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1. Introduction

The Rome Statute of the International Criminal Court (2002) estab-
lishes that the enforced disappearance of persons “means the arrest,
detention or abduction of persons by, or with the authorization, support
or acquiescence of, a State or a political organization, followed by a
refusal to acknowledge that deprivation of freedom or to give informa-
tion on the fate or whereabouts of those persons, with the intention of
removing them from the protection of the law for a prolonged period of
time” [1].

In Colombia, the first records of forced disappearances can be
tracked back to the 1970 s. Due to social protest and strikes, at the end of
1977 the military publicly demanded "emergency measures" against
subversion. Thus, the Colombian government issued decree 1923 in
1978, the National Security Statute 1978-1982 (Estatuto de Seguridad
Nacional), which aimed to stop current guerrilla groups, social protest
and social movements. However, this decree gave the power for arbi-
trary arrests, torture, retention and forced disappearance of civilians,
with an estimate of more than 3000 people that this happened to. [2-4].
Thus, forced disappearances became a "common" practice, protected
under this decree [5].

Among efforts to fight against enforced disappearances and find the
missing, in 1979 there was created The Permanent Committee for the
Defense of Human Rights [Commité Permanente por la Defensa de los
Derechos Humanos (CPDH)]. However, its leaders were persecuted and
several of them were assassinated [3,5]. After the decree was repealed,
in 1983 civil groups were created to fight against forced disappearances
and impunity, one of them is the Association of Relatives of Disappeared
Detainees [Asociacién de Familiares Detenidos Desaparecidos
(ASFADDES)], that was created as a result of the search of 14 dis-
appeared persons: 12 students from the National University, 1 worker
and 1 peasant community leader, during March to September 1982 [6].

In 1985, during the Palace of Justice siege, an attack on the Supreme
Court of Colombia by members of the leftist M-19 guerrilla group, 94
people were killed and 12 disappeared, most of them were employees of
the cafeteria and visitors. Recent investigations, looking for answers for
the whereabout from those who left the building (Palace of Justice)
alive, have focused on information from testimonies collected by the
truth commission and the images analyzed by the interdisciplinary
forensic investigation group Forensic Architecture, which evidenced
human rights violations [7].

In 2014, the Inter-American Court of Human Rights (IACHR)
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condemned the Colombian State for disappearances, torture, and
extrajudicial executions, which occurred after the Palace of Justice
siege, and requested to investigate the details regarding what happened
in order to establish the truth [8].

Colombia has experienced an internal armed conflict for decades
between different actors which includes illegal organizations (i.e.,
guerrillas and paramilitaries), drug traffickers and organized crime
groups [9]. These actors have inflicted different forms of violence to the
population used as war strategy such as, forced disappearance, selective
homicides, tortures, massacres forced displacement and sexual violence,
which are included in human rights and international humanitarian law
violations (IHL) [10,11].

Thousands of missing persons, deaths and unidentified bodies have
resulted from this violence. Therefore, the Colombian government has
been forced to stablish laws in order to strength institutions and attend
victims, families of the victims, identify the deceased and prosecute the
perpetrators.

Colombian legislation fits the protection of victims of International
Armed Conflicts as established in The Geneva Conventions of 1949 and
their additional Protocols. For instance, in Judgment No. C- 574/92
(1992) of the constitutional court, it is stated that the dead are searched
for, recovered and identified in the areas where the battles take place.
[12].

The Political Constitution of 1991 acknowledged forced disappear-
ances, but until 2000, with Law 589, the families of forced disappear-
ances, who encouraged the law, had the judicial framework for the
crime investigations and the search for the whereabout of their loved
ones. This law penalized the forced disappearance crime, and this is also
related to genocide, forced displacement, and torture. Other mecha-
nisms for the search of the missing people were created such as the
Search Commission for Missing Persons (Comision de Blsqueda de
Personas Desaparecidas [CBPD]) with the National Plan of Missing
Persons (Plan Nacional de Bisqueda de Personas Desaparecidas
[PNBPD]); the National Registry of Missing Persons (Registro Nacional
de Desaparecidos [RND]); the Urgent Search Mechanism [Mecanismo de
Biisqueda Urgente (MBU)] and assets management of the missing per-
sons [13]. The CBPD and the RND began to be effective years later, in
2005 and 2007, respectively [14].

The Inter-American Convention on Forced Disappearance of Persons,
held on June 9, 1994 in Brazil, established that the States Parties should
provide reciprocal cooperation in the search, identification, location and
return of minors who have been moved to another State or retained
there, as a consequence of the forced disappearance of their parents,
tutors or guardians. [15]. Colombia incorporated it through Law 707 of
November 28 of 2001 [16], which is formalized with Decree 3974 of
November 8, 2005 [17].

The Colombian Law 1418 of 2010 and the Constitutional Courts
Judgment C-620/2011, approves the "International Convention for the
Protection of all Persons against Enforced Disappearances', which
highlights: the right of not to be disappeared; the definition of forced
disappearance by state and parastate agents and forced disappearance as
a crime against humanity. The investigation of the crimes is mentioned;
cooperation between States for the search; the collection of genetic or
medical data for the search; the rights of victims and family members,
and the disappearance and appropriation of children [18].

Since the 1980 s, Colombia has initiated different peace processes
with the different armed actors of the conflict: with the Revolutionary
Armed Forces of Colombia- People’s Army (FARC-EP), with the EPL
(popular liberation army), the Quintin Lame and the PRT (revolutionary
party of the workers); with the Simén Bolivar Guerrilla Coordination
(CGSB) in Caracas and Tlaxcala; with the Socialist Renovation Current
(CRS); with the ELN in the Palacio de Viana; [19] with the United
Self-Defense Forces of Colombia-AUC, the latter gives rise to what was
called the Law of Justice and Peace, which corresponds to transitional
justice framed in Law 975 of 2005 "By which provisions are issued for
the reincorporation of members of armed groups organized outside the
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law, who contribute effectively to the achievement of national peace and
other provisions are dictated for humanitarian agreements” [20]. This
law also dictated the mechanism to search for the missing, the identi-
fication of those who were deceased, and the return of their remains to
their families to be buried, according to their family and community
traditions (Article 48, 49.2).

In 2016, the "Final Agreement for the Termination of the Conflict and
the Construction of a Stable and Durable Peace" was signed between the
Colombian government and the Revolutionary Armed Forces of
Colombia [Fuerzas Armadas Revolucionarias de Colombia (FARC)].”.

Point 5 of this document, “conflict victims” mentions the creation of
the Comprehensive System of Truth, Justice, Reparation and Non-
Repetition. Thus, the Comprehensive System for Peace is composed
with the Commission for the Clarification of the Truth [Comision para el
Esclarecimiento de la Verdad (Comision)], the Special Jurisdiction for
Peace [Jurisdiccion Especial para la Paz (JEP)] and the Search Unit for
Disappeared Persons [Unidad de Personas dadas por Desaparecidas
(UBPD)].

The UBPD is formalized under Decree 589 of 2017 "by which the
Search Unit for Persons given as Disappeared is organized in the context
and due to the armed conflict" [21], with international support of in-
ternational organizations such as, the International Committee of the
Red Cross (ICRC), the International Commission on Missing Persons
(ICMP) and Sweden. [22] whose main objective is "to establish the
universe of considered missing people in the context and due to the
armed conflict" [23].

Likewise, it established the creation of "a special chapter of the Na-
tional Registry of Disappeared, managed by the National Institute of
Legal Medicine [Instituto Nacional de Medicina Legal y Ciencias
Forenses (INMLCF)], exclusively for the universe of missing persons
disappeared in the context and due to the armed conflict" [24].

2. Data on forced disappearance and missing people

The investigations carried out by the National Center for Historical
Memory [Centro Nacional de Memoria Histérica (CNMH)] show that in
the Colombia armed conflict, the vast majority of victims are the non-
combatant civilian population, which clearly exhibit the degradation
of the war and violations of the humanitarian norms. In the country,
these deaths have occurred on a daily, selective and silent basis in rural
areas far away from urban centers. Thus, it is easy that these deaths get
unnoticed by the majority of society; deaths that have been accompa-
nied by cruelty and terror. [10].

Data from the Observatory of Memory and Conflict' [Observatorio
de Memoria y Conflicto (OMC)], mentions that of the 80,733 victims of
forced disappearance in the period 1958-2021, 79.488 were civilians,
1,232 combatants and 13 people were unknown [25]. The Victims Unit
(Unidad de Victimas) from Colombia through its Unique Registration
System [Registro Unico de Victimas (RUV)] records 9,278,531 victims
from which 1,907,502 are deceased, direct victims of forced disap-
pearance and homicide [26].

Different institutions have been collecting information and building
missing persons datasets. This is a difficult task due to the magnitude of
the forced disappearance in the country, and because of this, it is still an
ongoing social issue.

The collected data may vary between institutions, this is in part due
to the objectives of each of them (e.g., judicial, humanitarian, etc.) see
Table 1. However, the estimated number of missing persons in Colombia
is around 120,000 [27,28]. It is also important to keep in mind that there
is underreporting of cases due to different reasons. For instance, many
victims experience fear due to threats, and they do not report the forced
disappearance of their loved ones; in other situations, the entire family

1 The OMC is a unit of the National Center for Historical Memory [Centro
Nacional de Memoria Histérica (CNMH)].



C.M. Molina et al.

Table 1
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Different dataset resources of forced disappearances and missing people for Colombia. RND = Registro Nacional de Desaparecidos, OMC = Observatorio de Memoria y
Conflicto, RUV = Registro Unico de Victimas, UBPD = Unidad de Personas dadas por Desaparecidas, SPOA = Sistema Penal Oral Acusatorio, see text for details.

Source Dates Missing people Forced disappearances Still missing Found alive Found dead
RND 1903-2021 167,325 33,318 111,660 47,023 8,664

OMC (CNMH) 1958-2021 - 80,733 70,620 1,794 8,308

RUV 1985-2021 - 50,604 - - -

UBPD 1921-2016 80,420 99,235 - - -

SPOA 1968-2021 - 101,272, - - -

have been murdered, and thus there is not any family member to report
a case to the authorities. Other people just do not believe in justice.
The medicolegal authority in Colombia responsible for the identifi-
cation of the deceased is the National Institute of Legal Medicine and
Forensic Sciences [Instituto Nacional de Medicina Legal y Ciencias
Forenses (INMLCF)]. Since 2007, this institution uses the Network of
Missing Persons and Cadavers [Sistema de Informacion Red de Desa-
parecidos y Cadaveres (SIRDEC)] an information system to register na-
tional information from medicolegal autopsies, which includes

Datos consolidados desde el 2005
a31 marzo de 2022

r
FISCALIA

postmortem information from unidentified bodies, and antemortem in-
formation of missing persons. This institution also manages the National
Registry of Missing People [Registro Nacional de Desaparecidos (RND)]
a national and interinstitutional information system, which includes the
SIRDEC, and aims to the identification of autopsied bodies, the guide of
the search of missing persons, and the activations of the urgent search
mechanism (MBU). Another institution involved with the search, re-
covery, and analysis of human remains (i.e., skeletonized human re-
mains) is the Technical Investigation Team [Cuerpo T é cnico de
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Fig. 1. Map of Colombia with the number of human remains found in graves, from 2005 to March 31, 2022. From https://www.fiscalia.gov.co/colombia/wp-

content/uploads/2022-03-31-reporte-grube.pdf.
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Investigacion (CTI)] of the National Attorney General’s office (Fiscalia
General de la Nacion).

Colombia faces a humanitarian challenge to find the missing and
identified those who are found dead. The lack of unique source of
missing databases to avoid duplication or not-reported cases, as well as
the violence where bodies were buried in clandestine graves, thrown
into rivers, dismembered, cremated or buried in cemeteries [29] are
factors that contribute to many families still waiting to know the
whereabouts of their loved ones remains.

The National Attorney General’s office (Fiscalia General de la
Nacion) has been tasked with carrying out the search, recovery, iden-
tification and return of missing persons throughout Colombia. From
2005 to 2022 they have found 6,699 graves and 8,085 bodies (Fig. 1).
From 2010 to 2022 they have recovered 2,906 remains (Fig. 2) from
cemeteries [30]. Despite these efforts thousands of recovered bodies still
remain unidentified.

The Inter-institutional Agreement 001-2010 in 2010, was a coop-
eration between the National Civil Registry, the Ministry of Internal
Affairs, and the INMLCF of Colombia. Its main objective was to identify

Intervencion Cementerios 4 de febrero 2010
31 marzo de 2022

TORL QUSROS TOUL QUEOS
EN LABORATOROS ENTIEGADOS

Rt
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around 22,689 unidentified bodies (previously autopsied) for the period
between 1970 to 2010, buried in official cemeteries as unidentified [31].
The missing situation in the country, indicates that, despite the ac-
tions that have been carried out in the search for the disappeared by the
Colombian State, there is a great mismatch between the official mini-
mum number of 120,000 disappeared (Red Cross), and the relatively few
identified remains found. Therefore, there are thousands of relatives
who continue to wait to find their missing loved ones. It is thus necessary
to increase search groups which includes the participation of both
geosciences and the use of technology, as will be seen later.

3. Multidisciplinary methods to detect clandestine graves

Due to the serious problem of the missing people as mentioned, in
addition to the usual forensic intelligence-led search methods which
lead to 90% of the cases being through testimonies, the need to imple-
ment the search for the disappeared using search technology arises. This
may significantly increases the probability of discovery, so it is possible
to search faster for clandestine graves, and for the remaining 10 %,

[ | Cuerpos encont

Cuerpos entregados

Fig. 2. Map of Colombia with the number of human remains found, from 2010 to March 31, 2022. From https://www.fiscalia.gov.co/colombia/wp-content/up-

loads/2022-03-31-reporte-grube.pdf.
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approximately 12,000 people. The proposal is that, in order to achieve
this objective, the judicial police search groups in the country are
complemented with professionals in geosciences, and more rigorous
search methods is carried out before and during the field work, as well as
with the subsequent interpretation of the results obtained. with the use
of specialised search equipment.

Therefore for this, the efforts of specialised researchers in various
Universities, sometimesin cooperation with the private sector, have
focused on the evaluation of the efficiency of different search methods
based on technologies to determine their efficiency for the detection of
clandestine graves. It is important to note that the assessment has
required the development of research projects that support the results,
which may be considered in the protocols of the judicial commissions
used for the searching for missing people.

The main features of some forensic controlled experimental projects
in zones of Colombia are presented. Their purpose have been focused on
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generating new knowledge in the tropics, which allows evaluating the
support of geophysical methods and remote sensing in searching for
missing persons. For projects, three experimental zones in Colombia
used field forensic labs; here, the conditions were simulated, such as the
graves found by the exhumation group of the Attorney General’s Office.
The simulated graves were filled with buried animals, human remains,
and forensic objects of interest that would be commonly associated with
discovered clandestine graves containing human remains.

4. Forensic Controlled Experimental Projects

The interest for doing contributions since the academy for searching
missing people using technology in Colombia, begin with the proposal of
a doctoral research carry out at the Universidad Nacional de Colombia
and support for Universidad de Los Llanos, GeoSense, a Colombian
private sector company, and Keele University in the UK from 2012 to

Forensic lab

Experimental design

Dimensiones

Fig. 3. Forensic controlled test site laboratories created to evaluate search methods to detect clandestine graves. a) Forensic Lab 1 at the Marengo Agricultural Center
Universidad Nacional de Colombia in Bogota Colombia (see [35]). b) Forensic Lab 2 at the Barcelona Experimental Farm, of the Universidad de Los Llanos in
Villavicencio Colombia. ¢) Forensic Lab 3 at the Universidad Antonio Narino in USME Campus, south of Bogota, Colombia (see [38]).
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2016. [31]. As a result, human bone remains were used for geophysics
research for the first time, and it was built the Forensic Laboratory 1 and
2. The experimental design constituted 12 graves at three depths in two
different environments of Colombia to cover the most common condi-
tions in which people have been found disappeared in Colombia
[32-36].

Later, the research was continued by Universidad Antonio Narino
from Colombia, which has supported various related projects from 2018
until now, with the cooperation of Geosense, Universidad de Cundina-
marca from Colombia Keele University in the UK. Finally, it should
highlight that the American Academy of Forensic Science has funded the
last project developed in 2020-2022, where the Forensic Laboratory 3
was built with six simulated graves using dismembered pig bodies,
which sadly is another common burial scenario in Colombia [37-40].

5. Forensic Control Laboratory 1

The first forensic controlled laboratory research site is located at the
Marengo Agricultural Center, Universidad Nacional de Colombia, at
2579 m above sea level (4°40°63"’ N and 74°12°33”’ W), located about
14 kilometers from the western highway that connects Bogota with the
municipality of Mosquera, department of Cundinamarca. It is situated in
a rural area with a neotropical ecosystem of Bogota savannah, with an
average annual temperature of 14 °C and annual average rainfall of ~
1124 mm with two dry and two rainy seasons. The study site has Andisol
soil type with lacustrine sediments and volcanic ash mixed in.

In Laboratory 1, human and pig bodies and forensic objects of in-
terest were buried in eight simulated graves with dimensions of 2 m
wide by 2 m long [35]. Four burials were excavated to 0.8 m depth, and
the other four to 1.2 m. Laboratory 1 is presented in Fig. 3(a), and the
eight graves are described in Table 2.

6. Forensic Control Laboratory 2
The second forensic controlled laboratory research site is at the

Table 2
Description of Simulated Clandestine Graves in Forensic Laboratories 1 [35], 2
and 3 [38].

Tes Grave Dimensions Contents Test Dimensions Grave

Site site

Lab Al/ (2mx2m)
1 A2 X dispatched 2
0.8 m/ domestic pig
1.2m cadavers -
70 kg
B1/ Empty B3
B2 control.
C1/ skeletonized c3
c2 human
remains.
D1/ beheaded D3
D2 and burnt
skeletonized
human
remains.

freshly Lab 1.7mx0.7m A3

x0.5m

Contents
4 Pieces of Pig 2 with clothes,
0,6 m) x corresponding to head, 2 upper extremities,
(0,5 m) upper torso.
2 3 Pieces of Pig_2; lower extremities and
lower torso.
3 Empty control
4 4 Pieces of Pig_1 meatless with clothes,
corresponding to head, 2 upper extremities,
upper torso.
5 3 Pieces of Pig_1; lower extremities and
lower torso.
6 Emplty control.

Dimensions
(0,6 m x

Place Grave
Lab 3 1
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Barcelona Experimental Farm, of the Universidad de Los Llanos
(4°04°47’ N and 73°35°17”’ W), 391 m above sea level, located ~ 100
kilometers to the east of the highway that connects Bogota with the
municipality of Villavicencio, in the department of Meta. It is situated in
a semi-rural tropical environment of the Eastern Plains, the study site
has an average temperature of 27 °C and average annual rainfall of 3000
mm per year, with a dry period from December to March and a rainy
season from April to November. The local geology corresponds to a
Holocene alluvial terrace. The local soil type is an entisol with alluvial
sediments, a mixture of fine-textured clay, and rounded rock fragments
of different sizes.

Laboratory 2 has buried bodies and forensic objects of interest in four
simulated graves with dimensions of 0,7 m wide by 1,7 m long. All
burials were excavated to a depth of 0.5 m. Laboratory 2 is presented in
Fig. 3(b), and the eight graves are described in Table 2.

7. Forensic Controlled Laboratory 3

The third forensic controlled laboratory research site w is at the
Universidad Antonio Narino in USME Campus, 2270 m meters above sea
level, south of Bogota, Colombia. The study site is in a semi-rural trop-
ical environment with grass, trees, and near campus buildings. The site
has an average temperature of 13 °C and annual rainfall of
800 mm-1000 mm per year, with slightly seasonal variation. The local
soil type is an upper ~15 cm thick clay-sandy loam with a more clay-
dominated soil below this.

Laboratory 3 contains dismembered pig bodies and forensic objects
of interest in six simulated graves with dimensions of 0.5 m wide by
0.5 m long, and 0.5 m depth [38]. Laboratory 3 is presented in Fig. 1(c),
and the description of the grave on Fig. 3¢ and Table 2.

Various search methods supported by technologies were evaluated in
the laboratories described above, focusing on the effectiveness of grave
detection related to the environmental conditions and features of the
areas under study.

8. Geophysical methods

Geophysical methods are based on measuring the physical properties
of the subsoil materials and detecting contrasts between the causative
bodies of interest and the environment surrounding them. Geophysical
search methods, including Electrical Resistivity Tomography (ERT),
Penetration Radar (GPR), and Magnetic Susceptibility, were applied to
study Laboratories 1, 2, and 3. Additionally, in Laboratory 3, remote
sensing techniques and mechanical soil resistance were also assessed.
The geophysical techniques used for the projects and some results are
now described.

9. Electrical resistivity tomography

Resistivity is a crucial electrical property of materials that depends
on their capacity to allow or resist the passage of electric current. It is
measured in the field to determine the presence of water, sediments,
minerals, and rocks; for forensic purposes, it could indicate the presence
or absence of illegal burials and dumps [40]. Electrical resistivity used in
forensic studies can present two types of result: a vertical sounding,
where depths at different strata can be interpolated (ERT-tomography),
or a plan view of horizontal changes in resistivity [41].

Electrical resistivity, which is the inverse of the conductivity of
materials, has been widely used in environmental forensic cases [42,43],
in the detection of clandestine graves [44] in burials [45], and in
controlled experiments [46-49]. However, the main environmental
variables can affect the detection of the burials, including soil moisture,
soil type and salinity [50,51].

ERT method was used to carry out the studies on Laboratory test sites
1, 2 and 3. The description of the data collection and results are
presented.



C.M. Molina et al.
9.1. ERT in forensic laboratory 1

Twenty-six separate field surveys were carried out in which eight
simulated graves were monitored from 2013 to 2015 [35]. Ten re-
sistivity measurements were made for each field surveyalong eight lines
in an east-west direction, of which four separated by 0.50 m from each
other crossed test graves Al, B1, C1, and D1; another four equally spaced
crossed test graves A2, B2, C2, and D2. Each line was 17 m long, across
which two electrodes moved 0.25 m apart. An Abem Terrameter geo-
electric equipment was used for ERT data collection with A pole-pole
array type, considered appropriate to detect horizontal variations in
electrical resistivity [46,47].

Positive anomalies ranged from 68 Q.m - 221 Q.m, and negative
anomalies ranged from 10 Q.m — 29 Q.m, corresponding to relative high
and low resistivity anomalies with respect to background values. Results
presented an adequate detection of all shallow graves over all time pe-
riods post-burial under study. Pig graves (Al and A2) showed a high
resistivity and the anomalies were more defined for shallow burials.
Some results are presented in Fig. 2 for 52 weeks after burials.

9.2. ERT in forensic laboratory 2

Twenty-six separate field surveys were carried out in the same
window time as Lab 1, in which the four simulated graves were moni-
tored. The dataset was acquired with the same Geoelectric Abem Ter-
rameter equipment under the conditions mentioned and using the good
practice standard [43] as in Lab 1. Data was collected in an east-west
direction through four lines parallel lines 11 m long, separated by
0.5 m and with data collection intervals every 0.25 m.

Positive anomalies ranged 403-2881 Q.m, and negative anomalies
ranged 226-851 Q.m. There was a good ERT detection for all surveys
during the study. The higher resistivities was observed over the skele-
tonized human remains graves and low resistivity for the pig graves.
Some results are presented in Fig. 2, for 52 weeks after burials.

9.3. ERT in forensic laboratory 3

Thtee separate field surveys were carried out, unfortunately more
could not be undertaken due to COVID19 fieldwork restrictions [38].
The dataset was acquired with a Geoelectric GeoAmp 303 equipment
system, to measure the electric resistivity versus depth [38]. Three lines
were located separated 0.2 m each from the next one to cover the survey
area. The measures were taken crossing the simulated graves in a
north-south direction and were carried out in parallel. The distance
between the 32 electrodes along each line was 0.2 m.

Compared to control results acquired before the graves were built,
post-burial datasets showed good results with positive resistivity
anomalies over graves 1, 2, 4, and 5. The empty control grave was also
well resolved. Even one year later, the four graves with parts of pigs and
garments showed positive anomalies, although the anomaly positions
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related to graves 1 and 2 were a little displaced from the place they were
built. Fig. 4 presents comparisons between ERT profiles 1 year after
burials.

9.4. Ground Penetrating Radar (GPR)

Ground Penetrating Radar (GPR) is an electromagnetic method that
uses the propagation and reflection of radio waves in a frequency range
between 25 MHz and 1200 MHz emitted by a transmitting antenna from
the surface to the subsoil; a receiving antenna reads the response of
those electromagnetic pulses. The method permits the detection of
forensic objects of interest. Therefore, GPR gives the forensic researcher
information about the intensity, size, and general shape of the anomaly,
which can be caused by human remains and artificially buried objects
[41,52].

GPR is a geophysical method that has shown efficiency in searching
for forensic evidence buried in the subsoil [52]. It is one of the most used
geophysical equipment by judicial and police authorities worldwide for
the search for evidence buried in the ground [46], since it presents one
of the highest levels of resolution in surface geophysics methods. The
GPR has been successful in numerous controlled experiments. Never-
theless, GPR has not been successful in locating graves in all conditions
[53], for example in saline soils [47], wet clay [33,44] or wrongly uti-
lised in certain situations [44].

GPR method was used to carry out studies in the controlled test site
Laboratories 1,2, and 3. The description of the data collection and results
is presented as follows.

9.5. GPR in forensic laboratory 1

The field surveys usedantenna frequencies of 250 MHz and 500 MHz
and the same post-burial time interval as the ERT field surveys between
2013-2015. The surveys obtained 2D profiles used to generate 3D
datasets. The 2D profiles show that simulated graves with pigs have been
detected with strong reflection events during the study period. The
control graves were not well resolved for any frequencies, only losing
radar signal continuity over target positions. GPR poorly detected the
graves with skeletons. GPR was losing signal radar continuity for
beheaded and burnt remains graves. However the 3D datasets for all
graves locations was depicted more clearly at 0.8 m depth. It is
considered that these last results probably were determined by the
disturbed soil in the graves, independent of the type of grave. A GPR
profile example is shown in Fig. 3(a) that was surveyed 15 weeks after
burial.

9.6. GPR in forensic laboratory 2
The field surveys used antenna frequencies 250 MHz and 500 MHz

and the same post-burial time interval as the ERT field surveys between
2013-2015. All graves were detected very well. However, this study

Lab 1

Lab 2

Lab 3

Fobruary 2021

T s

R ="9]

1 1 1 1 1 1
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Fig. 4. Electrical Resistivity Tomography (ERT) 2D profiles showing examples from the Laboratories 1 [35], 2 and 3 [38]. Laboratoriy 3 data is 52 weeks after burial

(from [38]).



C.M. Molina et al.

interestingly shows that the pig grave had a hyperbolic reflection event,
while the other graves showed more horizontal reflections during all the
field surveys. A GPR 2D profile example is presented in Fig. 3(b) for 25
weeks after burial.

9.7. GPR in forensic lab 3

The field surveys used antenna frequencies 250 MHz, 500 MHz, and
800 MHz frequencies for 8, 36 and 56 weeks after burial. It was a
promising result for 800 MHz, where positive anomalies were detected
in five graves and partially in the other three graves. However, due to
the pandemic situation caused by COVID 19, it was not possible to do
more surveys. A GPR 2D profile example is presented in Fig. 3(c) for 294
weeks after burials.(Fig. 5).

10. Remote sensing

In scientific research, the remote sensing method was first used in
Colombia to detect clandestine graves at controlled research facility test
site laboratory 3 by an Unmanned aerial vehicle (UAV). Nevertheless,
searches for clandestine burials start with large-scale methods, such as
remote sensing [58], aerial and ultraviolet photography [55,56] and
thermal imaging [57] before ground teams are employed. This tech-
nique collects information about an object or phenomenon without
physically contacting the object. The UAV sensors work to collect radi-
ation reflected by the entities or surrounding areas. The drone equip-
ment for this research was a Parrot Bluegrass that integrated an RGB
camera and a multispectral one. The RGB camera allows acquiring in-
formation on three visible spectral bands of red, blue, and green. On the
other hand, it is possible to collect data from the not visible light spec-
trum with the multispectral camera, such as edge infrared and
near-infrared [37,38].

The first flight before constructing the graves at Laboratory 3 was
designated the Diagnostic Photogrammetric Flight. It permitted
obtaining a detailed orthophoto of the experimental zone, a photo pre-
sentation that integrated the detailed features of aerial photo, and the
geometric properties of a plane. The multispectral information also al-
lows soil maps to cover the photosynthetic and phenological state of
plants. It is more visible with the near-infrared and edge red
wavelengths.

For data processing, it is possible to use the radiometric variables,
which could give more contrast to the targets. As an example, NDVI or
Normalized Difference Vegetation Index is an index that relates the
spectral behavior between the near-infrared and the red band. It showed
the photosynthetic activity in the zone. The green area shows high
photosynthetic activity. Other radiometric indexes such as Green
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Normalized Difference Vegetation Index (GNDVI) and Green Coverage
Index (GCI) were also obtained for this project. Some results are shown
in Fig. 6. (a) presenting a multispectral image before the graves and (b)
processing UAV data by the NDVI index, acquired 18 weeks after burials
where the graves were well resolved.

11. Further geophysics methods

Magnetic susceptibility and mechanical resistance are physical
properties that could also be useful in detecting graves. These have been
considered in Labs 1, 2, and 3. The first magnitude is related to
measuring the measure of a material susceptible to being magnetized
[43]. Hence anomalies can be detected based on the differences in
contrasts due to magnetic susceptibility measurements generating a
low-intensity alternating current magnetic field, which produces
changes in positive and negative susceptibilities [51] and data values are
usually increased by combining magnetic minerals such as lodestone
and artificial ferromagnetic materials [71]. Experiemnts over controlled
research test site Laboratories 1 and 2 showed that it is possible to detect
graves using this method, and that relatively shallow buried targets were
better resolved than deeper ones. However, there were different degrees
of target detection success, therefore it is necessary to continue applying
this method to generate more completeknowledge [35].

The characterization of the mechanical properties of subsoil with the
depth was developed inside and outside two graves in controlled
research facilities test site Laboratory 1. It was obtained with Pene-
trologger equipment [54], where data about the overyling soils me-
chanical resistance to penetration is estimated. The preliminary results
not shown here are promising due to a clear difference when there is or
where there is no burial.

12. Case study

There was a terrible event during the armed conflict in Colombia in
two towns of Casanare, a province located close to eastern cordillera,
which resulted ~150 people to bedisappeared, that is a substantial
number if it is considered that these are small towns comprise <3000
people. It was possible to support a subsequent search commission
where ERT and UAV remote sensing datasets were collected in suspected
burial places. ERT was the geophysical method selected due to the
problematic access of the terrain (Fig. 7), which does not permit other
technique s suchas GPR to be used. Nevertheless, it was still possible to
obtain positive geophysical results. Animal bones were found in a sus-
pected burial position which s demonstrated the efficiency of the ERT
technique for grave detection, and anomalies detected could guide
subsequent intrusive excavation work by the judicial entities. It was

Lab 1

Lab 2 Lab 3

G3 G4 G5

Time (ns)

0.0 20 4.0 6.0 8.0
Distance (m)

Fig. 5. GPR 2D profiles acquired over the Forensic Labs 1-3 controlled test research sites. a) GPR 2D profile scollected 46 weeks after burial (from [35]). b) GPR 2D
profile collected 43 weeks after burial and ¢) GPR 2D profile collected 39 weeks after burial (from [38]). White arrows denote respective forensic targets of interest.
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v

Fig. 6. Multispectral UAV data responses at controlled research test site Laboratory 3, (a) before and (b) 18 weeks after burial; the NDVI index was used to process
the information where the graves are now well detected. Fosas = targets. Modified from [38].

Fig. 7. Using electrical resistivity tomography (ERT) in tropical terrain near
Casanare to locate clandestine graves of diseappeared, difficult to access and
irregular ground to collect datasets from.

interesting to use during the planning of fieldwork, but it was not easy to
use for detection due to the forested landscape [36,37].

13. Conclusion

The thousands of people who are victims of forced disappearances,
and those who are still missing in Colombia, reveals serious human
rights violations. This issue has caused the victim families (with the
support of different NGOs) to claim to the Government for the right to
know the fate and whereabouts of their loved ones, all this in the context
of truth, justice and reparation. Despite laws and decrees that have been
developed, these are not enough for the resolution of all the crimes that
have occurred through several decades in the 20th and 21st centuries.

The last peace agreement between the Colombian government and
FARC-EP has generated spaces for reconciliation and approximation
between victims and perpetrators. In addition, it has become the starting
point for the clarification of the truth of human crimes that have marked
the Colombian conflict.

As may be seen by the magnitude of the missing, the humanitarian
challenge that Colombia faces, requires multidisciplinary scientific and
technological knowledge in order to increase the success probability in
the search and in the identification of the deceased; also decrease the
time in the search for disappeared persons and the time for an answer to
the families. Due to the geography that is quite extensive and complex in

the country, the use of geosciences through remote sensors and
geophysical equipment such as georadar and electrical tomography,
could aid in locating potential grave positions of the diseappeared.

The aforementioned is part of the experimental knowledge that is
being generated from academia, simulating graves in conditions in
which the judicial police have found missing persons in all the country
will aid the subsequent forensic searches of the diseappeared.
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