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ABSTRACT
Homicide investigations require significant resources and personnel from multiple
departments, therefore, it is critical to be thorough and explore all lines of enquiry to ensure
that these cases do not turn cold. Many factors have been identified that are associated with
increased solvability. These include, efficient use of the first 48-hours, body disposal
locations, forensic awareness of the offender and decomposition rates. The aim of this
review was to explore the extent at which these factors affect solvability and their resulting
forensic and criminological implications, regarding time frames and methods for evidence
collection, ability to apprehend and link offenders by understanding the types of killers they
are through forensic awareness strategies. In the absence of these cases being solved, this
review also addresses the major discrepancies noted within the structure of cold case
reviews. The literature ultimately determined that further research into body disposal
location, particularly, bodies disposed of in water vs. non-water environments and discovery
of body since estimated time of death (within 48 hours or over 48 hours) is required. This
will be carried out by investigating 54 North American serial murderers and 125 of their
respective victims, active between 1920 to 2016, to identify if there are any statistically
significant trends between the aforementioned variables, when broken down into indoor
and outdoor cases and 8 specified time series.
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1. INTRODUCTION
When conducting a homicide investigation, it is crucial to be thorough and explore
all avenues of enquiry to prevent them from becoming cold cases (1). Within homicide
investigations, there are many criminological and forensic factors that have shown to
substantially influence solvability, including victim-offender relationship, marital status of
offender, distance between incident site and body recovery location, time taken to locate
the body and availability of resources within police departments (2-4). In law enforcement
training, there has been particular emphasis on the “first 48 hours”, as research has
indicated that this time period has a major impact on homicide clearance rates (2,5). These
48 hours have significant forensic and investigative implications if they are not utilised
efficiently (2). Many studies have indicated the implications outside of this period to be;
evidence degradation and finding leads and apprehending offenders, due to loss of
information and vital evidence, particularly in incidences where a body has not yet been
located (6,7). In addition, specific studies conducted on child abduction murders have
emphasised that these children are generally always murdered within 3 hours of the
abduction, often referred to as the ‘golden hour’, placing a significant emphasis on the
actions taken in these investigations within these 48 hours (2,8).
Locating the body of a victim is a major factor in homicide investigations as it may
often be the only physical evidence pertaining to the case and many prosecutors will not go
to trial without a body (2). In addition, without identifying the body and disposal site, there
are limitations for evidence collection and, even if located, these evidence sites may have
succumbed to tampering or contamination (2,10).
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Tampering may arise from different sources including: animal or scavenging activity
or the potential of an offender returning to the scene to interfere with the scene or body
(11). Contamination may occur between; personnel and evidence, between evidence types,
or between evidence of different crime scenes (11). With advancements in forensic science,
particularly, the increase in DNA kit sensitivity, with the ability to detect as low as 100 pg of
DNA, it is empirical to reduce the risk of contamination as it may ultimately result in
inadmissibility in court and lead to a miscarriage of justice (11,12). First responders and
personnel at scenes can reduce contamination by ensuring PPE is worn and gloves are
changed between exhibits, ensuring exhibits are packaged and transported separately by
different personnel and maintaining a chain of custody (11). This is why evidence collection,
storage and transport is crucial in investigations to ensure admissibility in court (11).
There are also forensic implications surrounding the location in which a body has
been disposed of, including rate of decomposition and the resulting consequences it may
have on evidence collection (10). Research has indicated that temperature and moisture are
major contributors to the biochemical processes of decomposition (10). Bodies that have
been exposed to conditions that accelerate decomposition will hinder evidence collection
and important post-mortem details, such a wound analysis and time of death estimation,
which may aid investigators in indicating foul play has occurred, or linking similar cases
(2,10).
Despite efforts of law enforcement and investigators, there is still a significant
decline in homicide clearance rates and thus an increase in cold cases (1,2). There is also an
apparent lack of research that explicitly investigates body disposal location, particularly
bodies disposed of in water vs. non-water environments and discovery of the body since
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estimated time of death (within 48 hours or over 48 hours) and the surrounding forensic
and criminological implications.

2. SOLVABILITY FACTORS
Significant research has been conducted in the area of solvability factors that
influence both active and cold case investigations. Main findings of these studies have
indicated that crucial factors include: time taken until body discovery, specifically whether
they are found within 48-hours; body disposal location; forensic awareness of the offender;
and decomposition rates and factors that affect these (2,10,13-23).
2.1. 48 -Hour Period
The significance of the “48-hour” period in investigations has been discussed within
the literature and emphasised in TV shows such as The First 48, following investigators in
the first 48 hours of homicide investigations, indicating that solvability significantly
decreases outside of this time frame (13,14). The implications outside of this period include
the inability to apprehend offenders, linking cases and degradation of evidence, due to
exposure to the elements, where water and UV both have degradative effects on DNA (11).
The importance of locating victims within 48-hours is specifically vital in child
abduction cases. Brown and Keppel (15) conducted a study on the effects of time and
distance separation as solvability factors in child abduction murders (CAM) indicating that
time is crucial for solving child abduction murders. Their research indicated that as high as
74-76% of cases resulted in children being murdered in less than 3 hours of abduction, and
42% of children were already murdered before reported missing (15). This was also
supported by Walton and Pettem (16), identifying that there is an issue with the mandated
13

24 h period for missing persons to be reported, as children are generally murdered within 3
hours of abduction. Also noted in the Brown and Keppel (15) study was a failure in linking
cases where bodies had been transported and disposed of across different jurisdictions in
36% of cases. It is apparent however, that this area of CAM has been severely understudied,
particularly with reference to solvability factors. This is of concern, due to the apparent
critical time periods associated with CAM, therefore it is strongly advocated that further
research is carried out for time as solvability factors in not only CAM, but homicides in
general to provide a greater understanding and ultimately guide investigators in these
investigations.
Case clearance has also shown to be influenced by the 48-hour period, where
successful location of victims and apprehension of offenders within this period, increases
the rate of clearance. Carter (17) and Sewell (18) studies on respectively homicide process
mapping and the stress of homicide investigations have indicated that successful convictions
increase with proper utilisation of law enforcement training within the first 48-hours. The
concept of the 48-hour period is supported by Canadian clearance rates, indicating that
approximately half of solved homicides are resultant in suspects being apprehended within
the first 48 hours, and up to 70% within the first week (19). Supporting this, Pastia et al. (20)
stated that over 70% of cases they investigated, were cleared within the first 48-hours and
deduced that the longer a case went uncleared, it was more likely to remain so, thus
emphasising the importance of clearance within the first 48-hours.
In contrast, research has indicated that cases that take longer to solve are generally
due to a number of reasons including: carrying out crimes across multiple jurisdictions, drug
related crimes, crimes involving guns (over knives or beating deaths), cases where a body
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has not been located and offenders adapting their M.O to avoid detection (13,21-23).
Consequently, these factors result in the delay and or inability to secure a scene and collect
evidence before degradation or contamination occurs (23).

2.2. Body Disposal Location
The location in which a body has been disposed of may provide insight into the type
of individual who committed the offence. It may indicate whether the individual was an
organised or disorganised killer (24-26). For example, research has indicated that impulsive,
disorganised, unstable and violent offenders are prone to leaving the body at the crime
scene, and thus are less likely to avoid detection by making errors at the scene, leaving
incriminating evidence behind (24-26). Supporting this, other studies have indicated that
organised killers often move their victims from the initial crime scene to avoid detection,
typically have more forensic awareness and will utilise this knowledge to prevent leaving
evidence at the scene (25-27).
Supporting the notion of body disposal locations as solvability factors, research has
generally concluded that homicides occurring indoors, specifically inside homes, are more
readily solved than those occurring outdoors (28-31). This is owing to the ability for evidence
to be better preserved, with protection from the elements, such as rain or extreme heat
which may alter or degrade evidence, such as DNA (31,32). By contrast, body disposal
locations occurring outdoors may indicate forensic awareness of the offender by attempting
to avoid detection (22-24). Outdoor locations are more readily exposed to the elements,
which may degrade or inhibit the collection of evidence (22-24). Other examples of forensic
awareness strategies include: moving bodies from the original crime scene to an outdoor
15

location, creating multiple scenes and potential for interference with scavengers or extreme
weather conditions thus delaying detection and apprehension of the offender (11,22-24).
This research indicates the importance of identifying the body disposal location, and
knowledge of the associating criminological and forensic implications with these locations
in aiding investigators in their approach to homicide investigations.

2.3. Forensic Awareness
Historically, in the 1970s, the only reference for information on how to avoid
detection after committing a crime were fictional crime novels (11). However, now there is
sufficient literature and readily available information on forensic science and avoidance
methods (1,11). Offenders are now more forensically aware, and crimes are becoming more
difficult to solve, reflected in the decline in homicide clearance rates (1,11). Utilising
methods that will either prevent or delay the discovery of evidence, crime scenes, or
recovery of a body are often adopted by offenders in homicide investigations (2). This
concept is known as forensic awareness and refers to an offender’s knowledge of forensic
evidence and the adaptation of their M.O to take precautions, such as destroying evidence,
moving a body from the original location, or utilising PPE to avoid apprehension (33,34).
However, there is a current gap in the literature on the extent of application of forensic
awareness strategies by offenders at scenes (23,27,35,36). Beauregard and Field (27)
indicated that moving a victim’s body after a murder is done so as an avoidance strategy,
delaying time until recovery and thus associative evidence. However, this study was not able
to explain the extent that moving a body results in delay of recovery, which would be
recommended for further research. Beauregard and Bouchard (35) deduced that offenders
16

that exhibit target selection and break into residences to undertake specific sexual acts are
both more likely to exhibit forensic awareness, however, this study was only conducted on
sexual assault cases, so precaution should be taken into applying this knowledge to nonsexually motivated homicides. Conclusively, although forensic awareness is becoming more
common, they found that the understanding and application is inconsistent, with many
offenders neglecting to destroy evidence, rather being more concerned about protecting
their identity (35).
The current literature explains that forensic awareness is becoming more common
and readily applied by offenders to avoid detection. However, there are other criminological
theories that are lesser known, such as geographical profiling and routine activities theories,
that can help provide insight into not only the location but also the type of criminal an
offender may be, supporting the notion for interdisciplinary collaborations in solving
homicides (37-40).
2.3.1. Supporting Criminological Theories
Geographical profiling is used as a guide for determining the approximate location,
spatial pattern of crimes and potential characteristics of an offender (37). This is done so by
mapping the locations of each offense, to determine the likely area in which an offender
resides (37). In addition, depending on the location of these offenses, details about the
offender, such as if they are opportunistic or planned may be established (37). For example,
if an offense is generally committed within close range to the area where an offender
resides, it may indicate they plan out their attack, by selecting victims close by (37). The
application of this in criminal investigations, may aid investigators in narrowing down the
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focus of their investigation, with support from forensic evidence, or in the absence of, to
provide another perspective (37).
Similar to the concepts described in geographical profiling, the routine activities
theory, originally proposed by Cohen and Felson (40), describes 3 main elements that
influence the possibility of a crime occurring based on daily routines of the offenders. These
include: a motivated and potential offender, an attractive and suitable target and ineffective
or absent capable guardian to protect against violation (40). In the absence of any of these
elements, it is assumed that risk of crime decreases (40). In addition, it can also provide
information about the type of offender based on their victim selection criteria, where
vulnerability is a crucial element for accessing their targets (39). However, a limitation of the
routine activities theory is that it is only able to explain the environmental opportunities of
the offender-victim relationship, rather than the underlying reasoning as to why offenders
are more likely to commit homicides over other individuals, given there is a vulnerable target
and opportunistic environment (39). Therefore, they propose a combination of routine
activities and social learning theories to overcome this limitation and provide the most
understanding into how and why offenders commit these crimes (39).
The understanding of these combined concepts therefore strongly advocates the
requirement for interdisciplinary approaches to investigating homicides. This is particularly
useful with the increase in forensic awareness amongst offenders, and the lack of, or delay
in recovering evidence.
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2.3.2. CSI Effect
Due to the popularity of crime shows such as: CSI and Law & Order, the general
public have been influenced in the way that forensic science, particularly use of DNA, is
portrayed in criminal investigations (41). This can consequently negatively impact real life
investigations due to the belief held by jurors portrayed by these shows, that DNA evidence
is pivotal to a trial, and without it, they tend to be more unwilling to convict (41). This
phenomenon is known as the CSI effect (42-44). This additionally impacts the public’s
perception of law enforcement, as if they hold the belief that DNA evidence solves crimes
and there is none collected at a scene to be presented in court, this may create a strained
relationship with police (41). The two main factors that contribute to this issue is the
expectation of more or better forensic techniques in trial, combined with the false
expectation that forensic science is infallible, consequently impacting jurors’ decisions to
put more weight onto forensic evidence when presented with it in court (44-48).
Research has been carried out into the presentation of DNA evidence in popular
crime TV shows and its resulting impact on jurors. Rhineberger‐Dunn et al. (41) conducted
a study investigating the presentation of DNA in four popular crime shows (CSI (Las Vegas),
Law & Order: SVU, Criminal Minds, and Without a Trace), and whether it supports the CSI
effect. The results concluded that 75% of the studied CSI episodes referred to DNA,
compared to only 32% of Criminal Minds episodes, supporting the hypothesis that FBI based
TV programs are less inclined to discuss forensic evidence in the context of solving crimes
(41). However, they are more likely to imply that investigative methods are able to solve
cases without the use of forensic and DNA technologies (41). By contrast, TV programs, such
as CSI, portray forensic evidence, in combination with police as the ultimate authority for
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solving cases (41). However, less than 50% of cases in all 4 dramas were solved with DNA
evidence, and those that had DNA evidence available, were cleared at significantly higher
rates, ranging from 80% and above (41). This is detrimental as these statistics exaggerate
clearance rates in actual criminal cases, where statistics are reported as low as 48.1% of
violent crimes being cleared through arrest or exceptional means (41). Conclusively, by over
or understating the significance of DNA in court in these TV dramas, the impact of the CSI
effect may be furthered. This will result in either an over-reliance or ignorance of DNA
evidence in cases, which may ultimately result in a miscarriage of justice (41-48).
In addition, other studies were conducted on a range of audiences from Californian
voters, dismissed jurors and undergraduate and graduate students, to determine whether
forensic dramas such as CSI and Cold Case influence their perception of forensic evidence
and ultimately their decision in court (44-51). The main findings from these studies indicated
that in 7 of the 8 studies, these TV programs influenced the audience’s perception of
forensic science, and in 3 of the 8 studies, also resulted in an impact on their trial decision
(44-51). Although not all of these studies resulted in a direct impact on trial decisions, it does
indicate that there is potential for influence in real trials. Therefore, informative programs
portraying accurate use of forensic science in investigations, including: correct methods for
storage, collection and preservation of evidence, accurate time frames for lab processing,
fallibility in testing, including potential for contamination and tampering both within the
scene, among personnel and within the lab, are required to combat the CSI effect (44-51).
Another factor requiring consideration in these types of dramas that have an effect
on degradation and interpretation of evidence and crime scenes is decomposition rates. If a
body has been exposed to factors that accelerate decomposition, interpretation of the
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estimated time of death, wound analysis and potential for identifying foul play has occurred,
significantly decreases (2,10). This therefore, ultimately impacts a homicide investigation
and can result in miscarriages of justices if not interpreted correctly.

2.4. Decomposition Rates
Heavily discussed within the literature is how decomposition rates vary in diverse
environments including: indoor, outdoor and water locations, and their effects on
interpretation of the post-mortem interval (PMI) (52). The PMI is the estimated time elapsed
since death, which is particularly important when dealing with homicide investigations (52).
Decomposition is a process that occurs in five different stages: fresh, bloated, active decay,
advanced decay and dry/skeletal (52). The fresh stage involves the digestion of enzymes,
otherwise known as autolysis, which affects are usually visible within 7 days, including;
marbling of the skin, skin slippage and post-mortem blister formation (52). As autolysis
reaches its final stages, the endemic bacteria will proliferate, releasing gas and odours into
the body during putrefaction (52). Additionally, onset of algor, livor and rigor mortis are
associated with the fresh stage of decomposition. These are respectively, the cooling of the
body, pooling of blood from gravity, and stiffening of the muscles (53).
In the bloated stage, the gasses produced from putrefaction result in the bloating of
the abdomen and rise in internal temperature, causing pressure to build, and the
consequent release of fluid from the body’s orifices (53). This loss of fluids is a part of the
active decay stage, which is denoted by loss of body mass due to fluid purging and maggot
activity (52). These fluids form a cadaver decomposition island (CDI), and is characterised by
strong odours (52). Advanced decay begins as maggots begin to move away from the body
21

to pupate, and rate of decomposition therefore reduces due to the lack of available material
to feed on and thus the drop off of insect activity (52). Last, is the dry (or skeletal) stage,
during which any remaining moist skin or tissue forms to the bone, creating a leathery-like
texture (52). In addition, there may be increased plant growth surrounding the body due to
available nutrients in the soil (52). However, complete skeletonization is not always reached,
as it relies heavily on the influence of environmental factors (52).
Evidently, caution must be taken when interpreting decomposition rates as many
environmental factors are known to either accelerate or delay the onset of these stages and
thus the estimation of the PMI (52,53). These factors include: temperature, insect activity,
submersion in water, humidity, and body weight (52,53).

2.4.1. Temperature
Research has been carried out into the effects of temperature on PMI estimation.
Cockle and Bell (58) developed a study to validate Vass’s universal formula for estimating
PMI, incorporating level of decomposition, humidity and temperature, for accurately
estimating PMI in bodies discovered outside, on, or under the surface, on a global scale. This
study utilised a total of 96 cases located on the surface, and 22 buried in a clandestine grave,
with known PMIs (58). Level of decomposition was determined from the photographs taken
on day of discovery at the scene. The stages of decomposition were described as 0 (no
changes), 3-5 (putrefaction), and 6-8 (liquefaction, soft tissue removal, skeletonization) (58).
In addition, ADD was calculated for each case using the Megyesi et al. (55) method.
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A subset of 42 of the original 96 outdoor cases were selected based on the Vass
criteria. The results generally indicated that bodies exposed to warm temperatures
overestimated PMI by approximately 7 times greater (58). By comparison the 6 cases
exposed to colder climates, were underestimated approximately half of the actual time since
death (58). This would indicate that this model, is not in fact universal and variation exists
within different regions (58). Therefore, a consideration of individual models for different
geographical regions may be necessary for accurate PMI estimation. Conclusively, their
study indicated that increased error was associated with increased PMI, where outdoor
cases generally decomposed faster than burial cases, supporting the notion that higher
temperatures facilitate decomposition, and therefore, the importance of temperature in
PMI estimation (58). Ritchie (59) also supports the notion of higher temperatures
accelerating decomposition. This study utilised 6 bodies exposed to temperatures between
-6 °C and 35°C, regulated through heating and air conditioning, in a constructed room (59).
However, this is a small sample size, so precaution should be taken into its application to a
larger demographic and therefore, further studies with a larger sample size should be
carried out.
The current literature is inconclusive about the association of cold temperatures
with deceleration of decomposition (60-62). Komar (60) noted that in 20 cases involving
exposure to cold temperatures that there was a large portion of scavenging activity,
therefore, it was undetermined if there was any association of freezing temperatures and
decomposition or if tissue loss was simply due to scavenging activity. Micozzi (61) proposed
that freezing temperatures will slow down endogenous gut flora and thus delay
decomposition, resulting in recolonization of aerobic bacteria on the body from external
sources. This was supported by Cockle (62) in their study where bodies were exposed to 23

11°C also noted no visible sign of tissue change by autolysis or putrefaction. Conclusively,
the extent of cold temperatures in varied temperature ranges, in combination with all
factors associated with decomposition has not been explored, thus providing little to no
support for universal models, as variation has been observed within the same geographical
regions (60-62).

2.4.2. Insect Activity
Studies have indicated that insect activity has a significant role in decomposition. A
study conducted by Anderson (63) supports the theory that insect activity accelerates
decomposition. Results from their study indicated that between the 3 indoor and 3 outdoor
cases, those exposed to outdoor settings were rapidly colonised by a larger range of species,
when compared to indoor cases (63). A 5-day delay difference between outdoor and indoor
case colonisation was noted with an absence of some species, which may be due to
inaccessibility (63). Comparatively, outside carcasses were skeletonised faster with more
insects (63). However, it is important to note that this study was conducted on pig carcasses
(Sus scrofa L.) as a substitute for human cadavers. Keough et al. (64) have determined that
precaution should be taken when using pig carcasses as analogues to humans, as their
results displayed significant differences between TBS scoring, cautioning that an amended
scoring system should be utilised for application to humans.
To further support the theory that decomposition is accelerated by insect activity, is
a study conducted by Schroeder et al. (65). This study found that the presence of insects,
including larder beetles, accelerated decomposition to skeletonization in an indoor setting
controlled at 25°C (65). However, it is important to note that this study was only based on
24

one human corpse, therefore, future studies with larger sample sizes are required to further
validate this research.
Other literature has examined the impact of temperature on insect activity.
Ceciliason et al. (66) also notes discrepancies with using the Megyesi et al. (55) model when
insect activity occurs. This study deduced that seasonal differences will substantially
influence TBS, particularly in summer with the presence of insects (66). This study utilised a
total of 140 indoor cases, meeting the criteria of: adults, without being submerged, burned,
traumatic injuries or scavenged remains (66). They utilised a modified version of the TBS
method developed by Megyesi et al. (55), where 0 is no change, and full skeletonization is
32, for each anatomical region (head, neck, trunk, limbs) (66). Also noted was presence of
insect activity, desiccation or mummification, however, the effect of these on PMI
estimation was not elaborated (66). Conclusively, this study did not support the concept of
a universal model for PMI estimation. Large variance was noted between their 68 cases and
the indoor cases utilised, particularly those exposed to insect activity, where large masses
between 4-5 kg of blowfly larvae were located on the remains, resulting in massive tissue
loss and partial skeletonization (66). Overall, if this was incorrectly misinterpreted, it may
result in an overestimation of the PMI. Based on the current literature it is evident that insect
activity and desiccation consideration are required for PMI estimation models, in addition
to other major contributing factors such as scavenging activity, humidity, air exposure, pH
etc, for different geographic regions (66). In the absence of these, there will continue to be
large variation in either over or underestimation of PMI’s.
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2.4.3. Submersion in Water
There is an apparent lack of literature surrounding the effects of decomposition in
water. Van Daalen et al. (54) studied the impact of differences between terrestrial and
aquatic decomposition through estimation of the post-mortem submersion interval (PMSI).
The authors aimed to develop aquatic decomposition scoring methods for achieving
standardised methods of decomposition in bodies recovered from aquatic environments
(54). The model used was an adaptation of those created by Megyesi et al. (55) and Galloway
et al. (56), utilising stage descriptions exclusive to aquatic decomposition phenomena.
Anatomical regions were divided into face, neck, trunk and extremities ranging from 1 (no
visible change) to 6 (skeletonization) (56). These resulted in facial, body and limb aquatic
decomposition scores (ADS), where the sum of these equated to the quantitative stage of
decomposition for the whole body (54).
This experiment involved 12 volunteers from varied professions to observe 45
photographs of aquatic decomposed anatomical regions (15 of each – head, trunk, limbs)
and score each region (54). This study did not note a TADS of 18 or above, i.e., complete
skeletonization, indicating that this could be due to dispersed or sunken body parts in water,
and the inability to determine the extent of submersion and resulting effects (54). This could
indicate that there may be discrepancies in basing the scoring method on photographs
rather than on physical observations. Results determined that TADS was able to predict
PMSI, however, noted that a larger sample size should be utilised with more photographs
(54). In addition, it is recommended that time and temperature be incorporated into this
model as they have major effects on decomposition (54). Additional consideration for body
drifting, change in seawater temperatures between depths and distances to coast line,
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effects of floating vs. full submersion, clothing, and how air and water decomposition differ
may also increase the accuracy of this model (54).
In an attempt to validate the ADS model proposed by van Daalen et al. (54), Reijnen
et al. (57) conducted a study with adaptations for bodies recovered in fresh water, to
investigate whether there is any correlation between ADS and PMSI, and whether ADS can
accurately estimate PMSI in bodies recovered from fresh water (57). The study was
conducted on 76 human remains found in outdoor fresh water locations. Results deduced
that there was a strong correlation between ADS and accumulative degree days (ADD) of
bodies recovered in fresh water, supporting van Daalen et al. (54) model for salt water
(54,57). These results indicated that the discrepancies between these bodies of water are
not significant enough to warrant an amended model for fresh water, therefore, concluding
that ADS is able to predict ADD from bodies recovered from fresh and salt water (54).
However, due to the limited research into this specific model and the effects of bodies
disposed of in water, further studies incorporating bodies recovered from a range of water
locations including creeks, rivers, bayou’s, oceans etc, would be required to broaden this
significant gap of knowledge.

2.4.4. Humidity
Another known factor that impacts decomposition is humidity. Cockle and Bell (58)
noted that humidity has an effect on autolysis and putrefaction, and that decreased
moisture often results in mummification and preservation of tissues (58). High temperatures
and low humidity are often seen in outdoor settings in states like Arizona, however,
mummification in Canada is more often seen in indoor locations with controlled settings
27

(56,62). Higher humidity resulted in a 3-time delay in reaching the final stage of
decomposition in Canada vs. Arizona (56,62). Thus, concluding from the two varied ecozones
in Canada (one with higher humidity and varied temperature extremes and other with lower
humidity and more temperate climates), support for variation in decomposition between
different geographic regions and lack of support for a universal model is evident (56,58,62).

2.4.5. Body Weight
The importance of body weight as a factor of decomposition has been discussed
within the literature. Roberts et al. (67) conducted a study on The Effect of Body Mass on
Outdoor Adult Human Decomposition. This study utilised the TBS method with thresholds
for early decomposition being set at 6 and above, advanced decomposition at 19 and above
and skeletonization at 27 and above (55,67). This study utilised 12 pigs, with a larger
proportion of males, ranging between 73-159 kg (67). Kelvin accumulated degree days
(KADD) measured the thermal energy required for the cases to reach each TBS threshold. It
was noted that larger body masses resulted in slightly different decomposition patterns, due
to the larger amount of adipose tissue liquefaction, and higher amounts of adipocere
formation (67). However, body mass only explained 24% of variation in outdoor soft adult
tissue decay, and no statistical difference was noted between body mass and decomposition
rate (67). It is important to note that this was only a small sample size with a small weight
range, and ruling body mass out as a factor affecting decomposition based on this study
alone could be premature. Therefore, further studies on a larger scale need to be conducted
to validate this research. This notion is somewhat supported by Mann et al. (68), deducing
that body size had little effect on decomposition, however; noted that bodies over 110 kg
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decomposed faster than those less than 65 kg, in some outdoor cases in Tennessee. This
may be due a number of factors, including temperature, potential insect activity or rapid
liquefaction of body fats (67,68).
In contrast, findings from an entomological study, found that larger bodies
decompose faster than smaller bodies, due to presence of insect activity and the associated
raised body temperature (69). However, it is important to note that this study only had a
weight range between 8.4 to 15.1 kg, and therefore, is not directly applicable to human
cases (69). Additionally, it is unclear whether body mass itself was the main contributing
factor for increased decomposition, or if temperature and insect activity played a larger role.
Other studies have indicated that decomposition rate is altered by increased body
mass (70,71). Zhou and Byard (70) suggest that body fat alters decomposition via the
insulating properties of adipose tissue, decreasing rate of algor mortis, and thus providing
more energy for putrefaction in the early stages of decomposition. Campobasso et al. (71)
however, suggest that decomposition is advanced via the higher liquid content within
adipose tissues, thus promoting bacterial activity and ultimately accelerating
decomposition. But when comparing obese to non-obese individuals, noted there may be
little or no difference in liquid content, therefore, the difference may be due to other factors,
such as the temperature increase associated with increased body mass, or other factors that
are known to influence decomposition (70,71). Therefore, more comprehensive studies
need to be carried out to provide a better understanding of factors that affect
decomposition (70,71).
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Other studies have attributed the effect of body mass on decomposition to be
minimal (72,73). One study divided pig carcasses into 4 categories ranging from 1 to 50 kg,
where those less than 20 kg decomposed faster in the first 6 days, and at day 11, minimal
change was evident (72). By contrast, another study conducted on 24 pig carcasses, ranging
from 5 to 70 kg concluded that body mass had a major effect on TBS (73). Matuszewski et
al. (73) noted that larger bodies decomposed faster during early decomposition and
reversed after 100 ADD. These discrepancies within seemingly similar body weight ranges
have resulted in opposite effects, which then may indicate that other factors had a larger
contribution to the deceleration and acceleration of decomposition, such as: temperature,
insect activity etc, but without further studies conducted on human cadavers, with larger
weight ranges, it would appear the impact of body mass remains inconclusive.
Although there is significant research conducted into decomposition rates under
different environmental conditions, there are still discrepancies seen within the literature
about the reliability of: temperature, insect activity, submersion in water, humidity, and
body weight on decomposition rates. It is apparent that temperature and insect activity
appear to have a significant role in decomposition and thus determination of the PMI.
However, further research is required to be conducted into this area to aid investigators in
the different types of homicides scenarios they will encounter, particularly within different
geographical regions. Specifically, further research is required for bodies that have been
submerged in water. Knowledge of factors that accelerate decomposition is critical for
interpretation of the estimated time of death, wound analysis and potential for identifying
foul play has occurred (2,10). This knowledge can aid investigators to ensure correct
interpretation is applied at a scene to prevent inadmissibility in court, the loss of or
degradation of evidence, and the potential for cases to turn cold (2,10).
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3. COLD CASE REVIEWS
Studies have indicated that there is no universal definition for when a case turns
cold. Allsop (1) defines a cold case as when all lines of enquiry have been explored and there
are no further investigative opportunities. Other jurisdictions in the USA set a cut off of 36
months, whereas, others define cases unsolved as when there is no evidence to identify,
arrest and charge a perpetrator (1,16,74). Therefore, there has been a requirement for
distribution of funding, personnel and formation of cold case units to accommodate this
(1,16,74-76).
However, research has indicated that there is a gap of knowledge surrounding the
effectiveness of cold case reviews and the resources invested into them (75). It is also
apparent from the literature, that there is a lack of standardised procedures when
conducting cold case investigations, including: reasons for re-opening cases, what factors
drive solvability, the general process of cold case reviews, more specifically, the similarities
and discrepancies within and between the USA and UK (1,16,74-76).

3.1. Reasoning for re-opening Cases
There has been sufficient research about the reasoning behind re-opening cold
cases, particularly in the USA and UK. These range from: justice for victims and families,
preventing re-offending, media or family inquiries, or as a part of agency protocol (1,16,7476). However, the most common reasons appear to be forensic advancements, specifically
the use of DNA, new witness testimony, or changes in allegiances (1,16,74-76). These
respectively come with their own strengths and weaknesses, which has been discussed
within the literature.
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3.1.1. Forensic Science
Allsop (75) discussed the motive for utilising resources in cold case investigations.
They identified 4 core principal reasons, one of which was advancements in forensic science.
This included DNA and fingerprinting and the respective expansion of their associated
databases (75). This study concluded the minor costs involved in upkeeping historic samples
were justified, as studies have noted it can be easier to obtain a conviction based on historic
cases, compared to current cases (1,16,74-76). Operation Advance and Operation Stealth
are examples of the successful use of DNA in cold cases (75). These were carried out with
funding from the Home Office to respectively review stranger rapes and homicides on a
national scale, with proven success, therefore, encouraging forces to engage in forensic
reviews. The success of these operations inevitably demonstrated the importance, and value
of DNA in unresolved crimes (75).
Multiple other studies conducted into cold case homicide review structures in both
the USA and UK, share similar reasonings for re-opening cases (1,16,76). Allsop (1) also
mentioned the use of forensic advancements as a progression tool. However, the use of
forensic advancements was predominately seen in agencies with established systematic
investigative policies in place, i.e., cold case units (1). The lack of standardised procedures
and cold case teams on an international scale was another issue identified throughout many
studies. The absence of these procedures and specialised units may ultimately affect the
efficiency and effectiveness of cold case reviews (1). Walton and Pettem (16) identified that
cases were re-opened based on identification through DNA methods, but it was not
established whether or not this was the main driver of cold cases. The use of DNA as a
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progression tool was also discussed by Atkin and Roach (76) but warranted that it should be
used as a tool to enhance detective skills, rather than replace them.
It was apparent from the literature that another major issue in the re-opening of
cases was the lack of funding or the redistribution of it to active cases, and inaccessibility of
forensic databases (1,16,76). The use of forensic science as a progression tool is heavily
consistent within the literature. However, there have been issues identified in factors that
affect the storage, collection and preservation of evidence at the scene, and during
transport, that may ultimately inhibit their use in criminal cases (75). These factors include:
lack of PPE, contamination from incorrect storage or collection methods, crosscontamination between exhibits kept in the same storage bags, degradation of samples, and
the cost of testing, which is particularly difficult in the USA, as DNA testing is expensive, and
accessibility is limited (11,75).
In addition, the lack of foresight of previous investigators for future advancements
in forensic science has resulted in minimal usable evidence for re-testing (75). Therefore, it
is empirical to ensure that the evidence available is upkept, to prevent degradation or
contamination and thus, inadmissibility in court. Furthermore, when conducting tests,
discussion about the order from least to most destructive should be carried out among
forensic experts to ensure the sample being used is optimised (11).

3.1.2. Witness Statements
Historically, the USA tended to focus the re-opening of cases on witness testimony
(75). Allsop (75) explained that the USA used to focus on changes in allegiances over time,
or the coming forward of either new witnesses with information, or old witnesses with new
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information. From the literature it would appear this is due to the previous difficulties
associated with the backlog of cases and difficulty in accessing forensic labs (75). However,
the literature states that the USA and UK now follow similar structures, in that they both rely
on forensic advancements for cold cases to progress, and unlikely will not be revisited in the
absence of it (75,76). This supports the general conclusion in the literature, that forensic
advancements appear to be the most common driver of cold cases and thus funding for the
upkeep and preservation of these samples is critical (1,16,75,76).

3.2. General Structure
The general structure of cold case reviews is discussed by Allsop (1). The flow of these
reviews include locating original paperwork with any subsequent reviews, and investigation
into potential exhibits that may be utilised for forensic testing (1). In addition, investigation
into previous closing statements may identify potential suspects, and if so, forensics is
utilised as a tool to link them (1). A cold case review team in the UK, over an 8-month review
period, noted that none of the 27 reviewed murders resulted in progression (1).
Consequently, a stranger rape review did result in prosecution, and more cold case stranger
rapes have resulted in conviction since the team began (1). This is also the general structure
that is utilised in the USA, with the location and reviewing of documentation, identifying
potential exhibits and forming an investigative plan, including forensic reviews (16).
However, there are some discrepancies between the USA and UK that have been discussed.
Additionally, the lack of cold case teams and issues in distribution of funding is noted across
studies in the USA and UK (1,16,74-76).
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3.2.1. Discrepancies
Some of the most apparent differences in cold case review structure are noted
within the USA (16). The USA brings in the concepts of neighbourhood canvassing and scene
inspections (16). This respectively entails door to door knocking, and interviews of persons
on the street of which an incident occurred (16). These can be revisited later if the case turns
cold, to locate potential witnesses, in order to pursue leads (16). It was also commonly found
that if no one at the time answered the door, officers would not follow up (16). This is an
issue as this may have provided relevant information at the time to assist the investigation
and progress it further.
The effectiveness of cold case units has been discussed within the literature. Walton
and Pettem (16) identified the formation of cold case units in long-term missing persons
cases, that included experienced investigators, resulted in success across different agencies.
This supports the notion for investing funding into cold case units on a universal scale. In
addition, they noted that the USA collaborates at federal, state/local and volunteer levels,
with access to numerous databases, that has also been associated with solvability in cold
cases (16,74). The use of unfunded cold case review teams containing a board of
interdisciplinary experts, meeting 2 to 4 times a year, occurs at the state and local level
(1,16,74-76).

However, the success of these teams has not been discussed, further

advocating for more research into this area across police agencies (1,16,74-76).
Another unique factor to the USA is the use of cold case playing cards (16). This idea
was formed by an agent in Florida and involves a stack of regular playing cards containing
information on unsolved homicides and long-term missing persons, along with a photograph
of the victims (16). These were distributed to Florida state prisons, and due to high success
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rates, were further distributed to troops in Iraq, and then broadened to form state wide
decks with 104 unsolved cases (16). These decks were distributed to 129 state prisons and
consequently further distributed to other states in the USA, and was additionally adopted in
Queensland, Australia (16). It would appear that homicides and missing persons carry more
weight, and therefore, validate the resources invested in them (16). Therefore, this may be
a cost-efficient method to bring about progression in cold cases on an international scale.
The final unique factor to the USA is the use of volunteers (16). Due to the lack of
resources invested into cold cases, use of volunteers could be an invaluable tool for their
progression. These volunteers include people from varied professions, ages, and
backgrounds which, if utilised correctly can optimise progression of cases (16). These
volunteers are broken into desk workers and field workers (16). Examples of field work
volunteers include the Vidocq Society, which is a review team that meet monthly to look
into unsolved homicides around the nation (16). Additionally, Texas EquuSearch are
mounted and on foot search teams funded by donations, with proven success rates, with
300 people returned to their families, and the discovery of at least 103 missing persons
remains (16). The last example is Ralston and Associates, which are an underwater search
team, volunteering for around 30 years (16). This team travel throughout USA and Canada
searching for drowning victims, with proven success, as since 1983, they have recovered
over 90 human remains (16). The success of volunteers and the lack of funding required,
would seemingly appear to be one of the most beneficial tools that could be adopted on a
global scale to further cold cases.
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Unique to the UK is the concept of an omnicompetent homicide investigator, that
handle both live and cold case equally (76). These investigators have to be trained and
experienced in homicide investigations (76). The ACPO manual maintains they must be
skilled and experienced and are under a professional development scheme to be updated
on skills, including knowledge of forensic science, crime scene examination, and behavioural
sciences, to improve investigations (76). However, it is noted that the ACPO manual has
sufficient lack of direction on conducting cold case reviews, with a process chart dating back
to 1998 being the only available guide (76). Therefore, an updated version is required,
particularly with the lack of universal approaches to conducting cold case reviews noted
throughout the literature.
Another factor unique to the UK is the use of progressive reviews, carried out
periodically, ensuring all investigative opportunities have been explored, and are ideally
conducted every 2 years, depending on availability of resources (1). Conclusively, the
authors determine that dedicated review teams and resources, particularly government
funding, offer the highest success rates for solving cold cases (1).
Research into the effectiveness of cold case work has been conducted within the
literature. The general findings of a study by Davis et al. (74) regarding case work, personnel,
funding and success rates in the USA, were mixed. Of those conducting cold case work, 20%
have an established protocol for initiation of these cases, 10% have dedicated investigators,
and a mere 7% have a designated unit (74). In addition, they also noted that the main source
of funding is provided by grants (74). More importantly, the success rates appear low, with
only 20% of cases being cleared, 5% resulting in arrest, and 1% resulting in conviction (74).
The factors identified for higher clearance rates were level of funding, and access to
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investigative databases (74). In addition, there is a lack of tracking on conviction rates, and
overall efficiency of investigations, including: court filings, sentencing, time spent on cases
in relation to number of clearances, concluding that cost effectiveness and conviction rates
are areas requiring more attention (74).
There has been significant research conducted into cold case reviews in both the
USA and UK, in terms of the differences and similarities noted within their structure
(1,16,74-76). Overall, it would appear the general workflow structure between the USA and
UK are similar. However, the lack of cold case units across the USA and UK incorporating
experts from multiple disciplines, and the lack of knowledge surrounding the effectiveness
of cold case reviews, all suggest that further research is required to determine the best
structure for conducting cold case reviews, in order to obtain convictions.

3.3. Areas for Improvement
It is apparent from the literature that the main issues in resolving cold cases stems
from: budgeting, distribution of resources, actions of previous investigators (i.e., evidence
collection, preservation and foresight for forensic advancements), lack of record keeping of
cases successes (i.e., resulted in conviction) vs. time and resources invested, and lastly the
lack of incorporation of experts from varied fields in forensic and behavioural sciences as
permanent cold case staff to assist investigators with their expertise (1,16,74-76).
In order to overcome or improve these areas, it is critical that cold case units track
the success rates of the investments into cold cases, more importantly the likelihood of
cases resulting in a conviction (74). This reinforces the requirement of interdisciplinary
support in cold case teams, such as the incorporation of prosecutors to advise on likelihood
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of conviction prior to re-opening cases, thus, appropriately distributing resources to those
that have a potentially higher success rate (74).
Of those cases where sufficient forensic evidence was collected, it is essential to
invest resources into the correct storage and preservation of these samples, to prevent
them from degradation, particularly with DNA samples (11,74). Exposure of DNA to moisture
can ultimately degrade these samples, rendering them unusable (11,74). Lastly, with
reference to forensic samples, the order of testing is critical, and should be carried out from
least to most destructive, in order to maximise the evidence (11). This can be carried out via
communicating with forensic experts in multiple departments, where obtaining one type of
evidence may need to be prioritised over the other in order to link an offender to the crime
(11). Overall, these improvements may assist with the declining clearance rates, and
knowledge of these factors may prevent other active cases from becoming cold cases.

4. CONCLUSION
Conclusively, it is evident from the literature that there are discrepancies
surrounding the knowledge of solvability factors in homicides, including the 48-hour period,
body disposal location, forensic awareness of the offender, and decomposition rates and
the factors that alter these. However, it is apparent that critical factors affecting solvability
and evidence collection include: time taken to recovery a body, bodies disposed of in
outdoor locations and the associative affects of temperature and insect activity on
decomposition, forensic awareness of an offender, and the resulting impact of the CSI effect
in increasing the prosecutions burden of proof. Overall, it is evident from the literature that
there is a lack of research that explicitly investigates the time between estimated death and
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recovery and murder and disposal locations on solvability, particularly regarding cases
recovered from water. These locations require further studies in order to assist investigators
on the time-critical periods and associated forensic implications for evidence collection, and
distribution of resources, with the outcome of preventing active cases from becoming cold
cases.

4.1. Project Brief and Aims
The aim of this study is to address this specific research gap, with the ultimate aim
of providing law enforcement agencies with specific information surrounding the murder
and disposal locations that require the most focus in missing persons or homicide
investigations, and the associated implications on forensic evidence. This research could aid
investigators in the distribution of resources, and time-critical locations, to ultimately
positively impact the outcome of cases, due to the physical evidence requirements for case
progression. A further intended outcome of this research is to highlight the benefit of cold
case detectives working in collaboration with specialists to form cold case task forces and
share expertise.
This research will be carried out by undertaking statistical analyses on true crime
solved case data of 54 North American serial killers active between 1920 and 2016, and a
total of 125 solved cases, to identify if there are any statistically significant trends between
murder and disposal location and estimated time between death and recovery, when
broken down into indoor and outdoor cases and 8 specified time series.
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ABSTRACT
Homicide investigations require significant resources and personnel from multiple
departments; therefore, it is critical to be thorough and explore all lines of inquiry to ensure
these cases do not turn cold. Cases are generally considered cold when all lines of inquiry
have been explored and there are no further investigative opportunities, therefore, the
actions taken within the early stages of an investigation are critical to their solvability. Many
factors have been identified in association with solvability, include; body disposal locations,
forensic awareness of the offender, the distance between murder and body recovery
location, and the time elapsed between death and recovery. However, there is a lack of
research explicitly investigating the time between estimated death and recovery and murder
and disposal locations on solvability, particularly concerning cases recovered from water.
Therefore, the aim of this study was to undertake statistical analyses on true crime solved
case data of 54 North American serial killers active between 1920 and 2016 and a total of
125 solved cases, to identify if there are any statistically significant trends between the
aforementioned variables, when broken down into indoor and outdoor cases and 8 specified
time series. The findings deduced that bodies recovered at 48 hours and above are
discovered in outdoor locations, whereas, those discovered within 24 hours are generally
found inside the victim’s residence, and water disposal cases were mainly recovered over 7
days. The result of this work will guide law enforcement in identifying critical locations to
investigate in missing persons or homicide cases that are associated with delayed recovery,
and more importantly provide insight into not only the forensic implications associated with
recovery prolonged after 48 hours, but also offer some insight into the type of offenders
that commit these crimes.
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1. INTRODUCTION
When conducting homicide investigations, it is crucial to be thorough and explore all
avenues of inquiry to prevent them from becoming cold cases (1). Cases are generally
considered cold when all lines of inquiry have been explored and there are no further
investigative opportunities, therefore, the actions taken within the early stages of an
investigation are critical to their solvability (1). Within homicide investigations, many
criminological and forensic factors have been identified to substantially influence solvability,
including victim-offender relationship, marital status of the offender, the distance between
the incident site and body recovery location, time taken to locate the body and availability
of resources within police departments (2,3,4). Of these factors, time has been identified as
one of the most critical components in the resolution of homicide investigations, with a
significant emphasis placed on the first 48-hours in law enforcement training (2,5). This
period is particularly crucial due to the surrounding implications on; evidence degradation
and finding leads and apprehending offenders, due to loss of information and vital evidence,
particularly in incidences where a body has not yet been located (6,7,8).
Locating the body of a victim in many cases may be the only physical evidence
available, and it has shown that some prosecutors will not go to trial without a body, placing
significant importance on physical evidence in court trials (2,9). The absence of a body may
be due to several factors regarding the location in which they were disposed of, including
rate of decomposition, weather conditions, submersion in water, etc. (10). Without the
identification of a body and disposal site, there are limitations for evidence collection, and
even if these sites are located, they may have already suffered from tampering or
contamination (2,10).
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The location in which a body is disposed of manifests its own forensic difficulties,
including; weather conditions, rate of decomposition, and the resultant effects it may have
on evidence collection (10). Rate of decomposition is heavily influenced by the environment
in which a body is found, where research has indicated that temperature and moisture are
significant contributors to the biochemical processes of decomposition (10). Bodies exposed
to factors that accelerate decomposition such as; increased temperature and moisture,
increased exposure to insect activity, and higher body weight will hinder evidence collection,
such as post-mortem details of wound analysis and time of death estimation, which may
ultimately aid investigators in indicating foul play has occurred or linking similar cases (2,10).
In addition, whether a body is located indoors or outdoors may have a significant impact on
the collection of evidence types such as; fingerprints, impressions, and DNA (11). Exposure
to outdoor conditions such as significant rain or UV may ultimately degrade or abolish
evidence, such as specific class and individualizing characteristics in impressions and
fingerprints, and also degrade DNA (11). By contrast, victims located indoors may result in
better collection and preservation of evidence and reduce the chances of tampering and
contamination occurring (10,11).
Tampering may occur from animal or scavenging activity or be due to an offender
returning to the scene to interfere with it or the body, in an attempt to manipulate or “stage”
the scene to avoid detection (11,12). Contamination can arise from contact between;
personnel and evidence, between evidence types, or between evidence of different crime
scenes (11). The reduction of contamination is highly essential as forensic science
progresses, particularly with the sensitivity of DNA kits increasing, and the ability to detect
as little as 100 pg of DNA, which may ultimately result in inadmissibility in court and
miscarriages of justice (11,13). To reduce the likelihood of contamination occurring, first
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responders and personnel at scenes should ensure PPE is worn, gloves are changed between
exhibits, exhibits should be packaged and transported by different personnel, and maintain
a proper chain of custody (11). The significant emphasis on evidence collection, storage, and
transport protocol is important due to the shift in focus for the requirement of physical
evidence to prosecute offenders (2).
It is evident that there is a lack of research explicitly investigating the time between
estimated death and recovery and murder and disposal locations on solvability, particularly
regarding cases recovered from water. Therefore, the purpose of this research was to
undertake statistical analyses on true crime solved case data of 54 North American serial
killers active between 1920 and 2016 and a total of 125 solved cases, to identify if there are
any statistically significant trends between murder and disposal location and estimated time
between death and recovery, when broken down into indoor and outdoor cases and 8
specified time series.
The ultimate aim of this study is to provide law enforcement agencies with specific
information surrounding the murder and disposal locations that require the most significant
focus in missing persons, or homicide investigations due to the associated implications on
forensic evidence. This research will aid investigators in the distribution of resources and
time-critical locations to ultimately positively impact the outcome of investigations,
specifically due to the shift of focus to physical evidence requirements in cases.
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2. MATERIALS AND METHODS
2.1. Sampling
From the original serial killer database, a subset of 54 of the original 4803 serial
murderers, and their respective victims were utilized for this research. These murderers
were selected based on the premise that their crimes were committed in North America,
and all of the selected sample were males. A total of 125 solved cases were selected based
on the most descriptive information provided for murder location, disposal location, and
time taken between estimated death and body recovery. Solved cases for the purposes of
this study were those that resulted in a conviction, and also included those where more than
one offender had been convicted on the same offense. The information provided in this
database was derived from police files, court reports, and media reports, and all information
added was independently replicated. The factors being investigated included both the
murder and body recovery site and the number of days between estimated death and
discovery in determining if there are any significant trends found amongst the data. The
murder and body recovery locations were further subdivided into indoor and outdoor
categories as described below.

2.2. Variables
The variables being investigated are designated as murder and body disposal
location, and time taken between estimated death and body discovery. Murder and body
disposal locations were further divided into subcategories of indoor and outdoor locations,
depicted in Table 1.
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Table 1 - Frequency counts in percent (%) of the total distribution of 125 cases between designated indoor and
outdoor subcategories for both murder and disposal locations.

Variables

Murder Location % (n)

Disposal Location % (n)

Own Dwelling

26.4 (33)

22.4 (28)

Other Dwelling

24.0 (30)

12.0 (15)

6.4 (8)

4.8 (6)

3.2 (4)

4.8 (6)

Water

0 (0)

4.8 (6)

Open

17.6 (22)

24.8 (31)

Closed

13.6 (17)

26.4 (33)

Car

8.8 (11)

0 (0)

Indoor

Other
Outdoor
Other Dwelling

The chi-square analyses that was carried out between both murder and disposal
location, and time between estimated death and recovery both fell below p=.05 (p=.000 for
both), indicating statistical significance between these variables. From this table (Table 1), it
is apparent that the largest frequency of murder locations occurs inside the victim’s
dwelling, and by contrast, the most frequent disposal location occurs in outdoor closed
locations, at the same frequency (26.4%). These findings would also indicate that bodies are
moved from their original murder location in some cases.
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For this study, own dwelling locations are designated as the victim’s residence (i.e.,
inside or outside their residence). Other dwelling locations are specified as either the
murderer’s or any other individual’s residence. Other locations are designated as public
buildings (e.g., shopping centres, courthouse lobby’s, etc.). Car locations are specified as
either inside or outside of a vehicle, non-specific to the owner. Water locations in this study
are designated as any body of water, including; rivers, creeks, bayou, culverts, etc. Outdoor
open areas are identified as those that are accessible public venues that are readily visible,
including; paths, main roads, near dumpsters or buildings, open parks, neighbourhoods, etc.
In contrast, outdoor closed areas are public areas that are less readily accessible, have more
shelter and are less frequently visited, including; bushland, ditches, shallow graves, side
roads and hiking trails, mountains, alleyways, national parks, under bridges, etc.
The other variable being investigated in this study is estimated time between death
and body recovery, which was coded as a continuous variable (0= <24 h, 1= <48 h, 2= <72 h,
3= <96 h, 4= <120 h, 5= <144 h, 6= < 1 week, 7= >1 week). However, it is important to note
that cases found over a week old, ranged from weeks to 20 years, between death and
recovery. This was carried out to reflect a larger number of time thresholds and determine
if there is any time series that is statistically significant for the solvability of cases, and if so,
whether that is reflective of forensic and criminological issues relevant to that time period.
The overall range of time between estimated death and body recovery was 0-7,300 days.
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2.3. Data interpretation and analysis
This study utilized IBM® SPSS Statistics 24.0 software for data analysis. The data was
analysed utilizing chi-square analyses. The variables that were compared were disposal
location and time between estimated death and recovery. The cut off for significant data
was set at p=<.05. In addition, descriptive frequency statistics were carried out to identify
trends across both murder and disposal locations and estimated time between death and
recovery.

3. RESULTS
Table 2 represents the total percentage of cases designated at each time series at
each given location. The highest proportion and variance of cases fall under <24 h (25.6%),
<48 h (20%) and >7 days (40.8%). Most cases located within 24 hours were found inside the
victim’s residence (14.4%), whereas the smallest proportion of cases were located in
outdoor closed locations (0.8%). However, a shift is noted between cases located within 24
hours and those within 48 hours, where the highest percentage of cases in the latter were
discovered in outdoor open areas (10.4%). Cases found after 48 hours are predominately
discovered in both outdoor open and closed locations, with the largest proportion of cases
being discovered in outdoor closed locations after 96 hours (<120 h to >7 days). Overall, the
highest levels of significant differences are observed between bodies discovered within 24
hours and those over 7 days, where the trends essentially reverse.
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Table 2 - Total number of cases in percent (%) found within the respective time series for each variable for
disposal locations, (N=125).

Variable

<24 h
% (n)

<48 h
% (n)

<72 h
% (n)

<96 h
% (n)

<120 h
% (n)

<144
h%
(n)

<7 days
% (n)

>7 days
% (n)

Total
% (n)

Other

3.2
(4)

1.6
(2)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

4.8
(6)

Other
Dwelling

2.4
(3)

0.8
(1)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

8.8
(11)

12
(15)

Own
Dwelling

14.4
(18)

5.6
(7)

0.8
(1)

0.8
(1)

0.0
(0)

0.0
(0)

0.0
(0)

0.8
(1)

22.4
(28)

Closed

0.8
(1)

1.6
(2)

1.6
(2)

1.6
(2)

3.2
(4)

0.0
(0)

0.8
(1)

16.8
(21)

26.4
(33)

Open

4.8
(6)

10.4
(13)

1.6
(2)

1.6
(2)

0.0
(0)

0.0
(0)

0.0
(0)

6.4
(8)

24.8
(31)

Other
Dwelling

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

0.0
(0)

4.8
(6)

4.8
(6)

Water

0.0
(0)

0.0
(0)

0.0
(0)

0.8
(1)

0.0
(0)

0.0
(0)

0.8
(1)

3.2
(4)

4.8
(6)

Total
% (n)

25.6
(32)

20
(25)

4
(5)

4.8
(6)

3.2
(4)

0.0
(0)

1.6
(2)

40.8
(51)

100
(125)

Indoor

Outdoor

Table 3 depicts the overall distribution of indoor, outdoor, and water cases found
within the time series, with the highest variation at <24 h, <48 h and >7 days. From this data,
it is evident that the highest proportion of cases discovered indoors are discovered within
24 hours (78.1%). By contrast, from <48 hours through to over 7 days, the largest proportion
of cases are found in outdoor locations at respectively 60% and 76.5%. The most significant
shift amongst these cases is evident in those identified after 7 days, where most cases were
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found in outdoor closed locations (41.2%), by comparison, only 2% of cases were found
inside the victim’s residence after this elapsed period. In addition, all water cases in this data
were discovered after 7 days. Although the number of water disposal cases is minimal (4), it
may still indicate that water disposal is significant for delayed recovery. These findings would
reiterate that bodies disposed of in outdoor concealed areas will delay body recovery. It is
also important to note that the overall largest number of cases are represented over 7 days
(51) compared to the smallest number of cases in 48 hours (25) and 24 hours (32), which
should be considered when interpreting the data.
Table 3 - Cumulative percent (%) of the distribution of indoor, outdoor and water disposal location cases
found within <24 h, <48 h and >7 days, (N=108) based on the proportion of cases distributed amongst <24 h,
<48 h and >7 days, respectively at 32, 2

Variable

<24 h (%)
(n=32)

<48 h (%)
(n=25)

>7 days (%)
(n=51)

Indoor
Other

12.5

8.0

0

Other Dwelling

9.4

4.0

21.5

Own Dwelling

56.2

28.0

2.0

Closed

3.1

8.0

41.2

Open

18.8

52.0

15.7

Other Dwelling

0

0

11.8

Water

0

0

7.8

100

100

100

Outdoor

Total (%)
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Figure 1 represents the total cumulative indoor, outdoor, and water cases described
in Table 3, for bodies recovered within 24 h, 48 h, and over 7 days. As recovery time is
delayed, the incidence of indoor cases decreased from 78.1% to 23.5%, and by contrast, the
incidence of outdoor cases increased from 21.9% to 76.5% across these specified time
series.

100
90

Cumulative Percent (%)

80

78.1

76.5

70
60
60
50

40
40
30

23.5

21.9

20
7.8

10
0

0

0
Indoor
Outdoor

<24 h

<48 h

>7 days

Time Between Estimated Death and Recovery

Water

Figure 1 - Total Cumulative Percent (%) of Indoor, Outdoor, and Water cases found within 24 hours, 48 hours
and over 7 days

Table 4 represents the comparison of cases where the murder and disposal location
remain the same, versus cases where the murder and disposal locations differ. The most
obvious difference is observed within indoor cases remaining in the same murder location,
with 75.5% found within 7 days. By comparison, in cases discovered outdoors (moved and
unmoved), there appears to be no difference in time between estimated death and
recovery. These cases are approximately evenly split between cases found within 7 days and
over 7 days, with no observable trends. The lack of cases moved indoors may be of
significance and provide information about the characteristics of the offender.
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Table 4 - Comparison of time between death and recovery for both <7 days and > 7 days between cases
maintain the same murder location vs. those that have been moved to a different disposal location for
cumulative indoor and outdoor locations. The time series of <7 days for this table is the cumulative total of all
cases between <24 h and <7 days (74 cases), where N=125.

Case Location

<7 days

>7 days

Total

Indoor

37

12

49

Outdoor

14

16

30

Indoor

0

0

0

Outdoor

23

23

46

Total

74

51

125

Not Moved

Moved

4. DISCUSSION
4.1. Body location and time between estimated death and recovery
Across the data, the general trends observed were that as the time between
estimated death and recovery increased, the location of cases found indoors decreased, and
those outdoors increased (Tables 1, 2 & 3, Figure 1). Of the 125 solved cases utilized in this
data, the majority of cases located within 24 hours, were discovered inside the victim’s
residence, which was also identified as the most observed murder location (Table 1 & 2).
The shift from indoor to outdoor discovery was observed in cases found within 48 hours,
which were predominately discovered in outdoor open areas, i.e., more accessible and
visible, such as main roads (Table 2). Thereafter, most cases were found over 7 days in
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outdoor closed locations, i.e., more concealed and less visible, such as woodlands, under
bridges, etc., which was also noted as the most observed disposal location (Table 1 & 2).
Notably, 80% of water cases were also discovered after 7 days (Table 2). It was deduced
from the data that the most apparent critical time periods were <24 h, <48 h and over 7
days, where 108 out of the 125 cases were observed (Table 3).
Studies have indicated that homicides committed indoors are typically easier to solve
compared to those occurring outdoors, due to the better preservation and therefore quality
of evidence (14-18). This research could explain the solvability of cases discovered within 24
hours that occurred inside the victim’s own residence (Tables 1 & 2). When an individual
goes missing, the victim’s residence would be a priority location in an investigation,
therefore enhancing recovery time and thus associated evidence collection (14-18). In
addition, early body recovery observed in the data (Tables 1 & 2) may be owing to the
offender leaving the body at the scene, rather than trying to dispose of the body (6,19).
These actions may provide information on the characteristics of the offender, i.e., whether
they are organized or disorganized killers, and indication of any forensic awareness (6,19).
Further similarities are observed with a study conducted by Reale and Beauregard
(2) which found that victims disposed of in their own home were discovered within 48 hours
in 66.7% of cases, and those recovered from public locations were found within 48 hours in
75% of cases. However, their study primarily focused on the 48-hour period. Therefore, it
could not be said whether the cases discovered indoors were explicitly found within 48
hours, or if they were discovered earlier (2). Ultimately, the Reale and Beauregard (2)
findings similarly reflect the higher number of observed cases in this study found inside the
victim’s residence within 24 hours (56.2%), and those in outdoor open locations within 48
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hours (52.0%) (Table 2). The lower percentages in this study (56.2% and 52.0%) could be
due to the more extensive time series and therefore, distribution of cases. Overall, the
general consistencies validate the importance of the early recovery of bodies, specifically
within 48-hours, and associative evidence collection for solvability of cases (2).
By contrast the findings of this study (Table 2) were not consistent for bodies
discovered outdoors, as most cases were discovered after 48 hours (83.1%) (Table 2),
whereas, Reale and Beauregard (2) indicate victims discovered outdoors were located
evenly within 48 hours and over 48 hours. However, they did note that outdoor locations as
contact scenes slightly delay body recovery over 48 hours (2). Their findings may indicate
that the primary contact or murder scene has more statistical significance on solvability than
disposal site, which has been identified as an understudied factor within the literature (2,8).
Another factor to consider that may explain these differences is the utilization of 250
Canadian cases in the Reale and Beauregard (2) study, versus the use of 125 North American
cases in this study. There may be notable geographical differences within crime patterns and
behaviors between North America and Canada. This notion is supported by Beauregard and
Bouchard (20) that noted differences between MOs in sexually motivated offenders across
different geographical locations. They found that Belgium offenders exhibited a higher
incidence of vaginal intercourse compared to UK, Scotland, Germany, and Finland offenders
(20). Therefore, this reinforces the requirement for future research into the effects of
murder and disposal location, and time between estimated death and recovery, by
incorporating cases on a global scale to observe whether there are notable independent
geographical trends (20).
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Another important factor in homicide case solvability is the collection and
preservation of evidence, as research has indicated that forensic evidence is heavily relied
upon in court (2,9). This reliance partially stems from the impact of the CSI effect on juries,
where popular TV shows such as CSI and Law & Order have skewed the way forensic science,
and more specifically the use of DNA, is portrayed (21-25). This influence on jurors can
negatively impact trials, as it is shown that without DNA evidence, they are more unwilling
to convict (21-25). Therefore, factors that can significantly affect the quality of different
evidence types (fingerprints, DNA, impressions, etc.) and ultimately affect the solvability of
homicide cases, including the rate of decomposition, weather conditions and submersion in
water, should be considered when conducting an investigation (26).
Rate of decomposition is heavily influenced by several factors, including
temperature, insect activity, and body weight (27-30). Increased temperature, insect
activity, and body weight are all associated with the acceleration of decomposition and
therefore, the ultimate loss of evidence (27-30). The general trend of prolonged recovery
and disposal in outdoor locations (Figure 1) could be impacted by the effects of
decomposition (27). For example, if cases were discovered outdoors in summer periods, this
may have accelerated decomposition by an increase in insect activity and colonization,
therefore, increasing body temperature further, and reducing the quality of evidence that
could be recovered, such as wound analysis details, and estimated time since death (PMI)
to identify whether foul play has occurred (2,10,27-29). Estimated time since death (PMI) is
known to be influenced by temperature, indicating that cases found in higher temperatures
are often over-estimated and those in colder conditions are often under-estimated (27,3132).
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Severe weather conditions can also impact forensic evidence, wherein heavy rain,
fingerprints, DNA, and impression evidence collection are compromised, as class and
individualizing characteristics are abolished, and DNA evidence is degraded (11, 33, 34).
Essentially, this may explain the solvability of cases found within 24 hours in indoor locations
(Figure 1), as evidence may have been better preserved and protected from these degrading
factors, in comparison to the observed delay in recovery in cases found outdoors (Figure 1).
The discovery of the majority of water cases after 7 days may be associated with rate
of decomposition. The body begins to bloat and accumulate gas between 3 to 10 days,
meaning that prolonged recovery (Figure 1) could be due to the body being submerged in
water, and resurfacing during this bloat period (27). However, this is not conclusive as
decomposition is highly variable, and therefore, further studies would be required (27-30).
The inability to recover or locate bodies may explain the underrepresentation of
water cases in this study (Table 2). Research has shown that recovery of a body may be the
only physical evidence relating to a case (2,10). In the absence of a body, associated forensic
evidence that will help further cases and result in convictions, such as DNA, fingerprints,
fibres, etc., also remain absent (33,34). Studies conducted on the preservation of different
biological samples (blood, saliva, sperm) in water, have indicated that prolonged immersion
resulted in increased DNA degradation, and therefore, the inability to obtain DNA profiles
(33,34). More specifically, indication of spermatozoa through traditional forensic based
identification methods, including alternate light sources (ALS), acid phosphatase (AP) tests,
and microscopy examination, for most samples, were hindered (33,34). ALS and AP tests
returned negative results for most samples beyond 24 hours, and spermatozoa were found
mainly undetectable beyond 12 hours (33,34). The findings of these studies (33,34) and the
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data represented in this study (Tables 2 & 3) emphasize the importance of body recovery
within 24 hours for solvability. It also highlights the potential issues for the recovery of DNA
in water cases beyond 7 days (Table 2). However, the cases utilized in this study were solved,
therefore, application of these variables to unsolved water cases would be required.

4.2. Body Disposal
A factor that has been identified in influencing homicide case solvability is forensic
awareness strategies of an offender (2). These forensic awareness strategies include;
adaptation of the offenders MO, destroying evidence, utilization of PPE, and moving a body
from the original location to delay recovery and avoid apprehension (2,6,20). Moving the
body from the original murder location was exhibited in the current findings (Table 4),
however, of those moved, there was no distinguishable trend identified between bodies
remaining in the same murder location, versus those that were moved for outdoor locations
(Table 4). These were typically even for body recovery in less than 7 days and over 7 days
(Table 4). These findings differed from Reale and Beauregard (2), which found that moving,
disposal, and dismemberment of victims all delayed body recovery after 48 hours. This may
be due to the difference in the geographical location of databases (North American vs.
Canadian), their larger sample size (N=250 vs. N=125), or the focus of forensic awareness
strategies in their study (2). Therefore, exploration of forensic awareness factors, with a
higher number of cases (N=>125) would be required for further studies, to assess their
impact on solvability.
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The most apparent changes were observed between indoor moved and unmoved
cases, where the majority of cases found within 7 days were observed in unmoved indoor
murder locations (Table 4). However, notably, no cases were moved indoors from the
original murder location (Table 4). These findings indicate that bodies murdered indoors,
remained there, and there was no attempt to move a body from outdoor locations back
indoors, which in itself may indicate characteristics of the offender (2,6,20). Conclusively,
although this data did not present any obvious trends in delay in recovery with moving a
body to outdoor locations, it may, however, be able to provide information into
characteristics of the offender, and ultimately help guide investigators in a targeted
approach of identifying the perpetrator (2,6,20).
Research has indicated that offenders are more likely organized killers if they
attempt to move a body or destroy evidence (11,36-38). Therefore, it could be said that
offenders who moved their victims to outdoor locations (Table 4) may exhibit forensic
awareness by trying to conceal the bodies in a less trafficked area (36-38). By comparison,
those that left the body at the murder location may be unorganized killers, acting on
impulse, exhibiting little forensic awareness (36-38). Both of these can ultimately provide
information into their IQ, background and routine activities, i.e., did they target their victims
based on their routine activities or were they chosen at random, etc. (2,6, 20,39,40). In many
cases, although individuals exhibit more forensic awareness, this may ultimately reveal more
information about themselves. Therefore, this study can aid investigators in narrowing their
focus for identification of the offender, based on their body disposal location (9,39,40).
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4.3. Limitations
The limitations of this study were the sole focus on only North American solved
cases, the lack of information provided for each victim and the overall under-representation
of bodies disposed of in water.

5. CONCLUSION
Although the findings in this study are preliminary, the general trends that were
identified were, an increase in body recovery delay (>48 hours) with victims discovered in
outdoor locations, particularly outdoor closed and water locations, and the discovery of
bodies within 24 hours being located in victim’s residences. These findings and associated
evidentiary implications indicate that cases found within 48 hours and above are most
important for recovery of evidence and preventing degradation, based on limitations
associated with outdoor and water recoveries (2,11,27-29,33-34). Ultimately these findings
can be applied in real-world scenarios by providing information to law enforcement on timecritical periods for evidence recovery (<48 hours) and provide focus for the distribution of
resources, the type of offender, and also reinforce the importance of the first 48 hours in
body recovery, with reference to evidence collection and solvability of cases (2,11,27-29,3334).
Future research would include the application of these variables to unsolved cases.
For example, due to the under-representation of water cases (Table 2), it may be useful for
police departments to investigate unsolved cases to identify if any are water-related, and if
so, are they unsolved due to the absence of the body, or the forensic implications
surrounding evidence collection in relation to the length of time they were immersed in
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water. In addition, for unsolved or “cold” cases, it would be beneficial to form cold case units
with specialists in forensic science and criminology to share expertise (1). These findings
overall highlight the importance of collaboration and incorporation of experts in criminology
and forensic science in the first 48 hours of an investigation to optimize body recovery,
evidence collection and therefore, finding leads and apprehending offenders.
In addition, it would be beneficial to undertake more detailed investigations into
solved cases. Specifically, identifying the time lapse between each murder and when the
case was solved (i.e., the decade of activity) to detect critical issues in solvability. For
example, were cases that took longer to solve due to the inability to locate a body or, was it
due to lack of evidence and forensic advancements at the time. Lastly, an investigation into
the sequencing of MOs of solved cases may provide more information as to whether a
change in MO was the reason the offender was eventually prosecuted, or if there are any
other notable trends. Overall, this study can assist law enforcement on the importance of
the proper distribution of resources, particularly, a focus on critical locations to investigate
in missing person cases that are associated with delayed body recovery, such as water
disposal locations. This is important for investigations as evidence collection and
preservation is critical for solvability of cases.
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