Monitoring of simulated clandestine graves of victims using UAVs, GPR, electrical tomography and conductivity over 4-8 years post-burial to aid forensic search investigators in Colombia, South America.
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Abstract
[bookmark: _Hlk143412007]In Colombia there are estimated to be over 121,000 missing people and victims of forced disappearances. Forensic investigators therefore need assistance in determining optimal detection techniques for buried victims, to give victims’ families closure and for the wider community to see that justice is being served. Previous research has created 12 controlled simulated clandestine graves of typical Colombian murder victim scenarios at 0.5 m – 1.2 m depths in savannah and rainforest sites in Colombia. The 0-3 years of geophysical monitoring results of were published, with this paper reporting on 4-8 years monitoring of both UAV drone results and geophysical data.
The UAV results from the year 8 survey, published for first time from Colombia, showed that the simulated graves could still be located using NDVI and NIR multi-spectral data, but not using optical or other multi-spectral data.  The 0-3 years of geophysical data found the simulated clandestine graves could be detected with electrical resistivity and GPR methods, with the 4-8 year surveys evidencing that they could still be detected using bulk ground conductivity surveys, GPR horizontal time slice datasets and 2D ERT profiles. 
Research implications suggest initial use of UAV remote sensing technology to pinpoint likely search areas, before subsequent ground reconnaissance, geophysical surveys and their interpretation, before intrusive investigation methods are employed for detecting missing and disappeared persons in Colombia.
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Highlights
· Huge numbers of missing people presently in Latin America
· Modern ground detection techniques can assist forensic search investigators
· This paper presents 4-8 year results over controlled test sites
· Results show UAV data can detect likely burial positions
· GPR and ERT data can also resolve clandestine burials of the murdered and missing in South America 


1. INTRODUCTION

Available statistics for the number of missing persons globally vary. In Colombia, there are reported to be 269,285 [1] deaths from armed conflicts and reported missing persons, of which 121,768 are considered victims of forced disappearances [2]. For the families, it is very important that the missing are found to provide closure. If the missing person is a victim of homicide, then the discovery of the deceased may yield forensically important evidence, which could lead to successful prosecution of the perpetrator(s). However, successful detection of these missing individuals remains low [3]. 
Discovered clandestine grave victims in South America have been found to be in individual [4, 5], comingled and mass burial styles [6], at different burial depths below ground level (bgl) and in a variety of depositional environments [4, 6]. Existing geoforensic search methods to detect clandestine burials are highly varied and have been reviewed elsewhere [7, 8]. 
The success of geophysical methods relies on there being a detectable physical contrast between the target and host material [9]. Ground penetrating radar (GPR) is the most common geophysical method for forensic search [10], although a multi-technique phased approach is suggested as best practice [see [11] for review]. For instance, anomalous areas may be identified relatively quickly using electromagnetics (EM) [12] and/or its reciprocal electrical resistivity [13] techniques, before further investigation using higher resolution methods. 
In Colombia, it is often typical for an area(s) of interest to be identified through witness testimony. Searches then tend to rely on the deployment of small search teams to visually assess, probe, and dig trial pits. Geophysical methods are sometimes used [14], but there have been few published studies in Colombia, other than on control experiments [15-19] which helped to inform an actual search case.
Over recent years there has been an increase in use of professional and recreational unmanned aerial vehicle (UAV) or “drones” in forensic search, with ever-improving technologies, ease of use, increasing availability and affordability being drivers for this trend [20]. Camera-mounted drones offer real-time information/images to trained operators on the ground, making them useful for search and rescue operations [e.g., 20] and offer an alternative to traditional helicopter deployment [21-22], which may not be available to forensic search teams. UAVs with aerial photography and remote sensing have also proved useful in detecting unmarked graves in burial grounds [23].
Simulated clandestine burials of homicide victims [24-33] are often undertaken to collect control data to predict likely geophysical responses during a forensic search case. However, actual responses vary according to case-specific factors, such as soil type [16, 18], depositional environment and burial style i.e., wrapped, or naked [34-35]. Long-term monitoring surveys over simulated clandestine burials also offer valuable information in determining geophysical detection effectiveness of clandestine graves over time [16, 36-41]. These studies have evidenced that geophysical responses can be predicted, although responses do vary over time after burial and between different sites. 
This study presents 4-8 year monitoring data results over two simulated clandestine grave sites in Colombia. Controlled monitoring survey results from the preceding 0 to 3 years after burial were published in [16-18]. 

In Colombia, two control studies have been carried out with simulated clandestine graves that represent the most typical conditions in which thousands of the missing and forced disappeared persons have been found by judicial police [16-17]. The contents of these discovered graves have been replicated by burials of donated human skeletal and freshly dispatched pig remains at three different depths (0.5 m, 0.8 m and 1.2 m). The two sites are situated in different geological environments and tropical climates, one savannah grassland and in tropical rainforest [16-17]. Long-term geophysical monitoring has been carried out using GPR, electrical resistivity and electro-magnetic methods. The geophysical results have shown good detection for the first two techniques for 0-3 years post-burial and have been reported in [16-17]. This study will present results from 4-8 years post-burial, as well as reporting for the first time on the use of UAV drones in Colombia over these simulated graves in order to complement the geophysical monitoring.

This paper therefore presents results of UAV, electrical resistivity, electro-magnetics and GPR data over two controlled sites in Colombia, South America from 4 to 8 years post-burial. The research aims were firstly, to determine if UAV remote sensing would be able to identify graves after 8 years of post-burial, secondly, to determine if geophysical surveys would be able to identify clandestine graves after 8 years of post-burial and thirdly, use project results to provide an optimised workflow for forensic search teams to investigate such almost decades-old clandestine graves in South America.  

2. MATERIALS AND METHODS
2.1 Study area 
The two controlled test sites are located in two different geographical areas of Colombia with contrasting depositional environments and burial styles that are detailed in [16-17] and summarised below.

Site 1 savanna: The first site is located at the Marengo Agricultural Center, Universidad Nacional de Colombia, at 2,579 m above sea level (4°40'63'' N and 74°12'33'' W), ~14 km from the highway that connects Bogotá with Mosquera, in Cundinamarca province [16]. It is situated in a rural area with a neotropical savannah ecosystem, has an average annual temperature of 14 °C and average rainfall of ~1,125 mm, with two dry and rainy seasons (Fig. 1). The study site has an andisol soil type mixed with lacustrine sediments and volcanic ash (see [16]).
Site 2 rainforest: The second site is located at the Barcelona Experimental Farm, the Universidad de Los Llanos, at 391 m above sea level (4°04'47'' N and 73°35'17'' W), ~ 100 km to the east of the highway that connects Bogotá with  Villavicencio, in Meta province [17]. It is situated in a semi-rural tropical environment of the Eastern Plains (Fig. 1), has an average temperature of 27 °C and average rainfall of 3,000 mm, with a dry season from December to March and a rainy season from April to November. The study site has an entisol soil type with alluvial sediments and a mixture of fine-textured clay and rounded rock fragments (see [17]].
[image: ]
Fig. 1. Left (a) Aerial photograph of the Marengo Agricultural Center of the National University of Colombia with location (inset). (b) General site savannah photograph. (c) Fenced test site with cleared vegetation photograph. Right (a) Aerial photograph at the University of Los Llanos, Colombia with location (inset). (b) General study site rainforest photograph of Experimental Farm Barcelona. (c) Fenced test site with orange stakes denoting grave position. Adapted from [15,16].

2.2 Simulated Graves
The experimental design of the graves was carried out based on the typical conditions in which missing persons have been commonly found in Colombia as a result of the social, political and economic conflict over the past 40 years [42]. 

At site 1 savannah, eight simulated graves were created on 19th June 2013. Donated human cadavers, pig bodies and forensic objects of interest were buried in eight simulated graves with dimensions of 2 m wide by 2 m long [16]. Four burials were excavated to 0.8 m depth, and the other four burials to 1.2 m. Site 1 is shown in Fig. 1, grave detail in [16] and description summarised in Table 1. The site was cleared of surface vegetation before each grave was dug. The grave emplacement procedure is described in [16].
At site 2 rainforest, four simulated graves were created on 24th October 2014. Donated human skeletons, pig bodies and forensic objects of interest were buried in four simulated graves with dimensions of 0.7 m wide by 1.7 m long [17]. All burials were excavated to 0.5 m depth. Site 2 is shown in Fig. 1, grave detail in [17] and description summarized in Table 1. The site was cleared of surface vegetation before each grave was dug. The grave emplacement procedure is described in [17].
Pig cadavers are commonly used in such monitoring experiments as they comprise similar chemical compositions, size, tissue/body fat ratios, and skin/hair type to humans [43,44].  The National Charter for the Protection of Animals (1989) covers biomedical use of animals in Colombia (Ministry of Health, 1993). For this study it was also able to use human remains using Resolution 8430 of the Colombian Ministry of Health Act (1993). Donated skeletonised remains were used to represent historic clandestine graves after a historical archaeological rescue by the Colombian Association of Forensic Anthropology (ACAF). The National University of Colombia Faculty of Science ethics committee had also approved the project [16-18]. 

[bookmark: _Hlk132306422]2.3 UAV image and multispectral data collection and processing
A UAV DJI Matrice 300, fitted with a Micasense Altum-PT multispectral sensor, allowed the simultaneous collection of multispectral, thermal, and panchromatic data, was used at site 1 on 3,030 days post-burial. An automatic 15 minute flight plan for the drone, flown at 70m height, using DJI pilot software and sensor configuration with MicaSense software. Five terrestrial topographic control points were used with separate overhead locations which were used for later processing. The flightpath was at a NW – SE direction. 1,200 digital images were collected with the 7.121 mm x 5.327 mm sensor set at 90° orientation. The drone was also equipped with a Downwelling Light Sensor (DLS 2), which corrects for lighting variations during data acquisition. A built-in Global Navigation Satellite System (GNSS) receiver antenna also provided georeference positional information for the data collected. 

Data processing was undertaken through multispectral indexes estimation using Pix4Dmapper v.4.6.4 [19], where Normalised Difference Vegetation Index (NDVI) was mapped according to:
 			(1)

NDVI is used to measure the density and health of vegetation within a surveyed area. This index is based on how well vegetation reflects near-infrared (NIR) and red bands of the electromagnetic spectrum (620–750 nm). Healthy, chlorophyll-rich, vegetation will actively absorb red light and reflect NIR (Equation 1).  NDVI [dimensionless] values range from −1 (usually attributed to water) to 1 (intense green), and values close to 0 usually suggest areas of bare soil. Anomalous areas can then be identified for further investigation [19]. 

Further data processing of the bands was undertaken in Pix4Dmapper v.4.6.4 software. This was used to generate Green Chlorophyll Index (GCI), Structure Insensitive Pigmentation Index (SIPI), Visible Atmospheric Resistance Index (VARI) and Green Leaf Index (GLI) datasets. A Digital Elevation Model was not generated here as height differences were not noted in the survey area.

2.4 Conductivity data collection and processing
At site 1, a GF Instruments CMD Mini-explorerTM conductivity EM meter was used. The multi-depth electromagnetic conductivity meters systematically covered the 16 m x 9 m survey area on 0.2m X by 0.5m Y manual grid lines [16].

Image processing downloaded each grid line data in RES2DInv format. Data of each apparent conductivity level (given in mS/m) was automatically converted to apparent resistivity data as an ERT 2D profile with a Wenner Schlumberger array comprising six ‘n’ levels of data points, with rectangular shaped profiles, instead of the inverted pyramid of a conventional ERT survey. In RES2DInv software, data was filtered to remove anomalous peaks and negative values before processing the data in RES3DInv format, using a robust inversion algorithm routine with standard parameters for inversion of 3D resistivity data.

2.5 Electrical Resistivity Tomography (ERT) data collection and processing
Electrical Resistivity Tomography (ERT) data was acquired using two different systems, due to an equipment upgrade in 2018. For data collected up to 1,508 post-burial days a GeoAmp 303 system, composed of 2D profile lines using 32 electrodes at 0.5 m probe spacings, with the Wenner array type configuration, was used at both sites (Table 2). The spatial distance between each 2D profile was 0.5 m and 0.2 m at sites 1 and 2 respectively. Data collected for the last survey used an ABEM Terrameter LS 2 system due to equipment availability, composed of 2D profile lines using 24 electrodes at 0.375 m probe spacings, with a gradient array of 17.625 m length configuration (Table 2).
All ERT profiles were individually processed and inverted utilizing a least-squares inversion algorithm and smoothness filter in GeotomoTM Res2Dinv data processing software following standard resistivity data processing recommendations [45].
2.6 Ground penetrating radar data collection and processing

Repeat 250 MHz and 500 MHz GPR survey datasets were collected by the RadExplorerTM data collection software at both sites 1 and 2 by a MalaTM ProEx. 200 MHz and 600 MHz frequency datasets were collected for the last survey due to equipment availability. At site 1, the 20 m x 10 m survey grid was surveyed on both north-south and east-west orientated axes, on 0.25 m spaced, parallel survey lines with 0.02 m radar trace spacings throughout using a 35 ns time window. At site 2, the 11 m x 2 m survey grid was surveyed on both north-south and east-west orientated, 0.25 m spaced, parallel survey lines with 0.02 m radar trace spacings throughout using a 30 ns time window.
Once each survey was downloaded and imported into RADAN v6.6 data processing software, for each 2D profile, standard sequential processing steps were undertaken to optimize image quality, namely; (i) DC removal; (ii) time-zero adjustment to make all traces consistent, this adjustment eliminates the time zero; (iii) 2D spatial filtering; (iv) bandpass filtering to reduce noise; (v) amplitude correction to boost deeper reflection amplitudes, and (vi) deconvolution. Also, the data were downloaded and imported into GPR-SLICE v7.MT data processing software to generate horizontal time slices. 

3. Results
3.1 UAV image and multispectral data	
The UAV optical orthomosaic image obtained over site 1 (3,031 post-burial days) could not image the simulated clandestine graves (Fig. 2a). In contrast the UAV NDVI and NIR multi-spectral images were successful to identify 7 of the 8 simulated graves, with only the deeper buried D1 simulated grave being difficult to resolve (Fig. 2b). Five of the simulated graves (A1, A2, B1, B2, C2) still show a well-defined shape/boundary in the NIR images from where the original grave was cut in the soil. The other three simulated graves (C1, D1, D2) showed less contrast at the edge of the graves, making it more difficult to clearly define their grave boundaries.

[image: ]
Fig. 2. UAV drone processed multi-spectral images of site 1 taken at 70m height 3,030 days post-burial (Table 2). (a) ortho-photomosaic image and, (b) NDVI, (c) NIR, (d) SIPI, (e) VARI and (f) GCI multi-spectral images (see text for details).


3.2 Conductivity results
The bulk ground conductivity data, only collected 3,030 days after burial, converted into pseudo-resistivity horizontal depth slices, only resolved the simulated clandestine graves in the second 0.3 m -0.6m depth slices with the other slices not resolving the graves (Fig. 3). It should be noted that, due to the conductivity data being collected after 8 years of burial, it would be likely that the shallowest soil horizon will have similar porosity and permeability values to background surrounding soils after this time period.
[image: ]
Fig.3. Site 1 savannah: bulk ground conductivity horizontal depth slices obtained 3,030 days after burial, here converted into pseudo-resistivity sections for visualisation purposes (see Table 2 and text for details).

3.3 Electrical resistivity tomography (ERT) results

At site 1, electrical resistivity surface datasets were collected from 12 to 21 months post-burial and were presented in [16]. These showed relatively low/high electrical resistivity anomalies over the simulated clandestine graves, when compared to background values. This was suggested to be due to the grave soil having different porosity and permeability properties compared to background soil, as little burial time had elapsed during these surveys. 
In contrast, this paper firstly shows ERT 2D profiles collected bi-monthly after around 5 years after burial. The shallower 0.8m burials were all imaged as relatively higher resistivity isolated anomalies, when compared to background values (Fig. 4). The deeper 1.2 m burials only imaged relatively high resistivity isolated anomalies for the skeletonised and burnt human remains and the empty burials, but not the pig cadavers (Fig.5). This paper secondly shows ERT 2D profiles collected around 8 years after burial, in which it is difficult to locate where the simulated graves are on the 2D profiles (Fig. 6).
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Description automatically generated with medium confidence]
Fig. 4.  Site 1 savannah: ERT 2D processed profiles acquired bi-monthly ~5 years after burial over the four shallower 0.8m bgl graves (see Table 2 and [16] for details). High resistivity isolated anomalies were observed at the simulated grave locations.

[image: A close-up of a graph

Description automatically generated]Fig.5. Site 1 savannah: ERT 2D processed profiles acquired bi-monthly ~5 years after burial over the four deeper 1.2 m depth graves (see Table 2 and [16] for details). High resistivity isolated anomalies were observed at some of the simulated grave locations.
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[bookmark: _Ref113263698]Fig. 6. Site 1 savannah: ERT 2D processed profiles acquired bi-monthly ~8 years after burial over (top) the shallow 0.8m and (bottom) the four deeper 1.2 m depth graves (see Table 2 and text for detail). High resistivity isolated anomalies were observed at some of the simulated grave locations.

At site 2, electrical resistivity surface datasets were collected in the first year of post-burial and were presented in [17]. These showed relatively low/high electrical resistivity anomalies over the simulated clandestine graves, when compared to background values. 
In contrast, this paper shows ERT 2D profiles collected bi-monthly after around 4 years after burial. The shallower 0.8 m burials were mostly all imaged as relatively lower resistivity isolated anomalies, when compared to background values (Fig. 7).

[image: A screenshot of a graph

Description automatically generated]Fig. 7.  Site 2 rainforest: ERT 2D processed profiles acquired bi-monthly ~4 years after burial over the 0.5 m depth graves (see Table 2 and text for detail). Generally low resistivity isolated anomalies were observed at some of the simulated grave locations.


3.2 Ground penetrating radar (GPR) results

At site 1 savannah, GPR datasets were collected from 3 to 21 months post-burial and were presented in [16]. These showed the simulated grave contents could be detected as isolated hyperbolic reflection events in both 250 MHz and 500 MHz 2D GPR profiles.
This paper shows GPR 2D profiles collected bi-monthly after around 5 years after burial, with some isolated hyperbolic reflection events in both 250 MHz and 500 MHz 2D GPR profiles but these are comparatively harder to identify simulated clandestine grave positions (Fig.8), when compared to the earlier collected datasets [16]. In contrast the horizontal time slices generated from the 2D profiles generally showed good results at detecting the simulated clandestine grave positions (Fig.9).
[image: ]
Fig. 8. Site 1 savannah: GPR 2D selected 250 MHz and 500 MHz 2D profiles acquired bi-monthly ~5 years after burial (see text and Table 2 for details).
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Description automatically generated with medium confidence]
Fig.9. Site 1 savannah: GPR 2D selected 250 MHz and 500 MHz 2D profiles acquired bi-monthly ~4 years after burial. See text and Table 2 for details.

At site 2 rainforest, electrical resistivity surface datasets were collected in the first year of post-burial and were presented in [17]. These showed some isolated hyperbolic reflection events in both 250 MHz and 500 MHz 2D GPR profiles but were not as clear as the [16] study.
This paper shows GPR 2D profiles collected bi-monthly after around 4 years after burial, with some isolated hyperbolic reflection events in both 250 MHz and 500 MHz 2D GPR profiles but these again were comparatively hard to identify simulated clandestine grave positions (Fig.10), when compared to the earlier collected datasets [17]. In contrast the horizontal time slices generated from the 2D profiles generally showed good results at detecting the simulated clandestine grave positions (Fig.11).
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Description automatically generated]Fig. 10. Site 2 rainforest: GPR 2D selected 250 MHz and 500 MHz mapview horizontal time slices acquired bi-monthly ~5 years after burial, February slice showing burial positions (see text and Table 2 for details).
[image: ]
Fig. 11. Site 2 rainforest: GPR 2D selected 250 MHz and 500 MHz mapview horizontal time slices acquired bi-monthly ~4 years after burial, February slice showing burial positions (see text and Table 2 for details).



4. Discussion 
The results will be analyzed in response to the objectives proposed in this study.

The first aim was to determine if UAV remote sensing would be able to identify graves after 8 years of post-burial? 
UAV survey results evidenced that UAV optical photography was unsuccessful to locate simulated clandestine graves that were emplaced for 8 years post-burial, in contrast to the [23,46] studies. However NDVI and NIR multi-spectral data were successful to identify the simulated graves, with respect to background values. NIR multi-spectral images evidences small variations in plant health in stressed environments [41] which makes sense for plants growing over disturbed grave soil. Other published research [47,48] have also mapped simulated body fluids in the shallow surface which would also effect the overlying vegetation. 
 
The second aim was to determine if geophysical surveys would be able to identify clandestine graves after 8 years of post-burial? 
Previous publications on both of these sites evidenced that the simulated clandestine graves of disappeared/homicide victims could be detected using electrical resistivity surveys, albeit only using the relatively rapid single depth of investigation when using the mobile array probe configurations [16,17]. Relatively high resistivity anomalies, when compared to background values, were imaged in these surveys which were relatively short in terms of post-burial time. This was suggested to be due to the grave soil having different porosity and permeability properties compared to background soil, as little burial time had elapsed during these surveys. Other authors have found these types of geophysical surveys also to be effective at identifying shallow burials (e.g. [35,37,38,44]).

For the GPR surveys acquired over the 0-3 year post-burial time periods of the earlier published [16,17] studies, these evidenced successful grave detection when interpreting GPR 2D profiles. In contrast, this paper showed GPR datasets collected over the 4-8 year post-burial time periods showed the difficulty to detect burials using the 2D profiles alone, which has been seen in forensic cases [12,25,45]. However the GPR horizontal time slices did show relatively good detection ability to locate graves. Therefore GOR grids, rather than individual 2D profiles, should be collected over suspected burial areas although this takes significantly more effort in both the field and subsequent data processing, but should be done if time and cost considerations allow.

The third aim was to use project results to provide an optimised workflow for forensic search teams to investigate such almost decades-old clandestine graves in South America.
This study evidences the importance of undertaking initial UAV drone flights over suspected clandestine burial areas. UAV surveys are relatively quick and subsequent data analysis should be able to pinpoint suspected areas to target and prioritise first, before then undertaking the more time-consuming ground reconnaissance and subsequent full geophysical surveys before targeted intrusive investigations as others have evidenced [7,20,21]. This study also evidenced the importance of using sensors other than optical to detect burials due to the difference in plants and soil characteristics.

This paper provides important information of the effectiveness of near-surface geophysical surveys to still detect clandestine burials of the missing and forced disappeared in South America after significant periods of time has elapsed. Certain trialled techniques and/or equipment configurations were better than others and thus equipment availability should be carefully considered to be designed before forensic search surveys are undertaken, evidencing the difficulties that forensic investigators face to successfully locate almost decade-long clandestine burials. For example, certain electrical resistivity surface methods may not be effective, as few others have shown, except for [49]. 2D ERT profiles were also difficult to interpret and geophysical anomalies produced were not located at the burial locations after 4-8 years of burial, this may be due to fluid movement from pigs as [47,48] have evidenced, so caution should be used when using these techniques in these scenarios.  The GPR surveys also showed difficulties in locating clandestine burials using 2D profiles alone, the horizontal time slices were much more effective to locate the burial positions. Note  dense GPR grids will take much longer for data to be acquired, processed and interpreted, especially in significantly larger forensic survey sites. In contrast the bulk ground conductivity dataset showed good results which others, such as [12]. found in a New Zealand missing persons search, a technique which is still surprisingly little utilised in forensic searches.

5. Conclusions

Simulated clandestine graves commonly encountered in South America have been created in two sites, in a savannah near Bogota and in a rainforest in Villavicencio, Colombia. These have included using partially clothed pig cadavers as simulated modern clandestine graves, and simulated historic graves using donated skeletonised human remains. This paper presents sequential geophysical monitoring between 4-8 years post-burial and UAV remote sensing datasets acquired over site 1 savannah after 8 years after burial. 

The UAV multi-spectral (NDVI and NRI) data proved optimal to identify the clandestine burials rather than optical UAV cameras, and should be undertaken and analysed first before ground reconnaissance and full surveys be conducted. The conductivity geophysical datasets showed comparatively good results to locate the clandestine burials, GPR and ERT 2D profile results were mixed but GPR horizontal time slices were optimal and thus GPR grids are suggested if survey time and costs allowed for forensic search areas.

Whilst the sequential monitoring data was not regularly collected, results were still useful to be used to inform forensic search practitioners on the usefulness or otherwise of different geophysical search technique(s) and survey designs. It would be useful to continue these studies to determine how long these techniques continue to be effective to locate the missing and disappeared in South America.
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	Site
	Grave
	Dimensions
	Contents
	Description
	Justification

	Cont-rolled site1
	A1/A2
 
	



2 m x 2 m 
 
x
 0.8 m
/1.2 m bgl
	freshly dispatched domestic pig cadavers - 70 kg
	lower half wrapped with cloth
	Represents 1/2 clothed
common scenario

	
	B1/B2
	
	empty control.
	Dug and refilled by excavated soil.
	control grave

	
	C1/C2
	
	skeletonised human remains. 
	Skeleton placed in dorsal extended position
	common homicide scenario.

	
	D1/D2
	
	beheaded and burnt skeletonised human remains. 
	Burnt bones of decapitated human body. 
	common homicide scenario.

	Cont-rolled site 2
	A3
	1.7 m x 
x 0.7 m 
x 0.5 m bgl
	70 kg domestic pig carcass freshly dispatched
	Bottom half wrapped in cloth
	Represents partially clothed
cadaver; a common scenario

	
	B3
	
	empty control
	refilled by excavated soil.
	control grave

	
	C3
	
	Skeletonised human remains
	Skeleton placed in dorsal extended position
	Common homicide scenario

	
	D3
	
	Beheaded skeletonised and burnt human remains
	Bones laid out anatomically correct
	Common homicide scenario


Table 1. Details of the simulated clandestine graves at the Universidad Nacional de Colombia controlled test site 1 savannah and the Universidad de Los Llanos controlled test site 2 rainforest, with burial dimensions, contents and justifications (Fig. 1 for location and text for details).

	Date
	Place
	Days after Burial
	Data Types Collected
	Equipment setup 

	19/06/2013
	



Controlled site 1




	0
	
	

	27/02/2018

	
	1,714
	GPR
	250 MHz & 500 MHz

	25/04/2018
	
	1,771
	ERT & GPR 
	Wenner array & 250 MHz and 500 MHz

	27/06/2018
	
	
	ERT
	Wenner array

	25/07/2018
	
	1,862
	ERT
	Wenner array

	13/09/2018
	
	1,912
	ERT & GPR
	Wenner array & 250 MHz and 500 MHz

	11/10/2018
	
	1,940
	GPR
	250 MHz & 500 MHz

	11/12/2018
	
	2,001
	ERT & GPR
	Wenner array & 250 MHz and 500 MHz

	


05/10/2021
	
	3,030
	UAVs
	Sensor Altum_8.0_2064x1544 BGR/NIR/Red/LWIR

	
	
	
	Conductivity
	

	
	
	
	ERT 
	Wenner/Gradient array

	24/10/2014
	




Controlled site 2
	0
	
	

	28/02/2018
	
	1,223
	GPR
	200 MHz & 600 MHz

	24/04/2018
	
	1,278
	GPR 
	250 MHz & 500 MHz

	26/06/2018
	
	1.341
	ERT
	Wenner array

	24/07/2018
	
	1.369
	ERT
	Wenner array

	12/09/2018
	
	1,419
	ERT & GPR
	Wenner array & 250 MHz and 500 MHz

	10/10/2018
	
	1447
	GPR
	250 and 500 MHz

	10/12/2018
	
	1508
	ERT
	Wenner array



Table 2. Summary of geophysical data collected at the Universidad Nacional de Colombia controlled test site 1 savannah and the Universidad de Los Llanos controlled test site 2 rainforest (see text for details).
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