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Abstract
This study examines how geospatial technologies can be used in the aid of local-level cemetery management with
limited resources using a case study in Woodland Hills Memorial Park Cemetery, Minnesota, USA. The hard-copy
records in a handwritten ledger were manually transferred into an Excel table. The spatial data of the gravesites
were collected using a Trimble Geo 7X unit with a Zephyr antenna and a Laser Rangefinder sensor over the
summer of 2017. A geodatabase was constructed by joining the Excel table with the GPS data in GIS. A procedure
was also developed to map the spatial distributions of plots and analyze the demographic data. It was demonstrated
that a very high locational accuracy could be achieved based on carefully designed GPS data collection strategies.
In addition, the data analysis results revealed that there were 12,190 plots in total, approximately half of which
were still available for purchase. Among the 5,906 inhabitants buried at the Woodland Hills, many were ethnically
German and Scandinavian, of whom 9.7% were veterans and nearly half were from the Greatest Generation (born
between 1901 and 1927). The birth, death, and age distributions are significantly different between the nonveteran
and veteran groups. Clustered patterns were identified for the filled plots and all the Generation categories. Such
results will be beneficial to local cemetery managers to plan for further development as well as to future historians
or individuals interested in the local culture and history. The proposed methods can greatly facilitate local-level
cemetery data collection, mapping, query, and analysis.
Keywords: GPS, Geodatabase, GIS, Spatial Analysis, Genealogical Analysis, Cemetery Management
1. Introduction
Cemeteries play an important role in the community. As a vital place for remembrance and mourning, they need
to be properly planned for and maintained. Traditionally, cemetery property maps that show the boundaries,
sections, subdivisions, lots, and grave spaces were sketched by hand or cartographic software in a fixed scale.
Paper records were usually kept. The related attribute data were also typically recorded in paper books or
spreadsheets and were updated manually. This traditional method of cemetery mapping and record management is
tedious, time-consuming, and cost-ineffective. As the hard-copy property maps and attribute data are not connected,
it is also difficult to update and manage the records. In addition, paper maps and files are hard to store and carry
and can easily be misplaced, ripped, or stolen. Paper materials deteriorate over time and are susceptible to fires
and water-related disasters. Pencil markings fade over time and are easily smudged. Furthermore, the actual
information contained within these records varies and the lack of standardization means that vital information may
not be recorded (Bennett & Davies, 2015; Schmidt, 2018).
Consequently, a recent trend is to use Geographic Information System (GIS) as a tool to either recreate these
records digitally or ensure that modern records are taken appropriately (Ayers, 2006; Gonzalez-Tennant, 2009;
Güney & Celik, 2003; Quesada, Baena, & Blasco, 1994). At national-level, the Historic American Landscape
Survey/Cultural Resources GIS (CRGIS) within the National Park Service (NPS), working together with the
United States Department of Veterans Affairs’ National Cemetery Administration, has used GIS and GPS on
inventory cultural resources from battlefields to national cemeteries (Stein, 2006; NPS (n.d.)). Likewise, Arlington
National Cemetery with 400,000 gravesites has gone through the digital transformation recently (Montalbano,
2012). Nevertheless, these national-level projects were focused on data collection and storing, not on cemetery
data analysis.
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Scientists have called for turning genealogical analysis onto GIS since numerous types of data can be represented
in GIS projects (Shular, 2009). However, despite their well-recognized advantages, geospatial technologies have
not been rapidly and consistently deployed in cultural resource management, especially at the local-level cemetery
management, mainly because of a lack of funding, technological personnel and skills, and other infrastructure, as
well as historical and logistical issues (Montalbano, 2012; Sanjuán, & Wheatley, 1999). Besides, demographic and
genealogical research focused on cultural and historical analysis using GIS data is still very limited. There is a lack
of systematic framework and procedure for digital cemetery mapping and data analysis, especially for a local-scale
cemetery with limited resources.
In this context, this study aimed to address the following key research questions: Can we digitally transform
traditional cemetery data using GIS with limited resources so local cemetery managers can manage cemeteries
more efficiently? How to achieve high locational accuracy using Global Positioning System (GPS) in order to
meet the requirement of a cemetery mapping project? Based on the digital geodatabase created in the study, what
kind of demographic and genealogical analysis can be conducted effectively? Can any spatial distribution patterns
or trends in the collected data be identified using spatial analysis (e.g. Moran’s I)?
Specific objectives were to (1) collect highly accurate gravesites locational data using GPS and convert the hardcopy attribute records of the cemetery into a digital table; (2) build a geodatabase for the Woodland Hills that can
be queried by attributes and/or spatial locations in a GIS framework; (3) demonstrate how to analyze the collected
spatial and attribute data using spatial analysis and statistical methods; and (4) determine what characteristics,
spatial patterns, and trends the data collected (e.g. filled vs empty plots, veteran vs non-veteran, generations, etc.)
displays, so the information can be made readily available to the cemetery managers, users, and researchers.
2. Methods
2.1 Study Site
The study site is the Woodland Hills Memorial Park Cemetery in Mankato, Minnesota. Established in 1938, the
cemetery was formerly known as Grandview Memorial Park. It is located on top of a hill, southwest of Mankato
on 1605 Woodland Ave. Bordered by residential neighborhoods to the north and west, it overlooks the Blue Earth
River to its northwest, and the Rasmussen Woods to the east (Figure 1). It is the only memorial park in the Mankato
area. This cemetery differs from traditional ones, as bronze plaques are mounted at ground level (instead of erecting
headstones) on a granite base to blend with the lawns in order to maintain park view and facilitate maintenance.
Clients get full ownership of their lots in a memorial park, as opposed to the limited burial rights of traditional
cemeteries. The plotted portions of the Woodland Hills Memorial Park, the funeral home, outbuildings, parking
lots, and roads have a total area of approximately 22-acre. Woodland Hills Memorial Park Cemetery has four
gardens: Christus, Devotion, Tower, and Peace. There is also a mixture of trees, sculptures, and memorial benches
in the gardens, forming a tranquil and beautiful place for families and friends of the bereaved to reminisce. In the
past, to find information about a specific grave, one must manually search through the hardcover book of records
while referring to the physical maps in an effort to examine the gravesites in any spatial capacity. This cemetery
provides an ideal case study site for digitally transforming traditional cemetery management using geospatial
technologies.
2.2 Tabular Data Inputs
Each of the four gardens in the Woodland Hills Memorial Park Cemetery is divided into lots that are further split
to four sections, labeled A – D. Section A is in the upper left corner, section B in the lower left, section C in the
upper right, and section D in the bottom right of the lot marker. Each section has four plots (1 – 4), or grave spaces.
Therefore, there are 16 grave spaces for each lot in total. In order to convert the handwritten records to digital
tables, pictures were taken for each page of the record book, which were then used as a reference for entering the
data in Excel. The lot number, section code (A-D), and plot space number (1-4) were recorded and concatenated
to form a unique identification number for each gravesite. In addition to the name of the lot owners, the deed
number, and any information regarding the type of marker was recorded when available.
2.3 Data Dictionary Creation
Before the GPS data collection, a field survey was performed in the study site to become familiar with the
landscape and determine what type of data could be collected. In the meantime, the cemetery managers were
consulted to determine what information would be most useful for their records, and what type of structure would
be best for their use. Next, a data dictionary that serves as a template for entering information in a GPS unit was
created in the Pathfinder Office Data Dictionary Editor to streamline the process of data collection. Data
dictionaries can improve data quality and integrity, reduce data redundancy, and improve the accuracy of the
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collected data by standardizing the format and type of input variables. Another advantage is they store both
attribute information and locational information of each feature together.

Figure 1. Woodland Hills Memorial Park Cemetery and surrounding areas in high-spatial resolution (7.62 cm or 3
in) digital aerial imagery
In this study, numeric attributes were used to store data such as the dates of the interred or the lot and plot numbers
associated with each grave space whereas text variables were used to note the names of the interred. Menu
attributes provide the user the option to choose from a list of drop-down options, such as the type of veteran, if
there was an epitaph on the plaque, whether there was an urn present beside the grave, and if the marker stood
alone or was connected to another (Schmidt, 2018). The Lot, Empty Lot, and Plot point features were created in
the data dictionary. The Lot and Empty Lot features had a single numeric attribute for noting the number of each
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lot marker while the Plot feature had attributes for the lot, section, plot, the date of birth (DoB), and date of death
(DoD), as well as first, middle, and last names.
2.4 GPS Data Collection and Processing
The finalized data dictionary was exported to the handheld GPS device and used in the TerraSync software when
collecting data using the GPS. The next step is to determine the accuracy requirement of the study. Due to the
proximity of the gravesites (2.5 ft or 76 cm) to each other, high accuracy is required for this study. Therefore, the
accuracy threshold was set as 20 cm, to prevent overlap between the plot points that may incorrectly indicate the
order or location of the gravesites. The accuracy of GPS data is affected by four factors: (a) GPS satellites, such
as orbital and clock errors, (b) GPS receiver uncertainties related to clock error, multipath error, system noise,
antenna phase center variations, (c) atmospheric refraction in ionospheric layer and tropospheric layer, and (d)
satellite geometric effect, such as dilution of precision (El-Rabbany, 2006; Kim et al., 2017; Lejeune & Warnant,
2008; Li et al., 2015; Marathe, Daneshmand, & Lachapelle 2016; Martinez, Martinez, & Garcia-Cerezo, 2000;
Weng et al., 2014).
To satisfy the accuracy requirement for the project, Trimble Geo 7X GPS units with high acquisition accuracy (up
to 1 cm) and large touchscreen were used. However, even though the Trimble Geo 7X GPS units could theoretically
provide up to 1 cm accuracy, a much lower accuracy of 1-2 m would be obtained in some places due to the presence
of trees in the cemetery and other factors aforementioned. To meet the 20 cm accuracy requirement, a Zephyr
Model 3 antenna sensor was used to improve the vertical accuracy and a Laser Rangefinder (LRF) sensor was
attached to the GPS unit to accurately collect data in areas where obstacles such as trees blocked satellite signals.
In addition, the data was collected in the summer of 2017 in sunny or partly cloudy days, primarily from 10 am to
noon and 1 pm to 3 pm when the number and angles of the satellite are the most ideal based on the Trimble
Planning software, which achieves better accuracy and works efficiency in the field. Each of the four gardens was
completed in the order of lot number, with individual plots collected by the lot. On average, each garden took three
weeks to complete the data collection. Finally, the collected GPS point feature layers were exported from Geo 7X
to Pathfinder Office. The GPS locations in those feature layers were further improved by conducting a differential
correction in the Pathfinder Office before they were exported into an ESRI geodatabase. The records from the
Excel tables were then joined with these point features in the geodatabase using the unique ID for each grave that
was created by combining the lot, section, and plot numbers.
2.5 Data Analysis
The spatial autocorrelation based on feature locations of the collected data was measured using the Global Moran’s
I statistic in ArcGIS. Moran’s I is produced by standardizing the spatial auto-covariance by the variance using a
measure of the connectivity of the data as shown in Equation 1. Resultant Moran’s I values range from
approximately -1 (high negative spatial autocorrelation) to 1 (high positive spatial autocorrelation) (Wong and Lee,
2005).
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Where n is the total number of observations, Wij is the distance between points i and j; xi represents the variable
value at the location i, and xj is the variable value at location j.
The expected Moran’s I value was determined by Equation 2, should the data be randomly distributed. As the
Moran’s I index is the process of proving the null hypothesis of random distribution wrong, the observed value
should be different from the expected value found in Equation 2. If the observed value is greater than the expected
value, the data has a positive spatial autocorrelation (clustered pattern), and the converse is true for
dispersed/uniform pattern. The Moran’s I method also calculates a z-score (Equation 3) and the corresponding pvalue that indicates the statistical significance (Lee and Li, 2017).
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The collected attribute data were also analyzed to compute the total and available plots for each garden. The empty
spaces were further broken down by section numbers (A-D), plot numbers (1-4) and the unique plot place of each
section. Next, the lifespan of veteran and non-veteran were compared. Specifically, based on the Year of Birth
(YoB) and Year of Death (YoD) information in the geodatabase, ages of the inhabitants buried at the cometary
were computed and split into non-veteran and veteran two groups. In particular, the normality of the data was
tested using both the Lilliefors-corrected Kolmogorov-Smirnov (K-S) and Shapiro-Wilk tests in SPSS 24.0 (SPSS
Inc., Chicago, Illinois, USA). Both tests serve the same purpose. The Shapiro-Wilk test quantifies the similarity
between the observed and normal distributions by calculating the percentage of the sample that overlaps with the
normal distribution while the K-S compares the observed versus the expected cumulative relative frequencies
(Shapiro & Wilk, 1965; SPSS (n.d.)). The Shapiro-Wilk test has more power for a given significance than the KS test but is more appropriate for small sample sizes (Razali & Wah, 2011). The Lilliefors-corrected K-S test is an
improvement on K-S test by correcting the K-S for small values at the tails of probability distributions (Lilliefors,
1967). Next, Because the data were not normally distributed based on the results of the Lilliefors-corrected K-S
and Shapiro-Wilk tests, the nonparametric Mann-Whitney U test was adopted to determine whether the veteran
and non-veteran groups having the same YoB, YoD, and Age distributions. The Mann-Whitney U test can test
whether two samples have the same shape by comparing the medians of the two groups based on a test statistic U
(Mann & Whitney, 1947), which is the smaller of U1 (Equation 4) and U2 (Equation 5).
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Where n1 and n2 are the sample sizes of groups 1 (veteran) and 2 (non-veteran) respectively, R1 = sum of the ranks
for group 1, and R2 = sum of the ranks for group 2.
In addition, a frequency analysis was performed to determine the five most common first and last names using the
information presented on the plaques. The total number of veterans buried at the cemetery was categorized. Finally,
those buried at the cemetery were divided into seven generation categories based on their year of birth (Table 1)
for cohort/generational analysis.
Table 1. Description of the seven-generation categories based on their year of birth.
Generations
Lost Generation
Greatest
Generation

Birth Years
Pre-1901

Descriptions
Prior to the turn of the century.

1901 to 1927

Characterized by young adults’ involvement in world wars.

Silent Generation

1928 to 1945

Baby Boomers

1946 to 1964

Generation X

1965 to 1980

Millennials
Generation Z

1981 to 2000
After 2001

Comparatively small because of the financial insecurity of the
1930s and WWII in the early 1940s. It includes most of those who
fought during the Korea War.
Many grew up during a period of increasing affluence postWWII.
Children during a time of shifting societal values due to increased
maternal participation in the workforce and lack of childcare
options outside the home.
Saw the next turn of the century from 1981 to 2000.
Accounted for anyone who was born after 2001.
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3. Results
3.1 The WHMP Geodatabase, Lot Distributions, and Plot Statistics
The WHMP Geodatabase includes four major feature classes: Lots, Plots, Empty (Plots), and Family_Markers, in
addition to the roads and statues layers. As mentioned before, the spatial locational information and attribute data
of the gravesites were linked using grave identification based on the lot, section, and plot numbers. The attribute
table of the Plot feature layer include following attributes: Lot, Section, Plot, FirstName, MiddleName, LastName,
DoB, DoD, Veteran, Epitaph, Urn, and Marker, as shown in Table 2.

Table 2. Example of the Plot feature attribute table*.
Lot Sec. Pl First
M.
Last
VetEpiDoB
DoD
Urn
Marker
#
#
.# Name int. Name
eran
taph
73
A
2
Jane1
C.
Doe1 06/17/1949
No
No
No
Mult.
73
A
1
John1 M.
Doe1 11/02/1948 08/22/2003 No
No
No
Mult.
73
B
1
John2 D.
Doe2 1929
2015
No
No
No
Mult.
73
B
2
Jane2
F.
Doe2 1933
No
No
No
Mult.
73
B
3
John3 W. Doe3 03/13/1929 01/08/2016 Korean
Yes No
Single
73
B
4
Jane3
J
Doe3 05/14/1935
No
Yes No
No
73
C
1
John4 J.
Doe4 1930
2015
No
No
No
Mult.
73
C
2
Jane4
L.
Doe4 1935
2010
No
No
No
Mult.
73
D
1
John5 W. Doe4 02/29/1960 10/29/2016 No
Yes No
Single
* The true first and last names were intentionally concealed in this table to protect the privacy of the inhabitants
buried in the cemetery.
Among the four gardens, Devotion is the largest, followed by the Tower, and then Christus, while Peace is the
smallest. There were 12,190 plots in the cemetery, with 6,500 available plots of land for purchase (Table 3).
Devotion also had the lowest vacant rate (43.06%) whereas the opposite was true for Peace (71.47%). The
measured elevations of the plots range from 275.7 m to 304.5 m. There were 140 family markers and the majority
of them located in the Devotion and Christus gardens, which have higher elevations than the Tower and Peace.
While Woodland Hills sells all of their grave plots at the same rate, other cemeteries may take advantage of such
practice of putting more value on filling up areas.
Table 3. Available Plots by Garden.
Garden Name
Christus
Devotion
Tower
Peace
Total

Plots by Garden
#
%
3,261
26.75%
4,308
35.34%
3,650
29.94%
971
7.97%
12,190
100.00%

Available Plots by Garden
#
%
1,723
26.51%
1,855
28.53%
2,228
34.28%
694
10.68%
6,500
100.00%

Vacant
rate
52.84%
43.06%
61.04%
71.47%
-

The distribution of grave plots throughout the cemetery is shown in Figure 2. It is apparent more empty graves
were located along the edges of the garden. The result of spatial autocorrelation (Global Moran’s I test) with a Zscore of 205.84 and P-value of 0.000 further confirmed the clustered pattern of the plots.
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Figure 2. The distribution of plots throughout the cemetery.
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Further analysis results indicated that the distribution of empty graves throughout each section (A-D) or each plot
(1-4) was roughly even. Comparatively, Plot 1 and Plot 2 had slightly fewer available spaces, followed by Plot 3,
while Plot 4 had the most available spaces (Figure 3). Although it is unclear why there is a slight preference for
Plots 1 and 2 spaces, this information will help cemetery managers push sales of plots 3 and 4 spaces.
2,000
1,800
1,600
1,400
1,200
1,000
800
600
400
200
0

Section(A-D)

Plot (1-4)

Figure 3. Number of Available Plots by Section or by Plot.
3.2 Veteran vs Non-Veteran Comparison Results
A total of 5,905 inhabitants were buried at Woodland Hills, among which veterans made up approximately 9.7%
of the total. The majority of those soldiers (42.4%) served in WWII, and a large number served in WWI (6.0%),
Korean (12.4%), Vietnam (7.0%) and other conflicts such as the Gulf Wars and from general service (32%). Fewer
veterans from WWI than the ones from WWII and the Korean War in the cemetery since the Woodland Hills
Memorial Park Cemetery was established in 1938. The distribution of veteran and non-veteran plots indicated a
random pattern (Figure 4). This is further confirmed by the global Moran’s I test based on a z-score of 0.087 and
a p-value of 0.93.
Based on the Dates of Birth and Death of the inhabitants that were correctly recorded (4,988 out of the total 5,905),
the lifespan statistics were calculated (Table 4). Results reveal that the average age buried at the cemetery was 72
years with a standard deviation of 20.08 years whereas the median age was 77 years. Compared to non-veteran,
the mean and median lifespan of the veterans was 71 and 74 years, respectively. On average, veterans were borne
six years after the nonveterans. Data exploratory analysis shows the histogram of YoB was slightly skewed to the
left side while those of YoD and Age were highly skewed to the right side. The results of normality tests (P<0.05)
further confirmed the significant non-normal distributions of these variables (Table 5).
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Figure 4. The distribution of veteran and non-veteran plots.
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Table 4. Lifespan statistics of the inhabitants buried at the cemetery.

Veteran

NonVeteran

All

1923

Std.
Dev
15.39

Std.
Err.
0.65

566

1994

16.25

566

71

16.15

YoB

4422

1916

YoD

4422

Age

Var.

Size

Mean

Range

Max

Min

Median

25%

75%

YoB

566

112

1989

1877

1923

1916

1931

YoD
Age

0.68

76

2017

1941

1998

1981

2008

0.68

83

102

19

74

60

83

22.36

0.34

167

2013

1846

1915

1902

1927

1988

17.84

0.27

110

2017

1907

1990

1976

2003

4422

72

20.45

0.31

110

110

0

77

65

86

YoB

4988

1917

21.83

0.31

167

2013

1846

1916

1903

1928

YoD

4988

1989

17.77

0.25

110

2017

1907

1991

1976

2004

Age

4988

72

20.08

0.28

110

110

0

77

65

85

Table 5. Results of Normality Tests.
Lilliefors-Corrected Kolmogorov-Smirnov

Shapiro-Wilk

Statistic

df

Sig.

Statistic

df

Sig.

YoB

0.068

4988

0.000

0.972

4988

0.000

YoD

0.073

4988

0.000

0.965

4988

0.000

Age
0.13
4988
0.000
0.859
4988
0.000
Therefore, the nonparametric Mann-Whitney Rank Sum test was used to test whether the veteran and non-veteran
groups have the same distribution in terms of YoB, YoD, and Age. The Mean Rank values (Table 6) for both groups
indicate statistically there is a greater percentage of veterans that are younger and have a shorter lifespan compared
to those of the non-veterans. The significance values shown in Table 7 are less than 0.01 which indicates the
distributions of YoB, YoD, and Age are significantly different between the Veteran and Non-veteran groups.
However, it should be noted that the Woodland Hills Memorial Park Cemetery is a relatively small, newer cemetery
and therefore such statistical and demographic findings need to be further validated using larger data sets.
Table 6. Ranks of the Mann-Whitney test for Veteran and Non-veteran groups.
Groups
YoB
YoD
Age

Veteran
Non-veteran
Veteran
Non-veteran
Veteran
Non-veteran

N

Mean Rank

Sum of Ranks

566
4422
566
4422
566
4422

3107.84
2415.99
2906.20
2441.80
2274.92
2522.61

1759037.5
10683528.5
1644906.5
10797659.5
1287604.5
11154961.5

Table 7. Mann-Whitney test statistics, the corresponding Z score, and significance value.

YoB

YoD

Mann-Whitney U
904275.5
1018406.5
Z
-10.763
-7.225
Asymp. Sig. (2-tailed)
5.134E-27
5.0199E-13
3.3 Genealogical Analysis and Spatial Auto-correlation Analysis Results

Age
1127143.5
-3.854
0.000

The ability to access demographic data is one of the important genealogical uses for managing cemetery using a
digital geodatabase. Inferences can be made based on inhabitants’ names even though most cemeteries do not store
cultural and ethnic information (Schmidt, 2018). Table 8 shows the five most common first and last names
presented on the plaques of the Woodland Hills Memory Park Cemetery. From the table we can see the most
common first names appear are traditional English names that would be expected in a rural Midwestern town of
the United States. The most common last names listed in the Table, such as Anderson, Nelson, and Peterson are
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common Scandinavian names while Johnson and Miller indicate the English/Scottish and German heritage of
Minnesota. The results demonstrate it is possible to trace the ethnicity and immigration patterns through burial
sites in a large-scale database.
Table 8. The five most common first and last names presented in the cemetery.
First Name

Frequency

Last Name

Frequency

Robert
100
Johnson
97
John
96
Anderson
68
William
83
Nelson
55
Mary
72
Peterson
46
Donald
60
Miller
42
Lastly, generation distributions of the inhabitants buried at the cemetery are shown in Figure 5, which seems to
follow what would be expected. Due to the age of the cemetery and no one buried at the cemetery prior to its
creation, the Greatest Generation accounted for 45.61% of the inhabitants, followed by the Silent Generation
(24.08%), while Pre-1901 generation was only 18.78%.
3,000

50%
45%

2,500

40%
35%

2,000

30%
1,500

25%
20%

1,000

15%
10%

500

5%
0

0%
Pre-1901

Greatest

Silent Gen.

Baby Boomers

Count

Gen. X

Millennials

Gen. Z

Percent

Figure 5. Generations of the inhabitants buried at the cemetery.
Based on the spatial auto-correlation analysis results (Table 9), all generations had Moran’s I values revealing a
clustered pattern with the P-Value less than 0.01 and the Z-score greater than 2.58 at a 99% confidence level. The
Pre-1901 generation was the most clustered, with the highest Z-score of 42.787, while Generation X had the lowest
value at 4.884. The spatial distribution of filled plots by generations is displayed in Figure 6. Clustered patterns
can evidently be identified from this Figure, especially for the Pre-1901 generation.
Table 9. Moran's I Results of Generation
MORAN’S I
0.134

Z-SCORE
42.787

P-VALUE
0.000

GI GEN.

0.058

18.574

0.000

SILENT GEN.

0.076

24.120

0.000

BABY BOOMERS

0.058

18.672

0.000

GEN. X

0.015

4.884

0.000

MILLENNIALS

0.020

6.430

0.000

GEN. Z

0.068

12.200

0.000

GENERATION
PRE-1901
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4. Discussion
4.1 Challenges in Cemetery Management and the Implications
Cemeteries are traditionally a mixture of private or religious organizations lacking a centralized structure. Most
cemeteries are managed by private groups who need to be able to sustain themselves regarding maintenance fees
and in the cost of land. Some graveyards are still owned and managed by religious organizations (Schmidt, 2018;
Woodthorpe, 2011). Because no central governing factor or standards present in many countries, the local rules
and regulations have been left to local governments to handle (Coutts, Basmajian, & Chapin, 2011; Scholz, 2017;
Hussein & Rugg, 2003; Woodthorpe, 2011). While cemeteries were traditionally the purview of either a family or
a religious organization such as a churchyard (Rugg, 2000), the modern need for cemeteries has expanded beyond
such specific structures due to the upcoming deaths of a large elderly population. The industry as cemeteries must
compete with other businesses to expand and overcome the local laws and regulations that are controlled by local
governments. In addition, because cemeteries do not typically receive government funding, most are required to
operate as businesses, including the Woodland Hills Memorial Park Cemetery. This means that gravesites are sold
to individuals at a rate that needs to cover the operating costs and the future maintenance of the area, which include
Landscaping cost, Property taxes, and Employees’ salary as well as costs for services such as cremations, coffin
sales, and wakes to customers (Faye & Channac, 2017). Furthermore, they must maintain enough revenue to pay
for the upkeep of the burial grounds, while allowing for the possibility of expansion into more land as the available
spaces fill (Longoria, 2014). In addition to taking into account the cost of keeping up the graveyard when assigning
prices to each gravesite and keeping the business operating, proper record-keeping practices need to be maintained
to know the accurate locations and availabilities of each gravesite as well as the information of the interred (Faye
& Channac, 2017).
Basmajian and Coutts (2010) noted that modern urban areas are facing many challenges in keeping up with the
necessary space and service requirements for disposing of the deceased. Open land is difficult to find in urban
areas, especially in large metropolitan centres (Pattison, 1955). Not only limited by space availability, numerous
prejudices and superstitions surrounding graveyards makes it difficult for cities to build new facilities (Davies &
Bennett, 2015; Davies & Bennett, 2016). Many people have negative inferences with cemeteries and do not want
to live next to them. However, society has seen a change in how people view cemeteries and other burial spaces
over time (Johnson, 2018). Recent studies have proposed the concept of “Green urban cemeteries”. This allows
for the open space for these cemeteries, while also makes it possible for surrounding neighborhoods to benefit
from the space that can no longer be used for development (Swensen, Nordh, & Brendalsmo, 2016; Skår, Nordh,
& Swensen, 2018; Woodthorpe, 2011). Likewise, the Woodland Hills Memorial Park Cemetery, with bronze
plaques mounted at ground level and a mixture of trees, sculptures, and memorial benches in the gardens,
exemplifies a design of “Green urban cemeteries”.
Another challenge with cemetery management is the lost or incomplete records for older cemeteries, especially
the ones no longer have a caretaker or with poor management. Exhaustive processing must be done to restore the
records and many of which will continue to have important data missing despite the best efforts of those involved
(Matero & Peters, 2003; Paine, 1992). Although the records of Woodland Hills Memorial Park Cemetery are wellpreserved, some of them still contain incomplete, missing, or wrong data. For example, for the total 5,905
inhabitants buried in the cemetery, only 4,988 have complete and correct records on the dates of birth and death.
Therefore, it is important to standardize cemetery organization methods such as record keeping and updating, the
type of information archived, and the structural and spatial layout of the grave plots. This can prevent issues with
lost gravesites and unknown burials, allow cemetery managers to plan for further development efficiently, and
create a historic and cultural record kept of those who had once lived in the area (Schmidt, 2018; Bennett & Davies,
2015). Many previous cemetery studies have centered on how past human behaviours such as archaeology,
anthropology, and history would have benefited from properly collected and maintained records (Matero & Peters,
2003; Nielsen et al., 2015; Paine, 1992; Spurgeon, 2017). This case study presents an example on how to record
cemetery data properly and combine them in a geodatabase as well as how to analyze the digital data quantitatively.
4.2 Strengths and Weaknesses of the Proposed Methodology for Cemetery Management
Due to a lack of funding, technological personnel and skills, and other infrastructure, as well as historical and
logistical issues (Montalbano, 2012; Sanjuán & Wheatley, 1999), to date, cemetery management has mainly based
on traditional methods, especially for those local-scale cemeteries. Using Woodland Hills Memorial Park as an
example, their property maps were sketched by hand on hard-copy paper maps to show users the locations of
sections, lots, and spaces in the cemetery. Likewise, the associated attribute data such as lot number, deed number,
lot owner, space, marker, etc., were recorded manually in paper-based lot books.
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This proposed data collection methods based on GPS and GIS technologies successfully helped create highly
accurate geodatabase for Woodland Hills with limited time and funding (~$5,000). Notably, most well designed
GPS devices have a horizontal accuracy of 3 meters (Grimes, J. (n.d.)). As described in Section 2.4, in this study,
if no additional data collection strategies were used, even the high-end Trimble Geo 7X GPS units could only
achieve an accuracy of 1-2 m at some locations due to the presence of trees and the effects of other factors. However,
a higher level of accuracy (20 cm) is required in this study due to the close proximity of gravesites to each other.
To overcame this challenge, following strategies were adopted: (1) the Zephyr antenna and LRF sensor were used
together with the Trimble Geo 7X GPS units to achieve higher locational accuracy; (2) data collection was only
conducted on sunny or partly cloudy days, primarily from 10 am to noon and 1 pm to 3 pm when the satellite
geometry was optimal, and the GPS error (e.g., atmospheric refraction) was minimized; and (3) the GNSS points
have gone through differential corrections to ensure that the satellite signals were correctly received by the GPS
unit. Based on these strategies, a very high accuracy (2-3 cm) was obtained in this project. It took approximately
three months (4 hours per survey day) for two people to collect the spatial data for all the 12,190 plots in Woodland
Hills, and another 2-3 months (4 hours per day) for the major analyst to convert the handwritten records to digital
tables using pictures taken for each page of the record book as a reference for entering the data in Excel. Once the
spatial GPS and attribute data are collected, it is convenient to combine them into a geodatabase in GIS, so exact
locations and records related to gravesites could be accessed, mapped, and updated easily using the computer
without having to page through paper maps and books manually. Cemetery managers can painlessly map the
available gravesites and match them to the requests of their customers (Liebens, 2003).
The proposed statistical and generational analysis methods can be easily implemented to other studies of a similar
manner, even though the demographics of cemeteries established elsewhere or at different times and sizes may
reveal different statistics and demographic results presented by Woodland Hills. For cemetery managers, it is
important to know how many plots are available for purchase for each garden in the cemetery and where they are
located so they can push sales of the empty plots in specific locations and avoid single empty plots surrounded by
filled ones. Such kind of questions can be easily answered using the digital geodatabase created in GIS. In addition
to mapping the filled and empty gravesites, the database users can analyze the spatial patterns and demographical
attributes efficiently as demonstrated in this case study. Likewise, information such as the differences between
nonveteran and veteran groups in terms of their birth, death, and age distributions, as well as the ethnic background
and generational information of the inhabitants will be beneficial to future historians or individuals interested in
the local culture and history.
Moreover, the spatial analysis in GIS could efficiently identify spatial characteristics and patterns (clustered,
dispersed, or random) existing in the data and provide implications for future cemetery management. For example,
the clustered patterns of the Generation categories identified in Woodland Hills suggest that individuals desire to
be buried next to other of the same age group, whether out of practical necessity or out of preference for the familiar.
In addition, the clustered pattern may also be attributed to the fact that couples, usually from the same generation,
are traditionally buried next to each other. Therefore, gravesites that lack other empty plots surrounding them will
be harder to sell than those with spaces surrounding them. While Woodland Hills sells all of their grave plots at
the same rate, other cemeteries may take advantage of such practices of putting more value on filling up areas.
Finally, the cemetery data layers created in the GIS framework can be easily exported to Keyhole Markup
Language (KML) files that can be viewed in the open-source Google Earth, which provides an alternative option
for sharing data with individuals unfamiliar with GIS software.
However, the geodatabase, GIS and KML data layers, and other products created in this study are only accessible
in local computers. If more budget and time allow, it would be ideal to make the data available through a webbased mapping service, like the ANC Explorer in Arlington National Cemetery, to host and store the cemetery data
on the Internet. This will enable families and visitors to search for gravesites online. Along with web maps, web
applications that provide an image of the gravesite and directions to a specific grave could also be created, which
would make it possible to provide users with virtual tours of the gravesite. In addition, highly accurate topographic
data could be collected in the field with a combined technology of Light Detection and Ranging (LiDAR) and
Unmanned Aerial Vehicle (UAV) sensing to provide a better understanding of the layout of the cemetery. Groundpenetrating radar (GPR) can help determine whether the vacant graves are truly unused, or to find gravesites that
may have been incorrectly marked. Lastly, for more reliable demographic and genealogical analysis, adding more
cemeteries or additional demographic attributes (e.g. ethnicity and family ties) to the geodatabases would be
helpful.
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5. Conclusion
One major purpose of this research was to explore how geospatial technologies could be used to transform localscale cemetery records into a digital geodatabase with limited time and budget. It was found that a high locational
accuracy could be achieved based on carefully designed GPS data collection strategies. The geodatabase that links
the GPS data and attributes of the gravesites in GIS could greatly facilitate data query and cemetery management.
Another goal of this study was to conduct gravesites inventory for Woodland Hills and demonstrate how we could
analyze the spatial and attribute data of the cemetery using the geodatabase. It was proven that the data can be
easily queried, the spatial patterns can be visually mapped, and the demographic analysis can be efficiently
conducted.
In conclusion, this research provides a template for other projects of a similar manner and contributes to improving
cemetery management with digital methods of collecting, storing, processing, and analyzing data. In addition, the
geodatabase, accurate spatial maps, methods, and analysis results created in this case study would not only enable
the managers of Woodland Hills to better manage the cemetery in a cost and time-saving way but also allow the
users and researchers efficient access to relevant information. The proposed procedure and methods can be easily
applied in other local-scale study sites. If more budget and time allow, this project can be further developed by the
creation of web maps and applications and the uses of LiDAR, UAV, and GPR technologies.
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