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Abstract

The ecological footprint is a measure that calculates the demand for resources from 
the environment based on daily people’s needs and desires. The study, on which this 
article is based, used the GFN online calculator to measure the ecological footprint of 
individual members of the Army Support Base, Eastern Cape. The ecological footprint 
online survey was used to obtain the quantitative data from the online results of each 
participant. Statistical analysis was performed using the STATISTICA 14.0 program to 
calculate the ecological footprints of the individual members of the Army Support Base, 
Eastern Cape and their combined ecological footprints. Officers recorded the highest 
ecological footprints in most categories, while NCOs, Private Services Act personnel, 
and privates in general recorded the lowest scores. Males scored higher than females in 
almost all categories, suggesting that they have a higher ecological footprint than females, 
and therefore a larger impact on the environment. The results of this study are significant 
as it is the first ecological footprint calculation performed for a military base in South 
Africa and one of only a few global studies similarly targeting the military. These results 
can be used as a basis for further studies in units of the South African National Defence 
Force, ultimately leading to more sustainable resource use.

Keywords: Ecological Footprint, South African National Defence Force, Military, 
Sustainable Resource, Environmental Management.

Introduction: Environmental Footprint Calculators and the South 
African Military

The development of environmental footprint (EF) calculators over the last few decades 
expanded the array of tools that could be used to ensure a more stable ecological future 
through sustainable resource use. The sections below present a short overview of the 
EF calculators available, and argue for the use of such a calculator to determine the 
environmental footprint of a South African (SA) Army unit.

Choosing the Most Suitable Environmental Footprint Calculator for the Study

Two main ways to determine the environmental footprint of a community or individual 
are using an online calculator, or mathematical calculation. See Figure 1 for a schematic 
representation of the different methods.
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Figure 1: Schematic illustration of the two EF calculation methods449
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Collins et al. explain the EFA methodology and why they chose not to use the Global 
Footprint Network (GFN) online EF calculator.450 They focussed their study at household 
level to measure the environmental footprint of students, and used the research of Baabou 
et al. to explain the different mathematical methods to calculate the environmental 
footprint.451 When calculating the environmental footprint at a level below national level, 
either a top-down or bottom-up approach is used, with the bottom-up using a component 
EF calculation, and the top-down using a compound EF calculation.

The top-down (compound) and bottom-up (component) EF calculation methods use 
National Footprint Analysis (NFA) data to calculate the lower-level (regional or provincial 
level) and the household EF respectively. The online EF calculation uses a top-down 
approach to measure the environmental footprint of an individual. Collins et al. agree 
that top-down EF calculation methods are more accurate than bottom-up methods, 
but such methods are also more data-intense, and there are no guarantees that local, 
provincial, or regional data will be available.452 Figure 1 reflects a schematic summary 
of the two EF calculation methods, the ecological footprint analysis (EFA) and the online 
EF calculation.453,454 Apart from the two mathematical calculations, several other online 
EF calculators exist. Both mathematical calculations and the online calculator have 
limitations and advantages.455,456

The GFN, Redefining Progress and World Wildlife Fund (WWF) are the most popular 
online calculators used by researchers.457,458,459,460 Based on their research, Fernández et 
al. and Collins et al. chose to measure the environmental footprint of students at Cardiff 
University and the University of Siena using the GFN calculator.461,462 The GFN calculator 
was easily accessible, easy to understand, quick to complete, provided individual data, and 
was available for individuals in more than 15 countries. These qualities made the GFN 
calculator the most suitable for use at Army Support Base (ASB), Eastern Cape (EC).

The South African Army and Environmental Footprint Calculators

In 2018, Smit and Van der Merwe focussed their research on military environmental 
literacy (MEL), which included the attitude, behaviour, and knowledge of the environment 
of members of the SA Army.463 According to their research, the results obtained from 
the associations between the three different components showed a strong relationship 
between the improvement of an individual’s attitude and his or her behaviour towards the 
environment. These results pave the way for the involvement and support of the military-
integrated environmental management programme (MIEM) in the South African National 
Defence Force (SANDF). Smit extended this research on the MEL of members of the SA 
Army to the implementation of environmental military courses to produce environmentally 
responsible soldiers for the Department of Defence (DoD).464 Using results from the 
2017 annual MIEM to substitute the MEL results, Smit found a definite improvement in 
environmental literacy among students who had received some environmental education 
or training. Based on these findings, Smit concluded that soldiers needed to receive more 
environmental management training and education than was the case at the time.465 This 
bottom-up approach would enhance the educational level of soldiers from a low to a 
high level, leaving the commanders and chief with the non-negotiable task to support 
and develop improved MEL for the DoD.466
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The relevance of the calculation of the environmental footprint of individuals at the ASB 
EC is as follows:

	y Once members of the ASB EC have been made aware of the EF calculation and 
completed it online, it would enable improvement of individual attitudes, which 
will eventually improve individuals’ behaviour towards the environment. 

	y With the possibility to include the EF online calculation in the annual environmental 
training programme, it is possible to make a positive contribution to the MEL 
level of SANDF soldiers and improve the sustainability of resource use in the 
SANDF. 

	y By using the delimitation of Wackernagel and Beyers, Jorgenson et al., and Galli 
et al., the ASB EC would qualify as a community of soldiers in a municipal area 
with specific boundaries, shared road infrastructure and facilities that relate to 
military activities.467,468,469,470

The aim of the study reported on in this article, was to measure the environmental footprint 
of individuals at the ASB EC, situated in the Eastern Cape, a province of South Africa. 
The study could be extended to other arms of service, and it could be used to measure 
the environmental footprint throughout the SANDF.471,472,473,474 Such a measurement of 
the environmental footprint of military personnel of the SANDF has never been done.475 
This research aimed to fill this gap.

Calculating the Environmental Footprint of Individuals at the Army 
Support Base, Eastern Cape

Different methods to calculate the environmental footprint have been designed over 
the years, the first being the land-use matrix (LUM), proposed by Wackernagel and 
Rees.476 Others followed, either calculating the consumption of goods and services, or 
using the environmentally extended multi-regional input–output (EE-MRIO) analysis, 
which incorporates EF drivers of consumption to determine environmental impact and 
environmental footprint.477,478,479 These are all mathematical methods. The first online 
calculator was designed by the GFN in 2007 after the early introduction of the land-use 
matrix. The online questionnaire focusses on specific categories, such as food, housing 
and transport, and expresses the score as an EF value. 

Fernández et al. used a quantitative framework to analyse the daily effect of consumer 
demands and consumption patterns on the environment.480 The researchers used descriptive 
statistical analysis to analyse the data obtained from the results provided by the online 
EF calculation regarding the consumer behaviour of primary school teachers. The results 
from the online survey, global EF measure in global hectare (gha), and environmental 
footprint listed in the different categories, were tabulated, making it possible to compare 
the carbon footprint, food footprint and goods and services footprint.

In the study reported on in this article, a similar methodological approach was used. A 
random sample of the population was used to complete the online EF calculation. The 
EF online questionnaire was used to collect quantitative data from each participant’s 
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responses. The different categories and EF calculations were tabulated in a data matrix 
table to enable completion of the data analysis process. The qualitative data available 
from the data matrix table were then used to calculate the environmental footprint of the 
individual members of the ASB EC as well as their combined environmental footprint.

The choice of using the GFN online EF calculator as a data collection method was 
supported by the fact that no cost is involved, the calculation gives an immediate result, 
the questionnaire relates to the everyday lives of participants, and it is preferred by 
international researchers in the field.481,482,483 The quantitative information, i.e. primary 
data, was obtained from the calculations of the online EF measurement.484,485 The 
information is visually displayed in different categories as qualitative data. In Figure 2, 
an example of the results page of the GFN online EF calculator is depicted. For each 
answer, the calculator provides a value. At the end of the questionnaire, the calculation 
provides a graphic breakdown, and a visual percentage value of the land-use types and 
each consumption category, namely food, shelter, mobility, goods, and services. The value 
of the individual’s overshoot day486 and the number of earths it would take to sustain 
the individual’s current living standard, the land-use type by consumption category, the 
ecological footprint, carbon footprint, and the carbon footprint as part of the ecological 
footprint are displayed (based on the individual’s environmental footprint).

Figure 2: Results page of GFN online EF calculator487

These figures are unique to each participant. All participants who completed the online 
calculation provided data from their lifestyle, and choices for the measurement of the 
ecological footprint of the individuals at the ASB EC. The online calculation was explained 
in detail before the participants started with the calculation. The validity of the research 
method was not compromised because the questions listed in the online questionnaire 
were directly related to the research questions and linked to the research objectives. The 
data collection instrument plays a fundamental part in data collection as well as the way 
the relevance, validity, and accuracy of the study are presented in the conclusion and 
recommendations related to the research problem.488
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The calculation of the ecological footprint of the individuals at the ASB EC was based 
predominantly on a quantitative research method. Both quantitative and qualitative 
research tools were used to formulate the actual online EF calculation process.489,490,491

The Study Area: Army Support Base, Eastern Cape

The study area for this study was the ASB EC, a military base in the city of Gqeberha, 
situated in the Eastern Cape, South Africa (Figure 3).492

The ASB EC houses three different arms of service, and covers an area of close to five 
km2. The ASB EC is one of four units that are housed in the garrison. Most of the site is 
taken up by married and single quarters, a mess for officers and NCOs, and the golf course.

Figure 3: Schematic image illustrating the general layout of the Army Support Base, 
Eastern Cape (maps produced with ArcGIS®, Esri; imagery © 2023 Maxar)

The personnel comprise officers, warrant officers (WOs), non-commissioned officers 
(NCOs), privates, and Public Service Act Personnel (PSAP).493 The ASB EC is a support 
unit, and is under command of the SA Army Support Formation. The ASB EC aims 
to serve all clients in the Eastern Cape, and to be ready to execute any logistical task 
as requested by the general officer commanding (GOC) SA Army Support Formation. 
The unit is primarily responsible for providing support services, namely procurement, 
transport, facility maintenance, technical maintenance, and safety and protection.
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Surveying the Support Base, Eastern Cape

At the time, the ASB EC had 460 personnel, with males making up 68,6 per cent and 
females representing 31,4 per cent. The unit members are made up of 33 officers, 35 
warrant officers, 198 NCOs, 96 privates and 98 PSAP.494 The size of the sample determined 
the specific number of participants that were selected from the official name list of the 
unit to complete the online EF calculation. The names of the possible participants were 
entered on an Excel spreadsheet with name, rank, department, and gender as identifiers. 
Using the number of potential participants per rank group, made it possible to identify 
the ratio of male and female participants.495 If a member was not willing to participate, 
was on leave or on a military course, the next member on the list was asked to complete 
the calculation. This rule was followed until the criteria for the sample size and gender 
split had been reached.

Participants who did not want to complete the calculation were removed from the randomly 
selected list, and the next person on the list from the same group was contacted to 
participate voluntarily. In the case where a person of a different gender to the one originally 
selected agreed to participate, an additional participant from the other gender was chosen 
from the next rank group to be able to adhere to or balance the gender split values of the 
ASB EC. Participants had the choice to complete the calculation in a predetermined venue 
(according to COVID-19 regulations) or complete the calculation in their own office 
(following COVID-19 regulations). On completion of the online calculation, the results 
page of the participant was printed and used to complete the data matrix table. The results 
page remained with the researcher for safekeeping. A total of 140 participants voluntarily 
completed the GFN online EF calculation. A total of 80 males and 60 females completed 
the calculation i.e. 57,1 per cent males and 42,9 per cent females. This represented a 
gender split of 1,3:1. Considering the number of males in the ASB EC, it was expected 
that more males would participate in this study. However, two reasons were listed for 
the smaller gender split that was recorded in the study: many male members were away 
on a military course during the data collection; and more females across all rank groups 
were willing to complete the online EF calculation.

Before starting the calculation, participants were reminded of the background and aim 
of the study. After completion, the results page of the calculation was printed, and the 
interpretation of the results was explained. Each participant received a number to ensure 
the confidentiality and anonymity of his or her results. All the EF results were then listed 
in the data matrix table according to the predetermined criteria.

Research Ethics and the Environmental Footprint Calculations

During this study, it was essential to address multiple ethical considerations for measuring 
the ecological footprint. Once the officer commanding (OC) ASB EC granted approval, 
ethical clearance was sought from both the Stellenbosch University Research Ethics 
Committee and the Defence Intelligence (DI) Division of the Department of Defence 
(DoD). Since ASB EC individuals were to fill in a questionnaire for data collection, the 
researcher ensured compliance with the ethical policy of Stellenbosch University.496,497
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Once ethical clearance and authorisation had been obtained from the DoD, the participants 
were informed of the research in the form of a presentation on –

	y why the information would be collected;
	y what the purposes of the questionnaire and of the research were;
	y the role the participants would play, and how; and
	y how the research would affect the individuals, either directly or indirectly.498,499,500 

During the presentation, an online example of the EF calculation was displayed to give 
participants a visual idea of what the research was about and what the questions would 
be that they would have to answer during the calculation. The participants were informed 
that no sensitive questions would be asked, that they would suffer no harm, and that they 
could withdraw at any time without any negative consequences.501 The calculation was 
completed anonymously, and the data of each individual appeared next to a number to 
maintain confidentiality throughout the data collection and analysis process.

Results of the Environmental Footprint Survey

The results of the GFN online calculation of participants at the ASB EC are presented 
in the sections below. Table 1 lists examples of the scores achieved. These are presented 
in two parts.

GFN Results for Environmental Footprint of Individuals at the ASB EC

Table 1 (Parts 1 and 2) shows an extract from the complete data matrix table of the 
participants’ scores for rank, department, gender, planet score, environmental footprint, 
carbon footprint, and carbon footprint (as a percentage), as well as land-use values, which 
include built-up land, forest, cropland, rangeland, fisheries, and carbon footprint. The 
consumer categories covering food (F), shelter (Sh), traffic or mobility (M), goods (G) 
and services (S) are also indicated. This extract (Table 1) is presented for display and 
page fit purposes.

Table 1: An extract of the data matrix table created of the individual EF results

Part 1

Participant Rank Department Gender Planet score EF (gha) CF (TPA)* CF (%)

Participant 1 WO Emergency Services M 8,2 13,3 27,3 71

Participant 2 Capt. Transport M 3,8 6,2 10,9 60

Participant 3 Maj. Facilities M 4,4 7,1 14,7 71

Part 2

Participant Land type Consumer categories

Built-up Forest Crop Grazing Fishing CF F Sh M G S

Participant 1 0,2 0,7 1,0 0,1 0,1 5,0 0,8 1,9 2,6 0,8 1,0

Participant 2 0,2 0,7 0,9 0,1 0,1 3,0 1,1 1,7 0,4 0,9 0,7

Participant 3 0,2 0,8 1,5 0,2 0,1 6,8 1,7 3,0 2,7 1,2 1,0
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Note: TPA = tonnes per annum

The statistical composition (median, mean, standard deviation, minimum and maximum) 
of the GFN results according to the EF calculation categories for the individuals of the 
ASB EC is indicated in Table 2. Note that the land types (built-up land, forest, crop, 
fishing grounds, grazing, and the carbon footprint) indicate the amount of land needed for 
the specific lifestyle of the individuals of the ASB EC, and the consumption categories 
(food, shelter, mobility, goods and services) indicate the most important consumer goods 
and services.

Table 2: Values of EF categories according to statistical measures

Median Mean Standard 
deviation (SD)

Minimum 
value

Maximum 
value

Overall scores

Planet score 3,5 3,6 1,5 1,4 10,8
Environmental 
footprint (gha)

5,6 5,8 2,5 2,2 17,6

Carbon footprint (TPA) 9,9 10,6 5,0 3,4 32,2
CF (%) of 
environmental footprint

61,0 61,5 6,6 47,0 79,0

Categories

Built-up land 0,2 0,2 0,1 0,1 1,2

Forestland 0,6 0,7 0,4 0,1 3,5

Cropland 1,0 1,0 0,4 0,5 2,7

Grazing land 0,1 0,1 0,0 0,0 0,6

Fishing grounds 0,1 0,1 0,3 0,0 3,9

Carbon footprint 3,3 3,5 1,6 0,5 11,1

Food (F) footprint 1,0 1,1 0,5 0,1 2,9

Shelter (Sh) footprint 1,4 1,7 1,3 0,1 10,3

Mobility (M) footprint 0,7 1,0 1,0 0,0 6,7

Goods (G) footprint 1,0 0,9 0,3 0,1 2,0

Services (S) footprint 0,8 0,8 0,3 0,1 3,2

The values in Table 2 show that the mean (average) planet score was 3,6, environmental 
footprint was 5,8, and the carbon footprint was 10,6, It is further indicated that 61,5 per cent 
of the carbon footprint forms part of the EF. In terms of land use categories, forestland (0,7) 
and cropland (1,0) have the highest (marked in blue) land type scores, while grazing land 
(0,1) has the lowest score (marked in red). Looking at the mean values of the consumer 
categories, the highest footprints are carbon (3,5), shelter (1,7), food (1,1), and mobility 
(1,0), while the footprint of service (0,8) has the lowest scores.
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Statistical Significance of the GFN Results of the EF Categories of the ASB 
EC

In Table 3, the EF categories are displayed against the rank groups (NCOs, officers, PSAP, 
privates and WOs) based on their p-values.502

Table 3: Statistical significance (p-values) of EF variables

Statistical significance (p-values)
Rank group Department Gender

Overall scores

Planet score ≤ 0,01 0,16 0,08

Environmental footprint ≤ 0,01 0,16 0,07

CF (TPA) ≤ 0,01 0,20 0,14

CF (%) of environmental footprint 0,12 0,45 0,58

Categories

Built-up land* 0,33* 0,34 0,08

Forestland* 0,11* 0,12 0,01

Cropland 0,16 0,03 0,06

Grazing land* 0,3* 0,70 0,11

Fishing grounds* 0,55* 0,14 0,20

Carbon footprint (CF) 0,02 0,15 0,12

Food (F) ≤ 0,01 0,09 0,11

Shelter (Sh)* 0,04 0,09 0,16*

Mobility (transport) (M) ≤ 0,01 0,53 0,83

Goods (G) 0,64 0,08 0,24

Services (S) 0,83* 0,45 0,50

Note = data were winsorised503

The different EF categories include the planet score, environmental footprint, carbon 
footprint, and carbon footprint as a percentage of the environmental footprint, the land-
use categories: built-up land, forest, cropland, grazing land and fishing grounds and the 
consumer categories: food (F), shelter (Sh), mobility (M), goods (G) and services (S).

According to the statistical treatment of the data, only the planet score, environmental 
footprint, carbon footprint (TPA), food and mobility variables showed significant 
differences by reporting a p-value ≤ 0,05, In the case of the land-use categories: built-up 
land, forestland, goods and services data were winsorised to reduce the effect of outliers 
on the results. In the case of the various departments, no significant differences were 
recorded for any of the environmental footprint, land-use or consumer categories. In the 
case of gender, the only category that showed a significant difference was forestland while 
the data for the consumer category home or shelter were winsorised.
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Statistical Significance of Different Variables (Rank, Departments, and 
Gender) Against the EF Categories

Rank groups

The letters (a,b,c) next to the scores in Table 4 indicate significant differences between 
rank groups and different EF categories at a significance level of 5 per cent (p < 0,05). 
If at least one letter overlapped between two groups (e.g. b vs ab), then the difference 
was not significant (p > 0,05). If there were no overlapping letters (e.g. a vs b), then the 
difference was significant (p < 0,05). The scores marked in blue show the highest scores, 
and those in red, the lowest scores.

Table 4: Results of EF categories against rank groups and EF categories

Rank group mean (standard deviation)

ANOVA F-test NCOs Officers PSAP Privates WO

Overall scores

Planet score F(4,135) = 4,16; 
p < 0,01 3,5(1,6)b 4,7(1,7)a 3,2(1,1) b 3,1(1,1)b 3,8(1,6)ab

Environmental 
footprint

F(4,135) = 4,10; 
p ˂ 0,01

5,7(2,6)b 7,6(2,7)a 5,3(1,7) b 5,0(1,7)b 6,1(2,6)ab

CF (TPA) F(4,135) = 4,31; 
p ˂ 0,01 10,2(4,7)b 14,3(6,6)a 10,0(3,8)b 8,8(3,0)b 10,9(5,5)b

CF as % of 
environmental 
footprint

F(4,135) = 1,85; p=0,12 60,9(6,2)b 63,0(7,6)ab 64,7(6,9)a 60,6(6,0)b 60,0(7,0)b

Categories

Built-up land* F(4,135)=1,17; p=0,33 0,2(0) 0,2(0,1) 0,2(0,1) 0,2(0,1) 0,2(0,1)

Forestland* F(4,1135)=1,90; p=0,11 0,7(0,3)ab 0,8 (0,4)a 0,7(.03)ab 0,6(0,3)b 0,7(0,2)ab

Cropland F(4,135)=1,66; p=0,16 1,1(0,5)ab 1,2(0,4)a 0,9(0,26)b 1,0(0,4)ab 1,1(0,4)ab

Grazing land* F(4,135)=2,81; p=0,03 0,12(0)a 0,1(0)a 0,1(0)b 0,1(0) ab 0,1(0)ab

Fishing grounds* F(4,135)=.76; p=0,55 0,11(0) 0,13(0) 0,10(0) 0,11(0) 0,13(0,1)

Carbon 
footprint (CF)

F(4,135)=2,93; p=0,02 3,52(1,63)b 4,59(2,27)a 3,58(1,47)ab 3,03(1,02)b 3,41(1,48)b

Food (F) F(4,537)=4,74; p ≤ 0,01 1,2(0,64)a 1,24(0,55)a 0,86(0,25)b 1,16(0,56)a 1,23(0,59)a

Categories

Shelter (Sh)* F(4,135)=0,37; p=0,83 1,74(1,17) 1,82(1,09) 1,5(0,93) 1,6(0,89) 1,57(0,9)

Mobility 
(transport) (M) F(4,135)=5,28; p ≤ 0,01 0,97(0,9)bc 1,8(1,52)a 1,39(1,11)ab 0,54(0,61)c 0,99(0,93)bc

Goods (G) F(4,135)=0,638; p=0,64 1,01(0,35) 1,05(0,32) 0,92(0,32) 0,96(0,32) 0,91(0.49)

Services (S) F(4,135)=2,55; p=0,04 0,84(0,33)b 1,08(0,58)a 0,84(0,36)b 0,78(0,26)b 0,79(0,27)b

Note = * data were winsorised 
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Officers show the greatest differences of all rank groups with a planet score of 4,67 while 
other rank groups have a planet score of ≥ 3. The reason for the large difference in planet 
score between officers and the other rank groups can be explained by the higher income 
of officers, their higher standard of living, a high transport footprint as well as high 
food and carbon footprints. The lower scores for NCOs, PSAP, privates and WOs can 
be explained based on their lower income, their average standard of living, making use 
of lift clubs or walking to work, and their inability to buy expensive foods, as expensive 
products would increase their carbon footprint. The perception is that expensive products 
may have a larger ecological footprint because they often utilise rarer materials and more 
energy-intensive production processes. However, the relationship between price and 
ecological impact is not universally consistent, and some high-quality expensive items 
might be more sustainable in the long run.

The small differences in planet score between the NCOs and WOs, and PSAP and privates 
might be ascribed to both groups having a lower income than that of officers, a trend also 
observed by Bayraktar.504

Similar statistical differences were recorded for the environmental footprint and carbon 
footprint of the different rank groups. Officers scored the highest environmental footprint 
of 7,6 gha and a carbon footprint of 14,3 TPA, while the other groups’ scores for EFs were 
between 5 gha and 6 gha and CFs between 8,8 TPA and 10,9 TPA. The carbon footprint 
as a percentage of the environmental footprint shows very few significant differences 
with a p-value of p=0,12 and a mean value of 60 per cent for WOs and 65 per cent for 
PSAPs while officers show a value of 63 per cent.

Although there is a small difference between the different rank groups, the only constant 
high value was reported by officers. Since rank is an indicator of income, this was 
expected, and these results are corroborated by the research of Flint and Cordero et al.505,506

Departments

In Table 5, the letters (a,b,c) indicate significant differences between departments (groups) 
and different EF categories at a significance level of 5 per cent (p < 0,05). If at least 
one letter overlapped between two groups (e.g. b vs ab), then the difference was not 
significant (p > 0,05). If there were no overlapping letters (e.g. a vs b), then the difference 
was significant (p < 0,05). The scores marked in blue show the highest scores, and those 
in red, the lowest scores. To ease the representation of the results, the departments were 
combined into groups, namely: 

	y Group 1 represents the Headquarters (HQ), Communication, Human Resources 
(HR), Senior Warrant Officer (SWO), and Control departments; 

	y Group 2 represents the Support Supply Service Centre (SSSC); 
	y Group 3 represents the Transport and Technical Maintenance Service Centre; and 
	y Group 4 represents the Emergency Services, and Physical Training, Sport and 

Recreation (PTSR), and Protection departments.
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Table 5: Results of EF categories against different departments and EF categories

Department mean (standard deviation)

ANOVA F-test Catering Group 1 Group 2 Group 3 Group 4 Protection 
Section

Overall scores

Planet score F(5,134)=1,6; 
p=0,16

3,7(3,2)ab 4,0(1,5)a 3,3(1,3)b 3,6(1,0)ab 4,5(2,1)ab 3,5(1,4)ab

Environmental 
footprint

F(5,134)=1,6; 
p=0,16

6,1(5,2)ab 6,6(2,4)a 5,3(2,2)b 5,8(1,5)ab 7,3(3,4)ab 5,7(2,3)ab

CF (TPA) F(5,134)=1,5; 
p=0,20

10,1(8,5) 12,0(5,3) 9,7(4,5) 10,2(3,4) 13,5(7,8) 10,1(4,2)

CF as % of 
environmental 
footprint

F(5,134)=0,9; 
p=0,45

57,2(4,3) 62,4(7,3) 61,9(6,7) 59,9(6,1) 61,7(9,1) 61,4(4,5)

Categories

Built-up land* F(5,134)=1,2; 
p=0,34

0,2(0,2) 0,2(0,1) 0,2(0,1) 0,2(0) 0,27(0,1) 0,2(0,1) 

Forestland* F(5,134)=2,0; 
p=0,09

0,7(0,6)ab 0,8(0,3)ab 0,6(0,3)b 0,7(0,2)ab 1,0(0,5)a 0,7(0,4)ab

Cropland F(5,134)=2,5; 
p=0,03

1,17(0,7) 1,2(0,5) 0,9(0,4) 1,1(0,3) 1,2(0,5) 1,1(0,4)

Grazing land* F(5,134)=0,6; 
p=0,70

0,1(0) 0,1(0,1) 0,1(0,1) 0,1(0) 0,1(0,1) 0,1(0)

Fishing grounds* F(5,134)=1,6; 
p=0,14

0,1(0,1)ab 0,1(0,1)a 0,1(0,1)b 0,1(0,1)ab 0,1(0,1)ab 0,1(0)ab

Carbon footprint (CF) F(5,134)=1,6; 
p=0,15

3,5(2,9)ab 4,1(1,8)a 3,2(1,5)b 3,5(1,2)ab 4,3(1,3)ab 3,5(1,5)ab

Food (F) F(5,134)=2,0; 
p=0,09

1,2(0,5)ab 1,4(0,6)a 1,0(0,5)b 1,2(0,5)ab 1,2(0,7)ab 1,1(0,5)ab

Shelter (Sh)* F(5,134)=0,9; 
p=0,45

1,7(1,8) 1,9(1,2) 1,5(1,0) 1,6(0,7) 2,1(1,2) 1,6(0,8)

Mobility (transport) 
(M)

F(5,134)=0,8; 
p=0,53

0,6(0,3) 1,2(1,3) 1,0(0,1) 1,2(1,1) 1,6(1,4) 1,0(1,1)

Goods (G) F(5,134)=1,9; 
p=0,08

1,0(0,4) 1,0(0,3) 0,9(0,3) 0,9(0,5) 1,1(0,2) 1,2(0,3)

Services (S) F(5,134)=1,9; 
p=0,09

0,94 (0,66)ab 0,95 (0,46)a 0,76 (0,25)b 0,81 (0,19)ab 1,11 (0,45)a 0,90 (0,41)ab

Note = * data were winsorised

The different departments do not show significant differences in the number of planets 
they need to live their daily lives, reflected in the p-value of p=0,16, However, Group 
4 recorded a high score of 4,47 Earths, while Group 2 had a lower score of 3,28 Earths. 
These results are higher than the world average planet score derived from the studies 
by Lambert and by Fernández et al., where an overall average number of 4,46 Earths or 
planets were recorded.507,508 The EF score shows a similar pattern with fewer significant 
differences amongst the departments with a p-value of p=0,16. The highest score was 
recorded by Group 4 at 7,27 gha, and the lowest score was recorded by Group 2 at 5,33 
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gha. According to Bayraktar, a high income relates to a high environmental footprint 
because of the purchasing power that the individual has.509

It seems the carbon footprint and the carbon footprint (as a percentage of the environmental 
footprint) followed a similar pattern to the planet score and the environmental footprint. 
However, in the case of the carbon footprint as a percentage of the environmental footprint, 
Group 1 (HQ, Communication, HR, SWO and Control) recorded the highest carbon 
footprint as a percentage of the environmental footprint of 62,4 per cent, and catering, the 
lowest score of 57,2 per cent. One of the reasons for the high carbon footprint of Group 
1 can be explained by the increase in consumption patterns of goods and services. The 
possibility exists that the individuals in this group have large families and earn a high 
income, which enables them to purchase luxury goods from supermarkets and choose 
to have a dominantly meat diet instead of vegetables, something also postulated by 
researchers, such as Bayraktar and Sarkodie.510,511

In general, departments in all categories of the environmental footprint achieved fairly 
similar results. Even if there were differences, these were not always significant. This 
may be because the departments are all made up of a mixture of different rank groups. 
While ranks are representative of income, the mix in ranks negates differences between 
departments.

Gender

As indicated in Table 6, significant differences were recorded between the environmental 
footprint, built-up land, cropland, and forest footprint scores. These p-values were p ≤ 0,08 
while the other categories recorded scores between p=0,11 and p=0,83, Males dominated 
all the scores except the carbon footprint as a percentage of the environmental footprint 
where females scored 61,9 per cent while males recorded 61,2 per cent. Males scored 
higher (marked in blue) in all the other categories. In their study of university students in 
India, Raj et al. found no difference between the EF scores of males and females; thus, 
corroborating the results of this study.512 Reasons for this could be that males and females 
at the ASB EC live similar lives and take part in very much the same activities, have the 
same eating habits, and travel almost the same distances to work every day. Bayraktar 
recorded the same pattern in a study with Turkish pre-service teachers.513

In the current study, males recorded a higher environmental footprint than females. 
According to Flint, a large environmental footprint can be the cause of a high carbon, 
transport, food, and goods footprint.514 On the other hand, a low environmental footprint 
can be contributed to a low food and service footprint, which implies a predominantly 
vegetable diet, recycling of waste, lower carbon footprint and choosing alternative 
energy and water consumption methods.515 Three factors that play a significant role in 
a CF score are related to economic purchasing power, the number of family members, 
and level of income. People in many cultures have historically expected men to have a 
prominent role in economic activities, while women were often associated with household 
responsibilities; however, these roles and perceptions are evolving, and vary widely 
across different societies.516 Other aspects that contribute to the carbon footprint are a 
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high food and mobility footprint, which add to the increase of gas emissions released 
into the atmosphere.517,518

Table 6: Results of EF categories against gender

Gender mean (standard deviation)

EF category ANOVA F-test Males Females

Planet score F(1,138)=3,1, p=0,08 3,82(1,6) 3,36(1,39)

Environmental footprint F(1,138)=3,26, p=0,07 6,22(2,62) 5,46(2,28)

CF (TPA) F(1,138)=2,16, p=0,14 11,20(5,29) 9,95(4,58)

CF as % of environmental footprint F(1,138)=0,31, p=0,58 61,26(6,42) 61,90(6,96)

Built-up land* F(1,138)=3,10, p=0,08 0,23(0,1) 0,20(0,1)

Forestland* F(1,138)=6,11, p=0,01 0,76(0,33) 0,62(0,33)

Cropland F(1,138)=3,65, p=0,06 1,15(0,43) 1,01(0,42)

Grazing land* F(1,138)=2,52, p=0,11 0,12(0,05) 0,11(0,05)

Fishing grounds* F(1,138)=1,68, p=0,20 0,12(0,06) 0,11(0,06)

Carbon footprint (CF) F(1,138)=2,16, p=0,14 3,78(171) 3,34(1,58)

Food (F) F(1,138)=2,6, p=0,11 1,23(0,57) 1,07(0,57)

Shelter (Sh)* F(1,138)=1,95, p=0,16 1,78(1,12) 1,53(0,91)

Mobility (transport) (M) F(1,138)=0,04, p=0,83 1,09(0,98) 1,06(1,19)

Goods (G) F(1,138)=1,38, p=0,24 1,02(0,38) 0,95(0,32)

Services (S) F(1,138)=0,45, p=0,50 0,88(0,33) 0,84(0,43)

Note = * data were winsorised

The results indicated in Table 6 reveal significant differences between male and female 
participants. Males recorded a larger environmental footprint than females in almost all 
categories, suggesting that they have a higher environmental impact than females. This 
trend is supported by the results of other studies.519

Combined Environmental Footprint and Result 

A total of 140 participants completed the GFN online EF calculation. The individual 
values of the EF calculation were used to calculate the combined ecological footprint 
of the individual members of the ASB EC participating in the study. The individual EF 
results were listed in a data matrix table created using an Excel spreadsheet. The combined 
environmental footprint of all participants in the study was 825,5 gha, with an average 
of 5,89 gha per participant. After calculating the average environmental footprint based 
on the total number of ASB EC members, the combined environmental footprint of all 
members in the ASB EC is 2 709,4 gha. These results are higher than normal gha per 
participant and average planet score (3,6) when compared to similar studies. Raj et al. 
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calculated the environmental footprint of students at the University of Punjab at 5,58 
gha in comparison with that of the general population of India at 0,91 gha.520 In 2007, a 
world average of 2,7 gha per person was recorded. This increased to 2,8 gha in 2016.521,522 
Collins et al. and Galli et al. respectively reported a minimum of 1,6 planets in 2012 
and a maximum of 2,4 planets in 2016 required by the world population to live their 
lives the way they were living at the time.523,524 Lambert reported a higher than the world 
average planet score,525 where an overall number of 4,46 earths or planets were recorded 
by students; 3,99 by academic personnel; and 4,55 by non-academic personnel. Other 
studies respectively recorded an EF per person of 4,84 gha, 3,89 gha and 3,65 gha.526,527,528

Rank Groups

The results show that officers had the highest scores in all categories, while PSAPs and 
privates had the lowest scores. The combined environmental footprint of the members 
of the ASB EC participating in the study was very high, and the average environmental 
footprint was higher than the world average of 2,8 gha.529 A possible reason for this 
result is that a few researchers found that participants had a higher than average initial 
EF score when they completed the online EF calculation for the first time, and that they 
were not aware of the demands their lifestyles placed on the environment.530,531,532,533,534 A 
review of the participants during the current study revealed that the majority of privates 
were living-ins at military quarters and were dependent on the accommodation that was 
available at the base. PSAP members might have shared their accommodation with other 
members, depending on their circumstances. Most senior ranks lived in their own homes 
and could make their own decisions about their lifestyle. Higher ranks had a higher 
financial remuneration bracket than privates and PSAP members, which gave them 
greater freedom in the choice of their living conditions. This result was also reflected by 
the research of Lambrechts and Van Liedekerke, and Raj et al. who found the same trends 
for higher-income groups.535,536 This included the high food footprint, independence in 
terms of the mode of transport, number of years employed, and ability to follow fashion 
trends, use the latest technology, and keeping up with what is available in the market. 
Lower income groups are not in a financial position to follow such a lifestyle, a finding 
that is corroborated by the research of Lambrechts and Van Liedekerke.537

Departments

The departments are combined into smaller groups:

	y Group 1 = headquarters (HQ) – communication, human resources, senior warrant 
officer (SWO) and control;

	y Group 2 = supply support service centre (SSSC), procurement and facilities;
	y Group 3 = transport and technical maintenance service centre; and 
	y Group 4 = emergency services and PTSR, as well as protection).

According to the findings highlighted in Table 5, the results of the departments in relation 
to the three identified EF calculation categories showed that Group 2 had the highest 
individual EF scores, while Group 4 had the lowest scores. From the results for the EF 
of different departments at the ASB EC, the individual EF was dominated by Group 4, 
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and the lowest score was that of Group 2. In terms of the land use category, the highest 
sub-groups were the built-up and forest land footprint for Group 4, and the lowest score 
was that of Group 2. Group 1 had the highest cropland and fishing ground footprint, while 
Group 2 again had the lowest score. The catering services recorded the highest grazing 
land score while all the other groups had a much lower grazing land score. 

Group 4 consisted of the Emergency Services and PTRS, while Group 2 consists of 
SSSC, procurement and facilities. Group 4 was made up the three largest service centres 
while Group 2 represented the two smallest service centres. In their research, Lambrechts 
and Van Liedekerke determined that different components could differ in different 
departments. 538 One of the reasons for the different scores of the two groups might be 
that Group 4 was less concerned about environmental matters in contrast with Emergency 
Services and PTSR service centres who worked more closely with the environment. The 
number of participants might be another contributing factor as well as the possibility that 
most participants in Group 2 were males while Group 2 had an equal number of male 
and female participants. The possibility exists that most participants were officers, which 
put them in a higher income bracket, leading to a lifestyle that translated into a higher 
EF calculation, something also reported by Li and Young.539 In addition, the high built-
up and forest land, carbon, shelter, mobility and services footprint of Group 4 could be 
explained based on the studies by Collins et al.540 and Raj et al.541 These are all indications 
of large homes, big families, travelling long distances by car, and preferring to eat in 
restaurants rather than buying and preparing local fresh produce. The low sub-category 
scores of Group 2 (built-up, forest, grazing land, fishing grounds, food, shelter and services 
footprint) are indications of a group that limit travelling by car, eat more fresh foods, 
have smaller families, and are committed to recycle and reduce energy consumption, 
trends echoed by Fernández et al., Galli et al., and Lambrechts and Van Liedekerke.542,543,544

Gender

In the current study, males had the highest scores in 13 of the 15 categories (see Table 
6). However, no significant differences between the overall environmental footprint of 
males and females were found. Results from various other studies indicate that males 
have a higher environmental footprint than females, while some researchers found no 
difference between genders, and some studies reported a higher environmental footprint 
for females.545,546,547,548,549,550 

Raj et al. calculated a consumer footprint for students, and found three opinions in terms 
of the difference in gender EF:551 

	y No difference was found between the environmental footprint of male and female 
participants;

	y Male participants had a higher environmental footprint than female participants; 
and 

	y Female participants had a higher environmental footprint than male participants.552 
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The three opinions above can be explained by the fact that, in some instances, men and 
women had similar lifestyles, travelled the same distances, consumed the same processed 
drinks and food, and used the same technology. Where male participants had a higher 
EF than female participants, the main reasons related to identical activities with the only 
difference being that men lived a more outgoing life, travelled more, ate in restaurants, 
lived with large families in their own homes, did not recycle and were more fashion 
conscious than women.553,554 

In the last instance, female participants had a larger EF than the male participants, which 
could be linked to female participants who have to travel often in terms of transporting 
children to and from school, have the purchase power in the household, do not recycle 
and prefer to take the family to restaurants instead of serving home-cooked meals, use 
technology to run the household, such as for online purchases, have a prominent social 
life, and stay up to date with fashion.555,556,557

From these lifestyle examples, it is possible to explain the high EF of males and the low 
EF for females in the calculation of the environmental footprint of individuals at the 
ASB EC. Several factors, such as high income, longer travel distances, processed foods, 
fashion trends, and living with large families in their own homes might be reasons for 
the higher result for male participants. The reason for the lower EF of females might be 
connected to their weak purchase power, preferring home-cooked meals for their family, 
not following fashion trends consciously, rather walking or using a bus to travel from 
point A to point B, and not being empowered by the use of technology to make their 
lives easier.558 Another reason for the higher EF of males might be that many participants 
were men. As a final comment, it should be taken into consideration that, although males 
generally recorded higher scores for most categories, almost none of these results were 
significant if statistically interrogated. This means that the results for women and men 
do not differ significantly.

Concluding Remarks

From the combined EF of the different categories, officers (Group 1 (HQ, Communication, 
Human Resources, SWO and Control), and Group 4 (Emergency Services and PTSR) as 
well as males, were the most prominent contributors to the overall environmental footprint 
of the unit. The high EF of officers might be attributed to several factors, including higher 
income, elevated CF, and increased shelter, food, and mobility footprints. For Groups 
1 and 4, the predominance of officers and males further amplified the collective EF of 
the members. As far as gender is concerned, male participants recorded higher scores 
in almost all categories than female participants, although virtually all differences were 
found to be statistically not significant.

The results of the different rank groups are dominated by officers on the one side of the 
spectrum, while PSAP and privates on the other side had the lowest scores. This seems 
to indicate that financial income plays a significant role in the environmental footprint of 
individuals. No significant difference existed between the different departments, although 
Group 2 (officers) recorded the lowest score. Group 4 (privates) recorded the highest 
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scores, except in the case of grazing land, and was dominated by male participants who 
had higher incomes, more expensive lifestyles, more travel expenses and high consumer 
demand than female participants. Males generally dominate the structure of the ASB EC, 
and their higher environmental footprint is confirmed by these results and affirmed by 
various studies, as indicated earlier.

The main findings from this study are that level of income plays the most significant 
part in the calculation of the environmental footprint of an individual. A high income 
could influence 90 per cent of the other categories, and officers who fall in a high-income 
bracket play a dominant role in both the rank group as well as the different groups because 
where the participants in the group where mostly officers, high scores were recorded in 
the different categories. This means a high income reflects a more lavish lifestyle and a 
higher EF. Males dominated the EF calculation, evidenced by an overall high score in 
the different categories. Males and females in the ASB EC might therefore not have as 
different EFs as the raw results suggest, but more research is needed to confirm or refute  
 this conclusion.

The study found the GFN online EF calculator to be a suitable tool to measure the 
ecological footprint of individuals at the ASB EC and to calculate their combined 
environmental footprint. It is an internationally accepted calculation, and can be used 
by individuals on their own or in a group context. It is easy to use, and calculations can 
be done over time to follow the progress of reducing the environmental footprint. The 
spectrum of the calculator makes it possible for individuals and groups or communities 
to work on different areas to reduce their environmental footprint. Within the three sub-
categories, it is possible to identify specific areas that individuals need to change and 
where they could adapt their daily lives. The calculation of the environmental footprint 
of military personnel is a first for the SA military. This calculation could also be used as 
a benchmark against which to measure other military units.

The SA National Defence Force (SANDF) has a responsibility towards the environment, 
and one of the ways to commit to this responsibility is through education and training. 
To establish environmental literacy in the SANDF, education needs to take place at all 
levels of command, according to an environmental management system (EMS). Based on 
the research by Smit, the relationship between attitude, behaviour, and knowledge plays 
a critical role in how soldiers act towards the environment. It is therefore important to 
improve their knowledge about the environment.559,560

The current study identified several practical issues that could be addressed to improve 
the environmental footprint of members of the ASB EC. Officers commanding could 
reduce the number of cars inside unit lines; daily electricity consumption could be reduced 
by switching lights off during lunch and tea times; recycling of paper and plastic could 
be initiated both in offices and in the mess; and the unit environmental officer could 
employ an incentive programme for service centres that would contribute to reducing 
their environmental footprint.
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The preparation of soldiers during basic training and again during formative and 
promotional courses for officers or NCOs is critical to embed the knowledge that 
individuals place demands on the environment, and to teach them how to reduce their 
environmental footprint. The current research established a benchmark for EF calculation 
in the SA Department of Defence and paved the way for future use of the methods 
developed for this study.
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