTVI DNA response.  While 2,358 AM cases and 4,325 

PM cases (including duplicates and body parts) had been created by the end of May 2005, 

only 310 AM profiles (13% of cases) and 180 PM profiles (4% of cases) were available.  Issues 

also existed with data management and automated DNA kinship matching.  These issues 

were recognised and quickly addressed by the TTVI, resulting in larger numbers of DNA 

identifications in the middle and later stages of the operation.   

 

To better understand the impact of DNA on the TTVI operation, identification methods based 

on victim age was analysed.  DNA was used for 13% of 2,439 adult victims from all 

nationalities, and a large proportion of the 442 child identifications (33% of 10 - 16 year olds, 

43% of 5 - 9 year olds, and 73% of 0 - 4 year olds).  The younger the victim, a significantly 

greater reliance was placed on DNA to establish identification (p<0.0001).  When considering 

age and nationality, DNA was used least for European adults (only 2% of 988 adult victims 

identified from Finland, France, Germany and Sweden), though DNA was successful for 30% 

of Thai adult identifications (266 out of 886).  By 16 July 2008, DNA had identified 24% of all 

victims (799), dental 40% (1,337), fingerprints 35% (1,142), and physical 1% (30).  These 

findings indicate that a better understanding of the impact of victim demography on 

identification methods is crucial and may assist in planning and resourcing for future mass 

fatalities.   

Overall, this research provides an accurate record of the TTVI DNA operation, including the 

challenges involved in victim identification, the strategies that were devised to overcome these 
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issues, and a measure of how effective these strategies were.  From this analysis, 

recommendations are provided that may assist in future mass disasters.  This research also 

forms part of an historical record of the TTVI DNA operation which can be used by the forensic 

community as a tool for continuous improvement in victim identification. 
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Barham J.R. Ferguson. 
 
This poem was composed by an Australian interpreter after the tsunami and read at a memorial 
service for the victims at Patong Beach in 2005. 

 

Hello my friend from distant lands. 

I see you without my eyes and 

Still you look upon my face as 

Though I am watching you. 

I feel your touch without my senses 

And still you treat my body with 

Unbridled kindness. 

I hear you even though I am 

Without ears, and still you speak 

Softly to me as you do your work. 

I know I am not what I used to be, 

But please remember me as I was. 

You may mourn my passing but  

You must not be saddened by it. 

As my life began, so must it end. 

Know that your work for me, 

My family and my country will 

Never be forgotten. 

Know that your smile throughout 

Adversity lifts my spirits, as well as  

Those of your friends and others 

Around you. Always live your life 

As though it may end at any time, 

For it is then that you will truly live. 

My eternal Love and Blessings. 

The unknown dead. 

 
Freely available images sourced from the internet. 
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CHAPTER 1       INTRODUCTION 
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1.1 The Boxing Day Tsunami 2004 

At 00:58 GMT (07:58 Thai local time) on 26 December 2004 an earthquake measuring 9.3 on 

the Richter scale struck in the Indian Ocean approximately 250km off the west coast of 

Sumatra creating a rupture up to 1,300km long (Figure 1) (INTERPOL Tsunami Evaluation 

Working Group; Nalbant et al, 2011).  It was the largest earthquake recorded in 40 years and 

the third largest earthquake ever recorded on a seismograph, and was so strong it caused the 

Earth to wobble on its axis by 1 centimetre (Paris et al, 2007).  The massive displacement of 

water caused by the shifting tectonic plates created a series of waves travelling approximately 

800kph towards thirteen countries, causing one of the world’s deadliest natural disasters and 

killing an estimated 280,000 people (INTERPOL Tsunami Evaluation Working Group; Paris et 

al, 2007).  Indonesia was the worst affected nation with an estimated 160,000 dead or missing, 

Sri Lanka second with 35,000 dead or missing, India third with 8,850 dead or missing, and 

then Thailand with 8,195 dead or missing, followed by the Andaman and Nicobar Islands 

(7,450 dead or missing).  The other affected nations were Somalia (200 dead), Maldives (81 

dead), Malaysia (68 dead), Myanmar (61 dead), Tanzania (10 dead), Bangladesh (2 dead), 

Kenya (1 dead), and Seychelles (1 dead) (INTERPOL Tsunami Evaluation Working Group). 

Figure 1: Map of Boxing Day Tsunami 2004. 
Source: http://www.bbc.co.uk/schools/gcsebitesize/geography/natural_hazards/tsunamis_rev2.shtml 
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Within 90 minutes of the earthquake occurring, approximately 380km of Thailand’s coastline 

and outlying islands were struck by waves reaching 10 to 30 meters high (INTERPOL Tsunami 

Evaluation Working Group).  The Thai Meteorological Department did not issue a tsunami 

warning, so locals and tourists were unaware of the impending disaster, and this contributed 

to the high death toll (Cohen, 2007).  The tsunami hit the western coast of Thailand, with the 

most severe damage to Krabi, Trang, Phang-Nga, Phuket, Ranong and Satun provinces, an 

area containing 407 villages and a large number of tourist resorts (Figure 2) (Rosa).  Rosa 

reported that the tsunami destroyed 52% of residential constructions in Phang-Na, 21% in 

Phuket and 14% in Krabi.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 2: Thailand coastal areas affected by the 2005 Tsunami. 
Source: www.linkedin.com/pulse/20140722221403-187701030-thai-tsunami-disaster-victim-identification-report-
a-fingerprint-perspective 

http://www.linkedin.com/pulse/20140722221403-187701030-thai-tsunami-disaster-victim-identification-report-a-fingerprint-perspective
http://www.linkedin.com/pulse/20140722221403-187701030-thai-tsunami-disaster-victim-identification-report-a-fingerprint-perspective
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Phang-Nga, Phuket and Krabi attract large numbers of foreign tourists and local workers.  In 

total, there were 5,395 fatalities, representing 42 nationalities (INTERPOL Tsunami Evaluation 

Working Group).  The foreign tourists who lost their lives in these regions were from 41 

different countries and all major continents. Table 1 provides data on the number of missing 

persons for each nation (INTERPOL Tsunami Evaluation Working Group; De Valk, 2006).  The 

Europeans were the most affected tourists, comprising over 80% of the foreign national deaths 

(De Valk, 2006).  Ranong (on the northern coast), Trang and Satun (both on the southern 

coast) are more rural, and less populated with tourists.  Phuket and Ranong are the fifth and 

seventh highest ranked provinces for the number of documented migrant labourers from 

Myanmar (the number of illegal Myanmar labourers in these regions at the time of the tsunami 

was unknown) (Fujita et al, 2006).  Given the provinces affected, large numbers of Thai locals 

(of varying socio-economic backgrounds in both populated and rural districts), foreign tourists 

and both legal and illegal Myanmar labourers from a lower socio-economic background were 

the three main victim groups from a national and socio-economic perspective.  The scale, 

location and timing of the disaster had a significant impact on victim demography, creating 

large numbers of victims of varying ages, nationalities, cultural, and socio-economic 

differences.  This victim demography in turn created challenges for the DVI operation and led 

to certain groups being easier to identify, while other groups were more difficult, which made 

their identifications substantially slower.  Victims’ age, country of origin, and socio-economic 

status would inevitably impact on the type, accuracy, completeness, and speed that ante-

mortem (AM) evidence was made available to the Thai Tsunami Victim Identification operation 

(TTVI) to achieve identifications.    

 

 

 

 



31 
 

Table 1: Number of missing persons at 15 December 2005 according to Plass Data entries. 
Country Victims Country Victims Country Victims 

Australia 13 Italy 24 Spain 2 

Austria 71 Japan 15 Sweden 519 

Belgium 5 Kazakhstan 3 Switzerland 91 

Canada 17 Laos 1 Russia 6 

China 3 Malaysia 1 Thailand 1582 

Czech Republic 5 Myanmar 131 The Netherlands 26 

Denmark 38 Nepal 4 Turkey 1 

Estonia 3 New Zealand 3 Ukraine 2 

Finland 167 Norway 77 United Kingdom 82 

France 72 Philippines 6 USA 17 

Germany 495 Poland 6 Yugoslavia 1 

Greece 1 Portugal 5 Zimbabwe 1 

Hong Kong 9 Singapore 13   

Ireland 3 South Africa 4   

Israel 5 South Korea 8 Total 3538 

Source: De Valck (2006).  Note: This figure is based on AM records rather than number of bodies.  Thai authorities 

suspected that many illegal Myanmar labourers were not reported missing by their families for fear of persecution. 

1.2 Initial Response to the Tsunami in Thailand 

Given the scale of the disaster in terms of geographical area and number of deceased, it was 

unrealistic to expect a single agency or country to have the experience or resources to 

adequately perform victim identification.  To the credit of the Thai authorities, body recovery 

and management commenced quickly, with a combined effort from the military, police, Thai 

non-government organisations (including the Po-Tek-Tung Foundation and the Ruam-Ka-

Tan-Yu Foundation), local volunteers and foreign tourists (Morgan et al, 2006).  The large-

scale body retrieval effort continued for 10 days (until 5 January 2005) with nearly 5,000 bodies 

recovered in that period.  However, bodies were still being discovered months after this date 

among debris or in the sea (Cohen, 2007).  The bodies were taken to a temporary morgue at 

Wat Yanyao, a Buddhist temple in Takua-Pa Province, established by Dr Pornthip Rojanasuan 
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(Deputy Directory of the Central Institute of Forensic Science, part of the Thai Ministry of 

Justice).  Temporary storage facilities were also established in Buddhist temples at Wat Ban 

Muang, Mai Khoa and at Krabi.  Dr Pornthip and her team of Forensic Scientists from Bangkok 

arrived in the affected area the afternoon of the disaster and commenced establishing the 

make-shift identification centre at Wat Yanyao (James, 2005).  The temples, however, lacked 

refrigeration, so bodies rapidly decomposed in the hot sun, leading to loss of vital information 

that could assist in the identification process.  The Thais immediately started taking 

photographs and collecting PM evidence from the decomposing bodies, including internal and 

external examination, recording property, collection of fingerprints where possible 

(decomposition prevented collection of approximately 3,000 fingerprints), and collection of 

DNA samples (initially hair and soft tissue) (Cohen, 2007).  The Thai forensic teams completed 

examination of approximately 3,600 bodies within the first 7 to 10 days.  During this period 

approximately 1,100 bodies were released to families and another 500 bodies were released 

to police and local physicians without the support of forensic evidence (Morgan, 2006).   

 

International authorities wanted to ensure legally correct identifications, and were under 

pressure from victims’ families to expedite repatriation.  Concerns were raised by many 

nations over the accuracy of the initial identifications, fearing that bodies of foreigners were 

being incorrectly repatriated (Scanlon, 2008).  In response, Thai authorities accepted 

assistance from international forensic identification teams and authorised classification of the 

deceased into two groups, ‘Asian’ and ‘European’ or ‘Foreign’ (Cohen, 2007).  Within a week, 

international teams started working in the Thai make-shift mortuaries on the bodies classified 

as ‘Foreign’; however, there was tension over some nations prioritising the identification of 

their own citizens, and further concerns over the accuracy of the classification of Asian and 

Foreign bodies.  The fragmented approach of identifying the deceased was clearly not 

working.  The Thai government decided on a joint effort between the Royal Thai Police, Thai 
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forensic experts, INTERPOL, and international DVI teams, and on 12 January 2005 the TTVI 

was established. (Cohen, 2007; INTERPOL Tsunami Evaluation Working Group). 

 

1.3 The Thai Tsunami Victim Identification Operation    

The TTVI operation, the largest DVI in history, was launched on the island of Phuket and was 

comprised of police, forensic scientists and support staff from over 30 countries (Cohen, 2007; 

INTERPOL Tsunami Evaluation Working Group; Morgan 2006).  Of the 5,395 fatalities, 1,716 

bodies were repatriated prior to the TTVI operation, leaving 3,679 unidentified bodies 

(INTERPOL Tsunami Evaluation Working Group).  All of the unidentified bodies underwent a 

second post-mortem in the hope of collecting more information and to ensure accuracy of the 

initial examination.  The goal of the TTVI was to accurately identify the bodies as quickly as 

possible, while treating each victim equally, regardless of nationality, age, gender or 

background (INTERPOL Tsunami Evaluation Working Group).  The TTVI mandate meant that 

the fragmented approach to victim identification would cease, and all local and international 

teams would work together to identify all victims equally.  Dental, fingerprint, DNA and physical 

evidence was used to establish identification based on INTERPOL DVI Guide and processes.  

The INTERPOL DVI process, consisting of the recovery, PM collection, AM collection, 

reconciliation, and repatriation phases, was implemented into the TTVI as shown below 

(Figure 3).  The bodies were recovered and sent to mortuaries where PM information (dental, 

fingerprints, DNA, and property) was collected.  The PM information was sent to the 

Reconciliation Teams (dental, fingerprints, DNA, and property) to compare the same data 

categories for AM information.  When a match between AM and PM data was found, the 

information was checked and sent to the Identification Board, who could then verify the match, 

which then led to repatriation.  

 

       Recovery Phase           Post-Mortem Phase            Ante-Mortem Phase 
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Figure 3: The INTERPOL DVI Process used at the TTVI. 

 

The main stakeholders of the TTVI were families of the victims, all nations which incurred 

human losses, the Thai provincial governments, the Thai and foreign government 

departments, Thai and foreign law enforcement agencies, Thai and international health 

agencies, funding nations, INTERPOL, and National DVI teams (INTERPOL Tsunami 

Evaluation Working Group, p60-61).  Partners of the TTVI included the Telecommunications 

Organisation of Thailand, Normeca, CrimTrac, Plass Data, The Bode Technology Group, the 

International Commission of Missing Persons, Beijing Genomics Institute, UK Forensic 

Alliance, the National Board of Forensic Medicine (Department of Forensic Genetics, 

Sweden), other international forensic laboratories, Barcode Data Systems, participating 

foreign government agencies, private practitioners, and other international aid agencies 

(INTERPOL Tsunami Evaluation Working Group, p61).   
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An international command structure was established at the outset of the TTVI operation to 

enable a professional and standardised approach to management decisions and the running 

of the operation (Figure 4) (INTERPOL Tsunami Evaluation Working Group).  The structure 

incorporated Thai government and police officials with international police and scientific 

experts.  The aim of the command structure was to provide a fair and transparent system of 

management while leveraging off the combined experiences of all nations involved.   The TTVI 

command structure was also established at the commencement of the operation with clearly 

defined roles and responsibilities documented for each position and team (Figure 5) 

(INTERPOL Tsunami Evaluation Working Group).  The structure was effective for the daily 

running of the TTVI and only minor changes were made to the structure throughout the 

operation (mainly to consolidate teams where appropriate in the later stages of the operation 

to increase efficiency as workloads shifted throughout the DVI phases). 
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Figure 4: The TTVI International Command structure. 
Source: INTERPOL Tsunami Evaluation Working Group, (p67). 
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Figure 5: Thai Tsunami Victim Identification Command Structure. 

Source: INTERPOL Tsunami Evaluation Working Group, (p84). 

 

The DNA Team comprised the DNA Team Leader and, initially, two working teams, one at the 

mortuary collating DNA samples and preparing shipments to laboratories, and the other at the 
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TTVI Information Management Centre (IMC).  Initially the DNA Team at the IMC was under 

the command of the AM/PM Coordinator, but was moved to the command of the Reconciliation 

Coordinator in the mid-stage of the operation once a majority of AM and PM DNA profiles had 

been received for comparison.  The DNA team was staffed by forensic biologists and police 

from approximately a dozen countries.  Each national DVI team had a rotation policy of 3 to 5 

weeks, so the composition of the team was constantly changing (there were exceptions, such 

as a scientist from the Beijing Genomics Institute who worked in the DNA Team for several 

months, and the author who was DNA Team Leader for five months).  The author estimates 

at least 100 staff rotated through the DNA team between 12 January and 12 December 2005, 

with some staff performing multiple rotations during that period.  The main roles of the DNA 

Team at the IMC were to develop protocols for accurate matching and reporting of DNA results 

consistent with international standards, manage information from DNA sample analysis and 

related information, perform quality assurance on DNA profiles and DNA reports, generate 

DNA matches using available DNA matching software, provide statistical calculations to 

support DNA matches, and compile and present DNA reports for the TTVI Identification Board.  

 

A total of 3,679 victims required identification as part of the TTVI operation (INTERPOL 

Tsunami Evaluation Working Group).  The DNA Team followed ISO/IEC 17025 guidelines to 

develop procedures and methods associated with the collection of DNA samples, analysis and 

reporting of results.  IdentifilerTM (15 STR loci) was used to analyse all AM and PM samples.  

DNA profiling was not performed by the TTVI.  AM analysis was performed by laboratories in 

the country where the missing person resided, and PM analysis primarily by the International 

Commission on Missing Persons, Beijing Genomics Institute, and the National Board of 

Forensic Medicine, Sweden.  On several cases Y-STR analysis was required to confirm sex 

when a suspected mutation occurred on the amelogenin gene preventing amplification of the 

Y-chromosome fragment.  No cases were analysed with mitochondrial DNA.  A posterior 

probability of 99.9% was used as a reporting threshold (which was determined by the author 
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whilst DNA Team Leader), with cases reaching 95% and above investigated further with a 

‘near identification-threshold strategy’ (see paper 1).  A combination of software was used to 

generate DNA matches and statistical probabilities, including Plass Data’s DVI System 

Internationale (direct matches), DNA-View (perform calculations), in-house software from the 

International Commission of Missing Persons (direct and kinship matches) and in-house 

software from Queensland Health and Scientific Services (BRB Stats, direct and kinship 

match, and calculations).  Allele frequencies from Asian, Caucasian, and Thai populations 

were reported for each case. 

 

1.4 Disaster victim identification 

The definition of a ‘disaster’ varies between organisations.  The International Federation of the 

Red Cross defines a disaster as ‘a sudden, calamitous event that seriously disrupts the 

functioning of a community or society and causes human, material, and economic or 

environmental losses that exceed the community’s or society’s ability to cope using its own 

resources’.  Most countries and jurisdictions have legislative definitions of a ‘disaster’ or ‘major 

incident’ that trigger provisions and powers to enable an appropriate response.  Identification 

of victims of disasters is considered a humanitarian response and the need for identity is a 

basic human right (James, 2005).  The need to identify deceased individuals was stipulated 

in the 1949 Geneva Convention (I) for the Amelioration of the Condition of the Wounded and 

Sick in Armed Forces in the Field (Articles 16 and 17).  

 

A disaster can be caused by natural events (such as earthquakes, floods, and bushfires), 

accidents (such as aviation accidents), or criminal actions (such as terrorist bombings or 

hijacking of planes).  The terms ‘closed’ and ‘open’ disasters are used to characterise disaster 

events and can influence how a DVI operation is conducted.  A ‘closed’ disaster is 

characterised by an event leading to a known number of victims whose identity is often known.  
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For example, a plane crash in an unpopulated location would be considered a closed disaster, 

and the names of the passengers would be available on a flight manifest.  Authorities can 

therefore quickly establish a list of victims (including their name and nationality) for collection 

of AM information and evidence.  The finite number of victims in a closed disaster also enables 

a better estimation of resources required to conduct a DVI operation.    Open disasters are 

characterised by events that lead to the death of an initially unknown number of people, 

without any confirmation of their identity.  The Boxing Day tsunami was an open disaster, and 

encompassed the difficulties associated with open disasters, including a constantly fluctuating 

list of missing persons, uncertainty surrounding the completeness of body recovery and 

repatriation, and an initial uncertainty of what staffing and resources were required for the 

operation. 

 

The scientific response to identification of disaster victims has developed slowly.  Forensic 

odontology was the first of the three primary identifiers used for victim identification.  It was 

used in 1878 to identify victims of a fire in the Vienna Opera House (Taylor, 2009).  In 1940 

the Federal Bureau of Investigation (FBI) established the FBI Disaster Squad, recognising the 

need for fingerprint methods for mass fatality incidents (Kaushal, 2009), and it wasn’t until the 

1993 Waco massacre that DNA profiling was used in a disaster operation (Clayton et al. 1995).  

The three primary identifiers (a method sufficient to establish identification as a stand-alone 

approach) are dental analysis, fingerprint comparison, and DNA analysis.  Secondary 

identifiers are those that can support identification by a primary identification method, but are 

typically insufficient to establish identification alone (such as tattoos, personal property, and 

medical information) (INTERPOL DVI Guide). Taylor (2009) suggested that the modern era of 

forensic odontology commenced in response to a fire in the Paris Bazar de la Charité on 4 

May 1897 where 126 people died.  Barnes (2011) reported that the sinking of the USS Squalus 

in May 1939 was the first American disaster in which fingerprints were used to identify the 
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victims. Short tandem repeat (STR) DNA analysis was first used in 1993 to assist in the 

identification of 76 victims of the Waco disaster (Clayton et al, 1995).   

 

The application of international standards was seen as a necessity for the development of 

DVI, especially for consistency and uniformity in multinational disasters.  To this end, the first 

INTERPOL DVI Guide, resulting from the work of the INTERPOL Standing Committee on DVI, 

was published in 1984.  The DVI Guide is revised every seven years, with the most recent 

version released in 2014.  The national DVI protocols of each member nation are based on 

the INTERPOL Guide to further enhance uniformity.  The INTERPOL AM and PM forms are 

now used internationally as standard practice to record information about the missing person 

and unknown deceased respectively, to ensure a consistent and comprehensive approach to 

data collection, which facilitates subsequent comparison of forensic evidence and provides 

quality assurance.  The use of the INTERPOL DVI Guide and AM and PM forms during the 

TTVI provided an enormous benefit considering the large number of nations involved in AM 

and PM data collection.  Inconsistencies in evidence recording existed, however, this was due 

to differences between nations in terminology for description of clothing and other property (in 

response, the INTERPOL Standing Committee on DVI has established a list of standard 

terminology to be used for property fields on the AM and PM form). 

 

A DVI response is a series of phases designed to give a structured and consistent approach 

to victim identification, with commanders designated as responsible for each phase.  The 

structured approach to DVI operations can also assist with allocation of resources and 

personnel, with certain skill sets being required for each phase.  The INTERPOL DVI Guide 

(2014) lists the four phases as: Scene (Phase 1), Post-mortem (Phase 2), Ante-mortem 

(Phase 3), and Reconciliation (Phase 4).  Often a fifth phase, a ‘debrief’ or an ‘evaluation’ is 

unofficially included to discuss lessons learned and health and safety issues, and to provide 
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recommendations for continuous improvement.  In small DVI operations each of the four 

phases often occurs sequentially, while large disasters (characterised by number of victims or 

geographical area) usually lead to extended DVI phases, which therefore overlap or can 

progress concurrently.  

 

The Scene Phase involves securing and searching the scene, recording, labelling, 

preservation, and collection of bodies, body parts, and packaging of property (INTERPOL DVI 

Guide).  Depending on the nature of the disaster the Scene Phase can include recording and 

collection of other items by various specialists (for example, suspected bomb parts, or aircraft 

debris that may be analysed to determine the cause of an accident).  INTERPOL ‘DVI 

Recovery Forms’ have been developed to assist with standardising recording and labelling of 

scene items (INTERPOL DVI Guide). Essentially, the scene should be handled like a crime 

scene to ensure preservation, integrity, and continuity of ‘evidence’ (depending on the 

disaster, the evidence could also be used in a criminal or civil court).  Given the Boxing Day 

Tsunami was an open DVI that spanned many hundreds of kilometres along the Thai coast, it 

was not possible to secure the scene or prevent removal or destruction of evidence.  Further 

to this, the INTERPOL Scene Phase guidelines were not followed, and body recovery was 

performed largely by untrained groups and volunteers.  For example, the exact location of 

each body was not recorded, bodies were not labelled prior to removal, property not 

associated with bodies was not collected, preservation of the bodies was not possible due to 

lack of refrigeration, some bodies and body parts were not recognised as such and were 

overlooked, and the continuity of bodies and any property collected could not be guaranteed.  

After the initial chaos of body recovery, Thai and international experts searched areas thought 

to contain unrecovered bodies.  In fact, months after the tsunami, bodies and body parts 

continued to arrive at the TTVI mortuary, discovered either by locals or search teams.     Cohen 

(2009) reported that at least twenty bodies were recovered in the Phang Nga province by 

authorities in May 2005, five months after the disaster.   
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The post-mortem phase involves the examination of bodies, body parts, and property at a 

designated mortuary site or sites, which provide secure storage and preservation.  The aim of 

the post-mortem phase is to record, collect and analyse evidence that could lead to 

identification of the deceased by comparison with ante-mortem evidence (INTERPOL DVI 

Guide).  Typically the following processes are performed by trained specialist during the post-

mortem phase: photography, processing of property found on the deceased, fingerprinting, 

odontology, DNA sampling (and subsequent analysis), internal and external examination and 

autopsy procedures (INTEROL DVI Guide).  The INTERPOL DVI PM forms are used during 

this process to record the information either as a hard copy or electronic record.  The accuracy, 

continuity, and integrity of the post-mortem phase are essential to obtain high quality evidence 

to establish identifications.  Errors due to mis-labelling, transcription errors, sample mix-ups, 

inexperienced or unqualified personnel, fatigue, lack of appropriate equipment or resources, 

incomplete or inaccurate descriptions, and corruption of data can cause false exclusions or 

misidentifications which may not be discovered until well into the DVI operation. 

  

There were numerous difficulties and issues associated with the post-mortem phase 

conducted during the initial response to the tsunami by Dr Pornthip and her team, as would 

be expected with a disaster of this magnitude.  These included the initial lack of refrigeration 

which led to the rapid decomposition of bodies and loss of post-mortem evidence (it took about 

two weeks for approximately 100 containers to be delivered to store approximately 3,600 

bodies), inadequate facilities to perform post-mortems (a make-shift examination room was 

constructed in the prayer area of the temple), small staff numbers with varying levels of 

experience, an inadequate body labelling system which led to multiple bodies being given the 

same PM number (PM labels were also originally written on paper and placed on the bodies, 

which perished as the body decomposed, preventing samples and records from being 



44 
 

reassociated), a reliance on visual identification, and the INTERPOL DVI Guidelines  not being 

implemented at this stage [Cohen, 2009; Morgan, 2006).  After the formation of the TTVI, the 

DVI Commander authorised the re-examination of all unidentified bodies, in a process called 

the ‘final inventory protocol’, in an attempt to detect errors in the initial post-mortem phase, 

collect additional data, and validate existing information (completed in May 2005) (INTERPOL 

Tsunami Evaluation Working Group).  Essentially, the completion of the post-mortem phase 

for the TTVI was delayed, which also delayed identifications and extended the operation.   

 

From a DNA perspective, the samples removed from bodies during the final inventory protocol 

(5cm of femur and molars) were of good quality and provided up to a 95% success rate 

(complete 15 STR loci profiles) (Deng et al, 2005; Holmund et al, 2006).  Initially, however, 

laboratories only obtained DNA profiles from a handful of samples.  Some authors reported 

that the initial difficulties in obtaining complete STR profiles was due to the bodies being too  

decomposed,  the effects of the bodies being exposed to salt water from the ocean, or due to 

invasion by microbes (Deng et al, 2005; Lessig et al, 2006).  However, given the success of 

post-mortem DNA profiling of the samples obtained from the final inventory protocol it is more 

likely that sample and method selection, and laboratory inexperience with DNA profiling bone 

samples led to the initial poor results (INTERPOL Tsunami Evaluation Working Group).  For 

example, in the initial post-mortem soft tissue, rib sections and teeth were collected 

(INTERPOL Tsunami Evaluation Working Group; Lessig et al, 2006).  The DNA in the soft 

tissue would have been affected by the extreme temperatures and lack of refrigeration.  Teeth 

are an excellent source of DNA, however at least two laboratories sampled the tooth pulp 

rather than the dentin.  The tooth pulp failed to produce profiles because, similar to other soft 

tissue, it was too degraded.  Laboratories also tried different DNA extraction methods for 

bones (often more suitable for soft tissue) before using an extraction method targeted for bone 

tissue (Deng et al, 2005).  The initial difficulties associated with the DNA analysis of the bone 

samples delayed the progress of the TTVI DNA team and delayed identifications.  Ideally, a 
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Forensic Biologist with experience in analysis of bone samples should provide advice on 

sample selection and assist in the mortuary during the post-mortem phase.  This is consistent 

with Recommendation 66 of the INTERPOL Tsunami Evaluation Working Group which states: 

‘It is recommended and important that persons with appropriate experience and skills of DNA 

analysis within laboratory work and DVI take part in the initial assessment of the disaster scene 

and be involved in the decisions taken after such an assessment’ (INTERPOL Tsunami 

Evaluation Working Group, p130).  Only laboratories with experience in DNA analysis of bone 

samples should be used to provide post-mortem DNA profiles, and where possible this 

experience should be shared with other laboratories to enable a surge capacity for large 

disasters.  The INTERPOL Tsunami Evaluation Working Group also highlights the need for 

laboratory experience when processing PM samples from DVI operations in Recommendation 

68: ‘It is recommended that INTERPOL makes an inventory of accredited laboratories 

prepared and skilled to preform DNA analysis of post-mortem samples and deliver results 

according to the requirements stated’ (INTERPOL Tsunami Evaluation Working Group, p136). 

 

The ante-mortem phase involves generation of a list of possible victims and the recording, 

collecting, and preservation of information and items relating to those possible victims by 

police and specialists.  Typical AM evidence collected for comparison against PM evidence 

includes fingerprints, (either latent from personal effects or ten prints from identity cards), palm 

prints and footprints, dental records and charts, DNA samples (from personal items, medical 

samples, or from close biological relatives), medical records and charts, photographs, 

descriptions of the missing person’s physical appearance (including scars and tattoos), and 

descriptions of property (such as jewellery and clothing) (INTERPOL DVI Guide).  The 

INTERPOL DVI AM form is used to record these descriptions, information, and note samples 

collected.  Given victims of the tsunami were from 42 nations, the ante-mortem phase was a 

global event.  Police and specialists from the missing person’s country were responsible for 

the collection, documentation, analysis, and transmission of AM evidence to the TTVI.  This 
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created numerous issues including a preference of some AM evidence over others by some 

countries, issues with standard terminology between countries to describe property, data 

transmission issues which affected the quality or format of data being received, and in some 

cases a lack of appreciation of how much AM evidence was needed for the size of the disaster 

(for example some countries collected only one DNA sample from a relative) (INTERPOL 

Tsunami Evaluation Working Group, p21).  Different national policies and legislation meant 

that some countries had access to better quality AM evidence.  For example, Thailand require 

all citizens over 16 years to have an identity card containing ten prints, and Sweden 

temporarily changed legislation for the use of medical bio-bank cards allowing rapid access to 

124 bio-bank samples (medical heal prick cards) within the first few weeks of the disaster 

(INTERPOL Tsunami Evaluation Working Group; Montelius & Lindblom, 2012).   

 

The lack of available AM DNA samples (the causes of this will be discussed in papers 1 to 3) 

was a major impediment to the TTVI DNA Team.  Chaikunrat et al (2011) stated that only 

58.1% of AM records contained DNA evidence by 9 January 2008.    In addition, family trees 

and pedigree analysis were not conducted by most countries prior to DNA samples being 

collected and submitted.   This may have been due to lack of direction by the TTVI, no specific 

prompt on the INTERPOL AM DVI form for such information, and an initial lack of appreciation 

of why this information was necessary (the lack of this information may have led to the 

incorrect identification of siblings where parents were used as references).  The TTVI later 

requested pedigrees to be supplied for AM cases involving two or more related victims, 

however, the initial absence of pedigree information caused delays in DNA identifications. 

 

The Reconciliation Phase involves matching AM and PM data, and evaluation by the 

Reconciliation Team of AM and PM matches generated by each identification method to 

assess the strength and quality of the evidence and to determine that no inconsistencies exist 
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(INTERPOL DVI Guide).  The INTERPOL Comparison Report is used to record the collated 

evidence and scientific opinions of all methods involved in a case and record the outcome of 

the investigation.  All cases that pass this evaluation are submitted to an Identification Board 

for presentation by experts and final assessment and acceptance of identification by a 

designated authority which then allows official release of the body for repatriation.  Information 

and statistics on each confirmed case are usually generated by the Reconciliation Team for 

communication to the DVI Commander, which can be used to update families, governments, 

and media, and to assist in resource management.   

 

Initially, thresholds were not set by the TTVI DNA Team to determine what statistical 

thresholds were required to be reached to allow a case to be forwarded to the Reconciliation 

Team for consideration.  For example, if a kinship match was found a likelihood ratio 

calculation would be performed and included on the DNA report.  The Reconciliation Team 

was staffed by police officers who could not appropriately weight the DNA evidence based on 

the likelihood ratio.  Often if a DNA match report was forwarded to the Reconciliation Team it 

was accepted based on the Forensic Biologist’s experience.  This had the potential to create 

bias, confusion, and potentially mis-identifications.  In April 2004 DNA reporting thresholds 

were developed using probabilities expressed as a percentage (to make it easier for the 

Reconciliation Team to understand and evaluate), with a threshold aligned to each INTERPOL 

reconciliation term (possible, probable, and established).     

 

Overall, the use of standard INTERPOL DVI Guidelines, INTERPOL DVI forms, and the four 

structured DVI phases during the TTVI operation were enormously beneficial, particularly for 

standardisation, increased quality assurance, and overall management.  DVI capability 

development, preparedness and training can assist a country or jurisdiction respond better to 

a disaster, however unexpected issues will often arise.  The scale and complexity of the 
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tsunami in Thailand was incomprehensible to even the most experienced DVI practitioners.  

The effort and achievements of all involved in the DVI response should be acknowledged, 

especially given the difficult operational environment and challenging circumstances.  It should 

be emphasised that each disaster is different and the response to each disaster and DVI 

phase will therefore be unique. The DNA response to the Thai Tsunami was also unique 

compared to its use in other disasters which will be discussed in the following section.    

 

1.5 Use of DNA analysis for disaster victim identification 

Use of DNA analysis in a disaster can provide advantages over dental and fingerprint analysis, 

and the method has now been accepted as a standard tool in DVI.  Bodies that are fragmented, 

highly decomposed, or incinerated often lack evidence required by dental and fingerprint 

methods to establish an identification.  DNA is ubiquitous in all tissue, and highly resilient in 

bone and teeth, providing an opportunity to identify fragmented, and highly decomposed 

corpses.  Prior to the use of DNA in such situations, for example an aviation disaster, 

fragmented remains that could not be reassociated with an identified body remained 

unidentified and were either respectfully disposed of, or interred in mass graves.  Since the 

number of genetic loci used in DNA analysis has increased, it is considered the ‘gold standard’ 

in human identification, providing a high power of discrimination and an unbiased quantitative 

estimation of a victim’s identity.  The heredity of genetic material allows victims to be identified 

using the DNA of biological relatives as ante-mortem references.  This additional source of 

ante-mortem evidence can be useful in disasters where victims do not have access to dental 

health services, or where a natural disaster has destroyed personal effects containing 

fingerprints or fingerprint records (floods, fires, tsunamis).  The main limitations of using DNA 

over fingerprint and dental methods is the speed and cost of DNA analysis, and the 

requirement of appropriately experienced DNA laboratories and staff to generate AM and PM 

DNA profiles, which may be conducted some distance from the disaster site or DVI operation.  

For these reasons DNA is unlikely to replace the traditional DVI identification methods, but 
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should be implemented in a way that either targets or supplements fingerprint and dental 

analysis where necessary.  A strong understanding of the strengths and limitations of DNA 

analysis is therefore vital in understanding its role in future disasters.  The following summary 

of the use of DNA in historical disasters highlights these characteristics, and is further explored 

in this thesis. 

 

   

One of the first reported uses of DNA profiling in a mass disaster was in the 1990 Scandinavian 

Star ferry fire, where the earlier methods of restriction fragment length polymorphism (RFLP) 

and variable number of tandem repeats (VNTR) were used (Montelius & Lindblom, 2012).  The 

newly developed short tandem repeat (STR) method was first used in a DVI in 1993 after the 

Waco disaster near Texas where it assisted in the repatriation of 26 bodies (Clayton et al, 

1995).  Superior DNA methods have since been introduced, with these providing higher 

powers of discrimination and faster processing times, and have led to DNA profiling being 

recognised as a primary identification tool for DVI.   DNA profiling is still a relatively new 

primary identification tool for DVI compared to dental and fingerprint methods (Kaushal, 2009; 

Taylor, 2009).  Therefore, mass fatality operations often present new experiences and 

challenges for application of DNA methods.  How DNA profiling is managed at an operational 

level, how DNA profiling can support fingerprint and dental methods or achieve identification 

when such evidence is unavailable, and determining what the real needs and limitations of 

DNA analysis are in each DVI situation are continuously evolving issues.   

 

Major DVI operations that used DNA analysis for victim identification prior to the 2004 South-

East Asia Tsunami include the 1992 Airbus A320 air crash, the 1996 Spitsbergen civil aircraft 

disaster, the 1998 Swissair flight 111, the 2000 Kaprun cable car fire disaster, the 2001 World 

Trade Centre attacks, and the 2002 Bali Bombings (Budimlija et al, 2003; Holland et al, 2003; 

Leclair et al, 2004, Meyer, 2003; Olaisen et al, 1997).  At the time of the 1996 Spitsbergen 

disaster, DNA profiling was still not considered a standard tool in DVI.  The Airbus A320 crash 



50 
 

into Mount Ste-Odile (France) in 1992 involved 87 victims and was one of the first times DNA 

analysis was recognised as being able to resolve complex identifications in disaster operations  

(specifically fragmented remains) being  successfully able to identify of 17 victims (Alonso et 

al, 2005; Ludes et al, 1994).  A terrorist bombing in 1992 that destroyed the Argentine Israeli 

Embassy (Buenos Aires) killing 28 people was another early opportunity for DNA methods to 

assist with DVI.  Ten sets of remains were analysed using a mixture of STRs (6 loci), VNTR 

(4 loci), a single locus min-satellite marker (YNH-24) and mitochondrial DNA sequencing of 

the hypervariable regions (I and II).  This was also the first time that DNA analysis was adopted 

in Argentina by the Supreme Court of Justice in a criminal case, highlighting that the method 

was beginning to be accepted as both useful and reliable for human identification (Patrinos & 

Ansorge, 2009).  In the 1996 Spitsbergen aviation disaster 141 people perished and their 

bodies were highly fragmented.  DNA analysis involved 3 STR markers and 5 VNTR markers 

and led to the reassociation of 257 body parts and identification of 139 victims, once again 

demonstrating the advantage of DNA profiling over traditional identification methods (Alonso 

et al, 2005; Olaisen et al, 1997).  In 1998 three aviation disasters occurred that included the 

use of DNA analysis.  The Taoyuan Airbus crash (Taiwan) killed 202 people, with DNA profiling 

used to analyse 685 body parts using Profiler Plus® kit (9 STR), the AmplType HLA DQ-Alpha, 

and AmplType Polymarker, leading to the identification of 183 victims (Alonso et al, 2005; Hsu 

et al, 1999).  An aircrash in the Philippines killed 104 people, with 187 body parts analysed 

with DNA (however, Alonso et al reports low success was achieved using STR markers) 

(Alonso et al, 2005).  The Swissair flight 111 that crashed off the coast of Canada killing all 

229 people on board involved the large scale analysis of 1,277 body parts using Profiler Plus® 

and CoFiler® (Alonso et al, 2005). The scale of the DNA operation was one of the largest at 

that time, and was one of the first examples in a DVI operation of a purpose-built bioinformatics 

tool to assist with comparison of DNA profiles.  DNA profiling identified 218 victims of the 

Swissair disaster and demonstrated how quickly DNA methods were being adapted and 

created for disaster victim identification (Alonso et al, 2005).  In Austria, in November 2000, 

DNA profiling was again successfully used in the Kaprun cable car fire involving 155 victims 
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(mostly incinerated and all bodies were intact).  Incredibly, all 155 victims were identified using 

DNA method in just 19 days.  The DNA response to the Kaprun cable car disaster was another 

dramatic advancement in the evolution of DNA as a tool in mass disasters (Meyer, 2003).  The 

above successes of DNA analysis also started to create a benchmark for its use in future 

disasters, and an overall expectation that a DVI operation would eventually lead to the 

identification of all victims using a combination of scientific methods. 

 

The 2001 World Trade Centre (WTC) attacks in New York can still be considered the most 

technically complex and challenging disaster operation.  A total of 2,749 people were killed in 

an event that was unprecedented (Alonso et al, 2005).  Due to the high impact of the planes, 

and the collapse of both buildings and subsequent fires, the victims’ remains were mostly 

highly fragmented and affected by heat.  Over 20,000 PM samples were sent for DNA analysis 

using a combination of Profiler Plus®, Cofiler®, miniSTRs, and mitochondrial single nucleotide 

polymorphisms (SNPs) (Alonso et al, 2005).  In addition to the 20,000 PM samples, 

approximately 11,000 AM samples (personal items and family samples) were analysed.  Given 

the large volume of DNA comparisons (Alonso et al (2005) estimated 220 million) and 

calculations required, four different DNA software tools were used.  The DNA operation in New 

York still continues today to complete the identification of all victims and body parts (by 

September 2014 a total of 1,639 victims and almost 12,000 body parts had been identified) 

(Daily Mail).  This prolonged and concentrated DVI operation provided experience and 

numerous lessons, and led to innovation in DNA methodology, signalling another major 

advancement in the use of DNA profiling in mass disasters.  The 2002 Bali Bombings was the 

second terrorist event in two years that required DNA methods to assist in the identification of 

fragmented remains.  A total of 202 victims from 23 countries perished in the attacks, with 

DNA analysis assisting in the identification of 115 victims (Biotechnology Australia). 

 

Each disaster (whether closed or open), presents its own set of challenges for successful DNA 

identification, such as the number of victims, limited recovery of remains, degree of body 
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fragmentation and DNA degradation, and the type of DNA references available.  In addition, 

consideration is needed for large-scale data management and DNA profile comparisons, 

coupled with stringent quality requirements, time pressures and availability of resources.  The 

different combination of factors, therefore, necessitates very different approaches to 

management of DNA operations in different disasters, thus requiring managers to 

continuously adapt and problem-solve at the commencement of, and throughout, an 

operation.   

 

The major challenges presented by the South-East Asia Tsunami for the Thai Tsunami Victim 

Identification (TTVI) DNA operation included: 

 the number of unidentified victims (3,679),  

 the geographical extent of the disaster, which comprised hundreds of kilometres of the 

Thai coast,  

 the number of nationalities represented as victims (42 different nationalities, with 

approximately half of the deceased being foreign tourists),  

 the extent of relatedness among victims,  

 the number of child victims,  

 the lack of DNA references (personal items were destroyed by the tsunami and many 

close relatives perished limiting traditional kinship sources),  

 the constantly rotating team of specialists from over 30 countries (national teams had 

a 2 to 6 week rotation policy, creating a lack of continuity at the TTVI, with staff 

constantly working with unfamiliar people, systems and protocols), and 

 mass sample and data management issues caused by post-mortem (PM) samples 

being sent by the TTVI to several international laboratories, and ante-mortem (AM) 

profiles being received by the TTVI from 42 countries.   
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However, unlike the Spitsbergen disaster, the Swissair flight 111 disaster, the Kaprun cable 

car fire, the World Trade Centre Attacks, and the 2002 Bali Bombings, the bodies of tsunami 

victims were relatively intact and provided good quality DNA profiles in over 99% of cases.  

This may be compared, for example, to the World Trade Centre Attack where the high degree 

of body fragmentation from the fire and building collapse required the DNA analysis of over 

20,000 PM samples (Alonso et al, 2005). 

 

The disaster closest in comparison, in terms of number of fatalities, prior to the South-East 

Asia Tsunami, was the World Trade Centre Attacks, which involved 2,749 victims (Alonso et 

al, 2005).  This was similarly an open disaster, involving victims from different nationalities and 

requiring large-scale DNA comparisons (ante-mortem to post-mortem).  However, compared 

to the South-East Asia Tsunami, the World Trade Centre attacks were geographically 

targeted, victims were mostly adult and unrelated, there was access to reference DNA (from 

either family members or personal effects from victims’ homes), and the DNA operation was 

conducted at an existing forensic laboratory at the New York Office of the Chief Medical 

Examiner, by their team of ongoing staff.  Therefore, the South-East Asia Tsunami resulted in 

a combination of operational complexities never before seen on such a large scale, and, 

considering DNA profiling was first used in a DVI only twelve years prior, provides a strong 

justification for a thorough evaluation and documentation of the TTVI DNA operation. 

 

1.6 Specific aims of this study 

To date, a thorough evaluation of the TTVI DNA response has not been published.  This has 

led to mis-information and confusion about the impact of the DNA response.  The goal of the 

research presented in this thesis is to provide an accurate analysis of data obtained from the 

TTVI and to publish the results in international forensic journals.  DVI is a highly specialised 

area of forensics, and advances in this field rely on lessons learned from previous disasters.  

In particular, first-hand accounts from those involved in a DVI operation over an extended 

period provide an accurate insight.  This research has resulted in a number of 
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recommendations which will add to the continuous improvement of DVI in terms of faster 

identifications, strategies to resolve complex cases, improved operational management, 

improved policies, better resource allocation and preparedness.    

 

The overall goal of this research is to evaluate the TTVI DNA response to the South-East Asia 

Tsunami.  Specifically, the aims of the research are to: 

1. Determine the success of DNA testing in the early stages of the TTVI operation. 

2. Identify impediments that limited the TTVI DNA Team. 

3. Identify solutions that were implemented by the TTVI as a response to the 

impediments. 

4. Evaluate the effectiveness of the solutions implemented. 

5. Determine how effective the DNA method was at each stage of the TTVI operation. 

6. Determine where the DNA method was most effective in victim identification by 

exploring the number and rate of victim identifications by age and nationality. 

7. Determine how DNA could be better integrated with other identifiers, while 

maintaining independence. 

8. Provide recommendations from this research for the benefit of future DNA responses 

to mass fatalities. 

 

1.7 Progress of research linking the scientific papers 

Paper 1 explores the success of the traditional DVI approach at the TTVI, where a single 

primary identifier (dental, DNA, fingerprints) can establish identifications relatively quickly.  

Incomplete or poor quality AM and PM data prevented a large number of identifications using 

this strategy alone.  The AM and PM data deficiencies are explored to allow understanding of 

the complexity of the operation and how this prevented victim identification.  A new ‘near-

threshold’ identification strategy was implemented by the TTVI, and the outcomes of this are 
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explored, including the number of identifications it assisted (by age and nationality), which 

scientific teams it assisted, and how it improved TTVI operational efficiencies (aims 1, 2, 3, 5, 

6, 7 and 8).   

 

The second paper investigates the identification rates of adults and children at the TTVI.  

Preliminary analysis showed that children were being identified in significantly fewer numbers 

than adults.  AM and PM data issues highlighted in paper 1 are expanded to specifically 

explore why children were more difficult than adults to identify (aims 1 and 2).  Targeted 

strategies implemented by the TTVI DNA Team (which include the near-threshold strategy 

discussed in paper 1) are highlighted and analysis shows they had a significant impact on 

child identifications (aims 3, 4, 6, 7 and 8).      

 

The third paper explores the impact of DNA profiling in the early, middle and late stages of the 

TTVI operation (aim 5 and 6) and relates identification trends back to the impediments and 

implementation of successful strategies discussed in papers 1 and 2.  In the early stages, DNA 

had little success due to the lack of AM and PM DNA profiles, data management and DNA 

software issues (aims 1 and 2).  However, once these issues were addressed (including 

strategies discussed in papers 1 and 2), DNA identifications increased.  By October 2005 

onwards, DNA profiling was the most used method of identification.  The effect of victim 

demography (age and nationality) on identification method is explored, further highlighting 

issues with unavailable AM data (aims 1, 2 and 8).  Finally, the overall impact of DNA analysis 

is reported from 12 January 2005 to 16 July 2008, at which point 90% of victims had been 

identified (aim 5).  The results are compared with previously published TTVI DNA outcomes 

which reveal some misleading conclusions by other authors who have evaluated the DNA 

effort.  
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In combination, the three papers provide a valuable record of the TTVI DNA operation from its 

commencement on 12 January 2005 to 16 July 2008, when 90% of victims had been identified 

(3,308 out of 3,679).  The research highlights impediments to DNA identifications, reveals 

strategies which were implemented to overcome these issues, and analyses their 

effectiveness post-implementation.  This information provides a reliable learning tool for the 

forensic community and provides a number of DNA-based recommendations for the 

continuous improvement of DVI for future mass fatalities.  
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CHAPTER 2    DISCUSSION AND CONCLUSIONS 
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The international Thai Tsunami Victim Identification Team in Phuket, Thailand.  Photo 

sourced from TTVI.   Image freely available from the internet. 
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2.1 General Discussion and Conclusions 

Key resources for continuous improvement in DVI include records and evaluations of previous 

operations written by people who participated in the operation in a leadership capacity, and 

who had first-hand insight of their team’s issues and successes.  A direct account of the TTVI 

DNA response to the South-East Asia Tsunami also forms part of an historical record of the 

largest and most successful DVI operation in history.  The overall goal of this research was to 

evaluate the TTVI DNA response to the tsunami and use the results to address current gaps 

in the literature from an operational and historical perspective.  In doing so, the findings and 

recommendations are meant to form an objective and pragmatic assessment and should not 

be viewed as criticism of any group or individuals involved in the TTVI operation. 

 

The outcomes of DNA testing was evaluated in the early stages of the operation, and revealed 

that very few identifications were achieved.  The poor success of DNA could have led to the 
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conclusion that DNA was not an effective identification tool for this type of disaster.  However, 

to accurately evaluate the TTVI DNA response, it is critical to uncover the issues and 

complexities that were encountered.  Without a thorough understanding of the limitations and 

impediments, any conclusions drawn merely from identification data are misleading and may 

lead to the misuse of DNA in future mass fatalities.  The science of DNA as a laboratory-based 

method has been used for many decades and is sound, but how DNA is best used as a tool 

to identify victims of mass disaster, and how it is incorporated into a DVI operation from a 

management perspective, are still relatively new issues that need further exploration.  This 

evaluation focused on the TTVI DNA response from an implementation and management 

perspective, rather than a scientific one.  It has been written for Forensic Biologists, other 

scientific experts participating in a DVI, police DVI Commanders, and ultimately those 

responsible for the drafting and implementation of DVI plans at state, national and international 

levels.  It is hoped that the results of this research will provide greater understanding of the 

strengths and limitations of DNA in a mass fatality operation and suggest ways in which DNA 

can be better implemented to provide faster identifications in a more resource efficient manner.  

On a more social level, the research aimed to address the dichotomous views held by many 

in relation to the use of DNA in a DVI.  That is, DNA is the ‘magic bullet’ versus DNA has little 

impact and should only be used as a last resort.  To achieve this, results of this research were 

compared to published literature, including those based on generalised views.  The literature 

review revealed a number of misleading conclusions drawn by authors who have 

misrepresented the TTVI DNA operation, the sum of which has formed an inaccurate historical 

record of the operation, which then may lead to misuse of DNA in future disasters. 

 

The first paper highlights the success of the traditional DVI strategy, where victims are 

identified rapidly using one form of forensic evidence (dental, DNA or fingerprints).  In February 

and March 2005, 93% and 87% of all identifications, respectively, were established with a 

single method.  However, use of single methods for victim identification significantly declined 
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to only 20% by December 2005 (p<0.0001).  It is critical that the causes of this decline be 

understood to ensure adequate preparation for future disasters and to effectively use 

identification resources, which are often limited and expensive.  The lack of accurate and 

complete AM and PM data for each identification method and the causes were explored, 

revealing issues in quality assurance, evidence collection and data management processes, 

and evidence deficiencies caused by the nature of the disaster.   

 

The TTVI implemented a new ‘near-threshold’ identification strategy in June 2005 to overcome 

these issues.  This new strategy targeted DNA kinship matches that fell below the reporting 

threshold of 99.9%, and used the physical, medical, dental, and fingerprint information in a 

coordinated and systematic approach to either exclude the case, flag it for collection of 

additional AM evidence, or strengthen the case and progress it to the Reconciliation Team.  

The Investigation Team coordinated the process to maintain a level of independence between 

scientific teams, and recorded the outcomes of their investigations.  The near-threshold 

strategy was immediately successful and resulted in a total of 111 identifications from July 

2005 to December 2005.  Of these identifications, 87 were adults and 24 were children.  The 

Fingerprint Team established nearly 60% of these identifications and a combined 

DNA/Physical method was responsible for another 30%.  In addition, the strategy provided an 

‘end-point’ for cases that were not going to be resolved without collection of additional 

evidence.  This stopped continual re-examination of the case by experts, and allowed more 

complex cases to be targeted earlier in the operation, allowing faster resolution.  The strategy 

enabled DNA to be better integrated into the DVI operation, specifically where it could not 

provide a stand-alone identification, but could assist by eliminating possible matches and 

targeting probable matches for other identification groups.  Independence between teams was 

maintained by the flow of information and use of the Investigative Team to prevent 

confirmation bias.   The strategy changed the standard decision-making process of experts 

when evaluating and handling challenging cases. Specifically, instead of experts placing a 
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lower value on such cases, and in many instances ceasing work on them, they placed a high 

value on the cases and shared their information to help others.  It is recommended that the 

near-threshold strategy be used alongside the traditional DVI approach when single-method 

identifications start to decline, to address deficiencies in AM and PM information.  While DNA 

was the starting point in the strategy outlined, it is possible that either of fingerprints, dental, 

or property could be repositioned within the strategy sequence and thus provide alternative 

starting points.  The key point of the strategy was that all groups worked together to achieve 

identifications that would not have been obtained by sharing information and working together 

in a structured, yet independent approach.’ 

 

The second paper provides the first thorough investigation of identification rates between 

adults and children in DVI.  Approximately 500 children from over 20 nationalities were victims 

of the Thai tsunami.  From early on in the TTVI operation there was a clear difference in the 

proportion of adult and child identifications.  In the first 100 days, 1,211 adults were identified 

compared to only 78 children.  To eliminate nationality as a variable, six countries with the 

largest number of child victims were examined (Finland, France, Germany, Norway, Sweden 

and Thailand).  This revealed that, despite being the same nationality, adults were being 

identified in significantly greater proportions than children.  For example, in the first 100 days, 

92% of Swedish adults were identified compared to only 27% of Swedish children.  Other 

similar results were: 89% Finnish adults versus 29% Finnish children; 84% German adults 

versus 29% German children.   

 

Given differences existed between the rate of adult and child identifications, the child category 

was further examined and revealed a significant difference in the average number of days it 

took to establish identifications of children from 0 to 16 years old ( p<0.0001).  Children under 

the age of 1 took on average 195 days to be identified, compared to children aged 16, with an 
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average of 130 days.  On average it took 4.3 days longer to identify a child for each year they 

were under the age of 16 (95% confidence interval = 2.9 days to 5.7 days).  This information 

demonstrates that the age of the victim could affect the length of time to repatriation, which 

can be used to manage expectations of child victim identification.  It also draws attention to 

the need to prioritise AM information that is more likely to identify children.      

 

The causes of the slower identification rates were examined, and revealed that common AM 

evidence that was available for adults was not available for children.  These deficiencies 

existed across all identification methods and were causing not only the slower identification of 

children, but more critically, were preventing the identification of children.  The TTVI 

recognised this risk and made identification of children a priority.  In response, the TTVI DNA 

Team implemented a number of targeted strategies to identify children, which were discussed 

in this thesis (Paper 2).  The outcomes of the targeted child strategies were investigated to 

determine whether they were responsible for the increase in child identifications.  After 

implementation (from May 2005), the proportion of child identifications started increasing 

compared to adults.  By June 2005, the percentage of children identified that month with DNA 

was 85%, compared to 15% for adults.  Of the 442 children identified by 12 December 2005, 

DNA identified 214 (48.4%), fingerprints 152 (34.4%), dental 73 (16.5%), and physical 3 

(0.7%).   

 

This research provides a critical understanding of the complexities and different requirements 

for child identifications compared to adults in mass disasters, which has not been previously 

published.  This understanding is necessary to ensure an equal opportunity for identification 

for victims of all age groups.  The TTVI DNA Team’s experience with child identifications has 

led to a number of recommendations, which may assist in future mass fatalities.   These 

include using PM body length to prioritise DNA testing of children, using PM DNA samples 
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from parents of missing children as references for kinship matching, targeted use of kinship 

matches falling below reporting thresholds, and PM-to-PM kinship matching.  

 

The third paper draws together all of the issues, strategies and successes discussed in papers 

1 and 2 for an overall evaluation of the TTVI DNA response.  The impact of DNA was 

investigated in the early, middle and late stages of the operation and the trends during each 

stage were explored in detail.  By the end of May 2005 (early stage), DNA had established 

only 15 identifications (307 fingerprints, 1,266 dental and 11 physical).  A critical lack of AM 

and PM DNA profiles, and issues with data management and DNA software were the main 

causes.  By the end of May 2005, 2,358 AM case files and 4,325 PM case files had been 

created, though only 310 AM profiles and 180 PM profiles were available to the TTVI DNA 

Team.  Reasons for this were highlighted, and included lack of direct AM DNA evidence that 

was destroyed by the wave, and the large number of related victims preventing availability of 

suitable kinship references.  Poor DNA sample selection at the initial autopsy (decomposed 

soft tissue), lack of experience in profiling human remains by many laboratories who also 

struggled with the sudden surge of samples, prevented rapid access to PM DNA profiles. 

 

By the end of June 2005, the TTVI had access to 1,269 AM DNA profiles, 1,310 PM DNA 

profiles, and had systems in place which improved data management to allow automated 

kinship matching with DNA software.  From October 2005 (late stage), DNA was the most 

used method of identification by the TTVI.  By 12 December 2005, DNA had identified 13% of 

adults (all nationalities), 33% of 10 to 16 year olds, 43% of 5 to 9 year olds, and 73% of 0 to 4 

year olds.  To understand how victim demography affected identification method, analysis was 

conducted on the six nationalities with the greatest number of missing children.  The 

distribution of identification methods used for each nationality and age group was vastly 

different, demonstrating that a victim’s age and nationality largely determined how successful 



65 
 

each identification method was.  DNA was used for only 2% of French, Finnish, German and 

Swedish adults combined, but was used for 30% of Thai adults.  DNA was most successful 

for Thai children (68% for 10 to 16 year olds, 94% of 5 to 9 year olds, and 99% for 0 to 4 year 

olds), and was the most used method for European children 0 to 4 years old (52%).  Analysis 

within the child category revealed there was a 3.9% increase in DNA identifications for each 

year a victim was younger than 16 years old (p<0.0001).  Overall, the TTVI DNA response 

was successful, identifying a large number of children (all nationalities) and Thai adults (both 

of which were flagged as priorities by the TTVI).  By 16 July 2008, DNA had established 24% 

(799) of all 3,308 identifications, dental 40% (1,337), fingerprints 35% (1,142) and physical 

1% (30).  It is acknowledged that there were differences in the speed that AM DNA profiles 

were provided to the TTVI by different countries.  Analysis compared identification rates of 

adults and children within each country to remove this variable.  It was evident that for many 

countries the adults were identified faster than children from that same country.     

 

Understanding how victim demography affects identification methods, and how trends in each 

identification method change throughout each stage of a DVI operation are critical for planning 

a response to disasters.  Such information can affect planning for collection of AM and PM 

material, resourcing, expectation management, and informing external communications 

(government agencies, family and media).  Coordinating resources to target groups of victims 

that are more likely to yield success with a particular identification method saves time and 

money, and achieves the ultimate goal of returning victims home as quickly as possible.   

 

Learning from previous disasters, having suitable response plans and appropriate resources 

in place, recognising each method’s strengths and limitations, implementing successful 

identification strategies specific to victim demography and the nature of the disaster, and being 

prepared to respond to unexpected issues are all critical to the success of a DVI operation.    
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The standard INTERPOL DVI protocol was successful at the TTVI and facilitated rapid 

identification of victims using a single primary method (93.02% of victims were identified using 

a single method in the first full month of the DVI operation).  The standard protocol provides a 

workflow that ensures teams work independently, avoiding possible mis-identifications from 

confirmation bias, and is established best-practice in all INTERPOL member countries using 

a DVI response team.  The method has been successfully used for small and large disasters, 

including the 2002 Bali Bombings (Biotechnology Australia), and the WTC Disaster (Budimlija, 

Z. et al. (2003), and should continue to be used in all future disasters.  The research presented 

here supports the application of the standard DVI process and use of the three primary 

identifiers at the TTVI, as this strategy was shown to rapidly identify the majority of victims 

across all nationalities.   

 

However, it was evident from the beginning of the operation that the standard method resulted 

in underuse of the DNA method, compared to other methods, to the detriment of the whole 

operation.  None of the 57 identifications made in January 2005 were assisted by DNA, and 

only 1/516, and 2/542 were made with DNA in February and March, respectively.  Paper 1 

outlines the factors that contributed to the lack of AM DNA profiles, which consequently limited 

the capability of DNA to contribute. The combination of these two factors was unique to the 

Boxing Day Tsunami, though each factor had been encountered individually in other disasters.  

The DNA matches that were generated at the TTVI fell below the reporting threshold required 

for an identification without support from an additional modality.  The many hundreds of ‘weak’ 

DNA matches meant that the case-specific request for targeted assessment using the 

standard protocol was not possible, as it would have generated an enormous volume of work 

due to the large proportion of likely ‘false’ matches.  Use of the ‘near identification-threshold’ 

strategy, explored in Paper 1 allowed the DNA information to be better used by the TTVI, and 
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when integrated with the other identifiers, ultimately contributed to the identification of 111 

victims. 

 

The value of the new strategy wasn’t restricted to achieving identifications.  One of the major 

benefits of the strategy was enabling systematic collation of all available evidence for each 

case, and the inclusion of a decision point to determine whether the case could progress 

without collection of additional evidence.  The incorporation of such a decision point is absent 

in the standard DVI process, and may lead to cases being handled multiple times and by 

multiple teams at the TTVI. All teams would be expected to reach the same decisions, but 

these decisions may not necessarily be recorded or acted upon.  The new decision point 

developed in this thesis allows accurate evaluation of a case early in the operation, facilitating 

collection of extra evidence and for those decisions to be recorded.  Essentially, difficult cases 

will be flagged easily, which allows decisions to be made about the case based on combined 

evidence rather than on fragments of evidence spread across different identifiers.   

 

The new strategy should not replace the standard DVI protocol.  It should be used in 

conjunction with the standard DVI protocol if access to good quality AM or PM data is 

unavailable for any of the identifiers (Figure 6).  The team structures should be retained from 

the standard approach as these are familiar to all DVI nations and prevent confirmation bias 

for stand-alone cases.  A dual process approach could rapidly identify victims using one form 

of evidence, while also integrating partial information from all identifiers, providing a more 

holistic approach to resolving cases.  The dual DVI process approach may have been useful 

for the 2005 Hurricane Katrina DVI operation, where there was a lack of some PM information, 

including fingerprints due to degradation of the remains because of the delayed body recovery 

phase (because priority was placed on search and rescue and owing to the large destruction 

zone) (Conly & Johnston, 2005). For the Katrina operation there was also a lack of AM DNA 
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from personal effects and AM dental records due to the tidal surge and hurricane damage, 

and because such a low percentage of the affected population had had dental treatment, 

precluding the use of AM dental records. In some cases there was also a lack of living close 

relatives that could provide AM DNA due to multiple family members perishing in the disaster.  

In this respect, a dual strategy could have commenced with DNA, fingerprints, or dental 

information, and been used to overcome the absence of the information described above.  

 

                                   Standard DVI Method 

 

  

 

 

 

 

 

 

  

 

Figure 1: Incorporating the standard DVI method and the near-threshold method within a 
mass fatality operation.  

   

     

2.2 Future Directions 

The Boxing Day Tsunami presented experts with a previously unimaginable scenario for victim 

identification; this should now be considered the new benchmark for DVI preparedness.  

Expectations for DVI responses have also increased, with the public and government agencies 
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now anticipating that forensic science can quickly and accurately identify all victims from 

disasters.  As a result, the ‘modern’ DVI response needs to continue to evolve and improve to 

meet these demands.  This thesis has highlighted some areas where future research could 

be targeted to address current deficiencies and improve DVI response for large or complex 

operations.   

 

2.2.1 Improving integration of DNA within the DVI operation  

Typically the DNA team is involved in the DVI operation at the AM phase to profile DNA 

samples collected from family and personal items, at the PM phase to profile DNA samples 

collected at the mortuary, and at the reconciliation phase to match AM DNA profiles to PM 

DNA profiles and report matches reaching a nominated identification threshold.  This level of 

involvement (or partial integration) may limit the success of DNA methods and should be 

reconsidered.  Effective integration of DNA into a DVI operation will depend upon a number of 

variables.  The awareness of these variables, and when and how they should be considered, 

will influence the role of DNA.  The disaster event, location (including country), number of 

victims, demography of victims, cause of the disaster, accessibility to victims and disaster site, 

condition of the remains, surrounding infra-structure and facilities, weather at the disaster site, 

and the nature of the disaster (open vs closed) are all elements that can impact on the need 

for DNA, and if so, how it should be used and how effective it may be.  Social, religious, 

political, and medico-legal aspects will largely determine the goal of the operation (extent of 

body and body part repatriation, particularly when fragmentation is involved).  The entirety of 

this information is not usually available at the outset of the operation, so operational decisions 

are often made based on prior experience and predictions.  A dynamic, yet structured, 

decision-making process needs to be integrated into DVI management throughout key stages 

and phases of the operation to adjust identification strategies based on new information.  

Moulding the down-stream processes of a DVI response to remedy the influences of 
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redundant or incorrect information may waste resources and impede victim identification.  

Knowing when key decision points occur throughout the life of a DVI operation, who should 

be involved, and what information is needed could optimise downstream responses.  While 

particular experts may be involved in the operation, they may be mistakenly excluded from the 

decision making process, or not have all the necessary information, particularly for a multi-

agency or multi-national response. 

 

A DVI operation is typically defined by the five INTERPOL phases; recovery, PM, AM, 

reconciliation, and debrief, and management structures are aligned to these phases.  The 

phases are characterised by specific specialist tasks rather than management phases, 

therefore, the traditional view of a DVI operation needs to be expanded to better align with key 

decision points (Figure 2).   
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Figure 2: Stages of a disaster management response that could include decision points on 

identification strategies.  

The disaster notification is the first source of information available to the police, and is 

information typically from first responders, local police, and witnesses.  The information is 

usually incomplete, and may contain inaccurate information due to the lack of time and 

access to the disaster site to assess the situation thoroughly, and due to the unfolding 

rescue phase which takes priority.  From this point information flow is rapid and frequent to 

the DVI Commander.  Depending on the scenario and remoteness of the disaster, more 

complete and accurate information will be available for a formal briefing.  At this point 

identification specialists (managers and key subject matter experts) should be notified and 

included in the disaster briefing, however, from experience, typically the initial briefing 

involves police members with a focus on the recovery phase.   

 

Integration of a Forensic Biologist at the disaster briefing, who will then gain knowledge of 

the disaster variables, can help inform the next stage of the DVI; the initial response and 

strategic planning.  This stage usually occurs at the headquarters of the lead agency 

responsible for the DVI response (policing agency), and involves planning deployment of the 

first DVI response team to the disaster site (typically within 24hrs), and preparation of a 

follow-on response involving the first four DVI phases.  An operational command centre is 

usually established at the lead agency’s headquarters to coordinate information, logistics 

and personnel movements.  Photos or television images of the disaster may or not be 

available at this stage, and often oral reports from local authorities near the disaster site are 

the main source of information upon which to base decisions.  What role DNA may offer, the 

potential reliance on DNA, and how and when DNA should be used is key information that 

needs consideration at this management stage.  The Forensic Biologist should also start 
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conveying the potential limitations and logistical requirements of a DNA response, and 

provide advice on the level of involvement that may be required by a Forensic Biologist in 

the Recovery, AM, PM, and reconciliation phases.  

 

The main tasks of the first DVI response team during on-site stage is to evaluate the disaster 

and gather information from local authorities, commence the recovery phase, and prepare 

the nominated mortuary for the PM phase.  The information is relayed to the operational 

command centre and includes disaster variables such as condition of the bodies and 

expected duration of the recovery phase.  These are two key pieces of information that will 

inform how and when DNA is used, the potential success or limitations of a DNA response, 

resource requirements, DNA analysis method selection, and the expected duration of PM 

sample DNA analysis.  If the Forensic Biologist does not receive this information, the 

strategic planning for the four DVI phases may reduce the level of integration and success of 

the DNA operation and create false expectations of how quickly and how successful DNA 

methods can produce identifications.  Such false expectations, from the author’s experience, 

are then relayed to the media, families of victims, and government officials.  Ideally, a 

Forensic Biologist should be included in the first DVI response team to evaluate the disaster 

from a DNA perspective, communicate the above DNA-related information, and importantly, 

provide advice on contamination mitigation and appropriate preservation of DNA samples at 

the scene and mortuary.  Inclusion of a Forensic Biologist at this stage is not standard, and 

the lack of information could delay strategic planning of the DNA response, or lead to poor 

decisions that delay or disrupt the DNA response.   

 

Integration of the DNA team into the AM and PM phases (DNA sample collection) is not 

standard practice from the author’s experience.  Police traditionally collect personal items 

from victims’ home (for example toothbrushes), or collect DNA samples from close living 
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relatives of the missing person.  Input is needed from the Forensic Biologist prior to the AM 

phase to align sample collection with the DNA testing strategy and overcome any limitations 

posed by the disaster variables.  With the Thai tsunami, the large number of tsunami victims 

and the high degree of relatedness between victims increased chances of an adventitious 

match when comparisons were made between remains and a living family member.  

Typically one close relative may be sufficient to identify a missing person, however in this 

instance this collection strategy resulted in possible DNA matches falling below the reporting 

threshold.  The near-threshold strategy was developed in response, and often led to police 

revisiting the family to collect additional DNA samples (as discussed in paper 1 Chapter 2).  

In cases where only highly degraded remains are available for DNA analysis (for example 

through incineration), mtDNA analysis may be the only method that yields results.  AM 

collection teams should be advised at the outset of the need to collect maternal family 

members in this instance.  Knowledge of the disaster variables and integration of the DNA 

team into earlier stages of the DVI operation than is currently standard practice is essential 

to DVI management and for increasing identification outcomes using DNA.  

 

Better integration of the DNA team during the PM phase is also needed, specifically, to 

assist with DNA sample selection during autopsy at the mortuary.  This task is usually 

performed by the Forensic Pathologist, or the Mortuary Technician.  In cases where bodies 

are intact and show no significant signs of degradation, a Forensic Biologist is not needed 

for sample selection.  When the body is highly fragmented, decomposed, or incinerated, 

however, the Forensic Biologist has the best experience to determine what portion of the 

remains will yield the best DNA result.  A judgement can also be made on whether the 

remains are unsuitable for DNA testing.  Obtaining the best sample will reduce the amount of 

repeated tests within the DNA laboratory, avoid requests for a second sample (and therefore 

re-examination of the body), and save time and resources.  Only collecting samples suitable 

for DNA testing will similarly decrease the laboratory workload and ideally lead to the faster 
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provision of good quality results (complete DNA profiles).  This increases the chance of 

matching to an AM sample and reaching the reporting threshold.    

 

The debrief phase may occur weeks, months, or in the case of the Thai tsunami, years after 

the completion of the DVI operation.  The Forensic Biology manager is usually involved and 

provides feedback to the DVI Commander and representatives from other identification 

groups and police.  Recommendations on procedural improvements are generally provided 

and may lead to changes in policy, training, or standard operational procedures.  Knowledge 

transfer at the completion of a DVI operation may include presentations at conferences, 

publications in journals, or on the job mentoring, however, this is not a requirement and is 

often the decision of the individual or the organisation on how to document the operation and 

share information.  Fatigue and post-DVI workloads may also prevent knowledge transfer.  It 

is the author’s experience that lessons learned may not be shared or lead to an improved 

response, with repetition of mistakes and procedural deficiencies occurring in subsequent 

DVIs within a jurisdiction.  A formalised knowledge transfer stage needs to be incorporated 

into each DVI operation, and perhaps included in each jurisdiction’s DVI response plan to 

provide opportunity for continuous improvement.  Overall, DNA is typically partially 

integrated into the DVI response, and this limits its effective use as an identifier and results 

in operational-wide inefficiencies.  An expansion of the current view of a DVI response (the 

five INTERPOL phases) to include key management stages and decision points will allow 

better integration of all identification methods and better opportunities to share knowledge.        

 

2.2.2 Analysis of AM / PM TTVI cases that led to mis-identifications 

In any DVI there is a risk of mis-identification.  Due to the nature of some DVIs, quality 

assurance is often implemented as an operation is unfolding, rather than being in place before 

any work starts.  This was true for the TTVI.  At the TTVI the risk of mis-identification was also 
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compounded by the scale and complexity of the disaster, the lack of existing infrastructure 

and information management systems, the varying levels of experience of staff, constantly 

rotating staff, difficulties with language and standard terminologies, and the situation where 

experts from 39 countries were used to working under different operational procedures.  It has 

been recognised that mis-identifications prior to the TTVI occurred largely due to the reliance 

on visual identification of victims prior to the implementation of a formal DVI response 

(INTERPOL Tsunami Evaluation Working Group; Morgan, 2006).  It is unclear how many of 

the approximately 560 bodies released by local Thai authorities were mistakes, or how many 

of the 1,151 bodies released by the Thai Forensic Team prior to the TTVI, identified using 

mainly dental, physical and property examinations were mistakes during this forty day period 

(Morgan, 2006).  One forensic scientist guessed that the error rate of incorrectly released 

bodies during the visual identification phase could have been anywhere between 5% and 20% 

(Phuket Wan Tourism News).  Certainly, the TTVI operation commenced with already existing 

mistakes, which may have contributed to continuing error.   

  

A number of authors have discussed sources of error within the TTVI, however no actual 

numbers of incorrectly identified cases caused by TTVI processes have been reported 

(Holmund et al, 2006; INTERPOL Tsunami Evaluation Working Group; James,2005; Lessig 

et al, 2006).  Anecdotal information during the first year of the operation suggests at least 12 

cases occurred (seven due to errors in dental and five due to errors in fingerprints), however, 

this cannot be verified.  It was also suggested that DNA analysis uncovered nearly all of these 

errors (usually after the incorrect body had already been released).  Once again, this cannot 

be verified.  Mis-identifications are costly in terms of time and resources required to detect and 

correct them, they affect trust of the DVI process, and have a huge emotional toll on victims’ 

families.  A thorough examination of TTVI AM and PM cases and management reports 

involved in mis-identifications would provide an accurate record of how many errors were 

made, when they were made, how they were made (flawed methods, training issues, human 
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error, fatigue, IT flaws), what part of the process failed, and how better quality controls and 

quality assurance could be implemented in future DVI’s to prevent similar errors from 

occurring.  Analysis and discussion of quality assurance issues in DVI’s and transparent 

reporting of findings and lessons learned needs greater attention and research overall.   The 

INTERPOL DVI Guide is used by all member countries in a DVI, however management and 

jurisdictional and operational differences exist which may lead to different quality issues that 

can provide greater learning opportunities.  The INTERPOL Standing Committee on DVI has 

developed ‘Quality Management Guidelines’ which were included in the 2014 INTERPOL DVI 

Guide.  The guide is a welcome addition which aligns DVI operations with international quality 

standards, management and technical requirements commonly used by Forensic Science 

Laboratories and Police Agencies involved in routine criminal and coronial casework.  

However, DVI operations have different challenges and quality issues compared to standard 

forensic casework.   Therefore, further research into TTVI quality issues and quality issues 

from other DVIs could help to improve and inform the DVI Quality Management Guidelines.     

 

 2.2.3 Combined PM Kinship Analysis 

The TTVI DNA operation was impeded by extensive shortages in AM evidence due to the 

nature of the disaster, the number of related victims, and the demography of victims.  

Chaikunrat et al (2011) reported that only 58.1% of AM records contained DNA profiles.  Large 

scale disasters such as floods and earthquakes can similarly prevent forensic biologists 

obtaining the samples they need to establish identification.  From a social perspective, losing 

multiple family members in the one disaster prolongs identification and causes sporadic 

repatriation of the victims back to their loved ones.  In Thailand it was common for several 

victims belonging to the same family to be repatriated weeks and months apart from each 

other.  In some instances, the family preferred a group burial, so lengthy repatriation delays 

occurred until all family members were finally identified.  
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Ideally, all biologically related victims should be identified at once, to provide rapid closure to 

families and a reduction in the length and cost of the DVI operation.  Currently no method 

exists in any of the forensic sciences to enable this to occur.  In addition, currently none of the 

three forensic methods of primary identification (dental, DNA, fingerprints) can establish 

identification without ante-mortem reference material (unless based on exclusionary methods 

in small disasters).  The use of PM-PM kinship matching described in this thesis was shown 

to be successful, but needs further research to establish extended PM-PM kinship matching 

beyond parent-child pairs and methods of statistical calculations to generate a single likelihood 

ratio that evaluates the possibility of the victims being a listed missing family.  Essentially, this 

could allow identification to be established for a number of related deceased without requiring 

any AM reference samples currently needed in traditional DNA methods.   

 

The kinship software used for PM-PM matching at the TTVI was limited to finding up to only 

three related victims in one search, although a ‘deceased family pedigree’ could be 

constructed using multiple pairs and trios depending on the biological relationship to each 

victim.  Further development of kinship software to include PM-PM algorithms for several 

related victims of various genetic relationships would be beneficial.  Inclusion of meta-data in 

the kinship software analysis could assist with the construction and comparison of unknown 

families with missing families.  Development of conservative criteria for the inclusion and 

exclusion of deceased individuals into a potentially statistically significant combined kinship 

calculation is needed. 
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2.3 Recommendations  

The analyses of the TTVI data in this research have provided a number of recommendations 

that are detailed in papers 1 to 3.  The recommendations are focused on improvements in DVI 

management and preparedness, and strategies that can be used to resolve complex cases, 

and increase the speed of identification.  A consolidated list of recommendations is provided 

below.  

1. For large-scale DVI operations where complete and accurate AM and PM data may 

not be available, a near-threshold strategy should be implemented to increase 

identification potential and operational efficiencies.  Disasters involving children, large 

numbers of related deceased, or populations who may not have access to regular 

dental examination (who will therefore lack AM dental records) will benefit most from 

this strategy.  The near-threshold strategy should be implemented as early as possible 

alongside the traditional DVI strategy.  While the strategy implemented at the TTVI 

started with the DNA Team, it is also possible for the Fingerprint, Dental, and Property 

Teams to provide a starting point by provision of information from partial matches.   

 

2. Difficulties surrounding the identification of children should be recognised at the outset 

of a DVI operation.  Policies and procedures addressing the different issues associated 

with availability of AM and PM evidence from child cases should be implemented to 

facilitate equal identification opportunities across all victim age groups. 

 

3. A prioritised list of child victims based on autopsy data such as body length and dental 

age estimation should be generated.  A dedicated mortuary line should be established 

to triage children’s remains based on the prioritised list, thereby expediting the 

collection and testing of child PM DNA samples. 
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4. Given child identifications rely heavily on DNA, the DVI DNA Manager should provide 

the DNA laboratories performing PM analysis a list of prioritised PM samples from 

children, to facilitate rapid analysis and matching.    

 

5. Direct sources of AM DNA, such as newborn screening cards, to identify missing 

children should be targeted.  This will reduce the reliance on kinship reference samples 

when numerous family members are also victims of a disaster. 

 

6.   A field should be included on the INTERPOL AM DVI form that specifies whether 

other family members are missing from the same disaster (on page 9 of the AM form 

where the family tree information is recorded).  When indicated, the AM numbers of 

the other missing family members should be recorded on the family tree diagram.  The 

family tree diagram should be available electronically and in a format that can be 

updated as new information arises.  For example, if a missing family member is 

identified, their PM number should be recorded on the family tree diagram (see 

Recommendation 7).  

 

7.  A PM DNA sample should be collected prior to releasing identified bodies.  When 

multiple family members are also victims of a disaster, PM DNA samples from 

identified relatives may be critical as family references to identify their relatives, 

particularly children.  PM DNA samples from identified victims should be included as 

an option in the ‘Guide to AM reference samples’ under the ‘biological relatives’ 

category in the INTERPOL DVI Guide (p75). 

 

8. DNA matching software capable of PM-to-PM kinship matching should be utilised, and 

results compared to AM family tree information for targeted identifications.  This 

process will aid DVI operations characterized by large numbers of related victims, 

particularly where children are involved.   
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9. DVI communication plans should include liaison with DNA experts at the outset and at 

key decision points to help manage expectations, determine what samples are best to 

collect (and preferably be available at the mortuary site to assist), and advise 

throughout the operation of any unexpected impediments and resource implications. 

 

10. The DNA Manager should prioritise establishing appropriate quality assurance 

procedures at the beginning of the operation, continuously review procedures and 

conduct regular audits of DNA samples, AM and PM data integrity and continuity, and 

DNA reports. 

 

11. After a DVI, the DNA Manager and other key staff in the DNA Team should be required 

to write a comprehensive debrief of the DNA operation shortly after its completion.  

Access to relevant data (Reconciliation databases, AM and PM files) should be 

provided to allow an accurate and comprehensive assessment supported by 

quantitative data.   Valuable insights, lessons learned and an accurate assessment of 

the operation are needed for continuous improvement of the DNA response, as a 

training tool, and as an historical record.   
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Abstract 

The international disaster victim identification (DVI) response to the Boxing Day Tsunami, led 

by the Royal Thai Police in Phuket, Thailand, was one of the largest and most complex in DVI 

history. Referred to as the Thai Tsunami Victim Identification operation, the group comprised 

a multi-national, multi-agency, and multi-disciplinary team.  The traditional DVI approach 

proved successful in identifying a large number of victims quickly. However, the team 

struggled to identify certain victims due to incomplete or poor quality ante-mortem and post-

mortem data.  In response to these challenges, a new ‘near-threshold’ DVI management 

strategy was implemented to target presumptive identifications and improve operational 

efficiency.   The strategy was implemented by the DNA Team, therefore DNA kinship matches 

that just failed to reach the reporting threshold of 99.9% were prioritized, however the same 

approach could be taken by targeting, for example, cases with partial fingerprint matches. The 

presumptive DNA identifications were progressively filtered through the Investigation, Dental 

and Fingerprint Teams to add additional information necessary to either strengthen or 

conclusively exclude the identification.  Over a five-month period 111 victims from ten 

countries were identified using this targeted approach.  The new identifications comprised 87 

adults, 24 children and included 97 Thai locals. New data from the Fingerprint Team 

established nearly 60% of the total near-threshold identifications and the combined 

DNA/Physical method was responsible for over 30%. Implementing the new strategy, targeting 

near-threshold cases, had positive management implications. The process initiated additional 

ante-mortem information collections, and established a much-needed, distinct “end-point” for 

unresolved cases.  

 

 

1. Introduction 
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On 26 December 2004, an earthquake measuring 9.1 on the Richter Scale triggered a massive 

tsunami responsible for more than 280,000 deaths in thirteen countries.  In Thailand 5,395 

victims were recovered, including approximately 2,400 foreign tourists representing 41 

nationalities [1, 2, 3].  An identification operation commenced immediately, resulting in local 

authorities releasing approximately 560 bodies based on visual identification by their families. 

Thai forensic teams released an additional 1,151 bodies, 111 of which were based on dental 

examination and the rest based on physical and property examination [4].  The Thai 

identification effort was later joined by international experts from over 30 countries working as 

part of the Thai Tsunami Victim Identification (TTVI) operation in Phuket, Thailand.  By the 

commencement of the international DVI operation in January 2005, there were 3,679 

unidentified bodies, approximately half of which were thought to be Thai locals [1].  The TTVI 

operation followed the DVI management strategy outlined by INTERPOL [5]. Plass Data’sTM 

‘DVI System International’ was used to record, store and electronically search ante-mortem 

data (AM) and post-mortem data (PM) contained in INTERPOL DVI forms and an Automated 

Fingerprint Identification System (AFIS) was used to search fingerprints [6,  7, 8, 9].   

This article examines the implementation, capabilities, and contributions of a novel 

identification approach executed during a complex DVI operation. A new DVI management 

strategy, specifically targeting cases yielding below the established DNA identification 

threshold, was implemented in response to the significant decline in single-modality 

identifications. The approach was designed to achieve positive identifications for complex 

cases and to identify cases lacking the necessary information to establish an identification, to 

request additional data collection.  

 

 

 

Background 
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Typically, primary (DNA, Dental, and Fingerprints) and secondary (property and physical) 

identification teams work independently of each other and of police investigators.  The teams 

search for matches between AM and PM records that reach nominated reporting criteria based 

on international standards and that are set by the command structure within each DVI 

operation [5].  The separation of the identification teams in DVI mimics the approach used by 

many forensic experts for criminal cases, which is designed to eliminate cognitive and 

confirmation bias and promote independent interpretation of forensic analysis.  This was the 

approach used at the TTVI, with a Data Mining Team searching data for matching secondary 

identifiers (property and physical identifiers such as scars and tattoos).    

Following the tsunami, AM records were received from 42 countries and the PM records were 

generated by a rotating staff from at least 30 countries as part of the TTVI mortuary operations. 

As seen with other DVI operations, identifications can be quickly established when accurate 

and complete AM and PM data are available [10, 11]. Therefore, the traditional DVI strategy 

worked well, particularly during the early part of the operation. This is clearly evidenced during 

the months of February and March 2005, when the majority of identifications were established 

using a single primary method, (93.02% and 87.26%, respectively) (Figure 1). By April 2005, 

90.18% (1,057 of 1,171) of the dental identifications as a stand-alone method had already 

been achieved. This was followed by a rapid and precipitous decline in the proportion of cases 

being resolved by a single primary identification method. Highlighting this drop further, overall 

single-modality identifications declined in the month of December 2005 to only 20.33% (12 of 

59), (p<0.0001). By 19 January 2006, a combination of identification methods was necessary 

to establish nearly 30% of all identifications [1].  
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On 9 January 2008, a total of 3,761 AM records and 3,696 PM records had been entered into 

their respective databases.  However, the forensic data available in the AM records was 

limited, with only 58.1% containing DNA evidence, 52.6% Dental evidence and 41.3% 

Fingerprint evidence [12].  The low percentage of AM records with forensic evidence helps 

explain why stand-alone methods of identification could not be used to resolve a number of 

cases. 

Figure 1: Percentage of total identifications each month achieved with stand-alone methods.    

Missing or incomplete AM data can be attributed to a number of factors, many of which have 

been experienced during other DVI operations [13, 14]. The reasons for incomplete AM data 

confounding identification efforts specific to this disaster include:  

 Lack of AM dental records for Thai locals. Petju (2007) reported that only 18.1% of 

missing Thais had dental charts and only 0.8% had dental X-rays [15].  This compares 

to missing Europeans, of whom 94.4% had dental charts and 75.5% had dental X-rays.  

Of the 18.1% of Thai victims with dental records, only 7% were used to establish 

identity [12].    

 Loss of reference samples due to the tsunami’s destruction, including local AM dental 

records and identifying personal effects for the numerous victims on the beach at the 

time of the event [16].  
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 Lack of AM dental records for victims originating from Myanmar. This may be attributed 

to limited access to dental care or because family members were hesitant to come 

forward and supply AM information if their missing relative was in the country working 

illegally. 

 Lack of DNA reference samples from family members of victims, many of whom were 

also victims. In some cases entire families were missing. 

 Lack of fingerprint reference samples for local Thai children too young to have their 

fingerprints recorded on National identity cards [1].  

 Difficulties in obtaining reliable AM fingerprints from missing foreign children [1].   

 A ‘preferential approach’ to the collection of AM material adopted by many countries 

early in the operation.  For example, some countries targeted data for dental 

identification; while others decided DNA would be the best method and chose not to 

supply fingerprint and dental data [17].   

Using the standard DVI approach, investigators struggled to increase identifications beyond a 

certain point.  Instances of incomplete data, or data compromised by data entry errors, 

prevented matches.  Additionally, segregating the identification teams, a typical DVI strategy, 

led to duplicated efforts between staff rotations.  Each national DVI team typically had a staff 

rotation between two and five weeks, where new experts would join a team, replacing those 

returning home. The newly rotating individuals would begin to search for possible matches 

among cases previously discounted within their group or discarded by another primary team 

because there was no mechanism in place to record confirmed exclusions.  Complex cases 

often did not continue to progress when handed off to a new rotation and critical information 

was not always transferred between teams when an investigator finished a rotation.  While a 

‘Targeted Request’ form was in place, the process was not efficient or systematic and was not 

structured to leverage and integrate all possible information from the primary and secondary 

identification teams.   
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Moreover, the DVI strategy was based on searching for AM and PM matches; exclusions 

were not consistently or systematically recorded.  There was no established “end-point” for 

cases lacking sufficient AM data.  This was a critical void in the identification process given 

the large number of AM cases with incomplete records (DNA 41.9%, Dental 47.4% and 

Fingerprints 58.7%) [12].  Although a paper-based process existed to allow an investigator to 

request additional AM information, this was typically limited to a single discipline on a case-

by-case basis and not adequately implemented or rigorously followed-up.  In effect, these 

cases remained in limbo and were repeatedly investigated without resolution due to their lack 

of identification potential.  

Each team recognised cases that they categorised as a ‘possible’ or ‘probable’ match but the 

evidence was not strong enough to progress to the Reconciliation Board.  At such a point in 

time, there was no formal process to direct these cases for systematic and independent 

comparison across other Identification Teams, to bolster existing evidence and build a 

stronger basis for identification.  Each Identification Team had a small piece of the 

‘identification jig-saw puzzle’ that, when combined, may have established an identification, but 

operational efficiencies were not in place to allow this to happen.  As a result, more complex 

cases lingered, still unidentified, and single-modality identifications declined.   
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2. Materials and Methods 

A more efficient system was necessary to strategically target information from cases that fell 

just below the reporting threshold for identification.  An approach was needed that could 

systematically select those cases for targeted investigation.  In June 2005 a new approach 

was tested with promising results.  Twelve DNA kinship matches that were below the 99.9% 

reporting threshold were selected for additional investigation. Five of the targeted cases 

resulted in new identifications through additional fingerprint data.  The following month, a new, 

targeted identification strategy focusing on all “near-threshold” DNA matches was formally 

implemented into the TTVI (see Figure 2).   

Figure 2: The near-threshold strategy used at the TTVI.   
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The new approach focused on “near-threshold” DNA matches.  However, this strategy could 

be adapted so other identification methodologies, such as dental or fingerprint analysis, could 

also be used to prioritize high probability matches. Cases selected for investigation were 

progressively filtered through analyses to exclude a match, provide strength to a weak match 

or to target the case for additional AM information collection.  The individual elements of this 

strategy were as follows: 

1. Defining the List to be Investigated: The DNA Team generated a daily list of “possible 

to probable” DNA kinship matches with a posterior probability of 90.0%-99.8% (the 

positive identification threshold was set at 99.9%).  The list was electronically uploaded 

to a database specifically designed for these special investigations.  

2. Property and Physical Information Evaluation: The Investigations Team selected a 

case from the database and evaluated its associated property and physical information 

(e.g.; height and personal property) in order to quickly exclude cases and narrow down 

the list of potential matches.  The Property and Physical Information Evaluation was 

strategically positioned as the first investigative-filter because this rapid exclusionary 

process reduced the workload for the succeeding team. Dental and fingerprint 

investigations required specific experts who, when compared to law enforcement 

personnel, were a limited resource at the TTVI.  When exclusion was not possible, the 

evaluation was recorded in the database and the case was progressed to the Dental 

Team.   

a. Concurrently, newly discovered individualizing information (e.g.; inscribed 

wedding ring, scars, and tattoos) was transmitted to the DNA Team to be used 

to further adjust the prior probabilities for that specific case.  For example a 

uniquely inscribed wedding ring recovered from a victim could be used to 

reduce the prior probability from 1/3,000 to 1/2. 

b. Potential matches were recalculated using the updated prior probabilities, 

which often led to the posterior probability reaching the 99.9% threshold. When 
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this occurred the identification method was designated as combined 

‘DNA/Physical’. 

3. Dental Evaluation: The next evaluation was an in-depth dental re-examination.  

Matches were forwarded to the Reconciliation Team and exclusions were returned to 

the Investigations Team. When exclusion was not possible, the case was progressed 

to the Fingerprint Team. 

a. Again, additionally acquired data, such as dental age assessment, was 

transmitted to the DNA Team for adjusting prior probabilities between the adult 

and child sub-categories.  

b. Potential matches were reassessed using the updated prior probabilities.  

4. Fingerprint Evaluation: The Fingerprint Team manually compared hardcopies of AM 

and PM fingerprints (rather than matching with AFIS). Fingerprint analysis was 

intentionally placed at the end of the process to limit the number of cases necessitating 

a labour-intensive manual comparison. Matches were progressed to the Reconciliation 

Team and exclusions were returned to the Investigations Team.  The Fingerprint Team 

also flagged cases that could not be evaluated due to insufficient AM or PM prints. 

a. Cases that could not be definitively excluded, or could not be identified due to 

lack of AM data or poor quality data, were targeted for additional AM 

information collection.  

5. Reconciliation: The Reconciliation Team evaluated all possible matches and assessed 

whether the evidence was sufficient to scientifically support identity. The Reconciliation 

Board took the official decision for identification.    

Throughout the process, the Investigations Team managed the database, continually updating 

the system to reflect each subsequent evaluation. Details specific to each case were recorded 

in the database to track a case’s progress, record exclusions, confirm identifications, and 

identify cases requiring additional data.  The database supplemented ‘DVI System 

International’, which lacked these capabilities. The database also provided effective and 

efficient case management, and a means to maintain independence between teams. 
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Utilizing data from multiple databases, cases processed through the near-threshold strategy 

were evaluated as to whether or not the process contributed to identifications. The specific 

databases utilized during this analysis included:  

1. The ‘DNA Investigations’ database, created July 2005 at the TTVI, which contained 

new case entries through to 4 October 2005. The ‘DNA Investigations’ database was 

an Excel spreadsheet developed and maintained by the Investigations Team.  It 

contained the AM and PM case number for the presumptive DNA kinship match, 

information on targeted searches that included evaluations of height, age, personal 

property, and dental and fingerprint comparisons.  The database was used to record 

and track exclusions and identifications, and cases requiring additional AM data.   

2. The TTVI ‘AM and PM DNA Matches’ database created April 2005 with entries until 

23 September 2005.  This was an Excel spreadsheet created and used internally by 

the DNA Team to record the AM and PM case number of all DNA matches, the 

posterior probability for the match and whether the cases progressed to the 

Reconciliation team via a DNA report. 

3. The TTVI ‘Reconciliation’ database created in January 2005 with entries through to 

12 December 2005 (access to the TTVI reconciliation data after 12 December 2005 

was restricted, potentially underestimating the reported number of cases assisted by 

the near-threshold strategy).   This was an Excel spreadsheet created and used 

internally by the Reconciliation Team to record the AM and PM number of each 

confirmed identification, the date the case was accepted by the Identification Board, 

which identification method/s were used, the age, sex and nationality of the victim. 

Evaluation of the ‘DNA Investigations’ database revealed data entry inconsistencies among 

operators.  Progress summaries varied in detail and instances where data field entries were 

ambiguous or contained no data (e.g. result or date of investigation) were noted.  Therefore, 

sole reliance on this database was not sufficient for evaluation necessary to attribute a 

successful identification to the near-threshold strategy. The specific criteria outlined below, 
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along with additional information from the other two databases, allowed for the evaluation of 

ambiguous cases for inclusion or exclusion into the data set. 

 

To qualify as an identification that was assisted by the near-threshold strategy, the case must 

have been initially flagged by the DNA Team as a possible kinship match, unidentified at the 

time of investigation and met at least one of the following criteria: 

1. Comments on the ‘DNA Investigations’ database indicated that one of the identification 

teams investigated and confirmed the possible match (either as stand-alone or part of 

a combined identification). 

2. Comments on the ‘DNA Investigations’ database indicated that the case could not be 

excluded and was progressed for further examination by the Dental or Fingerprint 

Teams, and then appeared on the ‘Reconciliation’ database within two weeks of being 

investigated. 

3. Comments on the ‘DNA Investigations’ database indicated that the AM case required 

further information to progress and the case was subsequently identified by this 

additional information. 

4. Comments on the ‘DNA Investigations’ database indicated physical, property or dental 

information was used to support the DNA match, or that comments returned to the 

DNA Team allowed for adjusted prior probabilities leading to an identification in the 

‘Reconciliation’ database. 

Cases were not considered for inclusion in the dataset if there was insufficient information or 

if the DNA match reached the 99.9% posterior probability threshold before investigation.   

 

 

3. Results  
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A total of 792 cases were examined as part of the new strategy.  All cases were initiated for 

investigation because the kinship DNA matches fell just below the reporting threshold.   The 

near-threshold strategy revealed immediate success, with 49 new identifications achieved 

during the first full month of implementation (Table 1). A total of 111 new identifications were 

established which amounts to 10.31% of all TTVI identifications during the strategy’s 5-month 

implementation period (23 July 2005 and 12 December 2005). Identifications were comprised 

of 87 adults and 24 children (16 years and under); 97 of the 111 new identifications were Thai 

nationals; three were Swedish nationals, two each from China, Finland and Myanmar and one 

each from France, Germany, Japan, Russia and the United States.   

 

Table 1: Number of identifications assisted with the new strategy.   

    Month (2005)       All IDsa      New strategy IDs    % of new strategy IDs 

July 

Aug 

Sep 

227 

185 

167 

1 

49 

25 

0.44% 

26.49% 

14.97% 

Oct 

Nov 

Dec 

Total 

228 

211 

59 

1,077 

26 

8 

2 

111 

11.40% 

3.79% 

3.39% 

10.31% 

a IDs, identifications 

 

Even though the cases targeted for investigation under this strategy were selected because 

they were all just under the threshold for DNA identification, this did not preclude other 

modalities from establishing identifications or limit identifications to DNA combined with 

another method. The strategic flow developed through this process allowed other identification 

teams to establish new, stand-alone identifications with information not previously noted due 

to data quality issues. For example, the Fingerprint Team recorded 66 stand-alone 

identifications and contributed to another ten combined identifications (Table 2). The process 
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also allowed other identification teams to provide supportive data to bolster the original DNA 

match. A combined DNA/Physical identification (‘physical’ included property and 

medical/autopsy information) was achieved on 35 occasions, and the remaining 10 

identifications were assisted through different combinations of methods. 

 

Table 2: Number of identifications assisted, by method, using the near-threshold strategy.   

        Method        IDsa      

Fingerprints 

DNA/Physical 

Fingerprints/DNA 

66 

35 

3 

Fingerprints/DNA/Physical 

Fingerprints/Physical 

Fingerprints/Dental 

3 

3 

1 

a IDs, identifications 

 

Twenty-one new identifications resulted from additional AM data collections. Part of this 

strategy focused on identifying cases with insufficient AM material necessary to resolve 

identification.  Once recognized, these cases were brought to the attention of Liaison Officers 

who worked with police in the victim’s country of origin.  Where possible, requests for 

additional information were accompanied by specific advice on the type of AM information to 

collect.  For example, additional family DNA reference samples may be requested to boost 

the kinship probability to the reporting threshold.  

 

 

 

 

4. Discussion  
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4.1 Resolution of difficult cases using the near-threshold strategy  

Thai nationals proved difficult to identify owing to the lack of AM dental records. More reliance 

was placed on fingerprint and DNA analysis, however, access to sufficient AM DNA reference 

samples was also problematic. The near-threshold strategy proved successful for cases 

lacking adequate AM data. The significant number of Thai victims identified under this program 

reflects the benefits of an alternative targeted approach.  

Evaluating physical and property evidence contributed strong secondary information leading 

to nearly one third of the new identifications. The objective of having this analysis at the 

beginning of the process was to resolve near-threshold DNA cases with secondary information 

from physical characteristics or property to minimize the use of dental and fingerprint 

resources. To increase operational efficiencies, individuals with varying backgrounds could be 

trained to evaluate secondary identifiers (property and physical characteristics) when access 

to dental or fingerprint specialists was limited.  

Dental comparison is only successful in rapidly identifying large numbers of victims when good 

quality AM and PM records are available.  Individuals without sufficient AM dental records are 

not easily identified by this approach.  For example, the Dental Team identified only 2.0% of 

Thais (given only 18.1% of missing Thais had dental charts and only 0.8% had dental X-rays), 

but identified 76.4% of Europeans and 76.5% of North Americans (who had 94.4% and 88.2% 

of dental charts and 75.5% and 76.5% of dental X-rays, respectively) [15].  However, the new 

targeted approach facilitated dental evaluation even when the AM data was limited. Key 

informative details, such as dental age estimates, were gleaned from the Dental Team’s 

analyses. The PM cases involving children provided the most value in terms of accurately 

estimating the age of the victim due to specific dental development patterns [1].  In addition, 

instances of inconsistent age estimations recorded on the autopsy form, individuals too 

broadly nominated as either adult or child, and cases with incorrect age estimations were 

revealed through this evaluation.  
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James (2005) has discussed specific quality issues of dental records, including ambiguous 

AM record collection by general dentists and occasionally police officers rather than 

experienced forensic dentists, a lack of AM radiographs from public clinics, poor quality AM 

radiographs, and poor dental examination record taking and record keeping [2].  The Dental 

Team found that the reproduction of original AM radiographs by photocopying, photographing, 

faxing or scanning, removed detail necessary for matching.  Keiser reported that of 106 TTVI 

AM dental records examined for quality control, only 49% were accepted, with the remaining 

51% returned because the data were either incomplete or of an unacceptable standard [18].  

The Tsunami Evaluation Working Group reported that such reproductions were frequently 

flawed and stated “each step away from the original document or radiograph introduces the 

possibility and the probability of error, resulting in a significant waste of time and also the 

probability of non-identification” [p110, 1].  The PM dental records were of a higher standard 

than AM dental records. Keiser examined 78 PM records for quality control and determined 

that 92% of dental charting was considered good quality, 85% of radiographs were considered 

good quality and 96% of photographs were considered good quality [18].   

The near-threshold strategy revealed a large number of potential fingerprint matches that were 

not detected by the automated AFIS system. In these instances, data quality issues prevented 

electronic matches.  For example, poor quality AM or PM prints, inconsistencies in the relative 

sizes of the scanned prints, or the way in which the data were electronically processed for 

transfer to the TTVI from the host countries.  Fingerprints were scanned at a resolution of 500 

dpi before being entered into AFIS, but such resolution did not allow for electronic matching 

of certain finer detail, particularly as found in fingerprints from children.  At that point, the 

software did not allow for an increase in resolution. Instead, fingerprint examiners relied on 

hard copy prints and a magnifying glass to manually detect the finer details needed for some 

matches [1].  This was not a practical approach for comparing thousands of records; therefore 

the Fingerprint Team relied on targeted requests from the near-threshold strategy to progress 

more complex cases affected by data quality issues. In addition, this strategy revealed a few 
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instances where the AM fingerprints had not been uploaded to AFIS, so those cases were 

targeted for collection, upload and comparison.  

The quality of AM fingerprints also varied, as some countries collecting prints in the homeland 

of missing foreign tourists were not aware of the quality standards needed.  Another issue was 

the electronic transmission of AM fingerprints without an appropriate scale, rendering the 

prints incompatible for matching against PM fingerprints in AFIS [17]. 

The impact of the AM data quality issues was recognised in the INTERPOL Tsunami 

Evaluation Working Group report, which highlighted that speedy and successful identification 

can only be achieved with quality AM data relating to the missing.  The group recommended 

‘that INTERPOL oversee the development of standard operating procedures and minimum 

data standards for the submission of quality ante-mortem data by foreign countries’ [p96, 1].  

Data quality issues were not unique to the Boxing Day tsunami DVI operation; other large-

scale disasters have confronted similar problems that impacted successful identifications.  

Hennessy examined six areas of possible quality failure in the collection of AM DNA records 

for the World Trade Center Attacks [19].  The six areas of possible quality failure were 

inaccurate data from the informants, misunderstandings between informants and interviewer, 

uneven DNA training for interviewers, information incorrectly recorded by interviewers, lack of 

data entry standardisation and handwritten interviews.  He speculates that if 99% accuracy is 

achieved at each point of possible quality failure, then the final record will only be 94% 

accurate; this strongly advocates for a stringent administrative review process.  Donkervoort 

examined the data accuracy for the collection of AM family reference DNA from Hurricane 

Katrina and reported on the three fields considered to be critical information for achieving DNA 

identification, namely: number of missing relatives, relationship of the donor to the missing 

relative and verification of relationship through pedigree.  She reported that only 30% of the 

forms evaluated for the study were completely accurate [20]. 

4.2 Improvements in operational efficiencies  
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The near-threshold strategy introduced operational efficiencies during the mid to later stages 

of the TTVI operation.  It is necessary to implement such management strategies, particularly 

when evaluating difficult cases, to minimise redundant efforts and clearly define and endpoint. 

Implementation of the new near-threshold strategy improved operational efficiencies by:  

1. Ending redundant evaluations of the same cases within and between teams;  

2. Excluding ‘possible’ and ‘probable’ DNA matches, thereby saving DNA resources;  

3. Documenting the outcome of each case investigation;  

4. Flagging cases that could not proceed to an identification without additional AM 

information, thereby establishing an end-point to the repeated evaluations;  

5. Targeting the collection of additional specific AM data for individual cases;  

6. Targeting ‘possible’ DNA matches that otherwise would not have been reported;  

7. Systematically addressing data quality issues through identification of inaccurate 

records and collection of better quality information.   

Constantly re-examining cases without reaching a resolution costs valuable time and 

resources, and delays the inevitable request for additional AM data necessary to achieve 

identification.  Smaller DVI operations allow for easy liaison between identification teams and 

the Reconciliation Team.  These targeted discussions can then lead to a request for additional 

AM material.  This simply was not possible at the TTVI because of the large number of victims 

(3,679 by January 2005) and frequently rotating personnel.  The implementation of the near-

threshold strategy is a mechanism which allows for these types of liaisons to exist, even within 

a large-scale disaster. 

Software systems used to rapidly compare large quantities of data are critical for DVIs 

involving high numbers of deceased.  However, poor quality data may lead to a false 

exclusion, or worse, an incorrect identification.  Dailey highlights the importance of quality 

control for AM and PM dental records in a DVI. He also warned against the involvement of 

over-confidence in inexperienced operators and negative effects of staff ‘burnout’ in these 
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circumstances [21].  At the TTVI, AM and PM data quality issues resulted from differences in 

operating procedures, non-standardised terminology, inexperienced personnel, fatigue, the 

use of disparate databases, issues arising from the reproduction of original dental and 

fingerprint records, problems during electronic transfer, and manual entry errors [1, 22].  

Along with incomplete data, the decline in single modality identifications was also attributed to 

poor data quality. A number of measures were implemented to increase data quality.  These 

included a Quality Assurance Team at the mortuary sites; an AM and PM Data Quality Team 

to address data entry; and the introduction of standard operating procedures into the work 

practice of individual teams.  A ‘Final Inventory Protocol’ was also undertaken at the 

mortuaries to re-examine unidentified victims in an attempt to detect errors, collect additional 

data, and validate existing information [1, 2, 9, 23].   

Ultimately, implementing the near-threshold strategy resulted in swift resolution of difficult 

cases.  Creating a process with a discrete end-point led to the targeted acquisition of additional 

information.  In turn, this facilitated swift identifications ultimately conserving time and 

monetary resources. The value of a systematic end-point was recognised following the World 

Trade Center Human Identification Project by Biesecker et al (2005). One of their seven 

recommendations for future disaster management planners states, “Criteria for determining 

end-points should be designated early in the identification process” [p1122, 24]. Therefore, 

the duration of large-scale DVI operations could be considerably reduced through 

implementing this type of approach. 

 

5. Conclusions 

To maximize efficiency and identifications, a near-threshold strategy should be implemented 

to augment a traditional DVI approach, particularly when stand-alone identifications begin to 

decline. Management personnel can utilise this type of strategy to generate a target list of 
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potential matches, which can be filtered through identification teams while systematically 

recording investigative outcomes.   

The traditional DVI approach allows for rapid identification by stand-alone methods, provided 

that access to good quality AM and PM data is available.  However, the specific characteristics 

of the Boxing Day tsunami (i.e.; people on the beach without personal effects, limited access 

to dental care, entire families’ killed, and mass destruction of homes) resulted in a significant 

number of cases with incomplete AM data.  Conversely, incidents with focused disaster 

locations such as the events of September 11th, 2001 (the Twin Towers, the Pentagon, a field 

in Pennsylvania), still allowed police to collect items from the victims’ homes and family 

members were still available for DNA references.  Similarly, following the 2002 Bali Bombings, 

the police were able to collect items from the victims’ hotel rooms and DNA from living family 

members.  In these disasters, it was the incomplete PM records that caused the identification 

difficulties due to fragmented and compromised human remains [25, 26].  However, the bodies 

of the tsunami victims were mostly intact and often well enough preserved to obtain 

fingerprints.  Petju reported that of 3,750 bodies examined, 97.4% (3,652) were considered 

whole bodies and only 2.6% (98) were body parts or bodies without a head [15]. 

For large DVI operations such as this, where complete and accurate AM or PM data is not 

always available, a near-threshold strategy should prove useful.  Many of the successful 

identifications achieved through this process were the result of this strategy to identify cases 

requiring additional AM information for resolution.  This approach had a mechanism in place 

to flag cases unable to progress with the limited information available, resulting in specific 

requests tailored to each case.  Supplementary case-specific information necessary to adjust 

prior probabilities thus allowing for identification by DNA also resulted from this approach.  In 

addition, implementation of this new strategy helped address data quality problems in both 

AM and PM information.  More specifically, transcription errors not detected during the initial 
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data entry process or problems encountered during data upload into AFIS, both of which 

hindered identifications.   

There are many difficulties associated with large-scale DVI operations. More complex cases 

often necessitate the use of combined methods for identification, to complement stand-alone 

methods.  In fact, there are recommendations that support using combined information for 

mass fatality identification operations [25].  Prinz et al recommends that “Especially if multiple 

family members are involved, DNA-based identification should whenever possible be 

anchored by anthropological and/or circumstantial data, a second identification modality, or 

multiple DNA references” [p9-10, 27].  A combined identification method can increase 

identification efficiencies, increase the level of confidence in identification and potentially 

decrease identification errors. 

In summary, this article illustrates that a traditional DVI operation benefits from the concurrent 

implementation of a strategy targeting complex cases. Simultaneous implementation during a 

large-scale DVI operation can be successful while also maintaining the original organisational 

structure, rigid scrutiny of matches and specific identification team responsibilities.  A minimum 

of 111 identifications were assisted by the near-threshold identification strategy during its 5-

month implementation period. 
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The four cases below are successful examples of the near-threshold strategy.  Each case was 

initiated by the presumptive DNA match and established with the assistance of fingerprints.  

The targeting of the AM and PM case and the manual comparison of fingerprint records, which 

was part of the strategy, overcame data quality issues which prevented the match being 

generated in AFIS.  In Cases 1 and 2 a DNA report was requested by the Investigation Team 

after the fingerprint match was found, and a combined identification was recorded in the 

Reconciliation Database.  However, often the Fingerprint Team forwarded a report to the 

Reconciliation Team without notifying the Investigations Team or DNA Team (see Cases 3 

and 4).  This led to the case being recorded in the Reconciliation Database as being 

established only with fingerprints, despite the identification being initiated by the probable DNA 

match.  It is reasonable to conclude that the fingerprint identifications established using the 

near-threshold strategy would not have occurred without the records being targeted for manual 

comparison. 

Case 1 (Swedish adult):  A possible DNA match from ‘DVI-System International’ was 

forwarded to the Investigations Team.  The result of the investigation was recorded on 28 July 

2005 as ‘Matched. Good physical similarities.  Fingerprint comparison confirmed the 

identification’.  Six days later on 3 August the case was taken to the Identification Board and 

the method of identification was recorded as Fingerprints/DNA/Physical. 

Case 2 (Swedish child): A DNA match with a posterior probability of 99.7% was forwarded to 

the Investigations Team.  The result of the investigation was recorded on 30 July 2005 as 

‘Cannot be discounted, correct age, height and clothing.  Referred to fingerprints for further 

examination’.  On 15 August 2005 the case was accepted by the Identification Board and the 

method of identification was recorded as Fingerprints/DNA. 

Case 3 (Thai adult): A possible DNA match was forwarded to the Investigations Team.  The 

result of the investigation was recorded on 2 August 2005 as ‘Matched.  Fingerprint 

comparison confirms ID.  Files with fingerprint section for action’.  On 8 August 2005 the 
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Identification Board accepted the case and the method of identification was recorded as 

Fingerprints. 

Case 4 (Thai adult): A DNA match with a posterior probability of 99.67% was forwarded to the 

Investigations Team.  The result of the investigation was recorded on 4 October 2005 as 

‘Possible DNA match (99.67%); physical comparison shows possible match due to age, 

height, weight, light build, ear piercings and long black hair.  Check by fingerprint section 

confirms identity’.  The case was accepted by the Identification Board three days later and the 

method of identification recorded as Fingerprints. 
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Abstract 

In January 2005, the Thai Tsunami Victim Identification (TTVI) operation in Phuket, Thailand 

commenced identification of over 3,500 local and foreign tsunami victims, including 
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approximately 500 children. This study examines possible differences in identification rates 

between adults and children (defined as ≤16 years old) during this operation. The results 

indicate that during the first 100 days of the operation the percentage of total adult 

identifications far outweighed child identifications. The younger the child, the longer the 

identification process would take (p<0.0001).  Children under the age of 1 year took an 

average of 195 days to identify, compared to 130 days for children aged 16.  Identification 

rates were extended, on average, 4.3 days for each year younger victims were than 16. 

 

The operation reveals numerous deficiencies in ante mortem and post mortem (PM) reference 

material for children, likely slowing their identification rates. In an effort to overcome these 

challenges, a number of targeted strategies were implemented, including an improved DNA 

strategy which resulted in significant and rapid increases in child identifications.  These 

strategies included using PM body length to prioritise DNA testing of children, using PM DNA 

samples from parents of missing children (who had been identified by fingerprints or dental 

methods) as references for kinship matching, targeted use of kinship matches falling just 

below reporting thresholds (near-threshold identification strategy), and PM-to-PM kinship 

matching. 

  

By 12 December 2005, 214 children (48.4% of all identified children) had been identified using 

DNA, with 152 (34.4%) by fingerprints, 73 (16.5%) by dental and 3 (0.7%) by physical 

characteristics/personal effects.   

 

1. Introduction 

On 26 December 2004, a 9.3 magnitude earthquake erupted in the Indian Ocean off the coast 

of Banda Aceh in Sumatra, triggering a massive tsunami affecting thirteen countries and killing 

over 280,000 people [1, 2].  Thailand reported 8,195 people as either dead or missing, many 

of whom were locals, lost when entire villages were swept away by the waves [1].  

Approximately 2,400 victims were foreign tourists visiting popular resorts in Patong, Khao Lak, 



122 
 

Krabi, and Phi Phi Island [1].  Forty nations suffered casualties in Thailand, including Sweden 

with 519 nationals, Germany 495, Finland 167, Switzerland 91, United Kingdom 83, Norway 

77, Austria 73, and France 73 [1, 3].  Often losses involved entire families, including children.  

Cohen (2009) reported that nine of the ten Scandinavian families holidaying at Khao Lak 

beach lost children aged from three months to 15 years [4]. 

 

Approximately 500 of the victims in Thailand were children, aged 16 years or younger. The 

youngest child was an American boy born four days before the tsunami.  Figure 1 illustrates 

the children’s age distribution.  The data for this study comprise 442 children (220 males and 

222 females) identified by the Thai Tsunami Victim Identification (TTVI) operation up until 12 

December 2005.  

 

 

 

 

Figure 1: Age and gender distribution of 442 children who were victims of the South- 

East Asia Tsunami in Thailand (all nationalities).  Source, TTVI Reconciliation Database (12 December 

2005).   

 

The effect of the disaster on local Thai families was immense, with entire villages swept away.  

Extended families of foreign tourists holidaying in the region also suffered large numbers of 

related deceased.  Figures 2 and 3 represent examples of two families who lost multiple 
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relatives.  The type of pedigree in Figure 2 was a common scenario confronted by the TTVI 

operation, while the pedigree in Figure 3 was the most extreme example of multiple related 

fatalities. 

 

 

 

 

 

 

 

 

 

 

Figure 2: A family with victims across three generations.  Black shapes represent tsunami victims; white 

shapes represent living relatives.    

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: A local Thai family that lost twenty-two members in the tsunami.  ‘X’ represents relatives who 

were deceased prior to the tsunami.   Black shapes represent tsunami victims; white shapes represent 

living relatives. 
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The high degree of relatedness among victims had not previously been encountered on this 

scale in a Disaster Victim Identification (DVI) operation.  In addition, there was a 

disproportionate number of deceased children compared to other large DVI operations.  By 

comparison, the median age of the 2,726 victims of the World Trade Center Attack in 2001 

was 39 and 38 years old for males and females, respectively, and  there were only three 

victims aged five and under, and related victims were not common [5]. Two hundred of the 

202 victims of the 2002 Bali Bombings were adults, mainly in their twenties and thirties, and 

were unrelated.  The two youngest victims of the Bali Bombing were Australian females aged 

14 and 15 [6]. An example of an incident causing numerous child fatalities would be the 2001 

crash of American Airlines flight 587, where 28 of the 251 (9%) passengers killed were children 

16 years or under, including multiple siblings [7].  However, as a DVI operation, AA flight 587 

is not a comparable situation because it was a closed-population incident, with significantly 

fewer victims, and a readily available flight manifest. 

 

This paper compares the rates of child and adult identifications and explores factors that might 

have contributed to the differences. It further investigates whether a difference in identification 

speed existed within the child category, and discusses the targeted strategies that were 

implemented to overcome these deficiencies. The impacts and outcomes of the targeted 

strategy on child identification rates are examined, followed by recommendations to guide 

future disaster management involving large numbers of children. 

 

2. Methods 

Data from the 2,871 victims who were identified during the period 12 January 2005 to 12 

December 2005 were used to analyse the methods and rates of identification of adults and 

children 16 years and under.  This period represents the early through to late stages of the 

TTVI operation where 78% of victims had been identified.  Identifications were made beyond 

this point, however the authors did not have access to this information.  Two records were 

excluded because the victims’ dates of birth were unknown.  Identification methods used in 
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the analysis were based on the primary evidence nominated by the TTVI Reconciliation Team 

in the Reconciliation Database.  Physical identification includes scars, tattoos, and property 

evidence; dental required AM dental records; fingerprints required AM data either from 

national databases or a personal reference sample; DNA identification required DNA from a 

personal item or close living relatives.  More than one method of identification was entered in 

891 of 2,871 records. In these instances, the first method of identification listed was used as 

the primary evidence in data analysis. It was standard policy for the Reconciliation Team to 

record first the identification method considered of most value. 

 

3. Results and Discussion 

3.1 Identification rates of adults and children in the first one hundred days  

During the first 100 days of the TTVI operation (12 January 2005 to 25 April 2005) 1,289 

individuals were identified.  It was readily apparent that only a fraction of these identifications 

were children, 78 compared to 1,211 adults (6.4%).   

 

Table 1 examines adult-to-child identifications, from six countries with ten or more deceased 

children, at 50 and 100 days into the operation.  For example, in the first 50 days 56.3% 

(218/387) of Swedish adults were identified compared to 5.2% (6/115) of Swedish children.  

After 100 days the disparity was still evident, with 91.5% (354/387) of Swedish adults identified 

compared to 27.0% (31/115) of Swedish children.  Two of the six nationalities analysed, 

Thailand and Norway, did not follow this trend.  After 100 days 3.7% (33/893) of Thai adults 

and 0.6% (1/155) of Thai children were identified, demonstrating that both Thai adults and 

children were difficult to identify.  The lack of AM information for Thai victims in the early phase 

of the operation likely contributed to their lower identification rate [1].  Conversely, a larger 

percentage of Norwegian children were identified in the first 50 and 100 days (17.4% and 

65.2%, respectively) compared to the other nations.  However, Norwegian child identification 

rates were still lower at 50 and 100 days compared to Norwegian adults (90.7% at each stage).   
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Table 1: Adults and children identified in the first 50 and 100 days of the TTVI operation, by country.   

Country 
  

Adult / 
Child 

Victims 
Identifieda 

% IDb at 50 
days 

% IDb at 
100 days 

Finland Adult 109 67.0 89.0  
Child 51 5.9 29.4 

France Adult 49 28.6 53.1 

  Child 18 5.6 33.3 

Germany Adult 443 28.5 84.4 

  Child 35 5.7 28.6 

Norway Adult 55 90.7 90.7 

  Child 22 17.4 65.2 

Sweden Adult 387 56.3 91.5 

  Child 115 5.2 27.0 

Thailand Adult 893 0.5 3.7 

  Child 155 0.0 0.6 
a The number of identifications achieved by 12 December 2005, bIdentified 

 

 

Given the distinct difference in identification rates between adults and children, the 

identification rates for specific ages within the child category was explored.  A similar trend in 

the average number of days to identify French, German, Finnish and Swedish children was 

found, so their data was combined and analysed further.  A negative relationship was found 

between age and the average number of days to identify the victim (p<0.0001), with children 

under the age of 1 year taking an average of 195 days compared to an average of 130 days 

for children aged 16 years (Figure 4).  Identification took 4.3 days longer for each additional 

year the child was under the age of 16 (95% CI = 2.9 days to 5.7 days). 
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Figure 4: Average days to identify children using all methods as a function of age.  Analysis based on 

child victims from France, Germany, Finland and Sweden. 

 

 

3.2 Factors preventing the rapid identification of children  

Each identification method encountered obstacles that prolonged or prevented the 

identification of children [8].  These included: 

 More rapid decomposition of children compared to adults, preventing visual 

identification (prior to the establishment of the TTVI) [4,9]. 

 Lack of individualizing features associated with age, such as tattoos, surgical implants, 

healed fractures, distinctive scars, or body piercing [10, 11, 12]. 

 Lack of identifying personal property more typical to adults, such as driver’s licences, 

work permits, credit cards, health cards, wedding rings, and in many cases mobile 

phones.   

 Lack of AM dental comparisons due to fewer dental restorations, and rapid change in 

growth and development [13, 14]. 

 Difficulty obtaining PM fingerprints of sufficient quality for the children’s small hands 

[1]. 
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 Lack of national identification cards (with associated fingerprints) for Thai individuals 

under the age of 16 years [3]. 

 Difficulties in collecting discrete AM fingerprints with reliable provenance for children.  

Toys, schoolbooks and other children’s possessions are typically handled by multiple 

people [1]. 

 Low resolution of electronic fingerprint records (500dpi), thus obscuring the finer detail 

typical of children’s prints [1]. 

 Lack of AM DNA references from parents and siblings of missing children who were 

also victims of the tsunami.  Lack of direct sources of AM reference DNA (eg 

toothbrushes) that were destroyed by the wave).  By January 2008, there were still 

only 58.1% of AM cases which contained AM DNA profiles [15]. 

 Initial delays surrounding DNA capability at the TTVI due to poor sampling strategies, 

varying experience of laboratories to obtain DNA profiles from bone samples, lack of 

suitable DNA kinship matching software, an underestimation of the number of family 

samples required for identification due to the large scale of the operation, and data 

management and quality issues [1].  

 

 

3.3 Strategies introduced to facilitate the identification of children  

3.3.1 Background 

The TTVI established policies for ethical operation on 7 January 2005.  The first, ‘every 

deceased person will be treated equitably to ensure there is no discrimination based upon 

age, race or ethnicity’ [1, p59], was implemented to ensure all victims, including children, were 

analysed and reported under the one standard process.  Despite their best efforts, 

identification teams struggled with the limitations inherent in trying to identify children, leading 

to a growing anxiety about the lack of progress identifying child victims. Concern that a large 

number of children may never become identified focused attention on the lack of sufficient AM 
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and PM data. In an effort to overcome these obstacles, the TTVI implemented a ‘Child 

Investigations’ Team to, prioritise the identification of children. The identification teams 

initiated a number of procedures to increase the collection of accurate and usable AM data for 

children.  For example, the Fingerprint Team requested finger paintings from schools of 

missing children. Similarly, the DNA Team devised a number of targeted strategies which are 

outlined below.  These strategies were designed to increase the number of AM and PM profiles 

available for comparison, and provide targeted information for other identification methods to 

utilise which may then lead to identification. 

 

3.3.2 Using PM body length to prioritise DNA sample-testing from children 

Initially, testing post-mortem DNA samples from child-victims was not a priority over other 

bone samples. This was likely due to not having a mechanism in place to discriminate adult 

samples from those potentially belonging to children.  Similarly, because post-mortem DNA 

samples were anonymous, DNA laboratories processing the samples were not aware of which 

ones may relate to a child, preventing their prioritization through analysis. 

 

In mid-April 2005, the DNA Team developed a plan to prioritize DNA samples belonging to 

children.  This decision was taken to expedite the return of DNA profiles belonging to children 

in order to create a separate group of child cases.  This allowed the DNA Team to adjust the 

prior probability for the child subgroup from 1/3,000 to 1/500 in statistical calculations of kinship 

matches (500 was the approximate number of deceased children).  Utilizing the PM forms in 

PlassData’sTM DVI System International, the DNA Team generated a list of cases defined by 

a body length of 148 cm or less.  It was anticipated that nearly all of the missing children would 

be on this list, and therefore the DNA Team focused on the shipping and analysing of these 

specific bone samples.  Within two weeks 181 bone samples believed to be from children were 

sent to DNA laboratories for prioritised testing.  Analysis, matching and final reporting were 

further prioritised once the DNA Team at the TTVI received the profiles.  By July 2015 over 
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half of the prioritised samples had been profiled by the laboratories and their results returned 

to the TTVI.  

 

3.3.3 Alternative sources of reference DNA 

Attempts to identify children were repeatedly characterised by weak kinship matches unable 

to reach the reporting threshold nominated by the TTVI (i.e. 99.9%).  This was due, in part, to 

unavailable DNA reference samples from close relatives who also died in the tsunami.  Direct 

sources of AM DNA (eg toothbrushes) were swept away by the tsunami.  A similar lack of 

reference DNA was encountered for the Hurricane Katrina operation.  Nearly 80% of Louisiana 

flooded, destroying personal items containing DNA, and there were a number of related 

victims which limited availability of kinship references [16].   

 

For the TTVI operation it was not possible to identify many of the children without either 

additional AM DNA reference samples or a new strategy to leverage kinship matches.  

Conventional sources of additional AM DNA were not easily attainable (as discussed above), 

necessitating an alternate approach to identify children through DNA matching. Since many 

adults had been quickly and easily identified during the early months of the operation (by April 

2005 1,060 adults were identified), and many of these adults were also known to be parents 

of missing children, the DNA Team devised a strategy in early August 2015 to better utilize 

identified PM samples. This strategy facilitated DNA identifications for children from a single 

family with multiple victims, and for children with numerous extended family members also 

killed by the tsunami.   

 

Early policies prevented implementing this kind of strategy.  For example, when a victim was 

identified by a method other than DNA, their post-mortem DNA sample was not sent for testing 

or further analysis was curtailed. This resulted in identified adults without DNA profiles 

available for kinship matching with other, unidentified, related remains.  This policy was 

designed to save resources and prioritise DNA testing of samples from unidentified remains.  
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However, the policy did not account for the extreme number of related victims as a result of 

this disaster.  The case files from victims identified by modalities other than DNA were not 

screened for additional missing relatives. By ascertaining this information, a limited number of 

‘identified’ PM DNA samples could have been sent for testing, availing their profile for kinship 

matching.  Therefore, the DNA Team lacked information essential to identify children.  

 

Similarly, it was difficult to confirm relatedness among victims given the absent AM data. The 

INTERPOL AM data collection forms had no specific fields to record relatedness among 

missing victims or family tree diagrams.  The Family and/or Donor Reference Collection 

(FDRC) form used during the Hurricane Katrina DNA operation included a family tree diagram 

and information about other family members that died in the disaster.  Donkervoort (2008) 

suggests this information could assist with data accuracy and streamlining identifications, 

however the FDRC had not been developed in time for use at the TTVI [16].  

 

The DNA Team identified nearly 1,000 AM cases where no direct source of DNA was 

available, and no family tree existed.  At the request of the DNA Team, a family tree was 

created for each victim and uploaded into PlassData’sTM DVI System International.  A family 

tree detailed: family members who were also victims of the tsunami, the family member’s 

identification status and PM number if identified, which living family members were under 

consideration as family references, and the unique AM number allocated to each tsunami 

victim within the family.  Family tree information was continuously updated as new 

identifications were established.  Post-mortem DNA profiles of identified victims were entered 

into the AM file (INTERPOL AM Form, E4 page) of their missing relatives.  Bone samples from 

identified individuals with missing relatives were retrieved from the mortuary and submitted for 

DNA testing.  The coordinated approach of developing family trees allowed identified victims 

with missing relatives, particularly their own children, to be used as DNA references for kinship 

matching.   
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3.3.4 Use of a near-threshold identification strategy  

In July 2005, another formalised strategy, similar to the one developed by the DNA Team 

focusing on “near-threshold” identifications, was implemented to target the most challenging 

identifications, including those involving children [8]. Initially, PM case files from children were 

re-examined for documentation of unique characteristics or physical evidence. Since there 

was a limited number of missing children, and their AM files could be further grouped into 

smaller groups by age, AM and PM files could easily be compared for similarities using 

physical evidence, property, and dental findings.  However, AM data were severely limited and 

the team needed another approach to progress these cases. Building on the successful 

program targeting near-threshold identifications, a list of kinship matches falling below the 

reporting threshold of 99.9% was generated for children.  These cases were passed to the 

Fingerprint Team for manual comparison of AM and PM prints.  Manual comparison overcame 

the lack of fine ridge detail available in electronic records which had prevented automated 

matching.  By December 2005 the strategy was credited with facilitating 24 identifications of 

children [8].  

 

 

 

 

3.3.5 PM sample kinship matching 

The family tree data revealed the extent of missing related victims.  Typically, kinship matching 

software searches for matches using an AM-to-PM algorithm.  In August 2005, the DNA Team 

developed a kinship-matching algorithm for unidentified PM DNA profiles. The PM-to-PM 

kinship matching algorithm aggregated post mortem samples possibly belonging to related 

family members. A  direct PM-to-PM match approach was used during the World Trade Center 

Human Identification project, to aggregate unidentified fragments with the same DNA profile, 

even if that profile had not yet been associated with a particular victim. When the profile was 

eventually matched to a victim, the entire group of fragments was linked to the identification 
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[17]. The PM-to-PM approach taken at the TTVI identified kinship relationships among 

unidentified remains, some reaching the reporting threshold of 99.9%. Familial combinations 

included parent-child pairs, two parents and one child, and one parent and two children. This 

was clear evidence that there were groups of closely related, unidentified, victims – valuable 

information worthy of additional investigatory efforts. Using a list of suspected kinship 

associations, the DNA Team generated associated family trees for the unidentified related 

deceased victims.  Investigators then compared a “family tree group” to AM records of family 

units, searching for similarities.  Similarities between physical/property information and a post-

mortem record instigated a targeted request to the Fingerprint and Dental Teams.  In many 

instances, at least one adult family member was identified through this process.  The PM 

sample from the newly identified adult could then be used to identify related children (as per 

3.3.3).  Once one individual from a family tree unit was identified, the other related deceased 

were putatively identified, followed by additional targeted comparisons that progressively 

enabled identification using DNA kinship analysis.    

 

3.4 Outcomes of targeted child identification strategies 

This section compares the rate of child identifications as the post-mortem interval increased 

(150, 200, 250 and 300 days into the operation). The targeted strategies were examined to 

determine if they had contributed to changes in the rate of child identifications.   

The DNA Team introduced a number of targeted strategies increase the number and quality 

of AM and PM DNA profiles available for comparison and facilitate identification of children 

beginning mid-April 2005, approximately 100 days after the TTVI operation commenced.  By 

the end of May 2005, there were still only 310 AM DNA profiles and 180 PM DNA profiles 

available for comparison (all ages).  This number rapidly increased by the end of June to 1,269 

AM DNA profiles and 1,310 PM DNA profiles.  The increased number of DNA profiles during 

this period was due to the targeted sampling and analysis of child cases and resolution of 

issues involving processing of PM DNA samples (additional laboratories were contributing to 

the effort and the success rate of laboratories were increasing with experience and submission 
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of better samples).  The data in Figure 5 demonstrate an increase in the percentage of child-

to-adult identifications from 100 days, until the identification percentages almost equalised 

(the total data is until 12 December 2005).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Examples by country showing marked increases in child identifications following 

implementation of targeted child identification strategies at approximately 100 days into the operation, 

and near concordance between adult and child identification rates by day 300. The ‘Adult’ and ‘Child’ 

totals are the number of identifications established by 12 December 2005. 

Figure 6 illustrates the monthly percentage of DNA-based adult and child identifications 

against the percentage of child and adult identifications using all methods.  The graph 

illustrates an increase in the percentage of child identifications using DNA compared to the 

percentage of adult identifications using DNA following implementation of strategies targeting 

unidentified children (mid-April 2005).  This indicates that the targeted child strategies were in 

part responsible for the increase in child identifications.  Despite the lack of DNA profiles in 

May 2005 (310 AM and 180 PM all ages), there was a rapid increase in children identified by 

DNA, which was sustained throughout the year and improved as more DNA profiles were 

available for comparison and DNA kinship matching software was implemented.  Prior to this, 

children identified by DNA were limited.  For example, none of the child identifications in 
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January or February 2005 (n=10), were established through DNA.  During March and April 

2005, only 2.9% and 2.6% of all identified children were established using DNA.  However, 

this number increased to 15.1% in May (8/53 children), 45.2% in June (14/31 children), 84.8% 

in July (50/59 children), 88.7% in August (37/42 children), 82.4% in September (15/18 

children), 95.7% in October (45/47 children), 96.1% in November (49/51 children) and 100% 

in December (14 children).   

 

 

Figure 6: Percentage of child and adult identifications established using DNA from percentage of total 

child and adult identifications throughout the first year of the TTVI operation (all nationalities and all 

methods). Targeted DNA strategies were introduced from mid-April 2005. 

 

It is difficult to assess which child strategies had the most impact.  Figure 6 strongly indicates 

that the prioritisation of sampling and DNA analysis of child PM cases targeted by using PM 

body length had an immediate impact on child identifications.  As previously discussed, other 

methods could not identify many child cases; therefore these results suggest that expediting 

PM DNA analysis for children will increase success.  It can be assumed that child cases with 

sufficient AM DNA references benefited from the return of PM DNA profiles.   A total of 22 (out 
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of 84) children were identified in May and June. In July and August the strategies that were 

implemented focused on increasing the quantity of child AM DNA references, and strategies 

to resolve complex cases without sufficient AM DNA references.  From July to December 

2015, 210 children were identified using DNA methods (out of 231 children identified using all 

methods).  The large numbers of child identifications during this period could be attributed to 

the combination of all targeted child strategies: return of remaining PM DNA profiles, increased 

child AM DNA profiles, and strategies to resolve complex cases (near-threshold and PM-PM 

kinship matching).   

 

Whether the same number of child identifications would have been achieved without the 

strategies is difficult to prove.  Certainly the faster return of child PM DNA profiles increased 

the speed of child identifications.  First-hand experience of the author working on the child 

cases at the TTVI, and anecdotal evidence from other scientists and investigators working in 

the DNA Team and Reconciliation Team, suggests that the targeted strategies were crucial.  

The percentage of adult identifications shown in Figure 6 could also be used as a rough 

indication of what the percentage of child identifications with DNA may have looked like without 

the targeted strategies.     

 

Figure 7 further illustrates the success of the targeted DNA strategies compared with other 

methods.  The data demonstrate a distinct change in identification methods for children before 

and after implementing a child-focused identification approach.  By July 2005, through to 

December 2005, DNA was the predominant method used to identify children.  In total, 214 

children were identified by DNA, 152 by fingerprints, 73 by dental, and 3 by physical 

characteristics.  Chaikunrat et al (2011) analysed TTVI data until 9 January 2008 and reported 

that DNA identified 346 victims (0 to 19 years of age), or 53.1% of 652 victims in that age 

group [15]. 
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Figure 7: The percentage of total child identifications established each month by each method (all 

nationalities). 

 

3.5 Recommendations to facilitate the identification of children in mass disasters 

Based on experience at the TTVI following the South-East Asia Tsunami, early implementation 

of procedures directly focused on identifying children is beneficial when a significant number 

of child victims are involved.  The following proposed recommendations are designed to guide 

future DVI managers challenged by large numbers of unidentified children.  

 

Recommendation 1 

Recognising that children may be more difficult to identify than adults, policies and procedures 

addressing the differences should be implemented to facilitate equal identification 

opportunities. 

 

Recommendation 2 

A prioritised list of children based on autopsy data such as body length, and dental age 

estimation should be generated.  If possible, a dedicated mortuary line to triage children’s 

remains should be established thereby expediting the collection and testing of their PM DNA 

samples.   
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Recommendation 3 

DNA laboratories should be provided with a list of prioritised PM samples from children, to 

facilitate rapid analysis and matching.    

 

Recommendation 4 

Direct sources of ante-mortem DNA, such as newborn screening cards, to identify missing 

children should be targeted.  This reduces the reliance on kinship reference samples when 

numerous family members are also victims.   

 

Recommendation 5 

 A field should be included on the INTERPOL AM DVI form that specifies whether other family 

members are missing from the same disaster (on page 9 of the AM form where the family tree 

information is recorded).  When indicated, the AM numbers of the other missing family 

members should be recorded on the family tree diagram.  The family tree diagram should be 

available electronically and in a format that can be updated as new information arises.  For 

example, if a missing family member is identified, their PM number should be recorded on the 

family tree diagram (see Recommendation 6).   

 

Recommendation 6 

Prior to releasing identified bodies, it should be ensured that a post-mortem DNA sample was 

collected. When multiple family members are also victims, PM DNA samples from identified 

individuals will be integral as family reference samples to identify their relatives, particularly 

children.  PM DNA samples from identified victims should be included as an option in the 

‘Guide to AM reference samples’ under the ‘biological relatives’ category in the INTERPOL 

DVI Guide [p75, 10]. 

   

Recommendation 7 
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 A near-threshold strategy should be established specifically for children, to conclusively 

exclude identification or facilitate identifications supported by a combination of methods.   

 

Recommendation 8 

 DNA matching software capable of PM-to-PM matching should be utilised and resulting 

kinship matches compared to AM family tree information for targeted identifications.  This 

process will aid DVI operations characterized by large numbers of related victims, particularly 

where children are involved.   

 

 

3.6 Conclusion  

The DVI operation in Phuket, Thailand following the South East Asia Tsunami highlights the 

challenges associated with large numbers of deceased children, particularly when related 

family members are also missing.  Initially, children proved more difficult to identify than adults 

because the methods used to identify adults were not as successful in identifying children.  In 

response, new procedures including using PM body length to prioritise DNA testing of children, 

using PM DNA samples from parents of missing children as references for kinship matching, 

targeted use of kinship matches falling just below reporting thresholds, and PM-to-PM kinship 

matching were introduced to overcome these obstacles.  In combination, these strategies 

increased the number and rate of identifications for child victims of the tsunami. DVI 

preparedness can be significantly improved through the awareness of the different 

identification challenges for adults and children. Understanding these challenges and 

incorporating this knowledge by management is crucial when developing AM and PM 

collection strategies, operational policies, communication policies for families and the media, 

and allocating resources.   
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Abstract 

The Thai Tsunami Victim Identification (TTVI) operation was the largest disaster victim 

identification operation in history, involving 3,679 unidentified victims from 42 countries, and 

police and forensic scientists from over 30 countries.  This paper evaluates the DNA response 

to the 26 December 2004 South-East Asia Tsunami, measuring its impact at different stages 

of the operation.  Only 15 identifications were established through DNA analysis during the 

first 5 months of the operation, compared to 307 by fingerprints, 1,266 by dental and 11 by 

physical analysis. Critical obstacles, such as available ante-mortem (AM) and post-mortem 

(PM) DNA profiles, data management challenges and automated DNA matching issues were 

impeding the DNA response. Recognizing and resolving the key issues hindering DNA 

identification resulted in increased DNA identifications during the middle and late stages of the 

operation.   

 

Consideration of victim demographics was also crucial to understanding the impact of different 

identification methods during the DVI operation. At the TTVI, DNA identifications were found 

to be primarily dependent on victim age and nationality, proving more successful in identifying 

children than adults, and for Thais than Europeans. A large proportion of children from all 

nations were identified by DNA matching (33% of 10 to 16 year olds, 43% of 5 to 9 year olds, 

and 73% of 0 to 4 year olds), while only 13% of total adult identifications were supported 

though DNA analysis. Similarly, while DNA was necessary to identify only 2% of adults from 

Finland, France, Germany and Sweden combined, DNA was responsible for 30% of Thai adult 

identifications. By 16 July 2008, 3,308 victims were identified: 799 (24%) by DNA, 1,337 (40%) 

by dental, 1,142 (35%) by fingerprint and 30 (1%) by physical characteristics.  

1. Introduction  
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After the devastating South-East Asia Tsunami of 26 December 2004, it was estimated that 

8,195 people were either dead or missing in Thailand [1].  Of the 5,395 victims initially 

recovered, 2,280 were foreign tourists from 41 countries and approximately 3,000 were Thai 

nationals [1, 2, 3].  In response to this disaster the Thai Tsunami Victim Identification (TTVI) 

operation was formed on 12 January 2005, comprising police and scientific specialists from 

over thirty countries. To date, this is the largest disaster victim identification (DVI) operation in 

history.  The TTVI was led by the Royal Thai Police and processes were established consistent 

with INTERPOL DVI Guidelines [4].  Mortuary operations ensued at four sites: Wat Yang Yao; 

Wat Bang Muang; Mai Kao; and Krabi, however the Krabi site was later consolidated at Mai 

Kao.   Property Operations, Command and Administration, and the Information Management 

Centre (IMC) were located in Phuket [1, 2, 5].  

 

The IMC was separated into an ‘AM/PM Section’ and a ‘Reconciliation Section’.  The DNA 

Team was initially part of the AM/PM Section, but later moved to the Reconciliation Section 

after the DNA sample collection phase concluded in the middle stages of the operation.  The 

DNA Team was responsible for developing standard operating procedures and implementing 

processes to identify the victims.  The DNA Team was also accountable for managing the 

incoming ante-mortem (AM) and post-mortem (PM) DNA profiles from outside laboratories, 

matching DNA profiles, and providing evidence and testimony to the Reconciliation Team and 

‘TTVI Identification Board’.  In addition, DNA Team members operated within the Mai Kao 

Mortuary collecting PM samples to ship to several international DNA laboratories.   

 

At the outset of the operation, high expectations were placed on the DNA Team by staff at the 

TTVI, nations desperate to repatriate their citizens, and the international media at large.  

Anticipation spread to the international community through TV and newspaper.  Headlines 

such as ‘DNA to identify tsunami dead’ and ‘DNA only way to identify most bodies’, falsely 
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raised expectations that the DNA process would be relatively quick and easy, while largely 

ignoring the potential of other identification methods [6, 7]. Sentiments were further fuelled by 

previous DVI operations, such as the 11 September 2001 World Trade Center (WTC) attack 

and the 2002 Bali Bombings, which both relied heavily on DNA to establish identifications 

(91% and 70%, respectively) [8, 9]. The DNA response to these incidents was seen by some 

as a new benchmark and created the belief that DNA was the ‘best’ (fastest and most 

accurate) identification method for DVI.  These expectations expressed only weeks after the 

tsunami, and before its true scale and complexity were understood, overlooked the reality of 

previous incidents. For example, two months into the WTC operation, DNA had established 

only 10 of the 193 identifications. A DNA-only approach could never realise such expectations, 

nor were the circumstances such that a DNA-only approach was realistic.  

 

Some researchers have questioned whether the TTVI DNA operation failed, under-performed, 

or had little impact on the identification of tsunami victims [10, 11, 12].  However, to date, few 

empirical studies have evaluated the TTVI DNA response to the South-East Asia Tsunami [1, 

13, 14, 15].  Therefore, the following analysis was conducted to evaluate the outcome of the 

TTVI DNA operation. This study aimed to determine a) the effectiveness of DNA analysis at 

different stages of the operation, and b) identify where DNA analysis contributed to victim 

identification when other methods were unsuccessful.     

 

2. Methods 

Identification data were derived from the TTVI Reconciliation database from 12 January 2005 

to 12 December 2005 (78% of victims had been identified).  Analysed data include the victim’s 

sex, age, and nationality, along with the date and method/s of identification. Multiple 

identification methods were recorded in 891 of 2,871 cases.  TTVI policy dictated identification 

methods were entered into the database according to their significance in establishing each 
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identification, with the most significant method listed first.  For the cases identified by multiple 

methods, only the first method was considered in the following analyses.  In addition, further 

analyses, using updated information (dated 16 July 2008), focus on identification method only 

(victim nationality, age and sex were not available).  The 2008 information comprised data 

from the 3,308 (90%) identified victims (371 were still unidentified).  Identifications were made 

beyond this point, however the authors did not have access to this information.  Given the 

data in this research comprised 90% of identifications, it was considered sufficient for analysis 

and from which to draw valid conclusions and recommendations.    

 

This paper’s designation of the TTVI operation stages (‘early’, ‘middle’, and ‘late’) are based 

on the volume of available AM and PM evidence, the complexity of cases, and the number of 

identified versus unidentified victims.  Typically the early stage of a DVI operation is 

characterised by a large number of unidentified victims, and availability of varying quantities 

of AM and PM evidence for each method (dental records are received in large volumes, 

available fingerprint records are slightly fewer, and DNA profiles are few in number).  A large 

quantity of ‘simple’ cases are established during this stage, usually by a single method 

(typically by dental methods, and to a lesser extent fingerprints).  The middle stage usually 

involves the collation of a majority of AM and PM evidence for all methods, and a significant 

reduction in the initial number of unidentified victims (a third to one half are normally identified 

in the early stage).  Cases become increasingly difficult to identify, an often rely upon multiple 

methods.  Dental success declines rapidly and is replaced by fingerprint and DNA methods.  

The late stage involves a relatively small number of unidentified victims, however they are the 

most complex to identify, and often these cases are resolved by DNA.  This stage is usually 

the longest, lasting months or even years for large disaster operations.   

3. Results and Discussion 

3.1 DNA identifications compared to conventional identification methods 
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Large DVI operations typically exhibit common identification rate patterns, with the more 

conventional methods such as fingerprint and dental matching coming online weeks or months 

before DNA. Ante-mortem fingerprints and dental records can be relatively easy to access in 

certain circumstances (e.g.; military records, government identification cards).  With readily 

available data, AM and PM matching can begin as soon as bodies are processed through the 

mortuary. Conversely, managerial and technical issues must be addressed before DNA 

analysis can be utilized, which may be a lengthy process. From a managerial perspective, 

questions may include whether a jurisdiction has adequate in-house capacity or outside 

vendor laboratories must be contracted. Cost and available monetary resources are other 

considerations.  Technically, appropriate PM DNA samples must be collected. This will be 

determined in part by the processing laboratory’s capabilities (some can test blood and soft 

tissue but not bone or teeth), the experience of the mortuary staff to collect the best samples 

for DNA, and will also be determined by the post-mortem interval and condition of the remains 

[16]. Other technical and logistical concerns include access to temporary refrigeration or 

freezer storage for the samples, shipping regulations, and establishing a clear missing persons 

total in order to develop the requisite probability statistical thresholds.     

 

Therefore, while DNA is seen to be slower than other methods of identification, the different 

methods actually complement each other well. Identification by DNA analysis becomes a more 

viable option around the same time conventional methods have been exhausted.  Figure 1 

illustrates this pattern for the TTVI operation.  Only 15 DNA identifications had been 

established during the early stage of the operation, compared to 307 by fingerprints, and 1,266 

by dental evidence.  In this early stage, 95% of all dental identifications were achieved, while 

only 31% of all fingerprint identifications had been established, and DNA identifications were 

just beginning to reach double digits. Taking the three most dominant methods into 

consideration, dental analysis achieved large numbers of identifications quickly, in the early 

stage of the TTVI operation; fingerprints contributed a steady number of identifications 
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throughout the early, middle and late stages of the operation; and DNA contributed most in 

the middle and late stages.  These outcomes highlight the importance of recognising 

methodological trends across operational stages, and their impact on operational planning 

and resource allocation. 

Figure 1:  Identifications by month and by method during the early, middle and late operational 

stages. 

 

Furthermore, the TTVI identification rates by method and month mirror those following the 

World Trade Center DVI operation. Conventional methods of identification dropped 

significantly around the 28th week, concurrent with a sharp and sustained increase in DNA 

identifications [17]. The similarities between the two incidents indicate identification rates by 

methodology follow trends dictated by external circumstances and context. Identifying these 

patterns will allow future DVI managers to use this knowledge when coordinating AM and PM 

collections, establishing timelines, and managing expectations, both internal to the operation 

and to external parties including families, media and government agencies.  

2005 TTVI Operation Stages 

Early Middle Late 
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3.2 Critical elements necessary for DNA identifications 

In a DVI operation, three elements are critical to establishing identifications by DNA: AM DNA 

profiles (either direct or indirect), PM DNA profiles, and associated DNA matching software. 

The DNA Team was limited in their access to all three.  By the end of May 2005, there were 

2,358 AM cases and 4,325 PM cases (including duplicate records and body parts) logged into 

the system, yet the TTVI had only received 310 AM DNA profiles (13%) and there were only 

180 PM DNA profiles (4%) available for comparison.  

 

Numerous reasons have been cited for the lack of AM DNA profiles [18]. For example, the 

nature of the disaster limited available sources of direct DNA reference samples when the 

wave swept away personal items.  It was common for two or more victims to be from the same 

family, and many instances where more than ten victims were from the same family.  This 

significantly limited the availability of appropriate kinship references, which prevented 

numerous cases from reaching the nominated statistical threshold for a kinship match.  

Severely limited AM DNA material on such a large scale presented new challenges to forensic 

experts.  To address these limitations, TTVI personnel responded by implementing strategies 

focusing on the lack of conventional AM DNA sources [18, 19].  Other solutions included DNA 

profiles directly submitted by individual countries after obtaining and testing blood cards from 

newborn screening tests [20].  By the end of June 2005, the TTVI had access to 1,269 AM 

DNA profiles, 1,310 PM partial and complete DNA profiles.  

Although bodies were processed through the mortuaries quickly and steadily, PM DNA profiles 

were slow to return. In part, this was due to administrative issues discussed above. In addition, 

the earliest PM tissue samples were collected from victim remains prior the TTVI’s inception. 

Too often theses samples were of poor quality, due to tissue degradation.  Furthermore, the 

immediate decision to sample teeth proved difficult for laboratories with limited experience 
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testing such samples.  To address these issues, 1,723 bodies at the Mai Kao mortuary were 

re-examined. Re-examination also included re-sampling of sections of mid-shaft femur for 

DNA analysis.  Along with additional DNA sampling, the re-examination process, named the 

‘Final Inventory Protocol’, was designed to identify and correct errors in the PM database and 

detect deficiencies in PM evidence [2, 14]. The Final Inventory Protocol was completed in May 

2005 and PM DNA profiles began to increase in numbers the following month, attesting to the 

program’s successful implementation.  

 

In the early stages of the operation, complication’s managing vast quantities of data, limited 

mass DNA profile comparisons.  In particular, the TTVI needed an improved data management 

system to allow automated kinship matching with DNA software.  Eventually, appropriate 

systems were in place and from July 2005, the DNA Team was producing larger numbers of 

identifications (See Figure 1). 

 

By 12 December 2005, DNA enabled 521 of the 2,871 identifications (18.1%), dental 1,336 

(46.5%), fingerprints 1,001 (34.9%) and physical 13 (0.5%), with 808 bodies still unidentified.  

Figure 2 illustrates the differences in identification method success rates for victim age 

categories. Dental comparison was most successful for identifying adult victims, (2,429 

individuals, 52%).  Children were more successfully identified by DNA, which was responsible 

for 33% of 10 to 16 year olds, 43% of 5 to 9 year olds and 73% of children 0 to 4 years (see 

additional analysis by age in section 3.3). 
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Figure 2: Identification by method and age category (data until 12 December 2005). 

As seen with previous large-scale DVI operations, DNA eventually replaced conventional 

identification methods in the late stage of the operation. By October 2005, identifications by 

other methods were exhausted and DNA was relied on for the project’s duration.  Analysis of 

the TTVI Reconciliation data revealed that during the operation’s later stages, between 12 

December 2005 and 16 July 2008, 278 of the 487 (57%) identifications were established by 

DNA comparison.        

 

3.3 DNA identifications by nationality and age 

The unique demographics of the tsunami victims in Thailand influenced the success rates of 

different identification methods and challenged management operations at the TTVI.  Three 

circumstantial factors effected victim demography: the scale of the incident, the locations 

where the waves caused the most destruction, and the event’s timing.  More specifically, the 

disaster struck the beaches of popular tourist resorts, crowded with families from all over the 

world vacationing during the holiday season.  While multi-story hotels are also present in the 

area, many resorts house tourists in small low-set bungalows, which were obliterated by the 

destruction.  In addition, the killer waves began coming ashore shortly after 0930, when 

families were already gathering on the beaches.  Together, these dynamics created the unique 

victim demographics in Thailand; a large number of related victims, of varying ages, both local 
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and multi-national, and from disparate socio-economic backgrounds. These factors 

significantly affected all aspects of the TTVI DVI operation, but in particular, the role DNA 

played as an identification method for different nationalities and age groups.  

 

Data from nationalities with more than ten deceased children were analysed to determine what 

methods were used most for each nationality and age group (refer to Table 1).    Finland, 

France, Sweden and Germany had similar results when comparing the distribution of 

identification methods, therefore the data were combined into adult and child identifications.  

Dental was the most prevalent method used to identify adults (90% of 988 identifications) 

within this group. Fingerprints and DNA analysis contributed to a small minority of the group’s 

identifications, 8% and 2%, respectively. Norwegian adults followed a similar pattern: dental 

98% (53 out of 54), fingerprints 2% (1 out of 54), and DNA analysis 0% (Figure 3). Deviating 

from this trend were Thai victim identifications.  While only 2% of Thai adults were identified 

by dental comparison (15 out of 886), the vast majority were identified by fingerprints (68%, 

603 out of 886), followed by DNA analysis (30%, 266 out of 886).  

Table 1: Number of adults and children identified at 12 December 2005.  

Country Finland France Germany Norway Sweden Thailand 

Adults 109 49 443 55 387 893 

Children 51 18 35 22 115 155 
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Figure 3: Methods used to identify victims from Norway and Thailand in four age categories. 

 

Reliance on different identification methods varied dramatically between children’s age 

ranges. When examining the Finish, French, Swedish and German child identifications, dental 

methods were most useful for identifying children 10-16 year olds (35% or 32 out of 92). In 

addition, dental identification rates decreased as the age of the victim decreased, evidenced 

by a drop to 19% for 5-9 year olds (14 out of 75), and 10% for children 0-4 years (5 out of 52).  

In contrast, fingerprints were most useful for children 5 to 9 years (53%, 40 out of 75), and 

DNA was most successful for children 0 to 4 years (52%, 27 out of 52). 
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Once again, a deviation from the dominant trend is seen among Thai victims when compared 

to other nationalities. DNA proved significantly more successful identifying Thai children (39 

out of 57 for 10-16 years, 29 out of 31 for 5-9 years, and 66 out of 67 for 0-4 years), although, 

as seen previously, its success decreased as the victim’s age increased. Identifications of 

Norwegian children presented another departure from previous patterns. Instead of dental or 

DNA, fingerprint matching was the most successful method of identification for Norwegian 

children and was responsible for identifying 5 out of 9 victims aged 10-16 year, 5 out of 8 

victims aged 5-9 years, and 4 out of 5 victims aged 0-4 years.  

 

 

The varying reliance on different identification methods, based on victim demographics 

(specifically, age and nationality), is an outcome resulting from the type, quality, and 

completeness of available AM material, and each nationality’s number of victims and how 

quickly their AM evidence was made available to the TTVI.  For example, although the 

tsunami’s waves decimated tourist’s personal effects on their possession, as well as those left 

in destroyed low-lying bungalows, law enforcement agencies in their home countries still had 

opportunity to collect AM evidence at their homes, schools and work places, which were 

unaffected.  In stark contrast, AM evidence was difficult to avail from local Thai victims whose 

homes were also destroyed. The success of the dental method for non-Thai adult victims can 

largely be explained by the rapid availability of AM dental records (it was reported that 94.4% 

of missing Europeans had AM dental charts and 75.5% had AM dental X-rays), and availability 

of PM dental records (only 2.6% of PM cases did not provide dental evidence) [21].  

Comparatively, identification of Thai victims relied heavily on DNA, due to the paucity of 

available AM dental records (only 18.1% of missing Thais had AM dental charts and 0.8% had 

AM dental X-rays) [21].  The success of fingerprint identifications for Norwegian children 

compared to those for other European children accords with superior AM fingerprint collection 

by Norwegian Police; in contrast, obtaining AM fingerprints for children was flagged as a 

difficulty by all other nationalities [1].  The Norwegian fingerprint success rate is particularly 
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evident in the 0 to 4 year age category: 67%, compared to 36% Finland, France, Sweden, and 

Germany combined.  Norwegian AM fingerprint collection methods should be investigated 

further to improve international procedures and increase identification potential for children.   

 

Rates of child identifications by DNA were further analysed. A significant relationship was 

found between DNA identification and decreasing victim age (p<0.0001) (Figure 4). DNA 

identifications increased 3.9% for each yearly age group from birth to age 16 (95% confidence 

interval 2.9% to 4.9%).  The specific challenges associated with the identification of children, 

and the strategies implemented by the TTVI DNA Team to target child identifications, have 

been previously reported [19].   

 

 

 
Figure 4: Percentage of victims identified with DNA between 0 to 16 years old across all nationalities. 

 

Overall, the data show that DNA analysis was the most useful method of identification for 

children (48%, 213 out of 440 combined nationalities) and Thai adults (30%, 266 out of 886). 

DNA was the least used identification method for non-Thai adults (13%, 307 out of 2,429).  

The data also demonstrate that the effects of victim age and nationality on method success 

can be masked if not evaluated separately.  This may lead to incorrect conclusions about the 

effectiveness (or presumed ineffectiveness) of any specific method. Additionally, there may 

be managerial consequences to misinterpreting data patterns, such as missing an opportunity 
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to prioritize one method over another during different stages of an investigation.  This in turn 

affects AM data collection practices, resource requirements and allocation.    

 

3.4 Previous evaluations of the TTVI DNA operation 

The outcomes of the TTVI DNA operation have not always been clearly reported in the past.  

There are papers which only reported the TTVI outcomes in the early stage of the operation 

when DNA was experiencing limited success [22, 23].  Failure to provide an explanation of the 

impediments causing this, or to provide an updated report in the later stage of the operation, 

unquestionably leads to the incorrect impression that the TTVI DNA operation was not 

successful, and/or that the identification potential of DNA analysis in mass fatalities is limited.  

More concerning are those papers that have made statements such as DNA ‘proved to be a 

relatively unimportant method of identification’ for Thai tsunami victims at the TTVI [10, 12].  

Such comments have been cited unchallenged in literature as recently as 2014 (a literature 

review of dental identification in mass fatalities) [24].  

 

In 2011 Chaikunrat et al evaluated victim identification in the Thai Tsunami and reported that 

of the 5,009 identifications (including 1,618 identified before the TTVI), the most used method 

of identification was physical (32.3%) and the least used was DNA (16.0%) [13].  In this paper 

the authors commented that ‘DNA identification should not be considered as a first-line method 

of identification, but rather should only be implemented when physical, fingerprint, and dental 

methods have been unsuccessful’ [13, p901).  Similar recommendations have been made by 

Rai, Hirsch and Morgan [10, 11, 12].  While physical or ‘visual’ identification was used to 

identify 1,618 bodies before the TTVI operation; it was not an accurate method and led to mis-

identifications.  Delaying the use of DNA in a disaster until all other methods are exhausted 

would lead to long delays in identification of victims from certain demographics (for example 

children and adults with limited access to dental care), creating unnecessary identification bias 
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against some population groups.  Given DNA analysis is an expensive and time consuming 

identification method to implement in a disaster, a specific rather than general use is needed.  

A better approach is to evaluate victim demography and target DNA at the beginning of an 

operation for those groups where dental and fingerprint methods are historically least 

successful.  Triaging these victims at the mortuary (for example using body lengths to help 

identify children) will enable their DNA samples to be sent for analysis in the first days and 

weeks of a disaster, enabling DNA to be more effective in the early stage of the operation.    

   

The true value of the TTVI DNA operation was also under-reported due to a policy that was 

implemented (with some exceptions) at the end of April 2005 which required all DNA reports 

reaching the nominated reporting threshold to be accompanied by an AM-PM physical and 

property report.  This was one of many quality controls that were introduced because of the 

large volume of DNA data being sent to the TTVI from 42 laboratories (producing AM and PM 

DNA profiles) and the concern of data transfer errors causing mis-identification.  As a result of 

the above TTVI policy, no mis-identifications resulted from DNA evidence.  By 16 July 2008, 

35 identifications were reported using only DNA as evidence (764 identifications were reported 

using DNA and physical evidence).   No published reports or literature have disclosed this as 

the reason why only 35 of 3,308 cases were established with DNA evidence alone.  Without 

this explanation, it could appear that DNA success was limited.  Further confusing the impact 

of the DNA method, in 2006 Perrier reported that for 3,000 identifications reported at the TTVI, 

dental contributed to 73%, fingerprints 24% and DNA 3% [25].  This analysis of TTVI victim 

identification methods is significantly at odds with TTVI data and once again, the under-

reporting of DNA utilisation may have led to confusion and speculation of its failure within the 

operation.    

 

4. Conclusions 
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The primary aim of this research was to evaluate the effectiveness of the TTVI DNA response 

at each stage of the operation, and to determine where DNA methods had greatest impact.  

Availability of AM and PM DNA profiles and suitable data management and DNA software 

systems were limited until July 2005.  These issues were created by a complex combination 

of factors that included the scale and nature of the disaster, victim demography, initial TTVI 

management policies, and logistics.   

 

Importantly, the lack of DNA success in the first 6 months was also due to a lack of 

preparedness.  However, no laboratory could have anticipated or prepared for the large 

volume of PM sample analysis suddenly required by the TTVI (3,241 PM samples had been 

sent to several laboratories by June 2005).  In addition, many forensic laboratories have limited 

experience with bone and tooth samples, so the initial months of the TTVI operation also 

involved a large component of capability development.  One important lesson from this 

exercise for future disasters is the need for individual nations to evaluate and quantify their 

surge capacity to process large volumes of DNA samples from human remains.  Capability 

development across a number of laboratories, with additional options for outsourcing to 

international laboratories specialising in PM case work is recommended.  A similar 

recommendation was provided by the INTERPOL Tsunami Evaluation Working Group who 

stated: ‘It is recommended that INTERPOL makes an inventory of accredited laboratories 

prepared and skilled to perform DNA analysis of post mortem samples and deliver results 

according to the requirements stated [p136, Recommendation 68, 1]. Given large disasters 

may often result in a multi-jurisdictional or multi-national response, it is essential to have 

established standard formats for DNA profile transfer and appropriate automated systems for 

data management and profile comparison (direct and kinship).  The use of disparate 

databases, manual data configuration, and transcription should be avoided.   
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The identification of Thai adults and children from all nations proved challenging for all 

identification methods, and was flagged as a priority by the TTVI.  This research shows that 

DNA analysis was critical for their identification, and without its use many of those victims 

would have remained unidentified.  When evaluating the contribution of the DNA method 

across the entire operation, it can be concluded that this method had a significant impact and 

met operational expectations.   

 

Understanding victim demography, the impediments and requirements for each identification 

method and how they affect method impact at each stage of a DVI operation is critical for 

planning and resourcing mass disasters.  Accurate evaluations of previous disasters, which 

include the elements above, are an important source of information for the forensic community 

and provide an opportunity for continuous improvement.  This paper provides a reliable 

analysis of the TTVI DNA operation which identified 30% of Thai adults, 33% of 10 to 16 year 

olds, 43% of 5 to 9 year olds and 73% 0 to 4 year olds (all nationalities) by December 2005, 

and by July 2008 was responsible for the identification of 24% of all victims.   
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