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Abstract: Plastic waste and microplastics are invading lands and oceans, creating problems
for animals, human health, and the environment. Packaging, building and construction, textiles,
and cosmetic sectors are the main industries that utilize these non biodegradable materials.
Thus, there is a necessity to find a new way of producing and consuming skin- and eco-
compatible’ goods. For this purpose, it’s important to remember that the cosmetic and diet
supplement markets are continually increasing, due also to the introduction of “Beauty from
within,” based on the contemporary consumption of cosmeceuticals applied to the skin and
nutraceuticals taken by oral route. Moreover, both of these products are made by emulsions or
solutions based on a great consumption of water with the use of carriers rich in chemicals,
which often cause allergy and sensitization problems. Thus, the proposed solution to use smart
tissue carriers, which are embedded with natural ingredients, is based on the use of raw
materials and biopolymers obtained from food and agroforestry waste. These new carriers, with
a structure similar to the Extra Cellular Matrix, may be used to realize smart cosme-
nutraceuticals useful to reduce water consumption, producing innovative products free of
emulsifiers, preservatives, colors, fragrances, and other chemicals. So, it will be possible to
save human health and the environment by maintaining natural raw materials and the
biodiversity of the earth for future generations.

Keywords: cosmeceuticals; nutraceuticals; chitin nanofibrils; nano lignin, waste;
microplastics; cosmetic market; diet supplement market; water consumption; skin and mucous
barriers

1. Introduction

As known, production and consumption of cosmetics contribute to the
microplastics released into the oceans as microbeads by materials used for making
buildings and producing foods, cosmetics, packaging, and tissues, all impacting the
environment and human health (Figure 1) [1]. Microplastics are defined as plastic
fragments with a size lower than 5 mm. They released into the oceans have reached
the number of 24.4 trillion with a weight between 82 and 578 million tons and an
estimated increase of 4.8 to 12 million tonnes yearly (Figure 1) [2,3]. This great
quantity of plastic microparticles, ingested by fish and marine mammals, enters the
food chain up to the human food. In fact, microplastics have been recovered into tea
cups, placentas, blood, and drinking water [4—7]. It is suspected that they can act as
vectors for potentially toxic elements such as Fe, Mn, SL, S, Pb, Cu, Ag, and Zn and
contaminants, including polychlorinated bisphenols and phthalates utilized to make
some kind of plastic packaging [8,9]. Textiles can be considered the primary source
of microplastics because they are generated during their washing. While the presence
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of plastic items in land and ocean can be limited by increased education and new
technologies, the microplastics due to the textiles’ use cannot be eliminated easily,
hence an increased use and consumption of fashionable clothes based on biobased
fibres (degradable in water) are promoted day by day [10].

Primary plastic production by industrial sector, 2015
lastic productio .

Primary global p i by industrial sector allocation, measured in tonnes per yea

0 tonnes 40 million tonnes 80 million tonnes 140 million tonnes

Figure 1. Plastic industrial production cause of the microplastics’ release (courtesy
of Richie and Roser-Our World in Data [3]).

Regarding the cosmetic products, the global market was valued at USD 375.30
billion in 2022, and it is expected to expand to USD 560.50 by 2030 with a compound
annual growth rate (CAGR) of 5.1% from 2021 to 2030 (Figure 2) [11]. The principal
key factors driving the market are the global aging population and the rapidly changing
lifestyle with the adoption of skin care and personal care products by aged and young
consumers, driven by social media and the increasing e-commerce [11,12].

PRELEIEREE COSMETICS MARKET SIZE, 2020 TO 2030 (USD BILLION)

§ 560.50
$532.19

$505.56
$480.49

$456.89

§ 434.66

$413.70

§393.94
$375.30
$351.11
$341.10

O 202 W 2023 W o024 [ 2025 W o026 W eoo7 Q2028 W 2020 W 2030 |

Figure 2. Global cosmetic market (courtesy of Precedence Research Company) [12].

Moreover, for maintaining the actual health and beauty, the so-called “Beauty
from within” has born, based on the integration of cosmeceuticals applied to the skin
with nutraceuticals (functional food) taken by oral route. Thus, it will be possible to
obtain the global health and beauty of the body, acting contemporarily from inside and
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outside, by the use of the so-called nutricosmetics [13]. Consequently, it could be
useful to add the cosmetic market size (USD 376) to the nutraceuticals ones (USD
493) (Figure 3) [9] for understanding the real value of the global beauty healthy
market, which, from USD 870 billion in 2022, has been valued to range from USD
1553 billion by 2030 [12,14].

Global Nutraceuticals Market
Market forecast to grow at a CAGR of 9.1%

USD 991.09 Billion

USD 493.06 Billion

2022 2030

RESEARCH MARKETS

THE WORLD'S LARGEST MARKET RESEARGH STORE

Figure 3. The global nutraceutical market (courtesy of Research and Markets [14]).

At this purpose, it is important to underline that both these products may contain
and are packed by plastic polymers such as polyethylene and polypropylene,
remembering that the beauty industry only produces more than 120 billion units of not
recyclable plastic packaging every year [12,15].

Consequently, it has been valued that the global bottles into which
cosmeceuticals and nutraceuticals are filled up will range around 480 billion units by
2029, from the actual 240 billion ones. Moreover, the bottles’ fossil origin and limited
recyclability due to their incineration and contamination with the product also result
in further greenhouse gas emissions.

Therefore, there is the urgent necessity to increase production and use of biobased
and biodegradable polymers for realizing innovative skin- and eco-friendly
cosmeceuticals and nutraceuticals by sustainable productive processes, reducing the
great micro nanoparticles invading the oceans also [1-3,15].

2. Cosmeceuticals & nutraceuticals needs

As a consequence, the consumer request for cosmeceuticals and nutraceuticals
that are skin- and eco-friendly is continually increasing. These specific products, in
fact, are considered made by natural and biodegradable ingredients, carriers, and
packaging and therefore characterized for their high effectiveness and safety [16—19].
However, to be effective, both ingredients and carriers must be capable of passing
throughout the keratin-lipid matrix of the skin lamellar membranes as well as the
glycoproteic polymer and fibers forming the mucous barrier, possibly maintaining
balance in the physiological activity of the microbes living on their surface (Figure 4)
[19-21].At this purpose, in fact, it results of fundamental importance not only the
active ingredients’ selection but also the different carriers (vehicles) used because,
driving the penetration of the active molecules through the skin and mucous
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membrane’ barriers, have the possibility to give effectiveness and texture to the final
formulation [19-21].

Lipids (Lamellar Membranes)

epidermis

dermis

N\
§ <

e ’§ sub-cutanous layer Corneocyte (cell)  Corneodesmosomes (Protein rivets)

Oral epithelium

Basement
membrane

Lamina propria

Submucosa
(contains blood
vessels and
nerves)

Muscle

Figure 4. (a) skin structure; (b) corneocytes organized by lipid lamellae; and (c) the
mucous membrane.

Skin lipid lamellae and oral epithelium, in fact, modulate the penetration of active
ingredients depending on the carrier used naturally; all the selected ingredients have
to be biodegradable and obtained possibly by food and agro-forestry waste for
maintaining the natural sources and the planet's biodiversity for future generations
[22].

It is important to remember, in fact, that “nature and biodiversity loss is a material
risk to climate stability, economy and financial increasing and to the global
development”. Therefore, protection of biodiversity safeguards climate too, avoiding
planet disasters [22]. Unfortunately, the great problem of the biodegradability of both
cosmetics and nutraceuticals’ packaging is practically not solved, and the use of non-
biodegradable plastic polymers increases year by year. Consequently, polyethylene
(PE) dominates the composition of plastic waste at lands and oceans, followed by
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polypropylene (PP) and polystyrene (PS), contributing to the reported formation of
microplastics [23]. Moreover, the many and different active ingredients, formulating
the majority of all the so-called nutri- and eco-cosmetics (combined use of
cosmeceuticals and nutraceuticals) carried by emulsions based on the use of
preservatives, emulsifiers, fragrances, colors, and other chemicals, are often causes of
allergic and sensitizing phenomena [24], being packaged in non-biodegradable plastic
containers also. Thus, as previously reported, consumers are looking for the so-called
“clean beauty” and “beauty from within” focusing their purchases on products that,
free of common harmful ingredients and made with less plastic materials, renewable
energy, and regenerative ingredients, release less waste and are skin- and
environmentally friendly [12,25-28]. The majority of the nutricosmetics, in fact, are
packed by plastic polymers such as polypropylene and other plastics, including PET
and acrylic ingredients. By all these considerations, our proposed solution is reported
soon after. It is based on the production of smart tissues as novel carriers to make
innovative cosmetic and nutraceutical vehicles that, alternative to the actual
emulsions, could be packaged by simply paper also [19].

3. Proposed solution

To partially solve some of these problems, our research group has proposed to
substitute the carrier emulsions of the active eco-nutri-cosmetics with natural
biodegradable tissues, which, made by the electrospinning technology, result
characterized by the same morphology of the extracellular matrix (ECM) (Figure 5)
[19,29-33]. Moreover, due to the natural ECM similarity of these innovative tissues,
the skin layers’ penetration seems to be more interesting and effective [28-33].
Finally, during the electrospinning process, the block-polymeric micro-nano particles
have been bound to the polymer's fibers by a patented technology able not only to
create stable micro-nanoparticles but also to encapsulate various active ingredients
utilizing water as solvent only [29-33]. It is also interesting to underline that, while to
produce one cosmetic product (emulsion or shampoo), it seems necessary to consume
between 60 and 90 mL of water, to make a piece of the new tissue carrier, the necessary
water should be around 0.5 mL. In conclusion, the quantity of water necessary to
produce the supposed 120 billion units per year of cosmetic products made by the
reported tissues will be around 60 tons in comparison with the normal emulsions, for
which it will be necessary to consume around 9 million tons.

(€)) (b)
Figure 5. (a) structure at the SEM of the proposed tissue (CN); (b) compared to

the Extracellular Matrix (ECM).
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By our technology, the electrospun tissues have been functionalized by
embedding the fibers with chitin nanofibril-nanolignin or chitin nanofibril-yaluronan
block polymeric complexes (Figure 6). These complexes have the possibility to
encapsulate different active ingredients, necessary to characterize the final product:
cosmeceutical or nutraceutical [32—34]. It is interesting to underline that these smart
tissues, made by biodegradable water-soluble or water-insoluble polymers embedded
by selected active bio-ingredients, may be applied on the skin and/or on oral mucous
membranes, acting as tissue-regenerative products [32-35]. Moreover, the usual non-
biodegradable polypropylene support, normally utilized for the non-woven tissues
made by the electrospinning technology, has been substituted by a biodegradable
bamboo tissue, rendering globally biodegradable the final product for both the
ingredients used and the packaging materials [36,37].

AccY SpotMagn Det WD —— 2m
16.0kV 80 10000x GSE 9.7 12 Tor Complesso CN-HA essiccato

(b)

EHT = 200KV Signal A= SE2 Date 18 Jun 2015
WD = 72mm Mag= 3000KX  SamplelD=

EHT = 300V Signal A = SE2 Date 10 Jun 2013 .
WD= 54mm Mag= 300KX  SampleiD= =)

(a) ©
Figure 6. (a) tissue structure (up) and at SEM (down); (b) chitin nanofibrils
yaluronan; (c) chitin nanofibrils-nanolignin.

4. Conclusion

As reported by many scientific papers, plastics and microplastics’ invading lands
and oceans became a great problem to be solved for saving human health and the
environment. Thus, the necessity to change the way of living ameliorates our actual
economic and social approaches, transforming the current linear model of economy
based on “take-make-consume-throw away” in a circular economy. This new
producing circular methodology, in fact, keeping in use products and materials of post-
consumption waste rich in high-value natural resources, might achieve and facilitate a
greater level of social and environmental sustainability [38—43]. Therefore, the
proposed use of smart biodegradable tissues as new vehicles able to carry natural
active ingredients through the skin layers and/or the mucous membranes could be
useful to make innovative cosmeceuticals and nutraceuticals [19,29,30,44—47]. These
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Abstract: Taita Hills are one of the most important biodiversity hotspots of Kenya but are
experiencing a high rate of deforestation due to the to the conversion of its original forestland
to agriculture and settlement during the last century. These landscape dynamics, coupled with
rainfall fluctuations in these critical ecosystems, may significantly affect water resource
distribution and food security in Taita Taveta County and its environs. This study aimed to
establish the trends of land use/cover change (LUCC) in the Wundanyi catchment from 1970
to 2030 and predict their specific and combined effects on surface runoff and stream flow in
the same period. The analysis was based on statistical trend analysis and dynamic landscape
modeling using both historical and primary data from the Wundanyi catchment and Landsat
TM and ETM+ imagery of Taita Hills for 1990, 2000, and 2010. Results show highly variable
mean seasonal and annual values of discharge in Wundanyi catchment, probably attributed to
environmental changes affecting Taita Hills in general and Wundanyi catchment in particular.
Compared to 1990, major land use/cover changes in 2010 were featured by the expansion of
built-up area (250%), plantation forest (23.7%), broadleaved forest (17.4%), and thicket
(15.9%). It was also notable the decrease in woodland (—30.3%), cropland (—21.6%), and
shrubland (—0.8%). Dynamic spatial trends by the year 2030 will be evidenced by increased
thicket by 0.41% per annum (R? = 81.6%) and by decreased plantation forests (—0.13%; R? =
91.3%), woodland (—0.10%; R?> = 77.6%), shrubland (—0.11%; R> = 85.2%), broadleaved
forests (—0.03%; R? = 56.6%) and cropland (—0.09%; R? of 84.4). These changes will shape the
catchment landscape and influence its hydrology, unless the existing forest and agricultural
policy interventions are enforced. Hence, crop diversification, agroforestry, and soil and water
conservation structures are recommended to maintain effective control of LUCC on
hydrological processes going on in the Wundanyi catchment.

Keywords: catchment management; land-use and land-cover (LULC) change; river flow,
seasonality; Taita Hills

1. Introduction

1.1. Background to the study

Access to clean and safe water is a basic human need and is essential for good
health and well-being. Yet, worldwide estimates indicate that over two billion
individuals live without safely managed water services, more than one billion lack a
basic water service level, and close to 0.8 billion reside in countries with high or
critical water stress levels [1]. Land use and land cover changes (LUCC) assume vital
roles in global water dynamics. Generally, land cover modification through natural
and anthropogenic activities has intensified in recent decades and has produced more
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far-reaching impacts than they did in the past [2]. These changes are the primary
drivers of the unprecedented local, regional, and global shifts in hydrological
processes through their effects on infiltration, erosion, and evapotranspiration. Given
the role of vegetation cover in modulating infiltration, transpiration, and evaporation,
LUCC can significantly influence surface runoff and river discharges [4]. Overall
research findings suggest that in many places, anthropogenic activities, especially
those resulting on LUCC, tend to be more impactful on streamflow than climate
variability. But less is known about the magnitude of LUCC’s impacts on hydrological
processes, which varies considerably across regions, depending on land use intensity
[2].

Empirical evidence from across the globe has demonstrated LUCC impacts on
various hydrological processes, including surface runoff and streamflow. For example,
Chen et al. [4] conducted a meta-analysis of studies on the impacts of climate and
LUCC on stream flow in the Loess Plateau, China. The authors noted significant
declines in stream flow rates in the catchment during previous decades. According to
their estimates, while climate change contributed to 36% of observed decreases, 64%
of the decline was due to LUCC. Comparable findings are reported by Shah et al. [5],
who examined stream flow predictors in the Han River Basin, South Korea, using data
covering 1978-2014. According to their results, climate variability accounted for 36—
56% of shifts in stream flows, while human activities contributed to 45%—64% of the
changes.

Sub-Saharan African countries experience some of the most extensive LUCC-
related degradation in the world. [6,7] Poor and most vulnerable countries in the region
are also the most prone to the adverse impacts of water scarcity. Kenya is one of the
most water-scarce countries in sub-Saharan Africa, considering that over a fifth of its
residents have no access to a reliable water system [8]. The ever-increasing water
scarcity and demand have emerged into one of the notable obstacles to sustainable
development in the country and have brought forward the critical need to protect its
water towers. Land use and cover practices in the country, especially the conversion
of forestland for agriculture and settlement, have resulted in water catchment
destruction and significant alterations of key hydrologic processes [3,9]. Kipchumba
and Cornu [8] reported that climate change’s impacts on water availability in Kenya
are compounded by various land use activities, such as large-scale deforestations and
unsustainable agricultural practices.

The Eastern Arc Mountains (EAM) is a critical water tower, a biodiversity
hotspot, and one of the world’s most important areas for endemic wildlife conservation
[10]. Taita Hills of Taita-Taveta County are Kenya’s sole representative of the EAM.
The hills are an important water tower in Kenya, serving as a catchment for the
expansive Tsavo ecosystem [11]. Despite its vital role in the country’s hydrology,
Taita Hills is among the most degraded EAM areas, having lost over 98% of its
original forest cover during the past two centuries [12]. More recently, Wekesa et al.
[9] estimated that the hills’ lost over 23% of their forest cover between 1973 and 2016,
implying an annual deforestation rate of approximately 0.5% during the period. Much
of this loss is attributed to unsustainable land use and land cover changes (LUCC) in
the hills’ catchments [13]. Long-term deforestation and other land use activities have
produced significant impacts on the water resources of the areas served by the hills
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[14]. Empirical evidence from various studies points to large-scale water catchment
degradations due to unsustainable land use activities around Taita Hills [15]. However,
there is limited research on the extent to which these changes have influenced the East
African region’s hydrology.

Empirical evidence on the effects of LUCC on the East Africa region’s water
systems reveals mixed findings. In one of the most extensive reviews covering East
Africa, Guzha et al. [2] found that although field and modelling studies revealed that
land cover loss in the region is accompanied by increased stream discharges and
surface runoffs, trend analyses revealed that in most cases, the loss in forest cover had
no significant impacts on discharges and streamflows. There were weak correlations
between forest cover and mean discharge, peak discharge, and runoff. Such
inconsistencies call for additional highly controlled studies to offer further insight into
hydrological responses to a catchment’s LUCC. The study employs a statistical
multivariate trend analysis embedded in the Soil and Water Assessment Tool (SWAT)
to assess LUCC impacts on surface runoff and river discharges. Statistical models,
such as multivariate trend analyses, predict LUCC by establishing mathematical links
between a set of explanatory factors and an outcome variable [16].

The SWAT model developed by Arnold et al. [17] is one of the most robust
models available for watershed modelling. When used to model hydrological
processes in large watersheds, SWAT considers water storage in different layers, as
well as surface runoff, infiltration, soil moisture redistribution, evapotranspiration,
lateral subsurface flow, storage in reservoirs and ponds, transmission losses in the
stream, and return flow [18]. A statistical multivariate trend analysis is embedded in
the SWAT model to assess the various LUCC forms and their correlations with the
catchment's hydrological processes. The analysis uses the modified curve number
(MCN) approach, which is the core mechanism for determining excess rainfall [17].
The SWAT model can be used in ungauged catchments and, hence, allows evaluation
of hydrology changes resulting from LUCC in areas without gauges [19].

The SWAT model has been successfully applied in various studies across the
globe to assess the impacts of changes in land use and management practices on water
quantity and quality at different scales and environmental conditions, even in areas
with limited data [18—20]. The model is also capable of simulating various hydrologic
processes of a catchment, such as runoff and stream flow. Digital Elevation Models
(DEMs), ERDAS, ILWIS, and ArcGIS were used to analyse historical LUCC patterns.
Similar to SWAT, these tools have been successfully used to analyse and classify LUC
patterns [21,22]. The findings sometimes reveal unexpected shifts in the landscape’s
LUC, including changes that have had notable impacts on the catchment’s
hydrological processes.

1.2. Research scope and rationale

The main purpose of this study is to assess the effects of land cover changes on
the hydrological processes in the Wundanyi catchment of Voi catchment, within the
Taita Hills of Kenya. Specifically, the study aims to:

a) assess past and future patterns of land use/cover changes in Wundanyi catchment
from 1970 to 2030; and to
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b) determine the effects of forest cover change in Wundanyi catchment’s surface
runoff and streamflow.

In fact, Wundanyi, like other catchments within Taita Hills, is experiencing rapid
deforestation-related environmental deterioration [23]. The catchment is also
experiencing a vicious drought-flood cycle, which may have impacted its hydrological
processes remarkably. Part of the prolonged droughts and frequent floods in the
catchment may be attributed to sustained land use-related environmental degradation.
Assessing how land use changes affect Wundanyi’s hydrological processes may help
develop informed policies to alleviate water stress levels among the populations served
by the catchment. Yet, few studies have evaluated specific LUCC impacts on
Wundanyi’s surface runoff and streamflow.

Yes! There is insufficient knowledge of the implications of human activities on
hydrological processes in the Wundanyi catchment under the changing climate
scenarios. Besides, the available studies in Wundanyi catchment are based on old data
and may not reflect the present scenario, given that the catchment’s population and
land use activities are rapidly changing [24]. In addition to supplementing existing
studies, this study also simulates future changes in the Wundanyi catchment. The study
simulates Wundanyi’s past and future land use and/or cover (LUC) scenarios for
1970-2030 using a dynamic landscape model of satellite images of the catchment.
Various studies have been conducted on environmental degradation in Taita Hills
[12,13,25]. This study models and predicts seasonal runoff and discharges using a set
of LUCC parameters, such as area under cultivation, area under forest cover, and
seasonal rainfall, using statistical multivariate trend analysis. The choice of these
models was justified by their ease of implementation and the capacity to create a
general LUCC representation where data, time, and other resources are scarce [16,26].
However, these statistical models ideally need to be combined with spatial models to
display LUCC, especially for catchments with scarce data such as Wundanyi, and
possibly project their impacts on the whole regional hydrology.

2. Materials and methods

2.1. Description of the study area

The study was conducted in Wundanyi, a medium catchment of about 190 km?,
in Taita Hills’ upper elevation, within Taita-Taveta County of Kenya. Taita Hills cover
an area close to 1000 km?, which is located in South-Eastern Kenya at latitude 03°020’
S and longitude 38°20" E (Figure 1), about 150 km off the Indian Ocean’s coastline
and isolated from other mountainous areas by the Tsavo plains. The elevations range
from 700 to 2208 m a.m.s.l. (above mean sea level). Due to the altitudinal differences,
the area has very variable rainfall, vegetation cover, and land use practices. The
population in the catchment was estimated to be about 370,000 and 280,000 people in
2023 and 2010, respectively; that’s an increase of nearly 517% (2023) and 370%
(2010) since the 1960s [23,24,27]. The rapid population growth is considered the main
driver of biodiversity loss and environmental degradation in the catchment [9,28].
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Figure 1. Map of Wundanyi catchment drawn from soak and chiesa maps (Source:
Data analysis by authors from KNBS) [27].

Wundanyi catchment belongs to a semi-arid climate influenced by the Inter-
Tropical Convergence Zone and differences in altitude and relief. The topography
affects rainfall distribution significantly both vertically and horizontally. Annual
precipitation in Taita-Taveta ranges from approximately 1000 mm to 1750 mm [14].
There are some variations throughout the country, with the hills around Wundanyi
experiencing slightly wetter conditions [23]. Wundanyi’s rainfall distribution is bi-
modal, with longer rainy seasons occurring from March to May and short rains from
October to December (Figure 2). The bi-modal pattern determines the growth of all
vegetation and agricultural practices. Temperatures range between 23 °C and 27 °C,
with slightly cooler conditions experienced around Wundanyi than in other parts of
the county [14]. The potential evaporation is about twice the annual rainfall in the
semi-arid area, while in the humid upper basin, rainfall exceeds potential evaporation
in most parts of the year [24].
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Figure 2. Climate diagrams of (a) Wundanyi dc’s office; (b) Voi station (Source: Data analysis by authors).

The major soils in the study area are of volcanic origin. They are young and have
weak, unstable structures, making them vulnerable to physical degradation. The
catchment’s soils and major rocks are on undifferentiated basement system rocks,
predominantly gneisses. They are generally well-drained, moderately deep to deep,
reddish brown to brown, stony, friable sandy clay loam to clay, with humic topsoil
(1.2-1.8 m) and vary from dark reddish brown to dark brown, clay loam to loamy soils
with thick acid humic topsoil in shallow to moderately deep and rocky places [29].

Land cover/use types are determined by the hydro-climatic and ecological
zonations of Taita Hills. The hills have seven agroecological zones, each characterized
by distinct land use activities. Wundanyi catchment is within a zone characterized by
a transition from a semi-arid to a semi-humid climate depending on the altitude [30].
The upper highland zone has 115 to 145 growing days and means a temperature of
15-18 °C, while the lower highland zone has 75 and 104 growing days and means
annual temperatures of 21-24 °C. The lowland around the hills has a different
landscape, mostly flat with limited rainfall and savannah vegetation. The climatic
conditions and soils support intensive cultivation, while the landscape mosaic is
constructed of abundant small-scale farms, exotic tree species patches such as
Cupressus lusitanica, Pinus spp., Eucalyptus spp., and Grevillea robusta, and
indigenous forest patches (1% of total land area). Only three larger hilltop indigenous
forest remnants exist: Mbololo (ca. 179 ha), Ngangao (ca. 136 ha), and Chawia (ca.
94 ha) [29].

Hydrologically, Wundanyi falls within the Athi River catchment, one of the six
major basins in Kenya. The area is considered semi-arid and dependent on erratic
rainfall patterns that fall within the two rainy seasons. With an annual per capita
renewable water resource of 464 m>, Athi River has less water than the 1000 m? per
capita global benchmark [31]. Wundanyi has a single river (Wundanyi/Voi River) and
many small stream tributaries. Lagale and Rahai are the river’s main tributaries.
Wundanyi has ten sub-catchments: Wesu, Shigaro/Wushimbo, Suguluu. The study
was conducted within the recommended Climate Change Impact on Ecosystem
Services and Food Security in Africa (CHIESA) project sites in the EAM. Wundanyi
catchment was purposefully selected because of the complexity of hydro-
geomorphologic processes going on in that part of the EAM. Yet, this catchment is
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one of the critical water towers and biodiversity hotspots of Taita-Taveta County. This
study enabled the building of water availability scenarios vis-a-vis climate variability
and land use/cover change, which have been subjected to sustained LUCC and are in
the semi-urban stage, characterized by intensive agriculture and a rapid increase in
construction activities.

2.2. Sampling strategy

The study was conducted within the recommended Climate Change Impact on
Ecosystem Services and Food Security in Africa (CHIESA) project sites in the EAM.
Wundanyi catchment was purposively selected because of the complexity of hydro-
geomorphologic processes going on in that part of the EAM. Yet, this catchment is
one of the critical water towers and biodiversity hotspots of Taita-Taveta County. This
study enabled the building of water availability scenarios vis-a-vis climate variability
and land use/cover change.

2.3. Data collection technique

Several primary and secondary geophysical and hydrological data were collected
to address the research objectives. Computational LUCC data was abstracted from
remotely sensed satellite images and their ground truthing. Landsat images were
acquired from the Kenya Forest Service (KFS), the Department of Remote Sensing
and Resource Surveys (DRSRS), and the Institute of Resource Assessment (IRA). An
inquiry was performed on the ground to ascertain the results of the satellite imagery
conducted earlier in the Wundanyi catchment. These activities were conducted
simultaneously in five administrative, six forest, and ten water catchment areas.

The Theta Probe ML2x meter was used to sample and measure in situ the
moisture of 44 specific soil points along river banks and 54 farming field points,
mostly during Wundanyi’s long, dry season (JJAS). For streamflow, the Hydrometer
current meter was utilized to measure ten river discharges across ten (10) discharge
points sampled from six (6) sub-catchments within the Wundanyi catchment between
September and October 2023. Secondary time series data on river discharge (2011—
2013) were obtained from the various stations installed by the CHIESA Project. A
long series of streamflow data (1970-2010) was collected from the neighbouring
Musau WRMA gauging station for regionalization purposes.

2.4. Key techniques of data analysis

2.4.1. Detecting past patterns and predicting future trends of LUCC (1970—
2030) in Wundanyi

The first objective involved developing spatial simulation models for temporal
LUCC patterns in the catchment. Three Digital Elevation Models (DEMs) (ERDAS,
ILWIS, and ArcGIS) helped generate streamlines, flow direction, accumulation, slope,
catchment boundary, and other relevant catchment attributes. Topographic maps (scale
= 1:250,000) were used to geo-reference the images, while satellite image processing
involved geometric rectification and radiometric normalization. Past and future LUCC
scenarios were then simulated using statistical trend analyses of the satellite images.

For LUCC classification, FAO’s Land Cover Classification System (LCCS) [32]
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was used. Based on the collected data, different LUCC types were identified and
verified using various DRSRS-produced maps and corrected following a ground-
truthing conducted in September to October 2013. Ground control points were selected
based on easily identifiable features (e.g., junctions, bridges, and prominent buildings)
to re-geo-reference the images. A dynamic landscape model was then built to analyze
historical LUCC trends, assess LUCC driving forces and simulate future scenarios.

To evaluate the driving forces, remote sensing and GIS tools were integrated with
explicit dynamics in Wundanyi’s landscape and hydrology using LUCC maps and
ancillary data from ArcGIS 10.1. The dynamic landscape model was embedded in the
IDRISI software with the following key inputs: land use transition rates, landscape
parameters, and selected LUCC variables. Other factors linked to explanatory
variables (i.e., distance from riverbanks, croplands, and roads) were included. Finally,
a confusion matrix was used to assess the accuracy of the classification. Overall,
producer and user accuracies and kappa coefficients were obtained from the
ENVI/QGIS manual and other remote sensing and image analyses.

2.4.2. Simulating the effects of LUCC on Wundanyi’s surface runoff and
streamflow

For the second objective, dynamic trend analyses were utilized to simulate the
effects of LUCC on Wundanyi’s surface runoff and streamflow. For the second
objective, dynamic trend analyses were utilized to simulate the effects of LUCC on
Wundanyi’s surface runoff and streamflow. A Soil and Water Assessment Tool
(SWAT) model was used to subdivide Wundanyi into sub-catchments, which were
linked by a river system network and further delineated into Hydrologic Response
Units (HRUs). The HRUs comprised unique land cover-soil combinations within each
of the ten (10) sub-catchments of Wundanyi. But the model failed to conclusively
simulate surface and sub-surface flows using commonly available parameters due to
limited data. This technique was not ideal for small catchments like Wundanyi. Hence,
a multivariate statistical trend analysis was conducted to simulate the effects of LUCC
on Wundanyi’s surface runoff and streamflow. Estimated best fitting models used a
univariate Weighted Least Squares (WLS) regression without a constant term
(Weighting factor: River Distance_ To Forest), following the simplified model design
below:

Yo=bx (1
or,

Yo=pt ()
where Vs, the regression dependent variable, is represented by a seasonal
runoff/discharge linear or exponential model (validated by a coefficient of
determination (R?) and a F statistical test at 1% significance level); logY,, the
regression dependent variable, is represented by a seasonal runoff/discharge
logarithmic or power model (validated by a coefficient of determination (R?) and a F/
statistical test at 1% significance level); x = land use/cover size (area); t = time with j
= JJAS and o = OND; b and f, regression parameters (validated by a t-test at 1%
statistical significance level).

Different linear and nonlinear regression models were tested for specific effects
of LUCC variables on Wundanyi’s surface runoff and discharges. Model parameters
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were estimated based on partial correlations and partial auto-correlation functions. The
models allowed for estimating surface runoff and discharge variations during the
OND, JF MAM, and JJAS seasons.

3. Results of the study

3.1. Study sample description

The first step in data analysis involved identifying key land use and cover (LUC)
categories that play influential roles in Wundanyi’s hydrological cycle. Principal
Component Analysis (PCA) and the homogeneity of variance test were used to this
end. Previous research has established that Wundanyi’s micro-climate and hydrology
are mostly influenced by the catchment’s forestry and agricultural activities [14].
Several such factors were included in the initial extraction. Levene’s homogeneity test
helped cluster the extracted factors as independent and dependent variables based on
Levene’s F statistic and using the heuristic method. F-values below 2.6 were
interpreted to indicate the presence of homogeneity.

A quick outlook of Wundanyi’s landscape from a vantage point showed that the
catchment had some fragments of natural forest along with extended hydrographical
and road networks. Landsat TM and ETM+ satellite images of Taita Hills for 1990,
2000, and 2010 were used to enable categorization of land use/cover types thereof. In
addition to these satellite images, topographical maps, DEM, and other field data were
used to ensure the accuracy of this classification. Based on these spatial data and the
FAO land use/cover classification system [32], a spatial raster modeling extracted 12
major classes of land use/cover (LUC) types from the three-epoch satellite images.
These 12 LUC classes encompassed: (i) cropland; (ii) shrubland; (iii) thicket; (iv)
woodland; (v) plantation forest; (vi) broad-leaved forest; (vii) grassland; (viii) bare
soil; (ix) bare rock; (x) water body; (xi) burnt area; and (ii) built-up area (Figure 3).

According to the ENVI software suggested rules for the ranges of class
signatures’ separability values, a “good” signature separability was achieved for each
image classified, the average Bhattacharyya distance ranging from 1.979 to 1.987.
This classification got an overall accuracy of 82.3% for the 1990 Landsat TM image,
83.4% for the 2000 Landsat ETM+ image, and 89.5% for the 2010 Landsat TM image.
The lowest values of accuracy corresponded to shrubland, thicket, woodland, and
broad-leaved forest categories. These four groups were very similar in terms of
spectral signatures assigned to these categories. They may have resulted in
misclassifications due to similar stages of development. However, we decided to
classify them as such using an algorithm that easily differentiated all categories of
vegetation.
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Figure 3. Wundanyi’s land use/cover classes for (a) 1990; (b) 2000; and (c) 2010

(Source: Data analysis by authors).

To validate this classification accuracy, a ground control point (GCP) procedure
was applied in the field alongside a user/producer classification accuracy assessment.
According to Table 1, the average percentage of correctly classified pixels (Apcc)
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were 95%, 86%, and 96% for 1990, 2000, and 2010, respectively, with Kappa
coefficient statistics of 0.96, 0.82, and 0.95. The user’s accuracy for individual classes
ranged from 85% to 98%, and the producer’s accuracy ranged from 87% to 99%.
These values were all greater than 75% (or 0.75 ratio), which is the lowest limit for a
good classification system, thus validating the accuracy of the classification.

Table 1. Producer and user accuracy of the classification (Source: ENVI/QGIS
image processing, data analysis by authors).

Years Image Apce Overall Kappa
1990 Landsat TM 95 0.97
2000 Landsat ETM+ 86 0.82
2010 Landsat TM 96 0.95

3.2. Predicting land use/cover changes in Wundanyi (1970-2030)

Spatial modeling identified plantation forests and cropland as the major LUC
types in Wundanyi in 2010 (Table 2). However, the catchment has undergone notable
changes in the areas under specific LUC types since 1990. As of 2010, plantation
forests had overtaken cropland as the leading LUC type, having experienced a growth
in its share from 25.7% (1990) to about 31.8%. In contrast, cropland decreased from
37.7% to 29.1%. This reforestation may have positively impacted broadleaved forests,
whose share grew by 17.4%. Other LUC types whose acreage increased were thicket,
grassland, bare soil, built-up area, and burnt area. Woodland and cropland registered
the highest declines, while shrubland’s share decreased slightly.

Table 2. Land use/cover types distribution in Wundanyi (1990-2010) (Source: Data
analysis by authors).

Land use/cover 1990 2000 2010 Growth
Area Percentage Area Percentage Area Percentage )
(ha) (%) (ha) (%) (ha) (%)
Cropland 324821 37.1% 2615.17 29.9% 2543.52 29.1% —21.6%
Woodland 57738  6.6% 457.11  5.2% 401.46  4.6% -30.3%
Plantation forest ~ 2245.54 25.7% 2788.85 31.9% 2780.18 31.8% 23.7%
Broadleaved forest 199.26  2.3% 13753  1.6% 23177  2.7% 17.4%
Shrubland 1172.79  13.4% 1394.78 16.0% 1164.48 13.3% —0.8%
Thicket 1204.40 13.8% 1225.67 14.0% 1401.48 16.0% 15.9%
Grassland 4.53 0.1% 31.54 0.4% 31.49 0.4% 300%
Bare soil 14.96 0.2% 12.31 0.1% 46.19 0.5% 150%
Bare rock 47.58 0.5% 45.32 0.5% 41.74 0.5% 0.0%
Built up area 18.32 0.2% 23.20 0.3% 65.40 0.7% 250%
Water 1.65 0.0% 0.54 0.0% 1.53 0.0% 0.0%
Burnt area 9.92 0.1% 12.53 0.1% 3531 0.4% 300%
Total Area 8744.55 100.0% 8744.55 100.0% 8744.55 100.0% -

Statistical modelling (Figure 4) confirmed that plantation forests had overtaken
cropland and grassland, while woodland, broadleaved forests, and built-up areas
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showed slight stability. Shrubland decreased substantially, while the other LUC
classes exhibited no major acreage shifts. Projected scenarios (Table 3) showed that
areas under all LUC types will decrease (in absolute terms and relative proportions)
by 2030, except thicket. Thicket’s acreage is expected to grow by 0.41% annually (R?
= (.816), while plantation forests, shrubland, and woodland will witness the largest
declines. The high R indicated that the model accounted for a substantial proportion
of variations in LUC. However, dynamic modeling (Table 4) showed that Wundanyi
will undergo tremendous increases in acreages of its grassland (+1613.2%), plantation
forest (+293.7%), and thicket (+97%) by 2030, while woodland broadleaved forests,
shrubland, and cropland will experience substantial declines.

Table 3. Statistical trend analysis of land use/cover in Wundanyi (2010-2030)
(Source: Data analysis by authors).

Land use/cover 2010 2030 R?
Area (ha) Percent (%) Area (ha) Percent (%)

Cropland 2543.52 29.09% 2384.18 27.26% 0.844
Woodland 401.46 4.59% 233.04 2.66% 0.776
Plantation forest 2780.18 31.79% 2552.32 29.19% 0913
Broadleaved forest 231.77 2.65% 176.78 2.02% 0.566
Shrubland 1164.48 13.32% 980.58 11.21% 0.852
Thicket 1401.48 16.03% 2121.67 24.26% 0.816
Other LUC 221.66 2.53% 295.98 3.38% -
Total area 8744.55 100% 8744.6 100% -

Table 4. Percentage of land use/cover change by 2030 (Baseline: 1970) (Source:
Data analysis by authors).

Land use/cover Year

1970 1980 1990 2000 2010 2020 2030
Cropland - +3.8% —5.3% —22.8% —24.9% —27.7% —29.6%
Woodland - —24.8% —29.7% —44.3% -51.1% —65.3% —71.6%
Plantation forest - +61.0% +246.4% +330.2% +328.8% +304.4% +293.7%
Broadleaved forest - -34.1% -483% —643%  —399% —487%  —54.1%
Shrubland - —9.1% —47.6% -37.7% —48.0% —51.4% —56.2%
Thicket - +1.1%  +12.1%  +14.0%  +30.4%  +73.6%  +97.4%
Grassland - +1.2%  +54.2% +234.8% +2343% +711.8% +1613.2%
Bare soil - —3.8% —78.9% —82.6% —34.8% —63.3% —69.1%
Bare rock - +0.6%  +113.4% +103.2% +87.2% —-8.9% -25.9%
Other lands - +6.3%  +33.5% —58.1% +18.1% +70.2% +14.0%
Built up area - +6.2%  —66.9%  —58.1%  +18.1%  +142%  +10.6%
Water body - +5.4%  +269%  —58.5%  +17.7%  —13.1%  —34.6%
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Figure 4. Statistical trend of land use/cover transition (1970-2010) (Source: Data
analysis by authors).

3.3. Analysing the effects of forest cover change on seasonal surface
runoff

Different regression models (Table 5) were tested for the effects of specific LUC
categories on Wundanyi’s surface runoff based on 1970-2010 JJAS data. All models,
except woodland and thicket, explained over 70% of surface runoff variations based
on the R-squared statistic. Expansions in all LUC types were associated with
significant runoff increases (p < 0.001). The coefficients indicated that cropland and
shrubland produced the largest runoff changes, while broadleaved forest, plantation
forest, and woodland had the lowest impacts.

Table 5. Modelling land cover change effect on JJAS runoff in Wundanyi (Source: Data analysis by authors).

Model Adjusted R Factor/covariate Unstandardized Standardized ¢ Sig. F Sig.
Square coefficients coefficients
B Std. Beta
error
Linear 0.562 Thicket 0.362 0.059 0.728 6.107 <0.001 37.297 <0.001
Linear 0.699 Woodland 0.226 0.025 0.841 8.933 <0.001  79.801 <0.001
Power 0.984 log(Shrubland) 0.640 0.014 0.992 45.297 <0.001 2052.066 <0.001
Linear 0.724 Broadleaved Forest 0.068 0.007 0.855 9.485 <0.001 89.968 <0.001
Power 0.970 log(Cropland) 0.735 0.022 0.986 33.361 <0.001 1112923 <0.001
Power 0.971 log(Planted Forest) 0.204 0.006 0.986 33.668 <0.001 1133990 <0.001
Notes:

Best fitting models estimated using univariate Weighted Least Squares (WLS) regression without a
constant term-Weighting factor: River Distance To_Forest.

"The Dependent variable (Y)) is JJAS Runoff for linear and exponential models, and log (JJAS_Runoff)
for logarithmic and power models.

“Model design: Y; = bx, where x = land cover area.

Figure S depicts runoff built-up scenarios from bare land (1970) to large forest
covers (2030). Logarithmic cropland (990 mm) and shrubland (810 mm) expansions
will produce the highest runoffs in 2030. The effects of other LUC types on runoff
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will generally be low, ranging from 350 mm (thickets) to 198 mm (broadleaved forest).
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Figure 5. Expected JJAS runoff under specific effects of land cover change in

Wundanyi by 2030 (1970 = 0) (Source: Data analysis by authors).
Note: Model design: Y;= bt, where ¥; = JJAS Runoff, ¢ = time.

Models predicting LUCC effects on OND runoffs based on 1970-2010 data are
in Table 6. A unit cropland rise increased the runoff by about 99.3%. Other LUC
categories with large effects on OND runoff were thicket and shrubland, while the
shifts due to broadleaved forest were negligible.

Table 6. Statistical prediction of land cover change effects on OND runoff (Source: Data analysis by authors).

Model Adjusted R Factor/covariate Unstandardized Standardized ¢ Sig. F Sig.
square coefficients coefficients
B Std. error Beta
Power 0.990 log(Cropland) 0.993 0.017 0.995 59.12 <0.001 3495.142  <0.001
Linear 0.836 Planted_Forest 0.484 0.037 0.917 13.188 <0.001 173.913 <0.001
Power 0.992 log(Shrubland) 0.737 0.012 0.996 63.285 <0.001 4005310 <0.001
Linear 0.727 Woodland 0.133 0.014 0.857 9.558 <0.001 91.350 <0.001
Power 0.955 log(Thicket) 0.837 0.031 0.978 27.036 <0.001 730.946 <0.001
Power 0.988 log(Broadleaved Forest) 0.002 3. 14: X 0.994 54.031 <0.001 2918.951 <0.001
10~
Notes:

Best fitting models estimated using univariate Weighted Least Squares (WLS) regression without a
constant term—Weighting factor: River Distance_To_Forest.

"The Dependent variable (¥o) is OND_Runoff for linear and exponential models, and log (OND R
unoft) for logarithmic and power models.

“Model design: Yo= bx, where x = land cover area.

Forecasts of LUCC impacts on OND runoff showed that cropland (2510 mm),
shrubland (2250 mm), and thicket (2225 mm) will produce the largest seasonal runoff
increases by 2030 (Figure 6). Thus, in both JJAS and OND scenarios, much of
Wundanyi’s runoff changes will be due to shifts in forest covers. Cropping practices
will have minimal impacts.
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Figure 6. Predicted OND_runoff in 2030 under effect of land cover change in

Wundanyi (Source: Data analysis by authors).
Note: Model design: Yo = bt, where ¢ = time, Yo = OND_Runoff.

3.4. Analyzing the effects of forest cover change on river discharge

A homogeneity test of the study variables revealed that only plantations and
broadleaved forests correlated significantly with Wundanyi’s river discharges. Table
7 shows that from 1970 to 2010, a unit change in plantation forest during the JJAS
season increased/decreased river discharges by 27.4% against 0.5% for a unit
increase/decrease in broadleaved forest.

Table 7. Statistical models for effects of land cover change on JJAS discharge (Source: Data analysis by authors).

Model Adjusted R Factor/covariate Unstandardized Standardized ¢ Sig. F Sig.
square coefficients coefficients
B Std. error Beta
Linear 0.546 Broadleaved_Forest 0.005 0.001 0.748 6.466 <0.001 41.806 <0.001

Logarithm  0.644
(base e)

log(Planted_Forest) 0.274 0.035 0.809 7.909 <0.001 62.553 <0.001

The situation is likely to reverse by 2030, with broadleaved forests overtaking
forest plantations (Figure 7). Then, broadleaved forests are expected to grow linearly,
with Wundanyi’s discharges increasing by about 3.3 m%/s in the JJAS of 2030, a leap
from the zero-discharge observed in 1970. In contrast, logarithmic plantation forest
cover growth will result in a total discharge of 2.6 m*/s by 2030.

Similar effects of forest cover change were also evident in OND discharges. From
1970 to 2010, a unit plantation forest expansion increased/decreased Wundanyi’s
OND discharges by 22.3% against a 0.5% discharge increase/decrease due to a unit
change in broadleaved forests (Table 8). Discharges will be 3.75 m*/s by 2030 under
an assumption of a linear broadleaved forest expansion and 2.15 m3/s under a
logarithmic plantation forest expansion (Figure 8). These results emphasise the
importance of natural forest protection and conservation for sustainable water
ecosystem services in Wundanyi.
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Figure 7. The impact of land cover change on JJAS discharge in Wundanyi (Source:

Data analysis by authors).
Model design: Q; = £'t, where Q; = JJAS Discharge, ¢ = time.

Table 8. The impact of forest cover change on OND discharge in Wundanyi (Source: Data analysis by authors).

Model Adjusted R Factor/covariate Unstandardized Standardized t Sig. F Sig.
square coefficients coefficients
B Std. error Beta
Linear 0.570 Broadleaved Forest 0.005 0.001 0.764 6.792 0.000 46.130  0.000
Logarithm 0.609 log(Planted_Forest) 0.223 0.030 0.788 7.341 0.000 53.889  0.000
(base e)
Notes:

Best fitting models estimated using univariate Weighted Least Squares (WLS) regression without a
constant term (Weighting factor: River Distance_To_Forest).

"The Dependent variable is OND_Discharge for linear and exponential models and
log(OND_Discharge) for logarithmic and power models.

“Model design: Qo = bx, where Qo = OND _Discharge, x = land cover area.
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Figure 8. The impact of land cover change on OND discharge in Wundanyi (Source:

Data analysis by authors).
Model design: Qo = £'t, where Qo = OND_Discharge, ¢ = time.

Similar effects of forest cover change were also evident in OND discharges. From
1970 to 2010, a unit plantation forest expansion increased/decreased Wundanyi’s
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OND discharges by 22.3% against 0.5% for broadleaved forests (Table 8). Discharges
will be 3.75 m*/s by 2030 under a linear broadleaved forest expansion assumption and
2.15 m%/s under a logarithmic plantation forest expansion assumption (Figure 8).
These results emphasise the importance of natural forest protection and conservation
for sustainable water ecosystem services in Wundanyi.

4. Discussion of the findings

4.1. Discussion on the changing LUC patterns predicted in Wundanyi
(1970-2030)

The above analysis has established drastic increases in Wundanyi’s afforestation
and agro-forestry practices, while other LUC types, including cropland, have slightly
decreased over the years. These shifts could be attributed to the conversion of
broadleaved forests into plantation forests and the adoption of agroforestry practices
in croplands in the catchment [9,29]. The increased forest cover may have positive
long-run impacts on Wundanyi’s micro-climate and hydrology [4,5].

Land-cover changes due to reforestation and forest plantation have resulted in
increased forest cover in the Wundanyi catchment, thus reducing surface runoff and
soil erosion. Consequently, the amount of soil organic carbon that could otherwise be
lost to land clearance and cultivation is retained in the catchment to increase ‘green
water’ flows [33,34]. Therefore, increased forest cover in the Wundanyi catchment
will certainly have a positive impact on its micro-climate and hydrology in the long
run. Water resource stakeholders need an integrated approach to acknowledge the
interactions between water, forest, other land uses, and socio-economic factors in this
complex catchment.

Enhanced knowledge on integrated management of water resources and the
multi-functionality of forested watersheds in addressing water scarcity, water quality,
and flood control in the light of a changing environment is inevitable. The upper
catchment of this area is inhabited by subsistence farmers dependent on rain-fed
agriculture for livelihoods, which results in increased surface runoff and enhanced soil
erosion as they engage in poor farming practices. There are limited soil and water
conservation measures to minimize water runoff and soil loss, maintain soil fertility,
and improve land productivity in these hills.

Hydrological processes in a catchment are influenced by many factors, such as
climate, human activities, and the physical characteristics of the catchment. Therefore,
changes in any of these factors or their variables (rainfall and forest cover) are likely
to affect surface runoff and stream flow, as evidenced in the results above. Forest cover
modification due to harvesting or planting alters the water balance of the site and
eventually the catchment hydrologic regime. Hence, a significant reduction in the
forest cover is likely to alter the flow path of precipitation and cause an increase in
surface runoff, erosion, and sedimentation of water bodies. This complex interaction
between climate and human activities makes it very difficult to quantify individual
effects on changes in runoff and stream flow [35].

Taita Hills comprises two main parts: the hilly one rising abruptly in a series of
ridges with the highest peak of 2208 m.a.s.1. at Vuria; and the surrounding plains with
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an elevation of 600 to 900 m.a.s.l.mist and cloud precipitations occur almost
throughout the year, while orographic rainfall plays an important role in this micro-
climate change as most of the hills form the first significant barrier to marine moisture-
laden air coming from the Indian Ocean, nearly 150 km away [24]. This annual
precipitation, though highly variable by nature, is also greatly influenced by the
movement of the Intertropical Convergence Zone, thus leading to a bimodal rainfall
pattern, with long rains during March—-May (MAM) and short rains in October—
December (OND).

4.2. Discussion on the effects of LUCC on Wundanyi’s hydrological
processes

Studies in various parts of the world have shown that, in general, climate
variability, slope gradient, and LUCC have a significant bearing on stream flow
variations through interaction between urbanization, vegetation, soil, and rocks, upon
which precipitation is being translated into surface runoff, stream flow, and
groundwater recharge (baseflow) in larger basins (over 100,000 ha) and medium
catchment areas between 5000 and 500,000 ha [2—4,10]. Changes in rainfall patterns
associated with climate change and storm duration during rainy seasons may have a
significant impact on runoff and soil erosion in larger catchments rather than smaller
ones [33,34]. Hence, surface runoff and river discharges in smaller catchment arecas
(of less than 100 ha) may be altered by natural vegetation or the influence of man,
such as significant forest cover removal and water abstractions upstream, rather than
by significant effects of climate change. Furthermore, large coverage of natural
vegetation dominated by large canopy forests prevents and/or decreases considerably
runoff depth from high-risk areas [2]. Hence, in the short run, higher surface runoff
and discharges are expected from deforested areas with high soil loss rates [8].
However, most forested areas may experience high evapotranspiration rates, leading
to low groundwater generation and thus lower water tables, which in turn result in
lower river discharges. In time, these dynamics change with high rates of soil erosion
in deforested areas leading to the sedimentation of the river channels, while forest
cover reduces soil erosion rate and, therefore, increases river discharges.

The situation may be different for medium catchments (between 5000 and
500,000 ha). Studies have shown that during the dry seasons (JF or JJAS), a decrease
of forest cover in such catchments results in an increase of surface runoff with
decreasing infiltration rates, thus leading to lower baseflow and stream flow
downstream of between 50% and 75%. This situation is explained by the removal of
organic matter (humus), which serves as a sponge in the soil and enhances soil
porosity. Once removed, soil absorption capacity will decrease along with infiltration,
percolation, and groundwater recharge. The latter results in decreasing baseflow and
river discharge and increasing surface runoff. During the rainy seasons (OND or
MAM), high rainfall inputs result in higher surface runoff, as well as discharge in
forested areas rather than on cropland and deforested areas.

A different scenario would be experienced in areas with large forest cover (over
100,000 ha) during the dry seasons. High rainfall inputs do not result in significant
changes in the water balance in vegetated areas, except in areas where almost all forest
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cover has been cleared. Also, sharp surface runoff and discharges are experienced in
areas where half of cropland has been removed. Consequently, surface runoff and
stream flow in large forest areas are affected by both climate and vegetation cover. In
either case, researchers concur that changes in surface runoff and river discharges
occur within specific types of vegetation cover cut and/or replaced [36,37]. Therefore,
crop selection and management are vital for maintaining stream flow and reducing
runoff in Taita Hills.

The rainfall fluctuations coupled with LUCC over time may lead to decreased
stream flow in the river basin [9,38]. Thus, the hydrological benefits could be
threatened by land use/cover changes and climate variability. Land use/cover changes
in the catchment impact water quality and quantity in streams [38]. It is postulated that
the rapidly increasing population in the upper parts of the catchment has influenced
changes that result in an increased inflow of sediments and nutrients in the river basin.
For instance, a decreased water infiltration rate in a catchment may influence runoff
and soil erosion patterns as observed.

5. Conclusion

The study assessed the effects of LUCC on Wundanyi’s hydrological processes,
focusing on surface runoff and streamflow. The findings show that Wundanyi has a
highly fragmented LUC landscape. A spatial LUCC modelling of three-epoch satellite
images (1990, 2000, and 2010) generated 12 LUCC categories within Wundanyi based
on FAO’s classification. The catchment’s LUC landscape has undergone sustained
modifications, which will continue up to 2030. Plantation forest has overtaken
cropland as the largest LUC category; the former’s share is increasing, while the
proportion of the catchment’s area under crops is declining, suggesting that part of the
area previously used for crops is being converted to forest plantations. Significant
LUC changes will occur in the future as the areas under grassland, plantation forests,
and thickets increase tremendously, while woodland, broadleaved forests, shrubland,
and cropland will reduce by up to half their area in 1970 by 2030. Wundanyi’s LUCC
has significant specific impacts on its surface runoff and streamflow, and different
LUC types have had varied effects on the catchment’s hydrological processes.

6. Recommendations

As a recommendation, the government and other stakeholders should implement
interventions with direct and/or indirect relevance to climate change adaptation and
mitigation. The interventions could cover several sectors, including agriculture, water,
energy, and infrastructure. In the agriculture sector, for example, the government
should promote irrigated and conservation agriculture and value addition to
agricultural products. In the energy sector, the government could promote alternative
energy, including geothermal, wind, solar, and mini hydropower generation, to
minimize reliance on wood for fuel. The government should implement or enforce
policies encouraging intensified afforestation, agroforestry-based alternative
livelihood systems, alternative energy sources, community forest management,
REDD+ initiatives, and reduced mono-species plantation stands. Such strategies may
help reduce Wundanyi’s LUCC and the associated impacts on the catchment’s
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hydrology.
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Abstract: The development of some rural areas, such as most municipalities in the Portuguese
interior, is completely dependent on the maintenance and retention of their population. The
strengthening and qualification of a minimum number of inhabitants are necessary for the local
dynamization processes. In this paper, it is proposed a theoretical approach and the data
presentation for a case study—the municipality of Torre de Moncorvo in the Douro Valley
region (northern Portugal). The main objective of this contribution is to demonstrate that
population maintenance is crucial to local development. The social, economic, and territorial
aspects are mutually dependent and determine the sustainability and the future dynamics of this
kind of rural territory.

Keywords: population; rural areas; sustainability; local development; social development

1. Introduction

The development dynamics of socially and economically peripheral areas, such
as most municipalities in the Portuguese interior, are completely dependent on the
maintenance and retention of their population or, at least, on the strengthening and
qualification of a minimum number of inhabitants, necessary for the local
dynamization process. The main literature related to this subject outlines, in the case
of the rural! area, the importance of agriculture, mainly the studies of Kayser et al. [1]
and Varela [2].

It's our aim to underline that all the different topics (demographic, social,
economic, and environmental) are mutually related and are very important to the
development of this territory. For that reason, it will be considered not only a revision
of the bibliography?, but also the population database and the analysis of the economic
and social activities and their recent dynamics.

To describe the recent demographic evolution of the municipality of Torre de
Moncorvo (Douro valley region—northern Portugal) and its consequences in the
topics of the local economy, namely in the agricultural sector of wine and almond
cultivation and in the dynamization of the activity regional tourism and the
municipality itself. The three domains are even mutually dependent, as pointed out by
Mendonga [3,4] or Teresa et al. [5].

2. The problem of local development in rural areas

Although it is not the primary objective of this contribution, it is important to
reflect a little, in theory, on the design of rural areas in the interior of Portugal in a
process of demographic shortage of population. Academic studies on issues of local
development in rural areas usually address the contributions and variables that lead to
the development of these types of arcas. Below we can refer to a summary diagram

32



Sustainable Social Development 2024, 2(3), 2537.

that allows us to visualize these dimensions:

Economic recovery, based for the most part on direct and indirect employment
generated by activities in the primary sector, namely agricultural and livestock
production, reveals a strong dependence on natural conditions, which, due to their
variability, do not always guarantee productive and profitable agricultural years. In
contrast, the close connection between agricultural and agroforestry cultivation and
the maintenance and enhancement of the landscape make these activities essential for
their multifunctional enhancement (for example, the possibility of maintaining the
natural diversity of these spaces, the capacity for tourist use of the territory in question,
and the maintenance or otherwise valorization of the local demographic contingent).

The environmental component is closely related to landscape issues and the
natural resources present. Forest and agricultural settlements, surface and underground
water tables, and their necessary preservation and safeguarding (even through their
agricultural use and human and animal/plant supply), as well as others related, for
example, to mining extraction or energy production, are all elements to consider in
this field.

Social: this attribute can include the local inhabitants and those who visit the
municipalities in question, aspects that are very dependent on diversity and mainly on
the quality of existing public services. Consider the provision of healthcare and the
field of education for children and young people. Still in this item, it is also important
to guarantee good local and regional accessibility, among other aspects. In summary,
demographic maintenance is a primordial condition for each of the previous aspects
of the development of this type of area (economic, environmental, social), since
without it all these components of development can be put into cause. Even if they
have virtues and comparative advantages compared to other more competitive areas
on the coast (a natural environment that is more protected from human overuse, just
to mention one example), the shortage of population can condition and even endanger
all of them (the aspects of development). Transposing this type of approach to the
territory of Torre de Moncorvo (in the Douro region—north of Portugal) is the next
objective of this contribution.

3. Geographical setting of Torre de Moncorvo

Torre de Moncorvo belongs to the northern region, district of Braganga, and
flanks the Douro valley to the north in its upper section of the Portuguese part. Some
of its parishes even belong to the Vale do Douro Wine Region, therefore combining
technological, social, and economic traditions, to which can be added the physical or
natural aspects of the landscape of this famous river valley (Figure 1).

This wine-growing region is unique, and that led to classifying the Douro as a
living evolutionary cultural landscape of importance for humanity (by UNESCO).
Regarding the Douro Demarcated Region, we should remember two of the basic
concepts of the classification: integrity and authenticity, as ways of valuing material
and immaterial aspects that require extensive efforts to preserve and regulate the
culture of the vineyard, villages, and other constructive elements, as well as the
landscape itself.
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Figure 1. Torre de Moncorvo municipality.

It is important here to focus on the issue of regional tourist use and the
development of the municipality of Torre de Moncorvo. It can be said that there are
multiple advantages resulting from the tourist use of this type of area. Among them, it
should be highlighted the possibility of promoting the wine region with a consequent
possible increase in sales volume; new business opportunities linked to tourism
emergence; settling population in low-density areas; and preserving and valuing
traditions linked to vineyard cultivation and wine production. In fact, the National
Strategic Plan for Tourism (PENT) highlights the topic of gastronomy and wine as
particularly important for the strategic axis of a territory, destinations, and products®.
The territories and destinations result from the fact that wine tourism units, spread
across a large part of the national territory®, are mostly linked to wine routes and
inserted in demarcated regions. According to PENT, gastronomy and wine are one of
the ten strategic tourism products to be developed and will have a high contribution to
the value proposition of the destination Portugal (Figure 2).

Figure 2. “Pinhao” Village—The Douro Wine Region (Credits by the author).

34



Sustainable Social Development 2024, 2(3), 2537.

Wine tourism is a form of social and economic revitalization of some territories
since, in addition to traditional wine routes, vineyards and wine museums, stays on
farms with agritourism, visits to cellars, wine courses have emerged in recent years,
oenology and tasting centres linked to wine, wine-growing villages, visitor and
interpretation centres, new hotel units linked to health and well-being tourism (wine
therapy), to name just a few examples.

This activity functions in many regions and for their population as an alternative
to improve their quality of life (see in this regard many of the ideas contained in the
preparatory work for the classification of the Alto Douro Wine Region as World
Heritage), and it also allows to improve the awareness of residents for the high heritage
value of traditions linked to vineyards and wine.

It is on the agricultural slopes of the Douro valley that the predominance of
vineyards is overwhelming. However, at higher elevations, places that we can now
classify as the “sub-plateau Douro”, on steeper slopes, there is forestry and sub-
Atlantic bush occupation in discontinuous portions, which at certain times of the year
stand out for their strong colour. In May, the yellow tufts of the broom stand out
between the valley bottoms, typically Mediterranean in appearance, and the plateau
region (Figure 3).

Figure 3. Image of the Douro wine region classified as world heritage by UNESCO
(Credits by the author).

Its intermediate nature allows the coexistence of an arboreal layer in which
species such as oak (Quercus Robur L.), cork oak (Quercus Suber L.), maritime pine
(Pinus Pinaster Aiton) come together, and in the shrub layer, the already mentioned
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broom, gorse (Ulex Spp.), the strawberry tree (Arbustus Wedo L.), the “Estévao”
(Cistus Populifplius L.), etc.

The succession of rounded peaks dominates in the lands closest to the Douro
valley, generally belonging to the schist complex, and which gives it a certain
landscape regularity, changes when we move to granite soils. In certain contact areas,
the differences in level are more abrupt, which results in sharp breaks in river slopes
or in the presence of considerable elevations, places suitable for the establishment of
hermitages and viewpoints (in the case of Torre de Moncorvo, the Reboredo Mountain
range). Although there may be local variations, the massifs are generally divided by a
series of orthogonal divisions, which forms a succession of rounded blocks of varying
size but which become striking in the landscape, especially in areas that are most
devoid of vegetation. The contrast between the Douro Demarcated Region and the
granite area with an Oro-Atlantic appearance that lies to the south is visible.

To the south and southeast extends the extensive plateau area where fruit crops,
in this case, almond trees, prevail, although in the foreground they coexist with
vineyards. Few spaces are not occupied by some of these two crops. Small patches of
arboreal vegetation with darker foliage, corresponding mainly to maritime pines
(Pinus Pinaster Aiton) and more rarely to small oak chestnuts (Quercus Robur L.),
appear amidst a lighter green, corresponding to orchards and vines (Figure 4).

< ] —

Figure 4. Image of the Douro wine region classified as world heritage by UNESCO
“Pinhdo” village (Credits by the author).

If along the Douro River the houses dotted along the valley (“Solar’s” and
“Quinta” houses), in this area isolated houses rarely appear; they are grouped in
clusters of different configurations: linear, following the road communication routes,
population centres relatively dense in which housing is grouped around a central
square, or even dispersed and without a well-defined geometric order.

Vineyards mark the landscape of the Douro region, whether in its cities and towns
or punctuating rural buildings, as they played and continue to play an important role
in the processes of modernization and restructuring of viticulture and tourism. Its role
is especially important in the process of disseminating and valuing regional wines,
particularly those with greater projection in terms of national and international sales,
linked to the most recognized grape varieties. The greater economic capacity and
dynamism of some of its owners, such as producer-bottlers, are not unrelated to this
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phenomenon. At the same time, its prestige and the renown of its houses are also linked
to embarking on wine tourism activities linked to the Port and Douro Wine Route. The
important role that this activity can play in the conservation and promotion of wine
properties and their architectural and heritage legacy is unquestionable, and at the
same time, tourism contributes to the appreciation of the local environment and its
traditions, disseminating to those who visit these units and the region a whole set of
material and immaterial resources of undeniable value.

In summary, the hypsometric sketch of the region allows us to roughly describe
the distribution of the various types of agricultural crops and the organization of the
settlement. Using a “figurative” image of the morphology of Torre de Moncorvo, it
resembles a hand, with the douro running along the ends of the fingers. The interdigital
space represents the main tributaries of this portion of the north bank. The part
corresponding to the parishes included in the Douro Demarcated Region occupies the
southernmost portion, where the slopes are slightly steeper and the altitudes are
between 250 and 600 m.

4. Demographic dynamics in Torre de Moncorvo

The demography of the municipality of Torre de Moncorvo does not contrast
with the dynamics of population loss (decrease in the resident population, increased
dependence on young people in the face of an increase in the elderly population) that
is seen in most rural areas in the interior of mainland Portugal (Figures 5 and 6).
Therefore, it can be concluded that all parishes have lost population, including the
municipal main village, and that the aging rate is high, more significantly in parishes
with greater rurality. In all the parishes, the percentage of population decline goes from
9.75 to 33.65, with the highest values corresponding to the less dynamic ones in terms
of economic strength (Figure 5). The number of aging population goes from 925 (in
the Torre de Moncorvo main centre) to 2665 in the less dynamic parishes (Figure 6).

Taxa de variagao da populagdo residente (2011 - 2021) (%)

Figure 5. Population declines in the municipality 2021/2011 (%).
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e de envelhecimento (N.°)

Figure 6. Ageing population in the municipality (number).

There are multiple factors explaining this demographic trend: emigration abroad
and to the most dynamic areas of Portugal, particularly the city of Porto and its
immediate surroundings; double aging that generates a decline in synthetic fertility
rates in the municipality; population concentration only in the municipal main village,
etc.

These demographic references impact not only the quantitative aspects of the
total population residing in the municipality, but also qualitative aspects related to the
degree of qualification of the available labor force and consequently the type of
productive fabric that can be boosted locally, such as the vineyards. This will be seen
in the next chapter on action proposals for the development of this territory.

5. Conclusions

Despite the difficult demographic situation, it is proposed to attract new
population groups and requalify existing ones. As proposals for dynamizing the
municipality, 3 areas of strategic action are referenced:

A-Territory and tourist product “Moncorvo vineyards”:

Creation of the “Moncorvo vineyards seal” and applying it to different products
and tourist offers of a cultural and environmental nature (landscape), including the
wine tourism route itself. Reinforce the redevelopment of public equipment along the
route.

B-Tourist promotion:

Establish an online platform for disseminating regional and local tourist resources,
namely the use of the “Sabor lakes” and the cultural landscape of the Douro vineyards.

C-Institutional and business articulation:

Creation of an interpretative center linked to wine and local cultural traditions
and an enoteca in the municipality and the establishment of protocols that allow greater
dissemination of the resources of the municipality of Torre de Moncorvo (for example
with the Douro Museum, with wine operators Douro River cruises, etc.).

Depending on the territorial framework described and the proposals presented, it
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is concluded that the proposals presented are just a few more ways of valuing and
revitalizing a rural territory with a weak social and economic base. The historical
nature of this region (like the Douro Demarcated Region as a whole) presupposes that
particular attention is paid to the distinctive characteristics of its territory and the
necessary preservation of its values. From the previous point, resources such as wine
tourism must be viewed according to a multifunctional vision of the rural environment.

Contflict of interest: The author declares no conflict of interest.

Notes

1.

For the French case Kayser, B.; Brun, A; Cavailhés, J.; Lacombe, P. For a chosen rurality (French) (1994) Marseille,
Datar/Editions de 1'aube, p. 10-17.

In several contributions we've written about the Douro region, mainly pointing out the agricultural dynamic and it's
agrotourism role as in Mendonga, J. (2020) Know-how and agriculture and wine-growing traditions of a monastic community
in Proceedings of Cultural Sustainable Tourism Congress (CST) 2nd Edition, 2020, Instituto Universitario da Maia, Maia, 13
out.

Second most important form of tourism, just after the City Breaks—10%.

More than 500 economic investors related to wine tourism (C. f. Wine tourism action plan 2019-2021, from “Turismo de
Portugal IP”.
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Abstract: The study attempts to learn the perceptions of people living in Balikesir about
cooperatives and their expectations from cooperatives. It also aims to learn the thoughts of
cooperative members about cooperative activities and the behavior of each member. Within
the scope of the research, 724 people from Balikesir were interviewed. Meetings were held for
discussions. The public’s perception of cooperatives in Balikesir is generally positive.
However, unsuccessful attempts and the difficulty of establishing a joint business also cause
negative criticism. The public expects supervision and educational assistance from the
government and financial support from the municipality. There are many reasons to become a
member of cooperatives. However, the first thing to do is to facilitate the work related to the
activity. Acting in solidarity with other people is also an important motivation for becoming a
member. In Balikesir, it is not regular for cooperative members to attend cooperative general
assembly meetings. At the same time, their desire to take part in cooperative management and
control bodies is low. The success level of cooperatives varies according to the expectations of
the members. In Balikesir, 36.7% of the members find the technical information provision
activity of the cooperative sufficient, while 32.7% find the product marketing activity
sufficient. The majority of cooperative members in Balikesir find the financial aid activities of
cooperatives incomplete. At the same time, they generally find the product purchase price of
cooperatives inadequate.

Keywords: Balikesir; cooperation; local solidarity; entrepreneurial activity

1. Introduction

In many languages of the world, ‘cooperative’ is defined as the expression of
solidarity and joint action. When we consider cooperatives in the sense of acting
together, solidarity, and finding common solutions to problems, it can be said that the
history of cooperatives is as old as the history of humanity [1]. Today, nearly one
billion people are members of operating around the world, one of the three million
cooperatives in the world [2]. Cooperatives, which base their philosophy on the idea
of solidarity and joint action, have today turned into large organizations with
commercial, economic, and social activities with broad participation [3].

Due to such activities and behaviors, the notion of cooperative is given too much
meaning. Either economic language or social life language, the generally accepted
definitions for cooperatives all over the world are ‘joint action’ and ‘spirit of
cooperation’ [4]. A cooperative is defined as an autonomous organization of people
who come together voluntarily to meet their common socioeconomic goals and
aspirations through a jointly owned and democratically controlled entreprise.

The emergence of cooperatives as a form of economic organization around the
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world dates back to the mid-19th century. The Turkish cooperative movement started
with the Memleket Funds, founded by Mithat Pasha in 1863 [5]. Cooperative activities
in the modern sense also started in the Republican Period [6]. As of 2022, there are 39
different types of cooperative activities in Turkey, while 8.5% of the population is a
partner in approximately 7 million cooperatives.

Balikesir is among the provinces where cooperative practices are intense in
Turkey. Cooperative activities in Balikesir started in the first years of the Republic, as
in many parts of Turkey. While there are 890 cooperative activities in Balikesir as of
2022, the number of partners registered in these cooperatives is 125.516. According
to the date on the number of population and the number of cooperative partners, one
in every ten people in Balikesir will be a cooperative partner in 2022. There are 23
different types of cooperative activities in Balikesir and they can be found in every
district. Approximately 4.5% of the commercial companies who registered with the
Chambers of Commerce in Balikesir are cooperative companies. Approximately 50%
of the tradesmen who registered in 85 separate chambers in Balikesir are partners in
cooperatives. 454 of the 890 cooperatives registered in Balikesir are agricultural
cooperatives, and as in Turkey, they stand out in terms of numbers. There are 331
agricultural development cooperatives in Balikesir. This number is the highest among
cooperative types. The number of other types of cooperatives is as follows: housing
building cooperatives 226, motor transport cooperatives 79, agricultural credit
cooperatives 60, aquaculture cooperatives 28, and tradesmen’s credit guarantee
cooperatives 23. The type of cooperatives with the highest number of partners in
Balikesir are agricultural development cooperatives. The number of partners of these
cooperatives is 27,290 people. The ranking of other cooperatives in terms of the size
of the number of members is as follows: Beet growers’ cooperatives are 19,388
members, agricultural credit cooperatives are approximately 19,000 members,
agricultural sales cooperatives are 16,318 members, tradesmen’s credit and guarantee
cooperatives are 15,663 members, and housing building cooperatives are 14,143. 339
of the 890 cooperatives operating in Balikesir are members of a higher union related
to their activities. While the participation rate of cooperatives in higher unions in
Turkey is 33%, in Balikesir the participation rate of cooperatives in higher unions is
38% [7]. When the scope of research grows, the depth of findings may decrease. But
when the focus of research is limited, the use of specially defined parameters provides
in-depth information [8]. In this study, it is aimed at obtaining detailed information
about cooperatives in Balikesir by determining the public’s perception and
expectations of cooperatives and by making analyses and evaluations on the behaviors
of cooperative partners.

2. Methodology

2.1. Research model

The research was designed using the relational scanning model and qualitative
research methods. It is stated that qualitative research data (variables such as
perception, opinion, and attitude.) can be used to direct quantitative research, and data
obtained through qualitative methods can be used as a basis to develop measurement
tools suitable for quantitative evaluation [9]. In order to measure the perception of
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cooperatives in Balikesir, different segments of the society were reached through a
survey. Questions were prepared by quoting the methods applied to agricultural
marketing cooperatives by Yildirim and Acar [10], who developed survey questions
by conducting field studies on cooperatives while taking into account the unique
structure of the region.

The survey consisted of 46 questions in 3 sections. All questions were prepared
as a closed question type; only the ‘other’ options were arranged in an open question
form. There are questions related to age, gender, education level, field of work, source
of income, place of residence, and cooperative partnership situation of participants.
The second part of the survey consisted of 16 questions about perceptions and
expectations about cooperatives, and the third part consisted of 19 questions to
determine the opinions of cooperative partners.

2.2. Data collection and analysis

Data collection tools were obtained through survey questions. Survey voice
responses by telephone, online application, printed document application under
observation, and face-to-face interview methods were used. The online method
covered all of the survey questions and was open to participation throughout Balikesir
for twenty days from July 29 to August 17. The printed document application under
the observation method also covered all the survey questions and was applied from
July 28 to August 2. In the face-to-face interview method, meetings were held with
cooperative managers and partners.

The first part of the survey questions was analyzed on 724 participants whose
information was reached. In the second part of the survey questions, a total of 461
participants were analyzed, including 166 participants who answered the printed
document under observation, 210 participants who used the online method, and 85
participants who were interviewed face-to-face. The third part of the survey questions
was analyzed based on the data of a total of 223 participants who were cooperative
partners. Information getting the knowledge procurement is summarized in Table 1.

Table 1. Data acquisition method.

Method Total Number of Participants  Rate (%)
Voice calling application 140 19.3
Onine survey application 285 394
Printed document application under observation 214 29.6

Face to face meeting 85 11.7
Total 724 100.0

Quantitative data were entered into Microsoft’s Excel program; percentages and
frequencies were calculated and visualized with tables or graphs depending on their
characteristics. Open-ended questions were coded, and then the codes were grouped
according to subthemes and main themes. Names and surnames were not used in the
application, and participants were represented by codes such as C1, C2, C3, etc. The
data obtained were analyzed according to their numerical size, and the findings were
summarized in tables [11]. Quantitative and qualitative research methods were used
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together to examine and evaluate the perspectives of all participants and cooperative
partners. With this method, the perception of cooperatives could be measured through
the eyes of the people of Balikesir, and cooperatives were evaluated through the
opinions of their partners.

3. Results and discussion

3.1. Socio- economic characteristics of the research area

More women (59%) participated in the research than men (41%). The fact that
women’s cooperatives participate in face-to-face meetings and meetings with at least
two female managers and that the partners of women’s cooperatives show more
interest in the printed document application under observation has been effective in
the high rate of women'’s total participation.

In terms of marital status, 78% of the participants are married and 22% are single.
The marriage rate is higher for women (83%) than men (71%). 53.4% of Balikesir
population is married [12]. The average age of the research participants is 44.7. The
median age of Balikesir population is 41 [13]. The age to become a cooperative partner
in Turkey is 18, and since people under the age of 18 did not participate in the study,
the marriage rate and median age were found to be high. 48% of the survey participants
live in districts, 30% in Balikesir center, and 22% in villages.

The majority of the participants in the research are secondary school graduates
(37%). The rate of primary school graduates is 17%; the rate of people with an
associate degree is 13%; the rate of people with a bachelor’s degree is 18%; and the
rate of people with a master’s degree or doctorate is 7%. The rate of those who say
they are illiterate or do not have a diploma is 8%. In Turkey and in most of the research
published on determining the common characteristics of cooperatives, it is seen that
cooperative partners are moderately educated [6]. Basaran and Irmak [14], in their
research titled ‘Partnership Structure in Agricultural Cooperatives in Edirne’,
Evaluation of Cooperative Activities’, found that 0.37 percent of the cooperative
partners were literate, 51.57 percent were primary school graduates, and 19.06 percent
were secondary school graduates. They determined that 21.93% were high school
graduates and 7.06% were university graduates. In the Southern Marmara
Development Agency Cooperative Report [15], it was shared that in the study area
covering Balikesir and Canakkale, those who graduated from high school ranked first
with 44% of the cooperative partners’ graduation status, while those with a bachelor’s
degree ranked second with 26%. 21% of the survey participants are private sector
employees. Other income sources were found to be 19% farmers, 14% public
employees, 12% retirees, and 11% tradesmen. The rate of those who do not specify
their source of income or report is 23%. 30.8% of the survey participants are
cooperative partners. Average partnership duration is, 16 years in tradesmen and
craftsmen’s credit and guarantee cooperatives, 14.5 years in agricultural sales
cooperatives, 12 years in agricultural credit cooperatives, and 1.3 years in women’s
entreprise cooperatives. It is understood from the history of cooperative partnerships
that women’s initiative cooperatives have started to operate in recent years.
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3.2. Perception of cooperatism

In order to measure the public’s perception of cooperatives, an attempt was made
to first determine the concept of cooperatives. In this context, the question ‘What is
the first sentence that comes to your mind when cooperatives are mentioned?’ was
directed. Participant reactions are grouped as positive approach, negative approach,
definition through application, and no answer received (Table 2).

Table 2. Perception of cooperatives in Balikesir.

Situation Rate (%)
Positive approach 55.7
Negative approach 26.3
Definition through application 5.0

No answer 13.0
Total 100.0

55.7% of the participants in the research expressed the concept of cooperatives
with a positive approach. A positive approach is expressed with concepts such as
togetherness, solidarity, cooperation’s joining forces, joint business culture,
socializing, mutual trust, and strong partnership.

26.3% of the survey participants attributed negative meanings to the concept of
cooperatives. Negative approaches are expressed with concepts such as favoritism,
uninhabitable houses, difficulties in the establishment phase, theft, bad managers, and
a place to find jobs for supporters.

5% of the survey participants defined their perception of cooperatives through
application areas such as agriculture, markets, and housing. It is considered that the
expansion of agricultural credit markets has an impact on the perception of the
application area. 13% of the participants did not answer.

The perception of cooperatives varies according to people’s expectations:

a)  While women, who sell the products they produce at home through a cooperative
and turn them into income, take a positive approach by taking strength from the
existence of the cooperative; women, who turn the products they produce at home
into income by opening a stall in the municipal market, also have a negative
attitude towards cooperatives, finding the space support provided by Balikesir
Metropolitan Municipality sufficient.

b) While tradesmen who have the opportunity to access credit thanks to cooperative
partnerships express positive opinions about cooperatives, tradesmen who earn
income by workplace they acquired through cooperatives (small industrial site
building cooperatives) may have a negative opinion about cooperatives based on
other activities of the cooperative (not building housing on KOP lands).

¢) While the pharmacist who provides the medical product he requested from the
warchouse of the cooperative of which he is a partner does not discriminate
between cooperatives and other commercial companies in terms of business
relations and has a positive opinion about cooperatives, farmers who cannot
access chemical fertilizer from the cooperative of which they are a partner in a
timely manner may make negative evaluations about the cooperatives.
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d) The approach to associate with the education and experience of managers also
affects the formation of perception. As a matter of fact, those who define the same
people assuming managerial duties for a long time with the concept of
‘experienced profiteering’ and those who point out that the managers (women) in
newly established women’s cooperatives are inexperienced can also express
negative opinions about cooperatives.

e) Cooperatives are associations aimed at protecting common interests around the
same purpose. Since they are structures that bring together people with different
social statuses and income levels, the behavior and expectations of the partners
may not always be the same, and the degree of satisfaction with the cooperative
activities also varies. In aquaculture cooperatives, agricultural sales cooperatives,
pharmacist cooperatives, and motor transport cooperatives, which have narrower
(specific) areas of activity, the suitability of the service can be measured more
casily, so the perception of the partners is positive, and it is seen that they embrace
the cooperative culture more.

f) Cooperative managers who find the cooperative under their management
successful and make negative evaluations about other cooperatives also serve to
create a negative perception.

In recent years, the view on cooperatives has been established on negative
thinking due to the unsuccessful practices arising from cooperative management
processes, especially housing building cooperatives [16]. The criticisms can
sometimes lead to doubts and questioning the cooperative model altogether. In
Balikesir, the social status and income level of cooperative partners affected the
expectations in housing cooperatives, and a negative perception about cooperatives
was created due to the amount of dues determined by low-income partners and the
extension of the construction period.

Believing that individuals’ responsibility-taking and tendencies are important in
order to measure a perception within a population, it is asked, “Would you like to be
the founder/manager or partner of a cooperative to be established in Balikesir?’
Participant reactions are grouped as I will be a founder/manager, I won’t be a
founder/manager, I will not be a founder/manager but I will be a partner, and I am not
interested at all. The percentages of the reactions can be seen in Table 3.

Table 3. Tendency to be associated with a cooperative.

Feature Rate (%)
I would be the founder/manager 14.6

I would not be the founder/manager 9.3

I would not be the founder/manager, I will be a partner 45.1

I didn’t interested in at all 12.1

No answer 18.9
Total 100.0

14.6% of the survey participants stated that they would be the founder/manager
of a new cooperative to be established in Balikesir, 9.3% stated that they would not be
the founder/manager, and 45.1% stated that they would not be the founder/manager
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but could be partners. While 12.1% of the participants answered that they have no
interest in cooperatives, 18.9% left the question unanswered.

3.3. Expectations from cooperatives

Today, cooperatives offer a business model that can be applied to all economic
activities almost everywhere in the world. Cooperatives also enable social activities to
be carried out on the basis of solidarity and equality [6]. For this reason, expectations
from cooperatives are diverse. Measurements regarding meeting expectations vary
depending on the field of application of the cooperative activity, but are made based
on the economic and social results of the activity. In order to measure the expectations
of the people from cooperatives in Balikesir, the participants were firstly asked, ‘In
which area do you find cooperative activities lacking in Balikesir?’. Participant
reactions are summarized in Table 4.

Table 4. Ficld where cooperative activity is lacking in Balikesir.

Field Rate (%)
No answer 24.5
Agriculture 24.8
Housing production 9.8
Branding 8.8
Endangered arts and crafts 8.2
No shortage 7.6
Youth entrepreneurship 7.0
Banking- Insurance 6.0
Other (education, health, energy) 32
Total 100.0

24.5% of the participants didn’t answer the questions. 24.8% of the participants
find the agricultural sector, 9.8% housing production, 8.8% branding, 8.2%
endangered arts and crafts, 7% youth entrepreneurship, and 6% banking insurance to
be lacking. The rate of those who find cooperative activities sufficient is 7.6%.

While the unique characteristics agreement of each region gives the product a
‘local’” meaning, the standards of the regional human factor of production and the
characteristics of production techniques give the product a ‘local’ meaning. Local
products have an internal content and are generally used to describe products grown
where people live. At the same time, the historical process and the local product create
a unique story. The length of local product life can sometimes cover centuries, but in
any case, it is transferred from generation to generation and is carried out depending
on collective memory [7]. Cooperatives all over the world carry out various activities
in order to ensure the continuity of local cheap production and protect local values. In
order to protect what is locally provided in Balikesir: the questions ‘Whether there is
a need for cooperatives’ and ‘For which products are cooperatives needed? are asked.
And since the information will be important, it can be obtained from the question ‘For
which local expansion production and marketing is cooperative formation needed in
Balikesir?’ was posed. 66.2% of the survey participants say that cooperatives are
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needed to protect the local value in Balikesir and 23% say that cooperatives are not
needed. 10.8% of the participants left their questions unanswered. Among local
products, ‘hosmerim’ ranked first (65%), while other products included ‘Balikesir
pullusu’ (43%), ‘Kapidagi purple onion (38%), and ‘yagcibedir carpet’ (32%).

Although cooperatives are private legal entity institutions, they are sometimes
seen as state institutions due to the intensity of their relations with the public. In order
to determine the level of knowledge of the people in Balikesir on this issue and to
measure their expectations from cooperatives, the question ‘What are your
expectations from the state for the development of cooperative activities in Balikesir?’
was posed to the participants. Participant reactions are grouped under the headings of
education/information, supervision, legislation, support, and independence from
government interference (Table 5).

Table 5. Expectations from the state.

Situation Rate (%)
Education/Information 36.3
Supporting 22.5
Control 21.0
Regulatory update 14.1

No control by goverment, Independence 6.1

Total 100.0

33% of the survey participants expect the state to provide education/information.
While 23% of the participants expect the state to support, 21% expect the state to
supervise, and 14.1% expect legislation updates from the state. 6.1% of the
participants say that the state should not interfere and cooperatives should be
independent.

Expectation of support from the state focuses on raw material support, fair-
festival participation support, promotion-advertising support, business networking
support, and support for women’s cooperatives. In the South Marmara Development
Agency South Marmara Cooperative Analysis Report, it was emphasized that the
cooperatives should feel the state behind them completely, and the proposal was
shared that the establishment expenses of the cooperatives, especially the virtual
environment costs and product raw material purchasing expenses, advertising, and
training expenses, should be covered with state support without any bureaucratic
obstacles.

The purpose of the emergence of cooperatives is to strengthen local solidarity.
The basic principles of cooperatives are extremely important for local development.
In particular, the principle of social responsibility directly concerns local development.
Due to their social responsibilities, cooperatives contribute to sustainable development
on a national and global scale, starting from the local area in which they live.
Cooperatives have an effect on increasing the social capital level of that city or region
in the regions where they are located. The most reliable organizations where small
producers and unprotected consumers organize against monopolies in the market are
cooperatives. The positive effects of cooperatives for local development cannot occur
spontaneously. Cooperatives need support to demonstrate their expected positive
impact on local development. The most important actor of support is the municipality

47



Sustainable Social Development 2024, 2(3), 2397.

of the place where the cooperative operates [17].

Cooperation of municipalities with cooperatives can be achieved through
different methods. Municipalities can become partners in an active cooperative, or
they can cooperate as founding partners of a new cooperative. Cooperatives Law No.
1163 says, ‘Public and private law legal entities may assist, lead, and become partners
in the establishment of cooperatives in which they are interested in terms of their
purposes.’ In Balikesir, some municipalities have become partners in cooperatives [7].

In order to measure local levels of cooperatives, the question “What are your
expectations from the municipality for the development of cooperatives in Balikesir?’
was directed to. Participant reactions focus on support, education’s information,
finding solutions to the problems of motor transport companies, and the independence
of the municipality’s participation.

73.8% of the survey participants expect financial support from the municipality.
The rate of those who expect the municipality to provide training’information is
11.2%, and those who expect the motor transport cooperatives to solve their problems
is 5.2%. The rate of those who expect the municipality not to interfere and the
cooperatives to be independent is 3.5%. The rate of those who did not answer the
question is 6.3%.

Expectation of support from the municipality; financial expectations such as
renting open market/sales areas to cooperatives, providing fair-festival participation
support, advertising successful cooperatives locally, providing business networking
support, cooperating with cooperatives in food supply, and providing rent support by
cooperating with women’s cooperatives come to the core.

In Balikesir, municipalities can strengthen local solidarity by collaborating with
cooperatives. In this context, to strengthen cooperation with marketers in running a
neighborhood market, marketers can establish a business cooperative or become
partners. To strengthen cooperation with the slaughterhouse, including animal
producers and butchers, animal sales places and slaughterhouse management
cooperatives can establish or become partners in recycling service cooperatives to
provide effective recycling services and to transfer the income obtained from these to
the poor.

Municipalities can also cooperate with cooperatives by providing logistical
support and assuming the role of supplier. In this context, while it can mediate the
marketing of women’s cooperative products, it can also provide direct support by
purchasing the products of business cooperatives established by disabled people.
Additionally, volunteer firefighting can expand its service area by collaborating with
service cooperatives. Depending on the situation of the beneficiaries of fire services,
it can also reduce the financial burden of fire services by delegating authority to
cooperatives, if necessary.

3.4. Behaviors of cooperative partners

Behavior analysis of cooperative partners was conducted on 223 participants who
were cooperative partners. While 42% of the survey participants are partners in
agricultural cooperatives, 17% are partners in women’s entreprise cooperatives, 12%
in tradesmen and craftsmen’s credit and guarantee cooperatives, 11% in motor
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transport cooperatives, and 10% in housing cooperatives.

33% of the survey participants became partners in the cooperative to make their
job easier. 28% of the participants stated that they partnered to do business together,
17% to socialize, and 16% to earn money. 6% of the participants shared the view that
‘I became a partner to set up my own business and feel like a boss’. While the majority
of women participating in the research (72%) stated that they became partners in the
cooperative with the expectation of achieving social goals (achieving, socializing,
being in solidarity), the majority of men (59%) became partners in the cooperative
with the expectation of achieving economic goals (getting the job done easily and
doing business together).

The highest management body in cooperatives is the general assembly. The level
of participation in general assembly meetings is important in terms of partner
cooperative relations as well as an important indicator of the partners’ ownership of
the cooperative. In Balikesir, while 30% of the cooperative partners attend the general
assembly meetings regularly, the majority do not attend the general assembly meetings,
with 47% attending some years. The discussions held in the general assembly meetings
are deemed unnecessary, and the same people being constantly elected as directors are
effective in the low attendance at the general assembly meeting in Balikesir.

Cooperatives provide the opportunity for partners to freely express their opinions
and suggestions within the framework of the principle of democratic management.
Ensuring the free contribution of the partners to the decisions made at the general
assembly meetings is not only the duty of the management but also the partners
towards the cooperative. It is possible to be effective in decision-making processes by
actually participating in general assembly meetings and providing opinions and
suggestions on the activities of the cooperative and other issues. In Balikesir, 22% of
the cooperative partners read the reports of the board of directors and the audit board,
and 17% express their opinions at the general assembly meeting and influence the
decision.

It is important for cooperative partners to take part in management and control
bodies in accordance with the principle of democratic management of cooperatives.
Entry into the cooperative in voluntary and legal responsibility begins following the
acquisition of partnership status. Within the framework of the self-management
principle of cooperatives, each partner has the opportunity to become a manager or
auditor. In Balikesir, 41% of cooperative members have worked as managers or
auditors in cooperatives, and 59% have never served in management and audit bodies.

In many types of cooperatives (such as housing cooperatives and business
cooperatives), the monthly/annual dues received from the partners constitute the most
important income of the cooperative. In order for cooperative activities to function
regularly, dues must be collected on time. Paying dues is an important obligation for
cooperative partners. In Balikesir, 82% of cooperative partners pay their dues regularly.
It is considered that cooperative relations in Balikesir are healthy, depending on the
regular payment of dues.

The satisfaction level of cooperative partners with cooperative managers is
important in terms of joint cooperative relations. In Balikesir, 35.4% of cooperative
partners are satisfied with their managers. 25.6% of the participating cooperative
members do not find it appropriate to elect the same person as manager repeatedly.
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Cooperatives are corporate structures that provide common benefits. Those who
cannot get the benefit they expect from the cooperative partnership can sometimes
express dissatisfaction by making evaluations solely on the managers. According to
cooperative types in Balikesir, there are negative evaluations about the same
individuals assuming long-term managerial duties in building cooperatives,
tradesmen’s and craftsmen’s credit and guarantee cooperatives, and agricultural credit
cooperatives. However, in motor transport cooperatives as aquaculture cooperatives,
where manager-partner relations are tighter due to business reasons, the success of the
activity increases trust in managers, regardless of their tenure. In women’s initiated
cooperatives that have just started their operations, the majority of partners are
satisfied with their managers.

Cooperatives are businesses that protect the mutual interests of their partners
through cooperation. The financial expectations that the partnership will provide come
first in the reason for becoming a partner in a cooperative. While 67.7% of the
participants responded to the questions asked to the cooperative partners in order to
reveal the importance of the cooperative partnership in terms of business activities and
that they do not need a cooperative to run their current business, 15.2% of the
participants responded that if there is no cooperative, my activity will come to an end.

In order to measure the indicators that meet common expectations, cooperatives
asked their cooperative partners, ‘Which activity of your partner’s cooperative do you
find sufficient?” And ‘Which activity of the cooperative of which you are a partner do
you find inadequate?” While 36.7% of the cooperative members find the activity of
providing technical information and informing about the developments of the
cooperative of which they are partners sufficient, 32.7% find the product marketing
activity sufficient, and 29.1% find the activity of facilitating access to institutions and
organizations sufficient. 18.8% of cooperative partners left the question unanswered.
The rate of those who find the activity of cooperatives in providing financial support
sufficient is 14.3%; the rate of those who find the activity of selling products at good
prices sufficient is 13.9%; the rate of those who find the activity of providing
production input sufficient is 13.0%.

While 40.8% of the cooperative members found the financial support activities
insufficient, 31.3% stated that the activity of providing production inputs was
insufficient, 29.5% stated that it was insufficient to sell the products at a good price,
and 26.4% stated that the activity of providing financial support was inadequate and
finds the product marketing activity inadequate (Table 6).

Table 6. Sufficiency of cooperative activities.

Feature Finding it sufficient (%) Finding it insufficient (%)
Product marketing 32.7 26.4

Providing technicalinformation/Sharing ~ 36.7 17.4

information

Providing Access to institutions’ 29.1 143

organizations

Providing financial support 14.3 40.8

Sell products at good prices 13.9 29.5

Providing production input 13.0 313

No answer 18.8 1.8
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In conclusions made from face-to-face interviews, the extent to which
cooperative members find the activities of the cooperative in which they are a partner
sufficient varies depending on whether it meets their individual expectations. While
women’s cooperative partners find the cooperative’s activities in providing technical
information and reaching institutions to be highly sufficient, the partners of
agricultural sales cooperatives find the product marketing activities of the cooperative,
and the partners of tradesmen and craftsmen’s credit and guarantee cooperatives find
the activities of the cooperative in accessing credit highly sufficient.

While the partners of agricultural credit cooperatives find the product marketing
activity of the cooperative insufficient, agreement development cooperation
partnerships find the financial support activity of the cooperative more inadequate.
Motor transport cooperative partners have left this issue largely unanswered.

4. Conclusion

The perception of cooperatives in Balikesir is mostly positive. There are also
critical approaches based on unsuccessful practices and the difficulty of doing business
together.

In Balikesir, the rate of regular participation of cooperative partners in general
assembly meetings is low, and their desire to take part in management and auditing
bodies is also low. More than half of the cooperative partners in Balikesir are not
satisfied with their management, and they also neglect the process of determining the
management by not attending the general assembly meetings. While this situation
shows that the cooperation activity is not sufficiently embraced by the partners, it also
shows that the management cannot sufficiently implement the principle of democratic
unity.

Election of the same people as managers can sometimes create discomfort
between the partner-manager through personal relationships, and sometimes it can
create actions through trust and experience.

Women’s cooperatives in Balikesir carry out similar activities, including
processing local products and selling them as finished goods. Similar activities
focused on local food narrow the field of women’s cooperatives. To better demonstrate
the importance of cooperatives for women, the activities of women’s cooperatives in
Balikesir should be diversified. It is very difficult to ensure that women become
partners in legal organizations such as cooperatives, which involve legal liability and
financial sanctions [7].

In Balikesir, the negative attitudes of women who have the convenience of
opening a stall in the neighborhood market towards cooperatives should be seen as a
concern about legal sanctions and avoidance of financial responsibility.

Expectations from the municipality in Balikesir regarding cooperatives mainly
include financial support. Activities aimed at meeting these expectations will certainly
create a financial burden for the municipality. In Balikesir, open market sales of food
and necessities and garbage collection, separation, and recycling services can be
provided by cooperatives. Providing these services by cooperatives will reduce the
financial burden of the municipality and may also provide additional income
opportunities.
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Abstract: Close to 4 decades post-publishing of the Brundtland Report, a global blueprint that
emphasised multilateralism and interdependence of nations as the basis for a tenable
sustainable development, gender inequalities and untenable development persist in Africa.
There is a need to continuously redefine the pathways for eliminating poverty and gender
inequalities as the basis for sustainability. A better understanding of the causes of gender
inequality as well as an acknowledgement of the fact that gender equality and sustainable
development are inseparable is also imperative. This review study, through a desk review of
available literature, explored three central issues: why gender inequality and sustainable
development must be addressed together in everyday theory and practice, how patriarchy and
war cause gender inequalities and untenable sustainability in Africa, and how these twin
pandemics must be confronted to ensure achievement of the 17 sustainable development goals
(SDGs) and their 86 targets, drawing from case studies of Southern and West Africa. Focusing
on a number of social determinants of well-being, including good health for all, sexual and
reproductive health services, education for all, quality of employment, gender rights, and basic
requirements such as food and portable water, the review study argues that development efforts
in Africa have proved gender unequal and thus unsustainable. The review study advanced
arguments for a holistic view of sustainable social development, contending that market-
focused indicators of development that disregard social determinants of well-being
misrepresent reality. Market-focused neo-liberal patterns of growth neglect human needs and
compound poverty and undergrowth. On the other hand, integrating a people centred approach
to growth helps understand the connections, ruptures, and trade-offs between dimensions of
gender equality and sustainability in a way that facilitates holistic growth.
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1. Introduction

1.1. Background and theoretical underpinnings

This review study utilised a gender critique of patriarchy and war as a policy
entry point for addressing the agenda of social sustainability in Africa, based on a
qualitative case analysis of two sub-regions, Southern Africa and West Africa. The
case analysis looked beyond mere macroeconomic stability and growth as indicators
for social sustainability, arguing that economic growth is indeed a critical but
insufficient component of holistic sustainable social development. Adding social
economic indicators to the matrix makes an analysis of sustainable social development
complete. In this review study, I asked questions on the impacts of patriarchy and
gender discrimination on gender relations, as well as on the gendered impacts of war
on women and girls. Advancing a pro-marginalised policy agenda, I argued that a
sustainable society is not one where the poor work and live a general life, but one that
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is able to address the often neglected and subtle, yet so determining social risks to
which African people, especially women and girls, are exposed. The said social risks
include exclusion, gender-based violence, displacement, poverty, unemployment,
poor health outcomes, and poor education outcomes—which are underlining factors
for gender inequality. I utilised a gender lens to my research task, focusing squarely
on the plight of women and girls in patriarchal Southern Africa and in war-stricken
West Africa. 1 identified patriarchy and conflict as twin pandemics that
disproportionately affect women than men, giving poverty, disease, and human rights
violations a feminine face.

Understanding the overlays between gender equality and sustainable social
development requires, first and foremost, both a theoretical and practical
understanding of the moral, ethical, and practical reasons why gender equality must
be integral to sustainable development [1]. For this reason, I advance critical feminist
theory, a tenet that interprets social development in terms of the social relations of
power between women and men [2] as a suitable conceptual framework for addressing
the intersections, ruptures, and trade-offs between gender equality and sustainable
social development. I ask questions that are pertinent to the development of a gender-
sensitive discourse on a possible inclusive and sustainable social development culture
in Africa, and these are: How does patriarchy fuel gender inequality and poverty in
Southern Africa? How does violent war fuel gender discrimination and poverty in
West Aftrica? Is sustainable social development possible in the presence of patriarchy
and war in Southern Africa and West Africa? How can policymakers redirect their
focus for sustainable social development in Southern Africa and West Africa?

I identify patriarchy as a producer of negative masculinities, which impose
passive femininities on women and further shape the characteristics and discourse of
war, and war, on the other hand, as a reproducer of patriarchal violence, further holding
both patriarchy and war accountable for gender inequalities, poverty, and related
factors that delay achievement of the sustainable social development agenda. Feminist
theories of patriarchy and war in relation to social development enrich the discourse
by taking the analysis away from the patriarchal notions of men as aggressively strong
and of women as passively peaceful and towards a more nuanced understanding of
patriarchy and war as anchored on a dynamic that privileges the elite at the expense of
the less powerful. Such a power analysis anchors gender analysis on historical realities
of how colonialism aggravated gendered patriarchal elations in Africa by promoting a
system that privileged men over women in terms of access to resources, information,
and opportunities for empowerment. In the aftermath of colonialism, men remain more
powerful than women based not only on patriarchal notions of weak femininities and
strong masculinities but also on a legacy of a colonial system that systemically
privileged men over women. Critical feminist theory further advances the possibility
for social relations to change through education and awareness through ‘de-
socialisation.” [3—5]. This review study has the potential to inform high-level policy
advancement on confronting patriarchy and war as pre-requisites for sustainable social
development.

The Brundtland Report [6] defined sustainable social development as
“Development that meets the needs of the present without compromising the ability of
future generations to meet their own needs.” The World Bank’s ethos of social
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sustainability relates to “putting people first in development processes by empowering
people, building cohesive and resilient societies and making institutions accessible and
accountable to citizens” [7]. The two definitions concur that current needs of the
populace can only be met when social policies, institutions, mechanisms, and
operational regulations are made cohesive and resilient to disasters and can deliver
social goods and services for all in a manner that empowers the poor and marginalised
for sustainable production beyond the present consumption needs. Ridding the
environment and institutions of all factors that lead to inequality and poverty enhances
the achievement of sustainable social development. A better method of proffering
policy-level recommendations on ending patriarchy and war starts with understanding
how these twin scourges intersect to generate retrogressive and untenable development
processes.

1.2. Theoretical concerns—Nexus between gender equality and
sustainable social development

Concerns over the relationship between sustainable social development,
patriarchy, and war stretch as far back as the World War I period. Postwar 20th-century
feminist critique understood the impact of World War I on the lives of marginalised
populations, especially women, as evidence of how globalising capitalism and
patriarchal culture was detrimental to development [8—11]. To date, arguments of the
relationship between gender equality and sustainable development have sustained,
from the publication of the Brundtland Report (1987) through the adoption of the
Millennium Development Goals agenda in 2000 to the Sustainable 2030 Agenda and
its 17 sustainable development goals (SDGs) in 2015. Within the SDGs
implementation strategy, Goal 5, ‘Achieve gender equality and empower all women
and girls’, has been identified as a cross-cutting issue that advances concerns of
gender-based discrimination such as unpaid work, sexual and reproductive rights, and
gender-based violence, and these are all critical aspects to economic growth and
sustainability [12]. Achieving SDGS is a priority that contributes to the increase in
global well-being. A thorough analysis of the 9 targets set by SDG Goal 5 on gender
equality arguably reveals the centrality of this goal to sustainable development and
that its concerns touch on aspects of many other SGDs, if not on all aspects of the 17.
In view of all this, conjecturing the link between patriarchy and war in eroding the
hopes for gender equality becomes unavoidable. Key to the 2030 Agenda is the
recognition of how prospects for achievement of all SDGs relate to eradicating
discrimination, all forms of inequalities, poverty, human and terrestrial prosperity,
promoting freedom, and universal peace and security [13]. Likewise, Goals 5.1 to 5.6
address this aspect of eradication inequalities, while another set of goals, 5.a to S.c,
further seek to ensure gender equality by specifically addressing the following: 5.a:
“Undertake reforms to give women equal rights to economic resources, as well as
access to ownership and control over land and other forms of property, financial
services, inheritance, and natural resources, in accordance with national laws”; 5.b:
“Enhance the use of enabling technology, in particular information and
communications technology, to promote the empowerment of women”; and 5.c:
“Adopt and strengthen sound policies and enforceable legislation for the promotion of
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gender equality and the empowerment of all women and girls at all levels.” [13].

Patriarchy, a power-based system that produces and reproduces gendered
inequalities, manifests in subtle, dynamic, and flexible ways as a gimmick to normalise
and perpetuate its presence. Patriarchal relations, principles, and ideals are
systemically entrenched in the political, social, and economic crevices of society as
the basis upon which inequality between men and women is defined in both the public
and private realms [14]. Patriarchy, working in favour of men, determines who
controls and who has access to what resources, as well as who makes what decisions
and to what effect in the social, economic, environmental, and political spheres. As
noted above, a class and power analysis of patriarchy extends patriarchal relations
above anatomical differences towards class and power differences. Linkages to people
and positions of power produce and reproduce patriarchal characteristics or masculine
attributes in certain women, who in turn exert patriarchal power and control over less
powerful women and men. As earlier noted, feminist critical theory historically
conjectures how patriarchy has sustained its ugly presence in capitalism, colonialism,
nationalism, globalisation, neoliberalism, post-colonialism, and imperialism [15-20].
Feminist scholarship thusly argues that patriarchy, like feminisms, cannot be a
monolith belief system but various strands of patriarchal belief systems that reinforce
each other to subordinate the less powerful in a pattern that reproduces geographies of
insecurity and unsustainability. Global patriarchy, for example, has implications for
economic and political global hegemonies that manifest in the manner in which global
decisions and policies are made in a top-down manner with negative ramifications for
the well-being of the less powerful regions, continents, and citizens. These dynamics
have likewise negative ramifications for the social sustainable development of less
powerful continents, regions, and nations. In short, patriarchy is an ideology for abuse
of power and control of the less powerful. The paradoxical nature of patriarchy is its
ability to create conditions of the normalisation of subservience not only by those who
reap benefits from the system but by the victims of the system as well [15]. As an
ideology of subordination, patriarchy creates and recreates violence in both the public
and private spheres to instill and perpetuate fear and control, hence its linkages with
war and violence.

Violence as an ideology of patriarchy is a systemic strategy for obtaining and
maintaining patriarchal control. In Africa, traditional pre-colonial perceptions of
women as substandard, aggravated by colonial policies that devalue women, have
normalised perceptions of women as less powerful and men as the more rationale
species. This belief plays out beyond mere social relations, influencing the patterns in
which resources and opportunities are deployed and accessed in the economic,
environmental, and political arenas. Control and fear are also characteristics of war.
Patriarchy determines how wars are planned and carried out and how people of
different classes and genders are affected by the consequences of war, such as conflict-
related sexual violence, displacement, disease, and poverty. In the absence of direct
war in most Southern African countries, women bear the consequences of stigma and
discrimination emanating from patriarchal systems on both the private and public
fronts. They have less access to resources and less access to positions of influence in
politics and development issues, leading to less decision-making power as humans.
The fundamentally gendered nature of direct war exacerbates pre-existing patriarchal
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norms within society, further increasing risks for violence, discrimination, hunger, and
displacement for marginalised groups, especially women. In conflict-ridden West
Africa, women and girls are the most affected. They suffer the brunt of poverty and
hunger and are subjected to sexual exploitation, harassment, rape, and abuse at the
mercy of terrorist insurgencies. War therefore plays out as part of a broader set of
cultural understandings and practices and a manifestation of patriarchal violence.
This research answers specific research gaps. While much has been documented
on gender equality and on sustainable social development as separate topics, a research
gap exists in studies that analyse sustainable social development jointly with gender
equality in Africa. Assessing gender equality and sustainable development on a
continuum enables a reflection on their mutual dependence in development theory and
practice. There cannot be sustainable development without gender equality, and vice
versa. Excluding a gender equality analysis in the sustainable social development
discourse is similar to creating a sustainable development pathway that excludes 51
percent of the continent’s population. A second research gap is that dominant existing
literature on the sustainable social development agenda has a propensity to measure
social development in terms of gross domestic product, available natural resources,
infrastructure, and employment rate, overlooking the role of social determinants of
growth and sustainability such as gender equality and equity across all pillars of
sustainable development, which can be achieved when patriarchy and war are
eradicated. Thusly, this review study takes gender equality as an important category
of analysis in the sustainable social development discourse. Thirdly, little documented
evidence pays attention to the gender dimensions of the human capital value that is
destroyed by war. The lives, integrity, and worth of women and girls are lost when
they are used as collateral damage in conflict, as victims of sexual and gender-based
violence, displacement, poverty, and hunger. This review study confronts these
identified problems by underlining firstly that the human factor is as equally important
as the wealth factor in enabling sustainable development. Secondly, I argue that gender
equality is a basic requirement for sustainable social development, yet both patriarchy
and war erode its benefits. Finally, I emphasise that patriarchy and war produce and
reproduce each other with serious negative ramifications for gender equality, hence
the need for policy actions to focus on eliminating both pandemics to enable a
sustainable social development practice. Patriarchy and war fragment the polity along
gender and power lines, but the Social Sustainability agenda inclusively attends to the
need to “put people first” in development processes. It promotes social inclusion of
the poor and vulnerable by empowering people, building cohesive and resilient
societies, and making institutions accessible and accountable to citizens [21].

1.3. Delimitation of the study

Southern Africa and West Africa were purposively chosen as typical
representations of how prospects for gender equality are constantly eroded by
patriarchy and war. Southern Africa, which has fewer direct wars, was chosen as an
archetype of how patriarchy produces and reproduces inequalities, while West Africa,
a modern prototype of coups and political strife in Africa, demonstrated the gendered
effects of war and violence.
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2. Methodology

Data gathering and data analysis methods

The review study achieved its goal through a rigorous desk review of available
literature on gender equality and sustainable social development, as well as on the
implications of patriarchy and war for the sustainable social development agenda in
Southern Africa and West Africa. In total, 120 online articles, journals, books, research
papers, reports, and reviews were identified online using a computer key word search.
A thorough audit of the identified resources was undertaken by reading through the
abstracts, introductions, and conclusions to ascertain their relevance to the topic under
study. A total of 45 resources were discarded for irrelevance, while the retained 75
articles were thoroughly reviewed to gather secondary data for the study.

A thematic content analysis of the secondary data accumulated from reading the
75 resources was undertaken. The first stage entailed generating key themes for the
study. NVivo was then used to break down and organise the rest of the data under the
key themes that were generated from the study topic, intermingling it with formulated
hunches to produce coherent arguments as findings for the revised study.

3. Results

3.1. The case studies: Introduction

Attaining gender equality is a crucial human rights concern embedded across all
the SDG goals and targets [22]. Patriarchy accounts for gendered inequalities across
all fronts of life, majorly manifesting as gender-based violence and feminised poverty,
further causing untenable development. Gender inequalities traverse other
inequalities—across all SDG thematic areas. Gender inequalities further intersect
power imbalance and discriminatory practices, unequivocally serving as the means for
combating challenges to sustainable social development [23]. Although gender
equality/inequality issues extend beyond SDGS5 and require to be addressed within all
the 17 SDG sectors and 86 SDG targets, the limited scope of this study confined the
discussion to a few selected SGDs and/or SDG targets [24,25]. The four selected
targets include education, employment/unemployment rates, inequalities in quality of
employment, and education. With the intention of raising the awareness of
policymakers on the importance of prioritising SDGS5, I assess how regional
governments focus development priorities on SDG targets to enable women to access
resources while affording them choices to effectively participate and make decisions
at all development levels for the attainment of gender equality [26,27].

3.1.1. Gender inequality in employment levels

Patriarchy is one of the biggest challenges in Southern African countries,
amongst other challenges like post-election violence, traces of civil wars, terrorist
insurgencies [28—30] and pervasive state corruption [31]. Patriarchal standards in the
region are visible, for example, through the female-to-male employment ratio. In the
Seychelles, for example, the existing statistics of the female to male share of
employment in middle management and senior management positions for 2009 to
2019 have a gender gradient that is tilted against women. This in turn translates to a
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gendered gradient of feminised poverty, an economic form of violence.

Figure 1 shows an average female unemployment rate of 3.85 percent for women
in the Seychelles from 2009 to 2019, meaning that 96.15 percent are formally
employed. Out of the 96.15 percent of women who are employed, only 35.2 percent
are in middle to senior management levels, and 64.8 percent are in lower-level
employment status. The other side of the coin is that 64.8 men are in middle- to senior-
management positions, while only 35.2 percent are in lower-level employment. These
patterns show gross inequalities skewed against women. Seychelles is indeed a
microcosm of the global patterns in employment. For instance, the global labour force
participation rate for women is approximately 38 percent for women and 72 percent
for men in middle to senior management positions [32,33]. This inequality gap applies
both in the private and public spheres, including for women employed in formal
politics and in key decision-making positions such as cabinet, parliament, and the
judiciary. During the period from 1997-2005, the African Union’s (AU) set target for
30 percent women in politics and decision-making was missed, and only three
countries—Mozambique, South Africa, and the United Republic of Tanzania—had
reached the target in parliament, at 34.8 percent, 32.8 percent, and 30.4 percent,
respectively [34]. In line with Agenda 2030, the AU revised the target to 50:50 by
2030, and to date, only South Africa, Namibia, and Mozambique are closest to
realising the target, at 45.8 percent, 44.2 percent, and 42.4 percent, respectively [34].

Employment inequalities Seychelles
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Figure 1. Employment inequalities Seychelles.

Clear arguments for both the economic and social benefits of achieving gender
equality in the employment sector have been advanced for a long time. McKinsey &
Company [35] argue that the most gender diverse companies are 25 percent more
likely to experience above-average profitability, while the Grant Thornton report [36]
establishes that having women on the board of a company boosts productivity. Yet to
date, existing evidence in the area indicates a lack of progress, with the global gender
gap report [37] showing that, at the current rate of progress, it will still take another
131 years to reach gender parity. Globally, only 26 percent of women in the private
sector hold a C-suite position, and of those in four female C-suite executives, only one
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in twenty is a woman of colour [35]. Another report shows that, globally, only 24
percent of CEOs/MDs are women, 37 percent of CFOs, and 24 percent are CMOs, and
that companies with female chairs have 60 percent of women in leadership positions,
compared to 27 percent in companies with male chairs [36-38]. Gender equality has
been on the agenda for decades, and reports speculate that achieving it could add as
much as $12 trillion to the global economy, yet no country has yet achieved complete
gender parity [39].

3.1.2. Poverty and its feminised face

The Southern African region is endowed with natural resources [32,33]. Many
countries in the region have high gross domestic products (GDP), an indicator of
domestic wealth, as indicated in Figure 2. In 2019, for example, South Africa and
Angola retained the prime regional economies at US$503.7 billion and US$138.8
billion, respectively, while Tanzania, the DRC, Zambia, Mozambique, and Botswana
followed with GDPs ranging between US$60 billion and US$23 billion [39].
Seychelles and Comoros, on the other hand, had the lowest GDP economies of 1.4
billion and 1.6 billion, respectively.

SADC 2019 GDP wealth
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Figure 2. SADC 2019 GDP wealth.

The paradox for the region is that despite the evidence of material resource wealth
and high GDP wealth, citizens experience obnoxious high levels of gendered
inequalities on all fronts. Figure 3 highlights GDP per capita wealth figures for the
SADC region as at 2019. More than 60 percent of the population in Southern Africa
lack access to an adequate supply of safe water, a third of the SADC population lives
in abject poverty and about 40 percent of the labour force is either unemployed or
underemployed [40,41]. Poverty thus, is not conceptualised through objective social
indicators like income levels, consumption expenditures and infrastructural standards
only, but also through subjective social indicators like a levelled playing field where
citizens of all genders, classes and creeds are able to access the social determinants of
well-being in an equal manner [42].
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SADC 2019 GDP per capital wealth
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Figure 3. SADC 2019 GDP per capita wealth.

There is a need to transcend mere economic figures and statistics and focus on
subjective social indicators and related social determinants of health as the measure
for ascertaining a country’s economic balance. For example, the Seychelles, a country
with the second-lowest GDP of 1.6 billion, has the largest GDP per capita wealth, an
indication that this country is striving towards sustainable social development than the
rest of the countries, albeit at the most simplistic level. On the other hand, Seychelles’
tallies with Mauritius as most developed nations, with a recorded human development
index (HDI) ranking of 0.80. The GDP per capita and HDI of the Seychelles prove
that the system therein ensures fundamental rights and adequate standards of living for
its population. However, despite the projected wealth, women and children in this
country are vulnerable to serious risks such as sexual exploitation, sexual abuse, child
marriage, and child labour. Children who are exploited in labour have no access to
better education, good health, or prospects for better employment. Likewise, victims
of child marriages, rape, and sexual exploitation discontinue their education and lack
access to better employment opportunities, further failing to contribute to their
countries’ GDPs. Rather, they depend more on government spending for social
services, which is a huge barrier to sustainable development.

3.1.3. Gender-based violence and sustainable development

While projecting a high GDP and GDP per capita as noted above, Seychelles does
not have available data on child marriages, which is an indication of huge gaps in the
area of attainment of children’s sexual rights. Seychelles ratified the African Charter
on Human and People’s Rights on the Rights of Women in Africa, including Article
6, which sets the minimum age for marriage as 18. Yet, the country’s Civil Status Act
(1980) has the minimum legal age of marriage at 15 years for girls and 18 years for
boys, further allowing girls to marry even before the age of 15 in the event of consent
from a minister [43]. The vague legislation presents huge risks for safety and
protection of children’s rights in matters of sex and marriage, further defeating the
country’s commitment to SDG target 5.3 of ending child marriages by 2030 [44,45].
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Passing girls into adulthood at the age of 12 to 15 years has further implications for
child labour, as these children are forced to assume adulthood and work to fend for
families at that childhood level. The fact that Seychelles is ranked in the highest HDI
when it has huge legal anomalies in the area of its legislative frameworks for child
marriages is indicative of the fact that global methods and standards of ascertaining
development metrics still do not encompass subjective indicators, especially those
relating to gender equality and the rights of women and girls. Child marriage and child
prostitution have huge consequences for both human and economic development.
They lead to unwanted pregnancies, births, diseases, infant mortality, and maternal
deaths; add on to negative population growth and place the care burden on the central
governments.

The scourge of gender-based violence (GBV) is not unique to the Seychelles
alone but a grim reality in the whole Southern African region. The extent of this
scourge has compelled African Hedas of State and Government to adopt the Kinshasa
Declaration in 2021, a concern for the increase in violence against women and girls in
Africa, as well as committed actions to address it [41,42]. The ferocity of GBV in
Southern Africa has overtaken all efforts from governments, non-government
organizations, development partners, and donors to combat it, and there remains no
evidence or indicators to suggest that GBV statistics have dissipated. On the contrary,
the advent of civil wars and political unrest, COVID-19, and ICT usage appallingly
heightened cases of GBV. In South Africa, for example, more than 23 000 teenagers
were impregnated during lockdown, including 934 girls aged between 10—14 years old
[43]. The Zimbabwe Demographic and Health Survey [44] and other prevalence
studies indicate that the most prevalent form of GBV is intimate partner violence
among women aged between 15-49 years. About 35 percent of women in this age
group have experienced physical violence since age 15; 14 percent have experienced
sexual violence at least once in their lifetime; and 32 percent of ever-married women
have experienced spousal emotional violence in their lifetime. GBV presents a major
obstacle to gender equality and sustainability, with devastating consequences like
HIV, unwanted pregnancies, stress, and depression, leading to suicides. GBV,
especially child marriage, has dire human and economic costs on the girl child,
families, communities, and the state.

The inequalities in employment levels, child marriage, and child labour
challenges highlighted above and their impacts on sustainability indicate that
achievement of substantive gender equality is still a long way off in Southern Africa.

3.2. War and sustainable social development in West Africa

West Africa is endowed with minerals, diamonds, and oil reserves, yet the region
has huge poverty and inequality levels amongst its people. This is caused by the
background of pandemics, violent conflicts, coups d’état and violent extremism,
among other negative dynamics. Patriarchy and war dictate the pace at which women
have access to decision-making processes that avail resources and opportunities to
them. Countries in West Africa have suffered prolonged conflict dynamics, causing
the region to be characterised by poverty and very low Human Development Index
scores. As a result, people face a lack of basic services such as “... health care, portable
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drinking water, education, and electricity, underpinned by governance deficits and the
exclusion and marginalisation of certain segments of the population, especially women
and youth” [46]. Women experience a double measure of these challenges owing to
gender discrimination and prescribed gender roles. West Africa trails behind in
fulfilling the requirements of SDG 4 on quality education for all, further revealing a
lack of commitment to avail equal opportunities for education to all. For example,
women from rich families in Mali are 15 times more likely to have received a
secondary education than those from poor families [47]. Likewise, in Niger,
approximately 70 percent of the poorest girls have never attended primary school.
Among those who have attended, only one in two girls goes to primary school, one in
10 to secondary school, and one in 50 to high school. The average length of schooling
is just 18 months, far way behind world standards [46].

There is a huge human development gap between women and men in West Africa
United [48], with Cape Verde, Ghana, and Senegal falling into the lowest possible
category on the UN’s gender-based HDI [48]. West Africa has been ascribed an
inequalities high crisis level [47], and the 2017 UNDP Gender Inequality Index (GII)
placed all West African countries at the bottom of the global GII rankings, between
131st and 158th out of the 158 classified countries [49,50]. Out of 162 countries
classified in 2018, Senegal ranked 125th, Burkina Faso 147th, Niger 154th, and Mali
158 [49,50]. Disparities between men and women are most notable in the areas of
health, education, and living standards. The Commitment to Reducing Inequality
(2022) analysis revealed that West Africa is trailing behind five major economic blocs
in Africa in the area of tackling inequality, further describing West African
governments as half committed to reducing inequality when compared to their
counterparts in Eastern and Southern Africa [51]. In the CRI, Nigeria, Sierra Leone,
and Guinea-Bissau are ranked the lowest in efforts to reduce inequalities through
social spending [51].

Nigeria, with an estimated GDP of $477 billion in 2022, stands out as the most
powerful economy in West Africa [52]. Declining economic rudiments and related
variables like corruption, mismanagement, natural disasters, pandemics, and civil wars
landed the country’s persistent inflation at a staggering 17-year high of 25.8 percent
in August 2023, leaving Nigerians in poverty with a GDP per capita of USD 2513.00
[52]. Nigeria’s glaring gender and class inequality levels are an impediment to
sustainability. Five million Nigerians face hunger, yet the combined wealth of five
richest men, $29.9 billion, could end extreme poverty at a national level, and the
country’s richest man would have to spend $1 million a day for 42 years to exhaust
his fortune [52]. Women, who represent between 60 and 79 percent of Nigeria's rural
labour force, are five times less likely to own their own land than men, and also less
likely to have a decent education. 94 percent of women are illiterate, while over three-
quarters of the poorest women in Nigeria have never been to school [52]. One of the
most crucial social determinants of well-being is health, yet the majority of poor
people in Nigeria lack basic health amenities and competent medical practitioners
[53]. Nigeria’s infant mortality rate is estimated at 99 per 1000 births, while the life
expectancy of an average Nigerian at birth is lowly estimated at 47 years, a figure
falling below that of Sub-Saharan Africa (51 years) [53].

There is a huge effect of disaggregated conflict on the poverty index and
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indicators in Africa, showing conflict as having direct causal effects of poverty while
worsening the standard of living along gender and class inequality lines [54]. Violent
conflict destroys infrastructure and institutions, disturbs production, and leads to
unemployment and inflation. Forced displacements destroy social cohesion,
increasing violence against women, girls, and the marginalised and often causing
unwanted pregnancies, sexually transmitted diseases, death, and injury [55-59].
Increasing political and military tensions have disturbed development pathways in
Burkina Faso, Guinea-Bissau, Niger, and Mali, while civil wars and tribal resource
wars have also ravaged wealth and lives in Niger and Nigeria [60]. In Mali, more than
7.5 million people faced food shortages in the last 19 years, making the country a
humanitarian crisis zone [60]. Women and girls, owing to gender expectations, bear
the brunt of violence and hunger in the homes as they take care of children and the
elderly, while men and boys flee from scenes of violence.

Another obvious consequence of armed conflict is sexual violence, which in most
cases is targeted at women and girls owing to their anatomical nature and supposed
weak positions in society. Islamist fundamentalist movements and militias deliberately
target women as collateral damage for their war and terror tactics [61]. In north-east
Nigeria, the presence of Boko Haram makes women and girls the victims of deliberate,
systematic attacks and kidnappings where they are subjected to inhuman acts of sex
slavery, rape, forced concubinage, abortion, and sterilisation among other forms of
sexual violence [61]. Such violations have serious ramifications for their health and
well-being. Girls face increased sexual and reproductive health challenges in the
absence of the required health care and services; gender equality is delayed, economic
growth is reversed, and prospects for better human capital results are abridged [62,63].
Thusly, war and fragility hold back women’s economic empowerment and better
human capital outcomes for the current generations and for posterity [61]. Health and
education are the building blocks of sustainable social development because they
empower people to build better lives [63,64]. Gender-based human fragility, like all
other forms of human fragility, does not only affect the well-being, lives, and
livelihoods of individual people but of households, communities, and societies [64].
“Investing in women’s and girls’ human capital should be seen as investing in coping
capacities on a societal level, which helps to achieve sustainable development” [65].

The political and war crisis has subjected Mali to a status of poverty among the
countries in West Africa since 2012. The 2012 military coup d’état caused massive
displacements of populations, creating a conducive environment for the rape of
women and girls, including many other forms of gender-based violence [66.67]. GBV
rose to 54 percent during COVID-19 compared to 43 percent before the pandemic,
encouraged by school closures, food shortages, and financial difficulties that forced
women and girls to cohabit with abusive men [68]. Post-Covid, GBV has become an
everyday and near-normal occurrence for women and girls, firstly because the
northern part of Mali has been under the control of armed groups, and secondly
because the victims do not have an opportunity to seek help or report cases of
violations [69,70]. While cases of rape, sexual assault and genital mutilation, physical
violence, and forced marriage are still the most commonly reported in the northern and
central regions, particularly in Menaka, Gourma, Timbuktu, Mopti, Socoura, and
Kayes circles, the actual figures remain a mystery as very few cases are reported, and
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little follow-up of reported cases is done [70]. UNFPA reports cases of deliberate
denial of resources for livelihoods to women and girls, an aspect that compounds
gender inequalities [68]. Traditional and religious beliefs are also major drivers of
inequalities stemming from GBV in Mali. Close to 89 percent of Malian women aged
15-49 had undergone FGM (Female Genital Mutilation) nationwide and 91 percent in
the capital city of Bamako. 76 percent of Female Genital Mutilation (FGM) victims
were less than 5 years old [67]. The number of FGM survivors remains high due to the
persistence of the traditional idea that girls should have their sexual desire reduced at
an early age. Young girls are also married off in the belief that marriage is the only
way they can prevent having children out of wedlock and also as collateral for food
security for their poor parents. As such, GBV is normalised and tolerated by
communities, and efforts to report it are often met with impunity.

4. Discussions

This review study successfully establishes that the challenges of patriarchy and
war in Southern Africa and West Africa, respectively, are a major catalyst for the ever-
growing inequalities in education, health, employment, well-being, consumption, and
production. Both patriarchy and war produce and reproduce gendered inequalities
across the whole development spectrum. Development can never be sustainable
without deliberately integrating gender equality in all these pillars and across all the
17 SDGs and their 86 targets. The discussions also identified COVID-19 as a major
impediment to gender equality, both in peace and war zones, but especially in war-
torn countries like Mali and Niger, to mention a few. Covid-19 causes inequalities
across all the pillars discussed in this review study, including health, education, human
rights, well-being, employment, and production. The review study further
efficaciously interrogated and defined the associations between and among the various
SGDs that were discussed regarding gender inequality, based on the reviewed
literature explored in this study. Case studies across selected Southern African and
West African countries were documented, revealing how failure to prioritise gender
equality in development processes compounds grave inequalities that prevent women
and girls from actualising their potential in the present and for future generations. The
reviewed literature and the documented case studies all showed minimal progress in
the implementation of SGD targets. Glaring inequality gaps were revealed between
women and men across all human development sectors. The plight of women in both
Southern Africa and West Africa demonstrated huge push backs in the area of gender
and development since independence of Africa from colonial rule, further
demonstrating synergies between the colonial political economy and the post-colonial
political economy in relation to patriarchy, war, and gendered inequalities in Africa.
These push backs likewise equate the push backs in sustainable social development.
The review study also established that in Africa, war aggravates existing patriarchal
structures, prying on the societal positions of women to compound domestic violence,
rape, abductions, prostitution, child marriage, spousal violence, displacement, and
human trafficking, which all lead to feminised poverty. Feminised poverty in turn
debilitates the state because central government budgets get spent on mitigating the
manifestations of inequality and poverty instead of uprooting the causes of poverty

65



Sustainable Social Development 2024, 2(3), 2458.

1.

References

2016.

Research Centre; 2000.

and inequality. Finally, the review study identified a worrying rupture in the design of

targeted policies and programmes, data collection on indicators, and in the defining of

development priorities. The human development index and related metrics are set

outside the considerations of the gender specific social determinants of well-being, to
the extent that a country supposed to be in the highest level of HDI in Africa has no

documented statistics on child marriages and child abuse and still tolerates a local law

that allows girls to marry at the age of 15, further making it possible for them to be

married off with a minister’s consent even below the age of 15. On this note, the review

study makes the following recommendations, which are imperative in efforts to make

gender equality a central tenet of sustainable social development:

World governments, development partners, and policymakers must give
preeminence to mainstreaming gender in all development initiatives to ensure
that all planet investments equate sustainable development to gender equality.
Gender issues should be encompassed in formulae for data collection on
indicators, taking into consideration the social dimensions of sustainable
development.

More attention should be given to peacemaking and peacebuilding initiatives
aimed at stopping wars across the regions, as well as to poverty alleviation.
Increased capacity building and awareness among professionals involved in the
design of policies, projects, and budgets for the implementation of the SDGs will
better sensitise them on how gender is a central tenet without which development
can ever be sustainable.

Involving women in decision-making, design, and implementation of SGD goals
has the potential to influence a gender sensitive culture across the whole spectrum
because women have experiential knowledge and skills of surviving gendered
processes.

Gender-sensitive recruitment practice should be made a legal issue, and gender
audits should be practised to ascertain adherence to gender-balanced recruitment
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Abstract: Carrying capacity assessment of nature-based tourist destinations is important for
keeping the consumption of natural resources and anthropogenic pollution levels within
environmentally safe and sustainable limits. With the mostly rural character of such
destinations, the local community's well-being also needs to be prioritized. Exposure to natural
hazards and climate crises have further exacerbated concerns about the long-term sustainability
of these locations. The interrelationship between tourism intensity and its impacts clearly
reflects Butler’s Tourism Area Life Cycle model of 1980. The ‘elements of capacity’ and their
‘critical range’ mark a significant threshold in the model that leads us to the concept of carrying
capacity. The capacity may be physical, spatial, ecological, environmental, social, economic,
management, and governance, among others. This is also linked with the quality of the touristic
experience and satisfaction. In this context, aiming to understand the optimum level of tourist
traffic flow in Bakkhali, one of the popular beach destinations of the deltaic island system of
the Indian Sundarbans, this study assesses its visitor carrying capacity at three levels—
physical, real, and effective. It also briefly introduces the idea of ‘operative’ carrying capacity
at the fourth level. The study is based on tourist data until 2019 and adopts the well-established
methodological framework of carrying capacity assessment applied widely in several settings.
The result suggests that tourism operations at Bakkhali may optimally handle 2040 visitors per
day, which may be stretched to a maximum of 2267 visitors per day. This may be used as
baseline information for sustainable coastal tourism policy framing in the long term while
planning for tourism management and infrastructure development in the Sundarban region in
immediate terms.

Keywords: beach tourism; carrying capacity; limiting factors; operative carrying capacity;
sustainability

1. Introduction

The World Tourism Organization (UNWTO), a United Nations specialized
agency, defines tourism as ‘a social, cultural and economic phenomenon which entails
the movement of people to countries or places outside their usual environment for
personal or business/professional purposes. These people are called visitors (which
may be either tourists or excursionists; residents or non-residents) and tourism has to
do with their activities, some of which involve tourism expenditure’. Tourism involves
travelling and staying of people ‘outside their usual environment for not more than
one consecutive year for leisure, business and other purposes’ and is a sub-set of
travel, while visitors are a particular type of traveler moving from one geographic
location to another. UNWTO further differentiates between stay-trips and day-trips,
classifying visitors as a ‘tourist’ (or overnight visitor) who opts for an overnight stay
or as a ‘same-day visitor’ (or excursionist).
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The tourism sector is known for its significant contribution to a country’s
economic development and hence plays a vital role in supporting living and livelihood
in the places of visit. Tourism activities impact the natural and built environment, as
well as the local community, and in turn, also get impacted. The dynamics and
complexities between these dimensions influence the various stages of tourism growth
and are well-depicted by Butler’s theory of ‘tourism area life cycle’ or TALC [1].

It is interesting to note how these stages correlate with the number of visitations,
particularly the development and the stagnation stages where the rates of visitation are
reversed. A large number of tourists within a short span marks the development stage,
whereas reduced visitations for a prolonged period indicate stagnation. Figure 1
reinterprets the TALC model to highlight this correlation [2]. The most significant
segment of Butler’s hypothetical evolution of a tourist area is the post-stagnation stage,
when the area can either get rejuvenated by positive strategies and action or can slip
into absolute decline through five likelihoods. While E is attributed to catastrophes, B
and C are hopeful possibilities where the ‘capacity levels’ are respected with due
consideration, as minor modifications to capacity levels lead to modest growth in
tourism (B) and tourism is stabilised by cutting the capacity levels (C). Once the
capacity levels are reached or surpassed with passage of time and simultaneous
increase of visitors, the attractiveness of a tourist area and consequent visitor
experience get negatively affected. Appropriate destination planning and management
can effectively reverse this trend and arrest the decline by adjusting the capacity levels
even before the stage of stagnation (Figure 1).
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Figure 1. Carrying capacity related to tourism area life cycle [1].

TALC is the seminal model and a forebear of the sustainability concept in
tourism. This is where the tourism carrying capacity figures prominently as a tool to
assess and understand the threshold of tourism growth for a specific tourist area.
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1.1. Need of the study

Coastal zones are densely populated regions of the world supporting about 60%
of the world’s population and also vulnerable to multiple natural hazards like storm
surges and floods. The land-ocean interface in these zones has a complex ecosystem
and experiences intense economic activities such as tourism owing to their rich
resource base and aesthetic appeal. The rising anthropogenic pressure threatens the
sustainability of these fragile environments [3]. The Indian Sundarbans is one such
ecologically rich coastal region in south Bengal (Figure 2)—a World Heritage Site
inscribed in 1987. It has the world's largest mangrove forests, comprising 55% forest
land and 45% wetlands in the form of tidal rivers, creeks, canals, and vast estuarine
mouths of the river [4]. Sandy beach is present in a few areas, while large stretches of
muddy beach are common in the Sundarbans [3].

Figure 2. Location of the Indian Sundarbans [4].

The sandy beach of Bakkhali is a popular seaside location in one of the inhabited
islands of the Indian Sundarbans. The State Government introduced tourism here in
1972, and in the last five decades, it has grown considerably, mainly with private
initiatives. Uncontrolled tourism, inadequate planning, and a lack of ecosystem-based
management have caused widespread degradation, resulting in a loss of biodiversity
and ecosystem services in the Sundarbans [5]. Studies on tourism carrying capacity in
the context of the Indian Sundarbans are lacking, and therefore, such an assessment
for Bakkhali was felt necessary.

1.2. Aim of the study

Sustainability implies human economy to remain within earth’s carrying capacity
[6]. Aiming for controlled tourism growth for long-term sustainability of both
environment and socio-economic conditions, this paper aims to understand the spatio-
physical threshold of tourist population that may be supported by the Bakkhali tourist
area within the sustainable limits. This leads to the assessment of its carrying capacity
to guide/develop a plan of action for optimizing tourist traffic flow to the site.
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1.3. Methodology

The methodology involves a literature review, field visits, and primary and
secondary data collection. Literature review consists of two tracks: one, tourism theory
covering the tourism life cycle, sustainability, and carrying capacity (CC), and second,
studies on the tourism site, its development history, abiotic, built, and tourism profiles,
and related challenges. These are discussed in sections 2 and 3, respectively. Tourism
data and field surveys constitute the primary study. The methodology flow diagram is
given in Figure 3.

Need of the
study
Literature
Review
Tourism area Tourism
™ life cycle related data
Primary field
survey
Tourism Concept and Field wisit
1, | I
L, theory methodology and
and CC of CC observation
“» Application of | —— Spatial
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L climate,
water) <
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Carrying capacity of
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Figure 3. Research methodology.
2. Carrying capacity

2.1. Carrying capacity—Definition and dimensions

A year after the concept of ‘tourism area life cycle’ emerged, we find the United
Nations World Tourism Organization defining the carrying capacity of a tourist resort
as ‘The maximum number of people that may visit a tourist destination at the same
time, without causing destruction of the physical, economic, socio-cultural
environment and an unacceptable decrease in the quality of visitors’ satisfaction’
[7,8]. This definition is echoed by McNeely and Thorsell [9] when they described
carrying capacity as ‘the maximum level of visitors use an area can accommodate with
high levels of satisfaction for visitors and few negative impacts on resources’. UNEP
puts an emphasis on environment and defines carrying capacity as ‘The maximum
number of users which can be sustained by a natural or manmade resource without
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endangering the character and quality of that resource at a sustained resource
productivity over time’ [10]. The concept of capacity emerges from the concerns of
the sustenance of fragile ecosystems in the face of accelerated anthropocentric
activities and anthropogenic load. This is particularly critical to coastal environments,
as these have finite resources and capacity and therefore should be central to coastal
management initiatives [10]. Exceeded limits of capacity in peripheral destinations
negatively affect visitor expectations, community wellbeing, and the natural
environmental system [11]. Hunter [12] identified four different types of carrying
capacity: physical, psychological (or perceptual), social, and economic carrying
capacity. MacLeod and Cooper [13] have classified the capacity types in a slightly
different manner: physical, ecological, social, and economic, with corresponding focal
themes. Tourism carrying capacity is instrumental in the planning and management of
tourism growth and to limit tourist flows [14]. Quicoy and Briones [15] view carrying
capacity as an ecotourism tool having interdependent stakeholders from the tourism
industry, community/local authorities, and environmental supporters. Tourism
carrying capacity should not be viewed as a fixed framework but as a supportive tool
for tourism management, with its assessment and implementation being a part of the
tourism development planning process [16]. The concept is also an integral aspect of
addressing the long-term sustainability of tourism sites [17].

The carrying capacity concept is most applicable in the context of natural
protected areas where the visitor numbers can be regulated by the park management
to a well-defined physical extent. It is quite challenging to ascertain the threshold of
visitors for open-access visitation areas. Also, since no destination or person is
identical, the diverse characteristics of the visitors, the hosts (local population), and
the visited (destination) impede the process of objective assessment. Perception of
visitors plays a significant role in determining the carrying capacity, as qualitative
dimensions of attractiveness and satisfaction are subjective. Thus, carrying capacity
appraisal involves both qualitative and quantitative approaches.

Carrying capacity in tourism involves three overlapping terms: tourist carrying
capacity, tourism carrying capacity, and visitor carrying capacity. From the UNWTO
glossary of tourism terms [ 18], these may be understood as below:

1) Tourist carrying capacity: Tourists undertake over-night stays in the tourist
area. Hence, such carrying capacity studies would consider only the overnight visitors.

2) Visitor carrying capacity: Visitors include both tourists and excursionists, i.¢.,
day-trippers. Hence, this study has a larger scope and considers all visitors.

3) Tourism carrying capacity: Tourism involves activities of visitors. Thus, the
capacity of the tourist area to support all such activities comes under its purview,
expressed in the number of people as per the UNWTO definition.

Cifuentes and Ceballos-Lascurain developed the methodology [19,20] based on
which carrying capacity studies have been conducted by several scholars world-wide,
as follows:

Area used by tourists (say, swimming area)

Physical C ing C ity =
ysieat Lartying Lapactty Average Individual Standard

No. of daily hours area open to tourists

Rotation Coefficient = _ —
Average time of visit

The total number of allowable daily visits is then determined by:
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Total daily visits (maximum) = Carrying Capacity x Rotation Coefficient
The physical carrying capacity is further calibrated in a top-down process
through real carrying capacity and effective carrying capacity (Figure 4) by
accounting for the local constraints and management capacity [19-21].
Additionally, a concept of ‘operative carrying capacity’ has been introduced in
this paper.

" Physical
carrying
capacity

Real |
carrying |
capacity

Manage
ment
capacity

Effective (and operative)
carrying capacity

Figure 4. Interconnected top-down process of carrying capacity assessment.

The current paper has applied the physical carrying capacity (CC) assessment
tool for finding the optimum number of visitors in the context of Bakkhali, the study
area.

2.2. Carrying capacity assessment: Precedent studies

The deterioration in the tourist areas’ environmental quality with increased
footfall and intensity is seldom addressed in tourism potential studies and propositions.
It is prudent to plan for controlled tourism growth from the very inception of tourism
development, especially in nature-based destinations, to ensure overall sustainability.
The World Tourism Organization defines sustainable tourism as “tourism that takes
full account of its current and future economic, social and environmental impacts,
addressing the needs of visitors, the industry, and the environment and host
communities". In the 2030 Agenda for Sustainable Development, the importance of
sustainable tourism is highlighted in SDG target 12.b [22].

Sustainable tourism for coastal areas is closely related to coastal zone
management, which in turn uses Carrying Capacity Assessment (CCA) as a necessary
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tool for formulating tourism development and management plans [7]. A tourism
carrying capacity study as a part of the planning process has been presented in the
report on European tourism destinations [23]. Zacarias et al. [21] focused on Praia de
Faro of Portugal and assessed its physico-ecological carrying capacity for coastal
management. It suggests applying the physico-ecological carrying capacity concept
for ecosystem management and the socio-cultural carrying capacity for tourists and
beach users.

Some applied research on carrying capacity estimation for controlled tourism in
specific geographical locations include Fuka-Matrouh-Egypt [24], the Natural
Reserve Mombacho Volcano-Granada and the Natural Reserve Datanl-El Diablo,
Jinotega, Nicaragua [25], the Greek islands of Kalymnos, Kos, and Rhodes [26],
Phong Nha-Ke Bang and Dong Hoi, Quang Binh Province, Vietnam [27], the Purbeck
section of the Dorset and East Devon Coast [28], Calatagan, Batangas, Phlippines [15],
South Andaman Island beaches, India [29], and the Town of Mali Losinj under both
normal and recent pandemic conditions [30].

The metrics and parameters that we use in this study based on the precedent
literature are:

Physical carrying capacity of beach area is one tourist per 200 m? (50 users per
ha of coastal zone), and for swimming in the sea, it is one tourist per 8 m? [24].

The beach capacity of 200 m*/tourist has been adopted considering (a) ecological
fragility of the coast—a habitat of the shore crabs Ocypode macrocera [31], their
population decreasing due to increased tourism activities [32], (b) the beach use is
concentrated along the shoreline in a linear manner, as much of the beach width is
occupied by vending stalls, and (c) generous space for kids to run around as most
tourists visit as families.

For assessing the real and effective carrying capacities, correction factors include
local impediments affecting the physical carrying capacity, including climatic, abiotic,
and spatial factors like monsoon months, strong winds, excessive sun-shine, cyclonic
events, beach quality, sea water, beach area availability, and other related site-specific
information [27,29].

3. The study area

Bakkhali Beach (21°33'32"N, 88°15'59"E) is located in the village Amrabati,
Namkhana Block, Kakdwip sub-division, district South 24 Parganas in the Indian State
of West Bengal (Figure 5). Tourism was initiated here when a government tourist
lodge was set up on the eastern bank of a creek named Bakkhali (Figure 6a) in 1972.
The convex-shaped sea-facing beach acquired its name from this creek [33]. It is 122
km south of the administrative centre of Kolkata, the capital city of West Bengal. The
Nambkhana Island is bordered by the Saptamukhi River on the east, Muri Ganga River
on the west, Hatania-Doania River on the north, and overlooks the Bay of Bengal on
the south. Its three smaller islands, namely Frazerganj, Fredrick Island, and Henry
Island, are in the vicinity of Bakkhali (Figure 6b). The number of residents in the
village is 6675 [34].
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Figure 5. Location of Bakkhali in the Indian Sundarban region.
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Figure 6. (a) Bakkhali creek and adjacent forests (part) in 1906—-1907, 1920-1921 [35]; (b) Bakkhali beach (central
part) of the Namkhana Island’s convex sea front [36].

3.1. Abiotic characteristics of Bakkhali coastal region

The coastal areas of Sundarban are susceptible and vulnerable to flooding,
erosion, overwash dynamics, shoreline retreat, and habitat loss at the sea face and the
mouths of tidal rivers and estuaries [37]. High-intensity storms, changing directions
of approach to the low-lying beaches, increased evaporation rate in dry periods, and
shortage of fresh water supply further aggravate the damage to the beaches, sand dunes,
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and mangroves [37]. Bakkhali beach face is nearly flat with a gentle seaward slope
with MSL 1.50 m to 3.30 m and width varying between 150 m and 500 m [38].
Bakkhali experiences two predominant wind systems—the southwesterly in the
summer and northeasterly in the winter, with wind velocity of 15-50 km/h and average
minimum velocity of 10 km/h, respectively [39]. Cyclonic events are common in the
Sundarbans due to frequent low pressure zone formation on the Bay of Bengal [40],
and Bakkhali is no exception. Cyclones accompanied with heavy rainfall and wind
velocities reaching up to 120 km/hour are recurrent. These also cause significant
damage to the beaches within a very short period by eroding and redepositing the sands
[39].

The Bakkhali coast is affected by erosion and accretion [39,41]. The erosion in
Bakkhali has been so severe that the sand cover of Bakkhali sea beach has been
removed, exposing the older alluvium with the formation of clay balls [42].

The coastal areas are also exposed to surface solar UV radiation [43]. Further, the
coastal water quality gets affected due to anthropogenic inputs from land-based
sources like domestic and agricultural wastes [44]. With close to 1000 tourists per day
visiting the beach, it is obvious that tourism activities add to this load.

3.2. Built characteristics of Bakkhali tourism

The tourist accommodations are built on both sides of the major thoroughfare
leading to the beach in a typical ‘ribbon development’ pattern common to the Asian
countries. The majority of the hotels have very little foreground in the front and
therefore create a picture of chaos and confusion. The lodgings are two to three stories
high and boast highly urbanized facades (Figure 7). The West Bengal Tourism
Development Corporation Ltd. (WBTDCL) has also refurbished and expanded its
tourist accommodation—the Bakkhali tourist lodge, a single-storey cottage cluster—
into multi-storey blocks, renaming it Balutot Tourism Property, Bakkhali [45]. Our

field survey carried out in 2019-2020 revealed about 27 tourist accommodation
establishments with a total built-up area of 16,574 m? and 1705 bed capacity.

The Gangasagar Bakkhali Development Authority (GBDA), constituted in June
2013 [46], is also planning to expand the tourism activities through a guided day-
tourism journey from Frazerganj Fishing Harbour to Jambu Island and Benuban in
collaboration with the Forest, Tourism, Fisheries, and Transport Departments. This
substantiates the importance of conducting a carrying capacity assessment to inform
where to draw the line.
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3.3. Tourism scenario at Bakkhali

The tourist volume was 259,696 in 2018 (source: Tourism Department), and the
month-wise break up of its tourist overnights is given in Figure 8. Tourist footfall in
the Bakkhali-Fraserganj region has been reported to be 62,288 in 2001 to 190,030 in
2015 [47]. This indicates an annual growth of 14.65% in tourist volume till 2015 and
12.22% till 2018.
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Figure 8. Month-wise break-up of tourist overnights in 2018 at Bakkhali (source:
Tourism Department).

Our primary survey of 368 tourist respondents regarding their purpose of visit is
indicated in Figure 9, and the sea beach stands out as the main reason for visiting
Bakkhali.

30.00 27.54

25.00
— 19.57 ey 18.84
15.00 13.77
10.00
5.00 3.62
0.00 .

Restand  Local/ Active  Biological Seabeach Scenic
relaxation cultural recreation diversity beauty

Percentage of tourists

Purpose of visit

Figure 9. Tourist preferences and purpose of visiting Bakkhali (source: Authors’
survey).
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The above charts and our field survey reveal the following:

a) The monthly tourist arrival is 2—4 times higher than the local population.

b) The destination is characterized by high volume, low seasonality tourism.

¢) Annual average tourist flow is 711 tourists per day, and peak tourist flow is
965 tourists per day in the month of July 2018.

d) A clear majority of tourists arrive at the weekend and stay over night.

e) About 50% of tourists spend one night, 42% two nights, and the rest more than
two nights.

f) Half of the tourists surveyed are repeat visitors and have visited Bakkhali at
least thrice.

g) The main draw for visitors is the sea beach, followed by people visiting for
leisure, natural qualities, and opportunities to observe biological diversity.

h) The local people go to the beach in connection to their livelihoods, such as
fishing, vending, attending their shops, and the like, varying in their spatial and
temporal distribution.

4. Carrying Capacity Assessment (CCA) for Bakkhali

CCA begins with enumeration of spatio-physical data, as given in Table 1.

Table 1. Spatial information used for assessment of carrying capacity.

Tourist areas Value Remarks

Bakkhali beach area 614,089 m? Calculated from Google Earth
Picnic spot 53,371 m?

Beach length 4.164 km Calculated from Google Earth
Sea-bathing/swimming area: 5 m into the sea for the entire 20,820 m? Computed

length of the beach = (4164 x 5)

While assessing the Physical Carrying Capacity (PCC) for Bakkhali, the beach
area and the picnic spot areas have only been considered as the ‘effective area’,
especially as PCC is not merely the tourists’ spatial density but a measure of acceptable
crowding in a specific location of tourist interest.

Physical Carrying Capacity or PCC is expressed as:

PCC= A x D x Rf
where,

A = effective area (in m?) available for use by a tourist, i.e., the Bakkhali beach
area and the picnic spot area. This has been calculated directly from Google Earth
(Table 1) and is:

Beach area: 614,089 m?

Sea-bathing/swimming area = 20,820 m?

Picnic area: 53,371 m?

D = tourist density in this case would be of two types:

Beach area: one tourist per 200 m? [24]

Swimming in the sea: one tourist per 8 m? [24]

Picnic area: Considering ten picnickers per group, each group would need a 200
m? area for comfortable sitting and play activities. Hence, tourist density would be 20
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m? per tourist.

Rf = rotation factor, i.e., the number of times these visits are possible to be
undertaken within a specific duration, i.e., the daily permissible visiting hours, and is
given by:

Rf = visiting hours/average trip time.

Similar to D, Rf will also be of three types corresponding to D:

Beach area:

Since Bakkhali Beach is the main attraction, tourists spend substantial time on
the beach, considered to be 3 hours on average. The total time available for beachgoers
is from sun-rise to sun-set, which is an annual average of 12 hours. Hence, Rf = (12/3)
=4,

Swimming in the sea:

On average, tourists spend about 1.5 hours actively engaging with the sea from
morning to noon till lunch time, i.e., about 6 hours. Hence, Rf = (6/1.5) = 4.

Picnic spot:

Picnicking normally starts at 11 a.m. and continues till 4 p.m., covering the lunch
hours. The same group continues for the said five hours. Thus, Rf =5/5 = 1.

The physical carrying capacity of Bakkhali has been assessed based on these
three different types of tourist areas and is given below in the successive Tables 2—4:

Table 2. Calculation of Physical Carrying Capacity (PCC) for beach.

Beach area in m?

A
614089

Tourist density = One tourist per 200 m? (in person/ m?) Rotation factor PCC=AxD xRf

(no. of tourists per day)
D Rf D
0.005 (1/200 m?) 4 12282

Table 3. Calculation of Physical Carrying Capacity (PCC) for sea.

Beach area in m?

A
20820

Tourist density = One tourist per 8 m? (in person/ m?*) Rotation factor PCC=AxDxRf

(no. of tourists per day)
D Rf D
0.125 (1/8 m?) 4 10410

Table 4. Calculation of Physical Carrying Capacity (PCC) for picnic spot.

Picnic spot area in m? Tourist density = One tourist per 10 m? (in  Rotation factor PCC=A xDxRf
person/ m?) (no. of tourists per day)

A D Rf D

53371 0.05 (1/20 m?) 1 2668

4.1. Real carrying capacity

RCC is the maximum number of tourists, derived from PCC but moderated
according to the destination’s limitations (local, physical, or environmental conditions
and management’s capability). It is given by:

RCC =PCC x (Cf; x Cf x Cfy x ... Cfp)
where: “Cf; (corrective factors or limiting factors) are factors having negative impact
on tourism activities and assessed by limiting threshold which is used for identifying
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the impact level of a factor”

The corrective factor can be determined by: Cf; = (1 — Mi/M,).
where M1: limiting magnitude of variable 1; Mt: total magnitude of variable.

These factors depend on the tourism activities and local conditions of the site,
especially unfavourable climatic factors such as heavy downpours, gusty winds,
unbearable solar exposure, coastal storms, etc.

High rainfall, strong winds, excessive sunshine, cyclones, and beach quality are
the limiting factors for the Bakkhali coast.

Rainfall (Cf;):

Bakkhali experiences heavy rainfall in the months of July and August to the tune
of nearly 500 mm. August also has the highest number of rainy days at 27.6 days [48].
Thus, the limiting magnitude for this climatic factor will be (30 +31 + 31 +30) = 122
days out of 365 days in a year.

Cfi =1-(122/365)=1-0.33 = 0.67

Strong winds (Cf3):

The windiest month in Bakkhali is July, with an average wind speed of 16.9 mph
(27.2 km/h), closely followed by June [49]. The calmest month is November, with an
average wind speed of 8.2 mph (13.3 km/h). Hence, both June and July with high
speed winds have been considered.

CHh=1-(61/365)=1-0.17=0.83

Excessive sunshine (Cf3):

Day temperature at Bakkhali is highest in May, although March has the maximum
sun hours. A combination of high day temperature and sun-shine hours can be
observed from March to June. Additionally, with the south-facing beach, the Ultra
Violet load is also very high during the noon when the solar zenith angle is maximum
[43]. Hence, the noon hours (12 noon to 3 pm) during March to June may be
considered a limiting factor for the tourists. Thus, the magnitude of the variable is (31
+ 30+ 31 + 30) days x 3 h =366 h. The total magnitude is 365 days x 12 h =4380 h.

Cf;=1-366/4380=1—0.08 =0.92

Cyclone (Cfy):

Bakkhali takes the brunt of the cyclone occurrences originating from the Bay of
Bengal. Severe cyclonic events take place mostly during April (Fani), and May (Aila,
Amphan, Yaas), affecting normal life in this region [40]. Thus, limiting magnitude is
taken as 61 days out of 365 days.

Cfi=1-61/365=1-0.17=10.83

Beach quality (Cfs):

The quality of the beach and the sea environment contributes to the tourist
experience in a major way. Here eight parameters have been considered: (a) on-beach
vending activities, (b) beach materials, (c) beach slope, (d) tide action, (¢) beach
length, (f) beach color, (g) litter, and (h) seawater quality. Except for the first, all the
other seven parameters have been adopted from Sridhar et al. [29]. On-beach vending
is common on many beaches, with both positive and negative sides to it. While local
people get an opportunity to earn, ill-management results in litter and solid waste
accumulation. Table 5 shows the tourists’ perception of the beach quality and their
level of satisfaction.
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Table 5. Limitation assessment of quality and ambience of Bakkhali beach.

on-beach vending beach beach tide action beach beach litter  seawater quality Limiting magnitude
activities materials slope length color
O *) ) ) *) *) O ) (2/8)=0.25
In case of Bakkhali, on-beach vending and litter contribute negatively, thus
Cfs=1-2/8=1-0.25=0.75
For the picnic spot, the following seven parameters have been considered based
on the authors' perceptions: (a) ground cover, (b) sea view, (c) view of surrounding
land, (d) tree canopy and overall aesthetics, (¢) spaciousness, (f) litter, and (g) tourist
amenities/conveniences. Out of these seven, only sea view and spaciousness appear
positive. Table 6 shows the tourists’ perception of the picnic spot and their level of
satisfaction.
Table 6. Limitation assessment of quality and ambience of picnic spot.
ground sea view  view of tree canopy and spaciousness litter tourist amenities Limiting
cover surrounding land overall aesthetics magnitude
) ) ) (+) ) ) (5/7)=0.71

Cf5 (picnic spoyy = 1— 5/7=1-0.71=0.29

The Real Carrying Capacity (Table 7) presents a more realistic number of tourists
who may engage in touristic activities at a given point in time in Bakkhali. These
figures have to be further rationalized based on the current state of tourism
management or management capacity (Mc), a crucial and defining factor for
sustainability. Goal 14 of the United Nation’s Sustainable Development Goal SDG 17
aims to “Conserve and sustainably use the oceans, seas and marine resources for
sustainable development” and identifies five ocean emergencies: coastal
eutrophication, ocean acidification, ocean warming, including sea-level rise, plastic
pollution, and overfishing [22]. The UN Ocean Conference 2022 recognises tourism
as one of the major economic activities that depend on a healthy ocean [50]. IlI-
managed tourism also contributes to some of the ocean emergencies, particularly
pollution. Hence, implementing better coastal waste collection is vital to address
marine pollution since 60 to 90 percent of ocean litter is made up of different plastic
polymers [50]. The study on beach pollution at Bakkhali [47] found that the micro-
litter load was significantly higher than that observed in most other sea beaches of
India. Mostly generated through tourism activities, these put the beach infauna at
severe risk. Other than this, an overarching sustainability management plan aligned
with the Coastal Zone Management Plans (CZMP) and its environmental regulations;
capacity building of stakeholders; visitor sensitization; ‘green’ design, construction,
and operation of buildings and infrastructure; and disaster preparedness and
emergency response plans need to be urgently prepared by the local and state bodies
in charge of tourism. The management capacity has been assessed based on these
parameters adapted from the Green Globe International Standard for Sustainable
Tourism [51].
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Table 7. Calculation of Real Carrying Capacity (RCC).

Tourist area Physical Carrying Correction factors Product of the Real Carrying
Capacity (PCC) Cf.s Capacity (RCC)
Cfi Cfx Cfz Cf4 Cfs
CF (PCC x Cf)
Beach 12282 0.67 0.83 0.92 0.83 0.75 0.3185 3912
Sea 10410 0.67 0.83 0.92 0.83 0.75 0.3185 3315
Picnic spot 2668 0.67 0.83 0.92 0.83 0.29 0.1231 328

Five broad capacity parameters have been shortlisted: (a) sewage treatment
facilities; (b) solid waste management; (c) ‘green’ lodging regulations; (d) capacity
building; and (e) tourist sensitization. These are appraised in qualitative terms to arrive
at the final score of the current capacity of tourism management at Bakkhali, as
observed in our field survey (Table 8).

Table 8. Management capacity assessment.

Sewage treatment facilities  Solid waste Green lodging Capacity Tourist Mc current score
management regulations building sensitization
(@) /) @) (M) (M) (1.5/5)=0.3

The real carrying capacity further reduces when Mc is applied to obtain the
Effective Carrying Capacity, as computed as given in Table 9.

Table 9. Calculation of Effective Carrying Capacity (ECC).

Tourist area

Real Carrying Capacity (RCC) Management Capacity (Mc) Effective Carrying Capacity (ECC)

Beach
Sea

Picnic spot

(PCC x Cf) (RCC x Mc)
3912 0.3 1174
3315 0.3 995
328 0.3 98
Total 2267

Operative Carrying Capacity: However, tourist carrying capacity in terms of only
‘tourists’ is not enough. The simultaneous and proportional increase of supporting aids
for operational tourism, i.e., transportation-related manpower, shopkeepers/vendors,
facility providers, and other service staff also need to be factored here, since these
additional heads will have a substantial share in consumption of land, energy, water,
and bio-resources while contributing to the pollution load. This is the unaccounted
‘shadow’ of the mainstream tourists. A fourth step, proposed here as ‘Operative
Carrying Capacity’ that considers this support population who may not be part of the
host community, needs to be apportioned in the estimated volume.

Going with a reasonable ratio of support heads to tourists as 1:10, the carrying
capacity may be further moderated to 90% of the ECC, such that the balance 10% is
attributed to the operational aids that would support the tourist volume. The final
carrying capacity works out to be 2040 tourists per day with 227 support heads (Table
10).
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Table 10. Calculation of Operational Carrying Capacity (OCC).

Tourist area Effective Carrying Capacity (ECC) Operational Carrying Capacity (OCC)

(RCC x Mc) (ECC % 0.9)
Beach 1174 1057
Sea 995 895
Picnic spot 98 88

2267 2040

However, this hypothesis of 10% ‘shadow of tourism’, i.e., one support head to
10 tourists, is an assumption that requires to be tested through multiple case studies in
diverse contexts and hence opens up a fresh avenue for research investigation.

5. Discussions

The bed capacity as surveyed in 2019-°20 was 1705, and considering 100%
occupancy, the optimized ‘operative’ tourist flow per day as found in OCC is 2040.
This leaves only a little window for tourism growth under the current tourism
management scenario. Tourism development at Bakkhali, therefore, has to be strictly
controlled and regulated.

Tourism planners and proponents may disapprove of the idea of ‘too many
tourists’ [52], but events of overtourism underline the need to limit tourist influx
[53,54]. Making a distinction between tourist ‘flows’ and tourist ‘flood” underscores
sustainable and resilient tourism, particularly for coastal areas in the context of climate
change. A robust tourism management plan that is aligned with the coastal zone
management plans and capable of critical boundary delineation of tourism growth is
the current necessity. Meso-scale steps involving land use planning, formulating
specific guidelines and design control rules for the public places and the private hotels,
ensuring their construction and operation are environmentally appropriate, and having
a strict monitoring system in place are some of the critical management interventions
essential for the long-term sustainability of this coastal destination. The role,
responsibility, and relationship of different stakeholder groups for sustainable tourism
management have been proposed in Figure 10.

besedon TCE/ CoA e o R AP
R i tiricd it
Policy-makers  edesign control rules for the private hotels;

resource consumption,
sconstruction is environmentally appropriate

*EMP & EIA studies

*operations are environmentally appropriate
estrict itori t f I revi f

Consultants, strict monitoring system of annual review o
their performance

market players *Solid waste management, especially plastic
polymers

Proponents,

#Capacity building of service providers like travel
agencies, hotel owners

sTourism managers and marketeers

eTourist guides as front-line ST crusaders

other end-users *Managing conduct of tourists — responsible
behaviour

Tourists,

guides, &

Figure 10. Role, responsibility, and relationship of stakeholder hierarchical groups
in Sustainable tourism (ST).
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Tourism managers often see growth through a skewed lens and miss the sense of
its proportion to the destination capacity. This results in excessive tourist flows
causing undesirable conditions such as congestion, environmental pollution, and
visual quality deterioration. The cascading effect reduces the natural attractiveness and
interferes with the touristic experience. Hence, tourism growth should be in
consonance with the destination’s carrying capacity to remain within sustainable limits
[14]. Focusing only on economic development may be counterproductive in the not-
so-long run, and hence, optimizing tourist flows based on carrying capacity assessment
is essential.

6. Conclusion

This paper conducted the carrying capacity assessment of the Bakkhali beach of
the West Bengal coastal zone in one of the deltaic islands of the Indian Sundarbans.
Enduring fifty years of tourism in this remote rural setting, Bakkhali has seen a recent
spurt in tourism with investments in infrastructure creation, bringing in private players
of varying capacity in the local tourism market. However, the environment is taking
the hit in all these economic upsurges. Although the peak tourist traffic per day in 2018
was 965 per day, the level of management is falling short, and it shows in the
environmental degradation in the beach and the surrounding area. The tourism
administration of Bakkhali should plan and extend appropriate, proactive, and prompt
solid waste management services covering sewage treatment plants, gainful reuse of
organic waste, and recycling of non-biodegradable waste as an absolute priority. The
proliferation of shops, small commercial enterprises, and support infrastructures adds
to the load. This may be considered the tourists’ ‘shadow’, which undergoes
simultaneous growth alongside the tourist population. The current study found that
Bakkhali needs to optimize tourist flow to a preferable 2040 tourists per day based on
the spatio-physical capacity, climatic constraints, management capacity, and operative
factors. The ‘operative’ carrying capacity concept is introduced in this study to account
for the ‘shadow’ factor of tourism. Carrying out empirical research on the relationship
between tourism and its shadow will lead us to establish a database on the exact nature
of this relationship—both qualitative and quantitative. Evaluating the ecological and
environmental impacts are the other dimensions that may be carried out in the future
for a holistic assessment.

The result obtained through this study intends to inform actors in the tourism
sector—policymakers, tourism developers, tourism planners, managers and
marketeers, local administrative bodies, tourism promotion proponents, tourism
potential identifiers, and the local community—on the optimized limit of tourist traffic
in Bakkhali to maintain its natural pristine qualities and ecosystem services for long-
term sustainability [54]. Any increase in the number of visitors without an appropriate
environmental management plan will add pressure on tourism products, such as
lodging facilities, food and beverages, passenger transport, recreation- and -leisure
activities, and other services, triggering overconsumption and crossing the sustainable
limit.
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Abstract: This short note aims to review all the available literature using the keywords
‘Employee Development’ in the Scopus database and identify the personality traits that are
supported by the FIKR (Facet, Insight, Knowledge, and Resilience) personality profiling
assessment. Our research on 21 May 2024 involved a comprehensive search using the Scopus
database and the keywords ‘Employee Development’ in the article title. We meticulously
analyzed the bibliometric data using VOSviewer, a tool that generates clear graphical
representations of bibliometric maps, to ensure the comprehensiveness and accuracy of our
findings. This rigorous approach enhances the credibility of our research. A total of 1366
papers were reached using the Scopus database search, which had high relevancy. Based on
the visualization of the paper network confirming the main research themes, from 1932 to 2024,
there were 115 items, separating into six clusters. In the first cluster, ‘Knowledge Management’
was found. Interestingly, the only personality trait highlighted was ‘self-concept’ in the second
cluster. Therefore, the present study highlights knowledge as an important FIKR personality
profiling assessment. At the same time, ‘self-conceptual,” one of the 20 PTs in the Humanology
FIKR personality profiling inventory, is well-supported in the literature on employee
development in an organization. The literature review provides a rationale for supporting and
highlighting the use of knowledge and self-conceptual traits, among other things, under the
FIKR personality profiling assessment in an organization’s employee development.

Keywords: assessment; personal trait; employee development

1. Introduction

A personality profiling assessment provides insights into an individual’s
knowledge and skills, highlighting areas for improvement and development [1-3].
This assessment helps employees gain self-awareness, which is essential for personal
and professional growth.

The FIKR (Facet, Insight, Resilience, and Knowledge) personality profiling
assessment is valuable. It helps individuals understand their personality traits and how
they can leverage them to thrive in their roles and contribute effectively to the
organization. By assessing different facets of an individual’s personality, such as their
strengths, weaknesses, motivations, and communication style, the FIKR personality
profiling assessment provides valuable insights into their unique personality profile
[4].

Understanding resilience can help employees navigate challenges and bounce
back from setbacks. Overall, the FIKR personality profiling assessment is a
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comprehensive tool that enables employee development by providing valuable
insights into an individual’s personality traits, strengths, areas for growth, and
resilience. Using the FIKR personality profiling assessment for employee
development is a strategic approach to understanding and enhancing individual and
team performance [5-9].

This short note aims to review all the available literature using the keywords
‘Employee Development’ in the Scopus database and to identify the personality traits
used and supported in the literature.

2. Methodology

On 21 May 2024, the keywords ‘Employee Development’ were used for the
relevant publications in the article title. Later, bibliometric analyses using VOSviewer
software (VOS stands for visualization of similarities; see www.vosviewer.com) were
used to generate a clear graphical representation of bibliometric maps, especially for
extensive datasets [10,11]. Scopus, which comprises many significant research papers
and offers integrated analysis tools for creating informative visual representations
[12]. VOSviewer was employed to analyze each keyword, calculate links, calculate
total link strengths, and compare co-occurrences with other keywords.

The duplication of papers was checked with ‘Remove Duplicate’ in Excel before
the VOS analysis was performed. There have been no duplicate papers found.
Therefore, all papers were included in the VOS analysis.

3. Results

The Scopus database was highly relevant, and 1366 papers were reached. Based
on these 1366 papers, we performed a bibliometric analysis using the VOSviewer
software to highlight the trends of studies conducted on ‘Employee Development’
from 1932 to 2024 (Figure 1).

Figure 1 gives a holistic overview of the past research based on keywords’ co-
occurrences with ‘Employee Development’. The analysis reveals discernible
prominence, reflecting seven significant clusters that can be identified based on
visualization in Figure 1a.

Out of 115 items, a total of six clusters were mapped. In the first cluster,
‘Knowledge Management’ was found (Figure 1b). Interestingly, the only personality
trait highlighted was ‘self-concept’ in the second cluster (Figure 1c).

When ‘knowledge management’ is scrutinized in detail (Figure 1b), it is found
that it is linked mostly directly (in terms of similarity) to employee development,
personnel, surveys, information management, and employee performance. When the
‘self-concept’ is scrutinized (Figure 1c¢), it is linked mostly directly (in terms of
similarity) to organization, human, occupational health, male, middle-aged, adult,
female, questionnaires, employee, and leadership.

Out of the 115 items in Figure 1, personality traits include self-concept,
reliability, motivation, leadership, and attitude. Therefore, the present study highlights
knowledge as an important FIKR personality profiling assessment, while'self'-
conceptual’, one of the 20 PTs in the Humanology FIKR personality profiling
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inventory, is well-supported in the literature on employee development in an
organization.
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Figure 1. A bibliometric analysis of research themes on ‘Employee Development’ based on visualization of similarity
(VOS). (a) Overall visualization; (b) visualization focuses on Knowledge Management; (¢) visualization focuses on
Self-concept. Visualization of the paper network confirming the main themes of research, from 1932 and 2024 based
on the Scopus database. The colours in the top panel indicate the themes of research that the papers are discussing.

4. Discussion

4.1. High knowledge level as an important criterion for employee
development

A high knowledge level is considered an important criterion for the development
of employees within an organization. Employees with a high level of knowledge are
valuable assets to the company, as they possess the necessary expertise and skills to
perform their job effectively. Furthermore, highly knowledgeable employees are more
likely to be innovative and adaptable, as they possess a deep understanding of their
field and can quickly learn and adapt to new information and technologies.
Additionally, employees with a high level of knowledge contribute to the overall
growth and success of the organization [13—15].

They can provide valuable insights and ideas, solve complex problems, and
contribute to developing new strategies and processes. Furthermore, employees with
a high knowledge level are more likely to be sought after by other companies, which
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leads to better employment opportunities and potentially higher salaries [16]. For
instance, highly knowledgeable employees are often selected for leadership positions,
as their expertise and ability to make informed decisions are highly valued. Overall, a
high knowledge level is crucial for employee development as it enhances productivity,
innovation, and adaptability and contributes to the overall success of the organization.

‘Knowledge management’ could be linked directly to employee development,
personnel, surveys, information management, and employee performance, as
explained by the following points: In today’s fast-paced and competitive business
environment, organizations recognize the importance of employee development and
performance improvement. They understand that investing in their employees’
knowledge and skills can lead to increased productivity, innovation, and overall
organizational success. Organizations have increasingly turned to knowledge
management strategies to support employee development and performance
improvement. By leveraging knowledge management systems and processes,
companies can effectively capture, store, and distribute valuable knowledge and
expertise within the organization. This not only ensures that employees have access to
the information they need to excel in their roles but also facilitates collaboration and
knowledge sharing across teams and departments.

Furthermore, an effective knowledge management strategy can involve
mentoring and coaching programs that provide employees with guidance and support
to enhance their skills and knowledge. These programs can pair less experienced
employees with seasoned professionals, allowing for valuable knowledge transfer and
skill development. Additionally, learning management systems and online training
platforms can provide employees with convenient access to educational resources and
courses to further their professional development. In addition, organizations can
cultivate a culture that values continuous learning and knowledge sharing,
encouraging employees to actively seek out new information and insights. This can be
achieved through initiatives such as regular knowledge-sharing sessions, cross-
functional projects, and communities of practice where employees can share
knowledge.

4.2. Self-conceptual as an important personality trait for employee
development

A self-conceptual personality trait (PT) is one of the 20 PTs under the FIKR
personality profiling assessment under Humanology [4].

The self-concept personality trait (PT) is one of the 20 PTs under the FIRK
(Facet, Insight, Resilience, and Knowledge) PT testing. Self-conceptual personality
incorporates an individual’s perception and comprehension of themselves, including
their thoughts, emotions, beliefs, and behaviours. It consists of the conscious and
subliminal aspects of a person’s identity and plays a crucial role in determining how
they interact with the world around them. Individuals with a strong self-concept
typically have a crystal-clear understanding of who they are and what is significant to
them. They can reflect on their thoughts and actions and have a strong awareness of
themselves. They may be more likely to engage in introspection and self-reflection,
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and they may have a greater understanding of their positive and negative aspects [17—
21].

The concept of self-concept personality traits in leadership has garnered
significant attention in organizational psychology and management. Understanding
how individuals perceive themselves and how it influences their leadership style and
effectiveness is crucial for fostering a deeper understanding of good leadership. In this
paper, we will explore the importance of self-concept personality traits in leadership
and delve into how they shape leaders’ abilities to communicate, make decisions, and
effectively lead their teams. Additionally, we will examine the impact of self-
awareness on the overall success of leaders in various organizational contexts [22—
28].

Self-concept personality traits profoundly impact an individual’s abilities [29].
Employees who possess a strong self-concept personality trait are more likely to be
effective and influential because they have a clear understanding of their own
strengths, weaknesses, values, and beliefs.

Self-concept personality traits play a significant role in shaping an employee’s
communication style. Leaders with a strong self-concept are better equipped to
articulate their vision, values, and goals to their team members with clarity and
conviction. This ability to effectively communicate fosters trust and cohesion within
the team, ultimately leading to higher levels of productivity and collaboration.

The following is a list of personality traits frequently observed in leaders with a
high self-concept level, as indicated in Figure 2.

Personality Traits of Highly Self-
Concept Leaders

Confidence,
authenticity, and | Empowering
resilience Others
They show a strong sense of
self-concept exhibit * They empower their teams by
confidence, authenticity, and fostering a culture of trust,
resilience in their roles. They collaboration, and innovation.
are known to make decisions They provide guidance and
based on their values and support while allowing
beliefs, inspiring others to individuals to grow and
follow their lead. develop professionally.

Strong

Relationships

They prioritize building strong
relationships with stakeholders,
employees, and the community.
They communicate openly, listen
actively, and show empathy
towards others.

Personal Growth

They are committed to their
persenal growth and
development. They seek
feedback, embrace challenges,
and continuously strive for self-
improvement. This mindset
allows them to adapt to
changing environments and lead
with agility.

Figure 2. Personality traits of highly self-concept leaders.

e  Confidence, authenticity, and resilience

The employees (and leaders) show a strong sense of self-concept and exhibit
confidence, authenticity, and resilience in their roles. They are known to make
decisions based on their values and beliefs, inspiring others to follow their lead.
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The employee has self-confidence, the ability to accept criticism and not become
defensive, the ability to set attainable goals, and the willingness to take risks and try
new experiences. The employee is always considered egoistic, autonomous,
egocentric, self-reliant, and self-contained. The employee is good at self-expression,
realizes and actualizes his inner self, and strives for his goals. Self-awareness, self-
confidence, and self-esteem are the defining characteristics of an employee. The
employee has a positive opinion of themselves and their skills. The employee exhibits
extraordinary self-assurance and assertiveness in their behaviour.

e  Strong relationships

The employees (and leaders) prioritize building strong relationships with
stakeholders, employees, and the community. They communicate openly, listen
actively, and show empathy towards others.

The employee tends to have a positive opinion of himself and his worth. The
employee may have a high sense of self-worth and be less affected by criticism or
negative feedback from others. As a result, the employee may become more resilient
in the face of obstacles and defeats. Employees may be willing to take risks, advocate
for their needs and preferences, and speak up for themselves. As a result, the
employees may be better equipped to serve as leaders, communicators, and problem-
solvers.

e  Empowering others

The employees (and leaders) empower their teams by fostering a culture of trust,
collaboration, and innovation. They provide guidance and support while allowing
individuals to grow and develop professionally.

Possessing a strong self-concept can be advantageous in numerous aspects of
one’s existence. Note, however, that those with this personality trait may also be prone
to narcissism or excessive self-centeredness. This is an essential factor to remember.
It is crucial to establish a healthy balance between a strong sense of self-awareness
and self-confidence, on the one hand, and empathy and concern for others, on the
other, in order to build strong relationships and maintain a healthy perspective.

e  Personal growth

The employees (and leaders) are committed to their personal growth and
development. They seek feedback, embrace challenges, and continuously strive for
self-improvement. This mindset allows them to adapt to changing environments and
lead with agility.

Self-assurance is another essential characteristic of an employee. Employees who
possess this trait tend to believe in their own abilities and skills and may be highly
confident in their ability to accomplish their goals. This self-assurance can be
extremely advantageous in many facets of one’s life, including personal relationships,
the advancement of one’s career, and the pursuit of creative endeavours.

In sum, while self-concept and personality traits undoubtedly contribute to
effective leadership, it is essential to strike a balance and recognize that they are just
one piece of the leadership puzzle. Employees (and leaders) should strive to cultivate
a holistic set of skills and qualities to excel in their roles. This includes developing
emotional intelligence, fostering adaptability, and creating a supportive and inclusive
environment for their teams. By integrating these elements with a strong self-concept,
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employees can maximize their impact and create lasting positive change within their
organizations.

4.3. The importance of knowledge and self-concept for employee
development

In today’s competitive job market, employee development is crucial for
individuals and organizations. It is widely recognized that employees who
continuously enhance their knowledge and skills are more likely to succeed and
contribute to the organisation’s overall success. By investing in employee
development, organizations not only increase the capabilities and productivity of their
workforce but also enhance their competitive advantage. They can adapt to changing
technologies, market trends, and customer needs [30]. This is particularly important
in a globalized economy where organizations operate in diverse cultural contexts and
face unique challenges. Moreover, employee development goes beyond just acquiring
technical skills. It also encompasses the development of a strong self-concept, or an
individual’s perception and beliefs about themselves. This includes their abilities,
values, and overall identity [31,32].

A positive self-concept is essential for employee development as it influences
motivation, confidence, and resilience. Employees with a strong self-concept are more
likely to take initiative and seek opportunities for growth and development. They are
also more likely to be adaptable and open to learning, as they have a belief in their
capabilities. Furthermore, a positive self-concept also affects employees’ attitudes and
behaviour towards their work and colleagues. Employees with a positive self-concept
are more likely to exhibit professionalism, teamwork, and a willingness to collaborate,
which leads to a positive work environment and fosters employee engagement and
satisfaction. Overall, knowledge and self-concept play a critical role in employee
development. These factors contribute to job satisfaction and are essential for
individuals’ and organisations’ success and growth [33-35].

Hence, as organizations continue to prioritize employee engagement and
effective teamwork, the FIKR personality profiling assessment emerges as a strategic
tool for achieving these objectives. The assessment results provide managers and
teams with actionable insights into individual personality styles, facilitating improved
communication, collaboration, and cohesion within the workforce [36]. By increasing
employees’ alignment with their roles and promoting a better understanding of their
colleagues’ unique qualities and preferences, the FIKR personality profiling
assessment becomes instrumental in creating a cohesive and productive work
environment.

5. Conclusions

The present study highlights knowledge as an important FIKR personality
profiling assessment. At the same time, ‘self-conceptual’, one of the 20 PTs in the
Humanology FIKR personality profiling inventory, is well-supported in the literature
on employee development in an organization. The literature review provides a
rationale for supporting and highlighting the use of knowledge and self-conceptual
traits, among other things, under the FIKR personality profiling assessment in an
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organisation’s employee development. The FIKR personality profiling assessment
helps human resource practitioners identify any bias or imbalance in their training and
learning methods, allowing them to design and develop learning events that
accommodate and acknowledge individual learning styles.
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Abstract: Digital technology is becoming more and more popular very quickly. This is
changing every part of the business and having a big effect on how it works. Unfortunately, no
business can avoid the effects, problems, and chances that come with digital change.
Companies are also forced to change how they do things. Given this context, numerous
organizations are unprepared to transform. There are no exceptions made for the family
business. The family business is anticipated to embrace digitalization as a widely popular
business technique in many locations globally. Its participation in the digital economy is still
very important. Unfortunately, there are not many studies on how digital technology is used in
family business. When compared to other types of businesses in general, the family business
is distinguished by several distinctive qualities that set it apart from other types of enterprises.
Consequently, there exists a tension between the perceived gradual nature of change in family
businesses and the swift pace of digitalization. This discrepancy highlights the urgent need for
further exploration into the integration of digital technology within the context of family
businesses, as well as the development of strategies to support their successful digital
transformation amidst these distinctive organizational dynamics. This research aims to identify
the crucial aspects that contribute to the successful implementation of digitalization in the
family business. The adopted research method for this study involves conducting a
comprehensive literature review. This approach entails systematically reviewing and analyzing
existing academic and industry literature on the utilization of digital technology in family
businesses. This study proposes a research design to investigate the use of digital technologies
in family businesses. The study also presents a suggested mixed-method approach, combining
qualitative and quantitative methods and propositions.

Keywords: digital adoption; family business; mixed methodology; key success factors; case
study

1. Introduction

The family business is a mode of conducting business that is quite common all
over the world. It dominates 80%-98% of global companies [1-3], thus playing a
crucial part in a nation’s economic development [4,5]. About 70%—75% of national
income in many countries is contributed by the family business. A further 50%—75%
of the world’s entire population of working age is employed by it [6]. As a result, it is
a reliable economic power source for businesses of all sizes, from small to
multinational [7]. Hence, significant corporate actors are considering the necessity of
digital adoption due to the crucial importance of continuity for them [8—12].

Indonesian family businesses share some commonalities with family businesses
globally, but there might also be aspects that differentiate them. Family businesses
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around the world often prioritize long-term growth and stability over short-term
profits. This can be due to a desire to preserve the business for future generations.
Family values like loyalty, trust, and shared goals can influence decision-making
within the business. Ensuring a smooth transition of leadership to the next generation
can be a common challenge for family businesses globally. However, there are also
potential factors that differentiate Indonesian family businesses from those in other
countries. Indonesian culture emphasizes collectivism, respect for hierarchy, and
maintaining harmonious relationships. This might influence management style and
decision-making. The role of family networks in Indonesian business can be
significant. Government regulations and access to financing might also differ from
other countries. Indonesia is a developing economy. Family businesses in this context
might be more risk-taking and entrepreneurial compared to those in more developed
economies.

Digital technology is becoming more and more popular very quickly. This is
changing every part of the business and having a big effect on how it works. It is
generally inseparable from the presence of digitalization [13] and radically alters the
idea of management and leadership. This study explored how the family business will
approach digital adoption. Cahyadi and Magda [13] mentioned that adaptability to
digitalization is a key indicator of a business’s success. The Internet is used for
company development as part of digital infrastructure. A limited firm can avoid the
consequences, difficulties, and possibilities that arose from the digital revolution. It
compels enterprises to overhaul their infrastructure. Given this context, numerous
organizations are unprepared to transform. The family business is also required to
embrace digitalization, which is a widely practiced business approach in many nations
throughout the world. The majority of research on digitization was conducted at non-
family companies and academic institutions. Researching digital adoption in the
family business is crucial for gaining a comprehensive grasp of the field.
Comprehending the digital integration inside the family business is crucial, as it needs
to be prepared to embrace this trend. Scholars highlighted the significance of business
change for the family business [14].

Furthermore, experts have disclosed that the present moment is the ideal time to
digitize the business. Shortening the bureaucratic process and preserving an
entrepreneurial spirit in the family business is essential [15]. This research explores
the current trends in digital adoption literature. It aims to analyze whether family
business leaders or successors own unique characteristics in adopting digitalization
through the evidence. Furthermore, this study will try to create contributions toward
future practice in the family business discipline in the form of a model that can be
utilized by the family business to prepare for the process of digital adoption. It is vital
to support the main priorities of Indonesian family businesses over the next two years,
namely changing or adapting business models and increasing the use of new
technologies.

2. Materials and methods

The research philosophy of this study is pragmatic, focusing on solving practical
problems and contributing to the future practice of the family business. Pragmatic
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employs a variety of methodologies, from qualitative to quantitative methods. The

family business is a complex setup. According to Tagiuri and Davis [16], a family

business consists of seven interest groups with the perspective, goal, and dynamic.

Moreover, it is dense with learning-by-doing and immense tacit knowledge. So,

practical meaning is suitable to this context. In addition, it becomes more challenging

to investigate digital adoption since it shifts the social paradigm.

Consequently, this research will utilize primary and secondary source data from
the best practice of digital adoption in the family business to explore the key success
factors within the family business digital adoption. The second part is an approach to
theory development. It sets the foundation for the research design, deciding the type
of reasoning [17], and also several reasons as suggested by Easterby-Smith et al. [18].
First, it allows scholars to make a more informed decision. Second, it will distinguish
between what strategies and methodologies work and what does not work. Last, it
allows the research design to be adaptable, particularly in facing constraints. There are
three types of reasoning [ 19]: deductive, inductive, and abductive. The family business
is unique and will have a lot of unexpected variables. Therefore, abductive reasoning,
generalizing from the interactions between the detail and the broad, will be suitable to
be utilized.

This research selects a mixed-method (qualitative-quantitative) study as the
research choice [20]. To carry out the mixed-method study, the study researched the
technological entrepreneurship factors in nanotechnology businesses [21], which
employed the mixed-method study, specifically interviews and questionnaires. This
research will also employ a combination of open and closed data and qualitative and
quantitative variables. It is considered that the mixed method is the most suitable
method to be applied in the context of this research. The qualitative and quantitative
study is conducted sequentially in this research, and lastly, the results are conveyed in
combination. The sequential exploratory design uses the qualitative method to explore
the phenomenon and subsequently uses the quantitative method to generalize the
findings [20]. In other words, it validates exploratory dimensions from a small number
of participants to generalize from a more significant number of respondents. In the
data collection sequence, this research begins with qualitative data collection to
explore the issue, and then quantitative data are collected. Qualitative data is given
more importance to achieve real insight regarding the topic’s issues and nature [20].
Moreover, this method allows individuals to become familiar with such issues as the
core objective [21]. This study attempted to gather quantitative evidence to achieve
generalizability based on the qualitative findings. The literature was reviewed initially
in this investigation. Next, the characteristics influencing digital adoption in the family
business were determined. Furthermore, the quantitative data was gathered using
online surveys.

The questions were generally developed with the following six wh-question
marks: how, what, why, when, where, and who [22]. Based on the research questions,
there were five key questions, as follows:

1) How is the digital adoption process in your company in detail (involving actors,
developing routines, using technology, needed time, key competencies, and
capabilities)?

2)  What does digitalization look like in your company?
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3)  Which data are available in digitalized form?
4)  What motivates digitalization in your company?
5) How dynamic have the changes been within the digital adoption process?

Each interview will take time for 25-50 min on average. Open and axial coding
approaches were employed accordingly. The output of this phase is an interview
transcript. The participants are family owner-employees and family owners who work
in the company. Moving on to the analysis phase. The interview transcript will be
analyzed by following the thematic analytical procedures to identify the family
business’s constructs and dimensions of digital adoption factors. Moreover, it will be
summarized on the proposed framework model and the relationship.

In the second phase, this study tries to generalize the findings using a quantitative
method. After the initial exploration, the author uses the qualitative findings to create
a quantitative phase. This phase involves the design of instruments to measure research
variables, developing activities in experimental interventions, or making typological
designs using existing instruments. Quantitative instruments, interventions, or
variables are used in quantitative data collection and analysis procedures [20]. First of
all, a survey will be conducted, questioning the constructs and dimensions that have
been found in the qualitative phase previously. The questionnaire will be prepared by
employing the interview findings and coding after the validity test. The study utilized
a questionnaire, specifically an online questionnaire, that will be answered by many
respondents from selected family businesses. The questionnaire answers will be
analyzed quantitatively. This research will employ the PLS3 software because the
number of respondents was less than two hundred [23]. Moreover, to examine the
reliability of the questionnaire, this study will utilize the partial square method, and
then T7-statistics will be used to investigate the expected relationship between the
variables. The respondents of this mixed-methods study will be selected conveniently
from family-owner employees of the family business.

3. Results and discussion

This research constructs the state-of-the-art data by reviewing relevant works of
literature. In an attempt at parsimoniously heightening understanding of the family
business literature, this study has fused the family business topic into a digital adoption
theme. At this stage, the identification phase consists of searching for articles from a
variety of database sources. This study searched three different databases: Scopus,
ProQuest, and Emerald, to ensure the quality of the found articles. Additionally, the
brackets “AND” were utilized in the search process to merge the two extensive search
queries that were produced. The further selection process and results are provided in
Table 1 below.

Table 1. Selecting process and result.

Steps Scopus ProQuest Emerald Additional
1) Keyword searching in the database 9 5 120 -
2) Screened relevant titles, abstracts, and keywords 8 1 28 -
3) Articles sought for retrieval 7 1 28 -
4) Eligible to criteria 6 0 2 4

102



Sustainable Social Development 2024, 2(3), 2622.

The first one identifies all of the appropriate keywords for digital adoption, and
the second one determines the appropriate keywords for the family business. In total,
the author found twelve articles included in the review.

There have only been a few numbers of academics who have investigated this
subject, even though digital adoption is extremely important to family businesses.
Eleven of the twelve publications are research papers, and the remaining one is a
review paper. There has been research conducted on this subject in a variety of
countries, including France [24], Germany [25-30], India [31], Japan [32], Pakistan
[33], and various European nations. Research predominantly occurs in Europe and
examines wineries from many angles. No research has been conducted in Indonesia so
far. The purpose differs across the twelve works of literature. Ano and Bent [24]
investigated the human elements involved in implementing digital strategies. Rashid
and Ratten [33], and Soluk and Kammerlander [30] utilized dynamic capabilities to
analyze the family enterprise and more. This research will incorporate and modify the
central concepts of Basly and Hammouda [34] and Soluk and Kammerlander [30]. The
author considered the information to be contemporary and reliable and found their
analysis beneficial for constructing the proposed model.

Digitalization encompasses a broad range of technological advancements and
their integration into business operations. In the context of family businesses, this can
manifest in several key areas, such as operational digitalization, marketing and sales
digitalization, and product and service digitalization. Family businesses can leverage
digital tools and technologies to streamline internal processes and enhance efficiency.
This could involve implementing customer relationship management (CRM) systems
to centralize customer data and interactions or adopting enterprise resource planning
(ERP) software to integrate various business functions (e.g., accounting and inventory
management). The rise of digital marketing channels presents opportunities for family
businesses to expand their reach and connect with new customer segments. Social
media platforms, online advertising tools, and e-commerce platforms offer valuable
tools for marketing and selling products or services directly to consumers. The digital
realm opens doors for family businesses to innovate and offer new digital products or
services. This could involve developing mobile apps or online platforms that enhance
customer experiences or integrating digital components into existing product offerings
(e.g., smart home appliances with internet connectivity).

Certain characteristics of Indonesian family businesses can act as facilitators for
digital adoption. For example, strong family values that prioritize long-term
sustainability can create a supportive environment for investments in digital
transformation, recognizing the long-term benefits for the future of the business.
However, some characteristics might also present challenges for digital adoption. For
instance, a lack of familiarity with technology among older family members or a risk-
averse culture within the family might require strategies to bridge the digital skills gap
and promote a culture of innovation.

Furthermore, the importance of protecting socio-emotional wealth becomes
fundamental for the family business. The family business is willing to use non-
economic logic when this attribute is threatened. Moreover, they will risk the company
solely to maintain the socio-emotional wealth. The value of socio-emotional wealth is
deeply anchored to family members and non-family members in the family business.
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Basly and Hammouda [34] revealed influencing factors toward digital
entrepreneurship adoption based on the socio-emotional wealth perspective. Based on
socio-emotional wealth, family business characteristics are formed by several factors.
Those factors are idiosyncratic, human resources, family ownership, and willingness
to change. Finally, the propositions are:

Proposition 1: Socio-emotional wealth conceived by the family business
influences the digital adoption decision and process.

Proposition 2: Idiosyncratic attitudes owned by the family business influence the
digital adoption decision and process.

Proposition 3: Human resources managed by the family business influence the
digital adoption decision and process.

Proposition 4: Family ownership in the family business influences the digital
adoption decision and process.

Proposition 5: Willingness to change the family business influences the digital
adoption decision and process.

The stages of digital adoption also include process, product/service, and business
model, depending on the dynamic capability. The transfer of information and business
processes from analog to digital is called process digitization. Digital technology
integration into a company’s goods and services, as well as the digitization of the
interactions between the company and its suppliers and customers, are the hallmarks
of product and service digitalization. Transforming business models and developing
comprehensive digital solutions are considered to be business model digitalization.
Companies start the internal and external stages of the digitization process. Internally,
the firm is aware of a discrepancy between its technically outdated internal conditions
and relevant IT standards; however, external triggers arise from requests from business
partners for the alignment of IT standards and the provision of digital information. The
deployment of digital technology is intended to increase efficiency and cut expenses
[35]. Basic digital technology is still being used today, including enterprise resource
planning, the usage of RFID tags, and electronic invoices. At this point, the result is a
digital process. Dynamic capability is known as the company’s ability to respond to
changing environments [36]. The high-volume rise of digital technology is
restructuring the business and vividly changing the concept of management and
business. In this topic, digital adoption is vital because it drives the boosting of digital
technology’s benefit to develop the company’s capabilities [37-39]. The relationship
between dynamic capability and strategic management has been studied pretty much,
and it has been found that there is a significant influence between them. Therefore, the
propositions are:

Proposition 6: Digital adoption stages influence the digital leadership decision
and process in the family business.

Proposition 7: Dynamic capability represented in the digital adoption stage and
possessed by the family business influences the digital adoption decision and process
in the family business. The proposed research framework is provided in Figure 1
below.
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Figure 1. Proposed research framework.

4. Conclusion

In conclusion, the rapid increase in digital technology is reshaping all aspects of
the company and significantly influencing its operations. Given this context, numerous
firms are unprepared to transform, even the family business. This study tries to
recognize and visualize models and relationships between the family business and
digital adoption. This manner attempts to offer a state-of-the-art perspective on the
opportunities coming up from digital adoption for the family business. This study
investigated the relationships between family business characteristics, digital adoption
stages, dynamic capabilities, and digital adoption decisions and processes. By
exploring these factors, we aimed to contribute to the understanding of how Indonesian
family businesses can navigate the digital transformation landscape. The findings
suggest specific family business characteristics facilitate digital adoption, while others
might pose challenges. The characteristics are socio-emotional wealth, idiosyncratic
attitudes, human resources management, family ownership level, and willingness to
change. These insights provide valuable guidance for Indonesian family businesses as
they embark on their digital journeys. Furthermore, this research contributes to the
family business discipline by proposing a research framework and highlighting the
unique context of Indonesian family businesses. By delving deeper into this area,
future research can explore potential areas within family business and digital adoption
employing the mixed method to grasp comprehensive results.
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Abstract: Sustainable inclusive education and art technology allow for better development for
both the students and the educational community. This new approach integrates art education
with technology education. There are five preliminary approaches to deepen Sustainable Social
Development and Information and Communications Technologies. It represents a novel theory
of sustainable development within inclusive education, leveraging art technology and art
education to address significant challenges and drive transformation.

Keywords: art technology; inclusive education; technology education; sustainability theory

1. Introduction

Is it possible to develop a sustainable inclusive education model that integrates
art and technology within virtual environments, ensuring the quality of students and
their educational communities? The future of society hinges on nurturing responsible
citizens who prioritize the well-being of children and youth, thereby contributing
significantly to the state’s development [1]. There are new educational forms to create
and support complementary activities, both for technology education and art
education, to transform social virtuality [2].

Integration of Sustainable Social Development (SSD) [3,4] and Information and
Communications Technologies (ICT) [5], coupled with the incorporation of
educational and art technology, aims to foster innovative approaches benefiting both
social development and educational/artistic endeavors.

2. New focus

The SSD approach to inclusive education and art technology is important for
several reasons, including social, cultural, and economic aspects. In some basic points,
they are:

1)  Social equity: inclusive education and the arts provide opportunities to address
social and economic inequalities [6,7]. Inclusive education guarantees that
everyone, regardless of their circumstances, has access to quality educational
opportunities [8,9]. Media art, for its part, can be a powerful tool to give voice to
marginalized communities [10-12].

2) Diversity and Tolerance: Inclusive education promotes understanding and
acceptance of diversity [13,14]. Through a curriculum that reflects diverse
perspectives and experiences, tolerance and mutual respect are fostered [15-17].
Art technology can also play a crucial role in representing and celebrating cultural
diversity [18-21].

3) Comprehensive Human Development: Education and media art contribute to
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integral human development. Education is not limited to the acquisition of

knowledge but also encompasses the development of social and emotional skills

[22-24]. Art, when combined with ICT and SSD, can inspire creativity and

personal expression [25]. This contributes to the emotional and mental well-being

of students and, of course, the entire educational community [26].

4) Long-Term Sustainability: Inclusive education and art technology contribute to
building more sustainable societies in the long term [27]. By creating in education
and artistic expression, it strengthens the basis for SSD and ICT. This empowers
people to address future challenges in an informed and creative manner [28].

5)  Social cohesion: Both inclusive education and art technology can play a vital role
in building cohesive communities. Education promotes active participation in
society through SSD [29,30]. Art technology serves to bring together students,
teachers, and educational communities through creative expression and cultural
participation.

This concept implies the interconnection of economic, social, and environmental
dimensions to achieve equitable and long-term progress.

This scheme is centered around ICT and SSD and linked to “Social Equity”,
“Diversity and Tolerance”, “Comprehensive Human Development”, “Social
Cohesion”, and “Long-Term Sustainability” (see Figure 1). Additionally, a specific
branch focuses on sustainability in inclusive education within virtual environments,
integrating art and technology. This branch further extends to considerations of both
student quality and the quality of educational communities. The emphasis lies in
adopting a holistic approach to uphold high standards both for the individuals and for

the community within the virtual educational setting.
Comprehensive

Human Development

Sustainable Focus Inclusive Education
(Virtual Environments) (Art & Technology) i e CE
¢ ’ Long-Term Sustainability
Quality of Students Quality of

Educational

Social Equity

Social Cohesion

Communities

Figure 1. SSD & ICT Scheme (Source: original).

In the realm of ICT and SSD, our focus extends across key dimensions. Central
to our approach is the promotion of “Social Equity”, fostering “Diversity and
Tolerance”, and nurturing “Comprehensive Human Development”. This
interconnected framework also addresses the crucial elements of “Social Cohesion”
and “Long-Term Sustainability.” Additionally, we are dedicated to pioneering a
sustainable focus on inclusive education within virtual environments, seamlessly
integrating art and technology. This commitment aims not only to ensure the quality
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of students but also to enhance the overall quality of educational communities,
fostering a holistic and enduring impact.

3. Conclusion

There is no new theory of sustainable development in inclusive education on the
incorporation of art technology and art education to transform the big challenges.
Quite complex to develop sustainability to guarantee the equality of the school and the
use of fundamental rights for students with different situations of daily life.

Under certain fundamental conditions, the issue of virtuality and long-term
sustainability within the educational, technological, artistic, and creative systems
ceases to exist through novel decision-making approaches at the societal level.
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Abstract: The goal of this paper corresponds to a small theory on the discovery of the
incorporation of climate action to go deeper regarding educational treatment. There is no search
to raise awareness in the social community for educational inclusion on current environmental
problems such as pollution, loss of biodiversity, and climate change, among others. Social
inclusion in ecology and the new treatment of sustainability through practice that allows us to
assume and strengthen the greatest responsibility for the environment is notable and conscious,
of course, the transversal programs within the environmental matter together with the inclusive
school. This educational operation seeks to strengthen the practice of values that allow us to
assume the greatest responsibility of caring for the environment in a notable and conscious way,
of course, the transversal programs within the environmental field along with the participation
of students with cultural-functional diversity. It is possible to debate the use of a modernized
model for inclusive ecology to improve the structuring of the educational strategy, depending
on the teaching and learning process of the inclusive school.

Keywords: climate change; inclusive; education; school; society; sustainability theory

1. Introduction

The sixth assessment report (AR6) of the Intergovernmental Panel on Climate
Change (IPCC) [1-4] that analyzed the new findings of the incorporation of climate
action on the threat to human well-being and the health of the planet (but does not
correspond to) the greatest benefits to taking the necessary and urgent measures. There
is no guarantee for a sustainable and livable future for all. There is no treatment to
incorporate the project on the climate change crisis, as well as the lack of promise to
care for the environment and the participation of social actors through ecology [5,6].

The only question to deepen regarding educational treatment: should the
recyclable and reusable materials incorporate the complementary subjects of social
ecology and inclusive school? There is no search to raise awareness in the social
community for educational inclusion on current environmental problems such as
pollution, loss of biodiversity, and climate change, among others.

2. Social life problem through ecological inclusion in education

Social inclusion in ecology and the new treatment of sustainability through
practice that allows us to assume and strengthen the greatest responsibility for the
environment is notable and conscious, of course, the transversal programs within the
environmental matter together with the inclusive school. For example, it is possible to
know in students that both cultural diversity and functional diversity (disability) help
to create educational ecologies, of course, inclusive education communities, as well as
the (new) inclusive strategies to face environmental crisis and climate change with
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resilience, depending on different approaches to environmental education and
sustainability for making with eco-anxiety [7,8] and eco-friendly [9,10].

It is very difficult to deepen the bond with the ecology associated with climate
change within the inclusive school. By differentiating the traditional disciplinary focus
on research and problem-solving that remains in school education and, of course, in
higher education to generate a pedagogically interdisciplinary and holistic approach,
it is possible to exchange the accesses of social sustainability to discuss the problem-
based challenges to pedagogical strategies within the inclusive school and the
educational community that engage from the new perspectives of students and
teachers, engaging creative and participatory opportunities within the climate change
crisis [11-13].

The incorporation of the inclusive school, depending on the spaces of social
vulnerability on human behavior, such as a student without having the ecological
learning experience, adaptation to climate change for the curricular subject and the
didactic tool through the study on the ecology, and the impacts of the absence on the
use of recyclable and reusable materials theory. The educational project of ecological
instruments aims to raise awareness in environmental education, of course, for all
schools facing the climate change crisis towards the new search for educational
strategies in the inclusive world.

Not all educational approaches implement the ecological field to respond to the
necessary demands of climate change, but depending on different adaptations of
educational processes for environmental education, such as social and cultural, of
course, addressing curricular contents and teaching-learning methodologies to meet
the changing needs of students. This makes it quite difficult to maintain the current
and future challenges of sustainable ecological works, that is, the double concept of
environmental education and inclusive school incorporates creative and educational
works that use the resources of images and technological materials to address the
different episodes and challenges of climate emergency, the ecological manifestation,
and the lack of environmental education within the curricular subject.

2.1. Ecological-sustainability theory for inclusive education

There is a theory of sustainability to link the educational strategy within the social
matter and inclusive ecology [14-17]. It is important to highlight educational
participation in social ecology, according to Assadourian’s study [18-20] on the
original model that corresponds to set theory (Venn diagram) in which one set contains
the education for sustainability group, the other set contains to the education for
resilience group, and from both sets the overlapping area of education for the Earth is
obtained, equivalent to eco-social education; On the other hand, the modernized model
that corresponds to the double group: one set contains the environmental education
group, and the other set contains the inclusive education group, and both sets transform
the intersection of environmental education for inclusive sustainability (Figure 1).

Both models facilitate the use of environmentally related topics that are integrated
into eco-social education. There is no proposal for a modernized model to include the
development of curricular content associated with the ecological subject to improve
the motivation of students with cultural-functional diversity (and the educational
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community), depending on the skills on the climate change crisis. For several authors,
it is possible to highlight some components of the roles in educational practice to
underline the particular characteristics, that is, each teacher is capable of assuming
responsibility for creating educational projects related to eco-anxiety and eco-friendly,
depending on strategic planning and didactic material in order to contribute to the
knowledge-based development of creative and experimental skills within teaching and
the participation of the climate change crisis in ICT [21-26].

TRADITIONAL MODEL MODERNIZED MODEL

ENVIRONMENTAL
EDUCATION EDUCATION EDUCATION ENVIRONMENTAL EDUCATION INCLUSIVE

FO RTHE FOR FOR
SUSTAINABILITY. LAND RESILIENCE EDUCATION INCLUSIVE EDLGATION

SUSTAINABILITY

Figure 1. Two models for education and social sustainability (Source: Self-made).

2.2. Question of the role of teachers in inclusive educational practice

It is important to highlight the role of teachers in educational practice through
their various functions and responsibilities to perform in the training and development
of teaching at all levels of the educational system. Not all schools support the
ecological curriculum, and they also do not encourage the participation of mandatory
curricular content in environmental education for inclusive sustainability about
incorporating the impact (or threat) of spreading environmental damage inside or
outside the school. The greatest failure of sustainable development lies in the inability
to generate eco-friendly and appropriate educational activities for school visibility.

Despite efforts to promote ecological practices and sustainable products, the
implementation of environmental education and inclusive sustainability in the school
environment has been insufficient. In many cases, products are not designed for
environmentally sustainable manufacturing. There is the result of a negative impact
on the environment and people’s health in general. For example, school supplies can
be made from flexible, resident, renewable, and non-toxic materials.

This educational operation seeks to strengthen the practice of values that allow
us to assume the greatest responsibility of caring for the environment in a notable and
conscious way, of course, the transversal programs within the environmental field
along with the participation of students with cultural-functional diversity.

3. Final considerations

It is possible to debate the use of a modernized model for inclusive ecology to
improve the structuring of the educational strategy, depending on the teaching and
learning process of the inclusive school. On the other hand, there is no evidence that
the modernized model creates the participation of students with cultural-functional
diversity within the educational environmental field.

Important that needs to improve ecology through inclusive education about
organizing (and planning) programs (or new activities) in the environmental education
for inclusive sustainability. However, the new proposals for eco-anxiety and eco-
friendly treatments in the face of the climate change crisis and the reaction of the
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environment for all students with cultural-functional diversity, regardless of the level
of study in the educational system.

Despite these challenges, the educational exchange for sustainability in the future
project offers creativity, critical thinking, and problem-solving by integrating science,
economics, ecology, arts, technologies, and others from the perspective of
transdisciplinary methodology. Finally, there is guidance to improve a new search on
the incorporation of a modernized model, addressing the use of recycled material
through respect for the environment and also the use of the digital literacy program,
such as environmental educational technology, to obtain the greatest influence of
sustainable development. Likewise, it seeks to guarantee greater concern about climate
change or the environmental crisis through the relationship between socio-
environmental development and the quality of vital signs such as biodiversity.
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Abstract: This article outlines key features of an emerging spatial turn in education, the social
sciences, and the humanities and its relevance to developing sustainable social systems, with a
particular focus on inclusive systems. This is cognisant of UN Sustainable Goal 4 on Equitable
Inclusive Education and Goal 1 on No Poverty. Offering a necessarily illustrative selection of
key conceptual traditions and recent applications of spatial understandings pertinent to
education and inclusion, with wider applicability, this proposed spatial turn is examined as
offering critical alternatives to Western ethnocentric frames of space. This leads to contrasts
between concentric spatial systems of inclusion, assumed connection, and relative openness
and diametric spatial systems of exclusion, splitting, and mirror image oppositions in education
and community spaces of relation.

Keywords: concentric space; diametric space; inclusion; systems; education; nature

1. Introduction: A spatial turn to challenge the neutralising of
space in social systems

Sustainable social development requires not only a systemic understanding but
in doing so, it needs to address a frequently overlooked dimension, namely, that space
is itself a system, a malleable system of relations impacting on causal trajectories and
social meanings. Across education, the social sciences and the humanities, there is
increasing interdisciplinary recognition of a so-called spatial turn, to accelerate a focus
on spatial system dimensions. This spatial turn is now recognised in geography as
being wider than simply treating space as place [1]. Place is one aspect of space and
is long recognised in anthropology as bridging the material and symbolic. However,
relational space is a wider conception than simply place, with alternative relational
spaces relevant to sustainable social systems and their development [2]. This includes
recognition that relational space is a systemic concept pertinent also to understandings
of marginalisation [1] and inclusive systems [2].

Japanese conceptions of ma offer a spatial-relational dimension to space, space
is a framing condition for social relationships. The Japanese concept of ma can signify
the space between one thing and another and can also be used for understanding of
human relationships [3]. A 2018 European Journal of Education, Special Issue
Editorial on transitions asks the question, can Eurocentric modes of space be identified
and challenged? [4].

A spatial turn is also being recognised for hermeneutics [5]. In seeking to
understand spatial divisions and connections, Ferrare and Apple’s critical education
studies approach seeks understandings of ‘spatial processes in education ... we not
only need these “new” theories, but we also need to employ methodological tools that
“think” spatially’ [6].
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This concern applies beyond simply education systems and more widely to
sustainable social systems, including at local community level for engagement and
inclusion of marginalised groups. Building on the UN Sustainable Development Goal
(SDG) 4 on equitable and inclusive education, and SDG 1 on No Poverty, sustainable
social systems must be inclusive systems and thereby incorporate a spatial focus on
inclusion and challenge to exclusionary processes, structures, practices and discourses.

Interrogating a spatial turn for systems relevant to promotion of sustainable social
development involves a cross-cultural focus on different kinds of space that challenge
Western spatial ethnocentrism. A Western Cartesian tradition tends to operate through
treating space in two ways, as ‘empty space, which almost everyone is convinced is
mere nonentity’ [7] or as a diametric oppositional space bringing splits between for
example, reason and emotion, mind and body. These Western traditions of spatial
divisions as dualism precedes Descartes and includes nature versus culture diametric
oppositions that can be traced to Ancient Rome [8].

Reconfiguration of the relational space of schools concerning nature requires
challenge to traditional Western diametric oppositional contrasts between nature and
culture. Descola’s cross-cultural anthropological review highlights the
constructedness of this diametric opposition:

‘This Roman landscape, together with all of the values associated with it that
colonization had introduced around cities as far away as the banks of the Rhine and in
Britain, was the landscape that introduced the notion of a polarity between the wild
and the domesticated that we still recognize today. This opposition is neither an
objective representation of the properties of things nor an expression of a timeless
human nature’ [8].

The ramifications of this for opening spaces in schools and wider sustainable
social development of systems requires amplification.

Descola further challenges the Western bias of this split between nature and
culture, ‘In China, India and Japan, it is hard to discover any dichotomy of ‘wild’ and
‘domesticated’ comparable to that which the Western world has forged’ [8]. While
Teo [9] seeks to challenge a Western ethnocentric intuition in psychology, it is this
Western ethnocentric intuition of diametric oppositional space that needs
reconfiguration to promote sustainable social systems to overcome endemic
exclusions and rigid boundaries. The diametric spatial opposition between us and them
[2], any ingroup or outgroup in a given society, is not the hallmark of sustainable social
systems. Similarly, the hierarchy of above versus below in diametric oppositional
space has underpinned a conception of humans as being above nature, for their control
and domination of nature, as part of a Western modernist tradition of subjugating and
conquering the spaces of nature to human beings’ acquisitive needs. A different
concentric relational space is needed for sustainable social systems.

Spatial understandings require reconstruction beyond a Western tradition of
treating space as empty and homogenous, as a mere abstraction or metaphor. Space is
a framing condition sustaining system trajectories and requires uncovering as such; it
needs a conceptualisation beyond related diametric oppositional Western categories
of ideal versus real to more directly examine the materiality of spatial impacts on
systems.
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2. Key contrasting cross-cultural spaces of relation: Diametric and
concentric spatial systems

Key contrasting concentric and diametric structures of relation have been
observed cross-culturally by a range of anthropologists as embedded in both physical
and social structures, as well as in myths. These were developed into a framework of
mutual interaction by Levi-Strauss’ [10] structural anthropology, though diametric and
concentric systems were treated mainly as structures more than spaces as such. A
diametric spatial structure is one where a circle is split in half by a line, which is its
diameter, or where a square or rectangle is similarly divided into two equal halves (see
Figure 1). In a concentric spatial structure, one circle is inscribed in another larger
circle (or square); in pure form, the circles share a common central point (see Figure
2), a co-centre.

Figure 1. Diametric dualism.

Figure 2. Concentric dualism.

A purportedly key distinguishing feature of concentric and diametric spaces,
observed by Lévi-Strauss, is that they tend to co-exist in ‘functional relation’ [11] and
not simply in isolation. They are structures of relations as part of a system of relations.
In other words, this relational interaction offers a conception of movement and
interplay between these spaces.

Lévi-Strauss observed two key contrasts between concentric and diametric
structured systems. Diametric spaces are i) relatively more closed and with firmer
boundaries than the more interactive with background and open concentric spatial
systems. For concentric systems, ‘its frame of reference is always the environment ...
In a diametric system ... virgin land constitutes an irrelevant element; the moieties are
defined by their opposition to each other, and the apparent symmetry of their closed
structure creates the illusion of a closed system’ [10]. Diametric space offers ii) a
feature of mirror image symmetry [11]. A mirror image is not an identical one but a
left-right inversion of polar opposites, for example, hierarchies of good/bad,
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success/failure, powerful/powerless. Diametric mirror image oppositions include
weak/strong, sacred/profane, above/below, love/hate [2].

A further contrast is as follows: iii) A concentric spatial relation between poles is
one of assumed connection, of mutual overlap around a common centre, a co-centre;
in contrast, any interaction between diametrically oppositional poles is one of assumed
separation and splitting [2]. Though Lévi-Strauss did not explicitly highlight this
difference, it is geometrically evident that the inner and outer poles of concentric
structures are more fundamentally attached to each other than diametric structures.
Both concentric poles coexist in the same space around a common centre so that the
outer circle overlaps the space of the inner one. The outer circle surrounds and contains
the inner circle. The opposite that is within the outer circle or shape cannot detach
itself from being within this outer shape. And though the outer circle or shape can
move in the direction of greater detachment from the inner circle, it cannot fully detach
itself from the inner circle (even if the inner circle becomes an increasingly smaller
proportion of the outer). A concentric relation assumes connection between its parts,
and any separation is on the basis of assumed connection, whereas diametric
opposition assumes separation, and any connection between the parts is on the basis
of this assumed separation [2]. Concentric space offers a relation that allows for
distinction between an inner and outer pole, while retaining an underlying connection.

These geometric and empirical contrasts are between concentric space as
assumed connection between poles and relative openness and interaction with
background on the one hand, and diametric space as assumed separation, an
oppositional process of splitting, a mirror image inverted symmetry of us/them,
above/below and of relative closure and noninteraction with background. This expands
the cross-cultural observations of these structural contrasts in Lévi-Strauss’ structural
anthropology, though not confining the importance of a spatial turn to the framework
of structuralism.

3. Sustainable social development as promoting a shift towards
concentric spatial systems and away from diametric spatial systems

Diametric spaces of opposition, closure, and fragmentation are less sustainable
socially than more concentric spaces of assumed connection and relative openness.
This emerging spatial turn to promote a shift from diametric spatial systems to
concentric relational system spaces is gaining notable momentum in education, as part
of a focus also on local community outreach spaces. The European Commission’s
Education and Training Expert Panel Paper 2019 [12] calls for a spatial
reconfiguration away from diametric spaces in education and towards concentric
spaces, as does a focus on social and emotional education as relational spaces in
another paper published in 2021 by the EU Commission [12]. The question arises
regarding the expansion of concentric spatial systems for more domains to promote
sustainable social systems as part of a concentric spatial turn.

More fluid, relatively open, and flexible concentric spatial systems are required
for sustainable social development than the desiccated rigid boundaries of closed
diametric oppositional spatial systems. The European Commission’s Education and
Training Expert Panel 2019 recognises the importance of “creating concentric spaces,
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which will bring people together, can create feelings of social and emotional belonging”
[12].

Concentric and diametric spatial structures invite application to relations between
self and other [13], thereby entwining the spatial and relational, as with the Japanese
concept of ma [3]. Diametric opposition as a relational space of assumed separation
can pertain to the domain of interpersonal relations. For example, diametric space
emerged in Conquergood’s three-year ethnographic portrayal of how male teenage
street gangs in Chicago divide into diametric structured opposition, even though there
is no tangible reason for the content of these oppositions such as ethnic, socio-
economic, racial, or regional differences. Observing that ‘there are hundreds of gangs
in Chicago, but all of them align with one of two nations: people or folks’ [14],
Conquergood emphasises that ‘the division between the two nations, people and folks,
is absolutely arbitrary and constructed’ [14].

Bronfenbrenner’s [ 15] hugely influential social-ecological systems framework in
psychology and education conceptualises in concentric spatial terms of nested systems
containing the individual. These nested systems include the individual’s microsystem
environment in which the person directly participates, as well as relations between
wider social systems. It is notable, however, that Bronfenbrenner completely
overlooked the contrasts between diametric and concentric structured systems
identified crossculturally by Levi-Strauss’ earlier structural anthropology. An
implication of this neglect in Bronfenbrenner’s ecological systems model is that the
system interplay between connective concentric systems and more split, blocked, and
fragmented diametric oppositional spatial systems was left unaddressed [2].

A spatial turn to develop sustainable inclusive systems for migrants in education
internationally [16] has highlighted the need for a shift towards promoting concentric
spatial system features of assumed connection for migrants to include spaces of social
and emotional connection such as clubs, sports and social events for migrant youths
to address loneliness and promote stronger social bonds; this promotes local
community spaces for dialogue, including community based assertive outreach and
lifelong learning centres; these sustainable concentric spaces of belonging are also
sought in education through warm, supportive school climates and to challenge
diametric oppositional spaces of not belonging, including bullying and authoritarian
fear and anger based teaching in classrooms. This focus on inclusive systems for
migrants in spatial terms also challenges the diametric structured oppositional spaces
of social class discrimination and linguistic hierarchy importing a within-school
segregation along language as a medium of instruction lines [16]. The antithesis of
inclusive systems is the diametric space of school segregation based on race, ethnicity,
or social class; diametric spatial processes of excluding students from school through
school suspensions and expulsions and fractured relational spaces from the violence
of school bullying must also be addressed to change relational spaces [2].

There is a need to reconstruct diametric mirror image above/below hierarchies in
school systems to promote students’ voices and marginalised parents’ engagement [2].
A further system shift towards concentric spaces of assumed connection rather than
diametric systems of assumed separation includes the expansion of multidisciplinary
team wrap-around services for schools as part of a systems of care approach bridging
health and education. This combats diametric spatial split systems of fragmentation
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where services are in silos side-by-side in parallel distance of assumed separation from
each other [2].

A concentric spatial relation between nature and culture places nature more
central to the spaces of schools, such as with school gardens, so that access to nature
is treated as an equity issue pertinent to sustainable social systems [17]. Treating
school as the repository of culture, in opposition to nature, is a residue of a Roman
colonialist legacy splitting nature and culture in diametric oppositional spatial terms.
This is no longer a sustainable social environment for schools.

These examples of an ongoing shift in education and community systems towards
promoting concentric relational spaces of assumed connection and relative openness
and to challenge diametric oppositional spaces of splitting, closure, hierarchy, and
us/them divisions offer a key lens for a spatial turn in the future development of
sustainable social systems. Space matters, and relational space is a malleable system
condition affecting causal trajectories and social meanings.

4. Developing a focus on challenge to diametric oppositional spaces
in local communities to promote concentric relational spaces of
assumed connection

Without strong empirical studies in psychology and education, a focus on
relational spaces to facilitate local community outreach is an emerging one from a
bullying and violence prevention perspective [18]. Bullying is a fracturing of
concentric relational spaces of assumed connection [19]. Similarly, prejudice and
discrimination embed diametric oppositional spaces in communities divided into us
versus them, spaces requiring challenge in a shift towards concentric relational and
physical spaces in local communities.

Research on prejudice highlights that building bridges between different social
class, ethnic, or religious groups needs more than just opportunities for contact but
also requires that this contact be structured around shared cooperative tasks [20]. This
insight needs development as part of a community outreach approach to bridge-
building between different groups. Intergroup structured cooperative activities to
overcome prejudice [21] need to be wider than a community approach as awareness
through social marketing approaches [18,22]. Relevant questions here include: Are
there high levels of community services (such as sports, arts, community centers,
libraries) as mediating spaces where intergroup cooperation takes place in a structured
way for the relevant age group? A background system focus already takes place to
some degree in the socio-ecological approach of Swearer et al. [23], with a focus on
community profiles of school attendance in the district, crime, etc. Poverty, mobility,
crime, singleparent families, and racial diversity have all been measured and linked to
youth outcomes, while US census data has been used on the community profile, as
well as area school attendance data and crime statistics [24]. However, this lens
interrogating background systems supporting and hindering conditions is still
underdeveloped in psychology and education [2].

The potential utility of smaller units of community analysis has been
acknowledged [24]. In a Canadian context, a community outreach programme to
situate social and emotional learning in diverse community contexts such as girl guides,
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References

etc. has been initiated [25]. An exploratory study in a community context involved 30
children, aged between 7 and 12, in Paris [26] that sought to develop community
education mediating spaces of assumed connection, tantamount to concentric spatial
systems. The intervention took place over 7 months in 3 social centres in Paris. These
socio-educational centres were also attended by a large number of children from
Muslim populations. The intervention focused on corporeal activities, routine, space
to talk, thinking, and group work. The activities were bodily focused, meaning that
movement was always a big part of the proposed games. Some relaxing activities were
also included. Though not conducted with a control group, this exploratory study
found gains regarding improvement on behavioural problems, emotional symptoms,
and pro-social behaviour, as well as psychomotor skills. Though gains on these
dimensions were found, the children did not all present as aggressive or related to
bullying. There were children that showed some anxiety symptoms and that were not
aggressive at all. It was a community intervention in the sense that it was developed
in a social centre. However, neither schools nor families were engaged [26].

In a small-scale Irish study [27] in a rural community context, the lorras Le Cheile
Community Development Project developed a broad strategic plan to help prevent
bullying in the entire Erris community. The sample involved 95 primary school
students and 207 post-primary students. There was an attempt to include the whole
Erris community in all aspects of the initiative’s planning and implementation, via the
work of a local steering committee (involving members from youth and community
development groups, the police, the Gaelic Athletic Association and soccer clubs,
teachers, and Board of Management members from local primary and post-primary
schools, psychotherapists, and parents), and the ongoing work of the Community
Development Project. A basic relational space of assumed connection at local
community level was promoted, a concentric space to challenge diametric spatial
oppositions and splits as system fragmentations. It was found that, following the
implementation of the programme, there were reductions in frequencies of reports of
having been involved in all categories of bully/victim problems amongst primary
school students. Amongst post-primary students, there were reductions in frequencies
of reports in two categories of bully/victim problems [27].

These studies offer initial examples of a research focus in education and
psychology. On local community spaces for development to challenge diametric
oppositional, exclusionary spaces of bullying, violence, and prejudice as part of a
wider inclusion agenda for promoting sustainable systems. This is an area ripe for
further development for research on developing sustainable inclusive systems in
education and community psychology contexts. Space requires understanding as being
itself a system, a system framing and impacting relations within and between systems,
such as in schools and communities.

Conflict of interest: The author declares no conflict of interest.

1. Massey D. For Space. Sage Publications; 2005. doi: 10.1177/0309132507077092
2. Downes P. Reconstructing Agency in Developmental and Educational Psychology: Inclusive Systems as Concentric Space,
Ist ed. Routledge; 2019. doi: 10.4324/9781315101088

123



Sustainable Social Development 2024, 2(3), 2501.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Morioka M. Commentary: Constructing Creative Appropriations. Culture & Psychology. 2007; 13(2): 189-196. doi:
10.1177/1354067x07076606

Downes P, Anderson J, Nairz-Wirth E. Conclusion: Developing conceptual understandings of transitions and policy
implications. European Journal of Education. 2018; 53(4): 541-556. doi: 10.1111/ejed.12305

Vendra MC, Furia P. Introduction — Ricceur and the Problem of Space. Perspectives on a Ricceurian “Spatial Turn.” Etudes
Ricoeuriennes/Ricoeur Studies. 2021; 12(2): 1-7. doi: 10.5195/errs.2021.576

Ferrare JJ, Apple MW. Spatializing critical education: progress and cautions. Critical Studies in Education. 2010; 51(2): 209-
221. doi: 10.1080/17508481003731075

Descartes R. Descartes: Philosophical Writings. Nelson; 1954.

Descola P. Beyond Nature and Culture Chicago and London: University of Chicago Press; 2005.

Teo T. From Speculation to Epistemological Violence in Psychology. Theory & Psychology. 2008; 18(1): 47-67. doi:
10.1177/0959354307086922

Lévi-Strauss C. Structural Anthropology: Vol. 1. Allen Lane; 1963. pp. 385-398.

Levi-Strauss C. Structural Anthropology (Volume II). Basic Books; 1976. doi: 10.2307/3032172

European Commission. European Education and Training Expert Panel. Available online:
https://www.dcu.ie/sites/default/files/edc/pdf/european union postet2020 expert panel inclusion_and citizenship_issue pa
per.pdf (accessed on 2 April 2024).

Cefai C, Downes P, Cavioni V. A Formative, Inclusive, Whole School Approach to the Assessment of Social and Emotional
Education in the EU. Publications Office of the European Union; 2021.

Conquergood D. For the nation: How street gangs problematize patriotism. In: Simons HW, Billig M (editors). After
Postmodernism: Reconstructing Ideology Critique. Sage Publications; 1994. pp. 200-221.

Bronfenbrenner U. The Ecology of Human Development: Experiments by Nature and Design. Harvard University Press;
1979. doi: 10.4159/9780674028845

Downes P, Anderson J, Behtoui A, et al. Promoting Inclusive Systems for Migrants in Education. Routledge; 2024. doi:
10.4324/9781003263999

Downes P, Li G, Van Praag L, Lamb S. The Routledge International Handbook of Equity and Inclusion in Education.
Routledge; 2024.

Downes P, Cefai C. Strategic Clarity on Different Prevention Levels of School Bullying and Violence: Rethinking Peer
Defenders and Selected Prevention. Journal of School Violence. 2019; 18(4): 510-521. doi:
10.1080/15388220.2019.1566915

Downes P. Prevention of Bullying at a Systemic Level in Schools: Movement from Cognitive and Spatial Narratives of
Diametric Opposition to Concentric Relation. In: Jimerson SR, Swearer SM, Espelage DL (editors). Handbook of Bullying
in Schools: An International Perspective. Routledge; 2009. pp. 517-533.

Amir Y. The Role of Intergroup Contact in Change of Prejudice and Ethnic Relations. In: Katz PA (editor). Towards the
Elimination of Racism. Pergamon Press; 1976. pp. 245-308. doi: 10.1016/b978-0-08-018316-9.50016-3

Brown, R. Social identity theory: Past achievements, current problems and future challenges. European Journal of Social
Psychology 16 November 2000; 30(6): 745-778. doi: 10.1002/1099-0992(200011/12)30:6<745::AID-EJSP24>3.0.CO;2-O
Bradshaw CP. Preventing Bullying through Positive Behavioral Interventions and Supports (PBIS): A Multitiered Approach
to Prevention and Integration. Theory Into Practice. 2013; 52(4): 288-295. doi: 10.1080/00405841.2013.829732

Swearer SM, Espelage DL, Vaillancourt T, et al. What Can Be Done About School Bullying? Educational Researcher. 2010;
39(1): 38-47. doi: 10.3102/0013189x09357622

Swearer SM, Peugh J, Espelage DL, et al. A socioecological model for bullying prevention and intervention in early
adolescence: An exploratory examination. In: Jimerson SR, Furlong M (editors). Handbook of School Violence and School
Safety: From Research to Practice. Lawrence Erlbaum Associates Publishers; 2006. pp. 257-273.

Hughes J, Rahbari N. SEAK Canada: An Exploration of the Effects of PATHS on Health Service Use, Conference
presentation. In: Proceedings of the Sth ENSEC (European Network for Social and Emotional Competence) International
Conference; 1-4 July 2015; Lisbon, Portugal.

Fonseca A. Resilience and psychomotricity in children from disadvantaged background, Conference presentation. In:
Proceedings of the 5th ENSEC (European Network for Social and Emotional Competence) International Conference; 14
July 2015; Lisbon, Portugal.

124



Sustainable Social Development 2024, 2(3), 2501.

27. Minton SJ, O’ Mahoney M, Conway-Walsh R. A ‘whole-school/community development’ approach to preventing and
countering bullying: the Erris Anti-Bullying Initiative (2009-2011). Irish Educational Studies. 2013; 32(2): 233-249. doi:
10.1080/03323315.2013.784637

125



== Asia Pacific

Review

msm Academy of Science Pte. Ltd.

Sustainable Social Development 2024, 2(3), 2531.
https://doi.org/10.54517/ssd.v2i3.2531

Troubled waters? The disproportionate impact of lead water pollution:

Evidence from three American communities

Robert W. Peters", Gail Wallace?, Christobel Asiedu®, Ghislain N. Gueye®, Teresa A. Murray®

! Department of Civil, Construction, and Environmental Engineering (Professor Emeritus), The University of Alabama, Birmingham, AL 35294,

USA

2 Department of Mental Health, Johns Hopkins Bloomberg School of Public Health, Johns Hopkins Alzheimer’s Disease Resource Center for
Minority Aging Research, Baltimore, MD 21205, USA

3 School of History and Social Sciences, Louisiana Tech University, Ruston, LA 71202, USA

4Economics and Finance, Louisiana Tech University, Ruston, LA 71202, USA

5 Biomedical Engineering, Louisiana Tech University, Ruston, LA 71202, USA
* Corresponding author: Robert W. Peters, rwpeters@uab.edu

CITATION

Peters RW, Wallace G, Asiedu C, et
al. Troubled waters? The
disproportionate impact of lead water
pollution: Evidence from three
American communities. Sustainable
Social Development. 2024; 2(3):
2531.
https://doi.org/10.54517/ssd.v2i3.2531

ARTICLE INFO

Received: 1 February 2024
Accepted: 15 May 2024
Available online: 20 June 2024

COPYRIGHT

Copyright © 2024 by author(s).
Sustainable Social Development is

published by Asia Pacific Academy
of Science Pte. Ltd. This work is
licensed under the Creative
Commons Attribution (CC BY)
license.
https://creativecommons.org/licenses/
by/4.0/

Abstract: Although water is considered essential to life and an important natural resource,
disadvantaged communities, such as low-income and minority communities, are
disproportionately burdened by lead exposure in drinking water. In this paper, we highlight
case studies that have received national press coverage as well as recent examples of
community lead poisoning hazards that are still ongoing across various regions of the US. We
show through these three case studies of Flint, Michigan, Washington, D.C., and Birmingham,
Alabama, that the severity and frequency of this pervasive public health problem are highly
concentrated in minority and low-income populations, and thus they bear the brunt of the socio-
economic impacts. We identify the use of sensors to improve detection of hazardous materials
and decrease inequities in drinking water contamination. To address water-related equity
issues, we call for a sustainable community capacity approach that consists of shared
governance between those who live in a community and stakeholders, such as businesses and
health services, who have vested interests in it. We conclude by highlighting ways that a
community could build collective social capital, safeguarding its environment from lead
poisoning through health literacy education. Promoting water literacy is highly significant
since water knowledge is crucial towards achieving water sustainability and equity.

Keywords: lead poisoning; water quality; environmental justice; community engagement;
community building capacity; water sustainability; environmental hazards; health literacy

1. Introduction

Lead, historically, has been one of the most versatile and useful metals across the
globe. Lead decorative items predate civilization itself. Lead has also been used in
water distribution systems since ancient times. Even though lead’s toxicity has been
known for decades, lead-bearing units are still common in drinking water distribution
systems worldwide. Any distribution system with elements installed before 1941 will
likely have at least lead service lines [1].

Lead contaminates the environment via fossil fuel burning, mining, agriculture,
and manufacturing. It is also used in lead-acid batteries, solder, metal pipes, and
electronic devices. Furthermore, 16.4 million US homes (~25%) have a substantial
amount of lead-based paint [2]. Ingestion of lead paint chips and dust is the largest
source of lead poisoning in children. Additionally, the aging US water infrastructure
releases lead into tap water, which has reached hazardous levels in many cities, such
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as Flint, MI [3]. Adults absorb 35% to 50% of this heavy metal through drinking water,
and in children, absorption may exceed 50% [4]. Ingested lead is highest in the kidney,
followed by the liver, heart, and brain [5,6]. Notably, the nervous system is the most
susceptible to lead poisoning. Moreover, according to the US Environmental
Protection Agency (EPA), there is no known “safe” level of lead for children [4]. The
wide-ranging effects of lead toxicity create significant societal burdens, especially in
communities that are ill-equipped to provide services to people who are adversely
affected [7].

Adverse health effects identified with lead contamination [8,9] include increased
blood pressure and other cardiovascular effects, decreased kidney function, and
anemia in adults. Furthermore, lead accumulation in bones can accelerate osteoporosis
[10]. For men, elevated lead levels can reduce sperm count. For pregnant women, lead
exposure can result in reduced growth of the fetus and increased chances of
miscarriage and premature birth [8,9]. Chronic effects of lead in children include
decreased, delayed, or impaired neurobehavioral development, a decrease in
intelligence quotient, speech and language deficits, anti-social behaviors, and a poor
attention span [7,11].

The World Health Organization estimates that nearly one million people die
every year due to lead poisoning [12], with millions more (many who are children)
exposed to low levels of lead causing life-long health problems. Populations at higher
risk for lead contamination include children, immigrant and refugee children, pregnant
women, and people who work in lead-related industries [13].

The Safe Drinking Water Act (SDWA) was passed by the United States (US)
Congress in 1974, with amendments added in 1986 and 1996, to protect our drinking
water. Under the SDWA, the EPA sets the standards for drinking water quality and
monitors states, local authorities, and water suppliers who enforce those standards [14].
In 1986, Section 1417 of the federal SDWA was amended to limit the content of lead
in pipes and other materials used in water supplies, defining “lead-free” as being less
than 8% lead in pipes and fixtures and less than 0.2% in solder.

In 1991, the US Environmental Protection Agency (EPA) established the Lead
and Copper Rule (LCR) to “protect public health and reduce exposure to lead in
drinking water”. Revisions to the LCR took place in 2000, 2004, 2007, and 2021. The
Maximum Contaminant Level Goal is zero due to there being no level of exposure to
lead that is without risk. The treatment technique for the rule requires systems to
monitor drinking water at customer taps; action levels occur if the lead concentration
exceeds 15 parts per billion (ppb). Since its implementation, lead level exceedances
have decreased by over 90% [15], see above.

Primary sources of lead in drinking water include copper pipe with lead solder,
lead water service lines, faucets, galvanized pipe, and lead goosenecks [16]. The
release of lead into water systems is affected [17] by the acidity or alkalinity of the
water, the types and amounts of minerals in the water, the amount of lead that the
water comes into contact with, the water temperature, the amount of wear in the pipes,
how long water stays in pipes, and the presence of protective scales or coatings in the
pipes.

The EPA has estimated that there are at least 6 to 10 million lead service lines,
and a 2021 Natural Resources Defense Council (NRDC) survey found that this number
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could be 12 million or more. The practice of using lead-based solders was not
abandoned until 1986 [1]. Any brass fixture with less than 8% brass was considered
to be “lead free” under federal government regulation before 2014. So, any brass
plumbing fixtures in the US can contain up to 8% lead. Although lead is ubiquitous in
most US water systems, it remains dormant in stable systems. Whenever a utility
changes or adjusts its source water, changes its finished water chemistry, or employs
different treatment or distribution strategies, the lead in pipe scales can be disturbed,
resulting in high lead residuals in a community’s water. Without careful testing and
sampling, disasters can happen. One such disaster played out in Flint, Michigan, from
2014 to present. Flint, MI, made headlines in 2016 when it was revealed that blood
levels in children had nearly doubled since the city started pumping in drinking water
from a new source without properly treating it [18]. The inadequate treatment and
testing of the water resulted in a number of water quality and health issues. Citizens
complained of foul-smelling, discolored, and off-tasting water for more than 18
months. Even as late as 2020, Flint, M1, does not have safe drinking water [19].

2. Case studies

We examine three case histories of lead contamination in water sources: Flint,
MI; Washington, D.C.; and Birmingham, AL. High lead levels have been found in tap
water in other US metropolitan areas, including Baltimore, MD; Detroit, MI;
Milwaukee, WI; New York, NY; Pittsburgh, PA; Chicago, IL; Washington D.C. [18],
Durham, NC; Greenville, NC; and Lakeland Acres, ME [20,21]. A map indicating the
extent of lead contamination in water is shown in Figure 1, while Figure 2 shows the
number of lead service lines in each of the states in the US. Approximately 20% of US
water systems have tested above the 15-ppb action level [22]. NRDC reports that 56%
of the US population drinks from water systems with detectable levels of lead. The
extent of lead contamination is not confined to major cities; NRDC reports that lead
service lines are likely in use in every US state; many states and utilities do not know
where their lead service lines are located [18]. In fact, the US Government
Accountability Office [23] reports that less than 20 of the largest water systems have
data publicly available related to their lead in drinking water.

Where is the lead exposure risk in your community?

Select all or deselect all lead risk Ly
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Figure 1. Map showing US lead exposure risk [24].
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LEAD SERVICE LINES PER STATE

As many as 12 million
lead pipes-and possibly
more—carry drinking water
to the homes of up to

22 million or more people.

Figure 2. Lead service lines per state in the US [18].

2.1. Incident in Flint, Michigan

The Flint disaster represented a failure on all government levels, resulting in
tragic implications for thousands of predominately poor, mostly minority residents in
Flint, Michigan. A city manager was appointed in late 2011 by the State of Michigan
in an attempt to reduce costs of city operations. One of the areas targeted for cost
reduction was drinking water. The Flint city manager suspended the purchase of
Detroit city water and approved the use of water from the Flint River [25]. An aqueduct
to Lake Huron was still under construction and was not an option. On 25 April 2014,
Flint River water was introduced into the city distribution system. Within days, the
first customer water quality complaints were lodged [26].

When Flint, Michigan, switched to the Flint River as a temporary drinking water
source, it did so without implementing corrosion control. Ten months later, lead
concentrations in collected water samples progressively increased (104, 397, and 707
mg/L). This coincided with increasing water discoloration. All samples collected had
lead concentrations exceeding the 15-ppb action level, and several samples had lead
concentrations exceeding 5000 ppb. The US EPA has estimated that the blood lead
level in a child will increase 1 mg/dL for every 5 mg/L lead increase in water [27].
The lead concentration (90th percentile) was 31.7 + 4.3 mg/L [25].

By August 2014, boil orders were issued to Flint residents. Notably, boiling water
has no effect on lead levels. Olson et al. [28] observed that the pipe scale was relatively
depleted of lead compared to the scale from 26 public utilities. The stripping of scales
by the relatively more corrosive Flint River water resulted in high bacterial counts. E.
coli counts increased and Legionnaire’s disease cases were recorded. Additional
chlorine was added, resulting in increases of disinfection by-products (DBP’s), a
known carcinogen. A high DBP warning was issued in January 2015.

By 1 October 2014, General Motors suspended use of Flint City water due to its
corrosiveness. On 9 January 2015, the University of Michigan at Flint discovered lead
concentrations in Flint’s drinking water above allowable federal levels. By 9
September 2015, high lead levels were discovered in the blood of Flint residents. Later
that month, a lead advisory was issued. On 1 October 2015, a public emergency was
declared. The following day, the governor of Michigan, Rick Snyder, blamed the high
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lead levels on household plumbing, despite overwhelming contrary evidence. Later in
October, Flint reconnected to Detroit water. Despite this, another state of emergency
was declared on 14 December 2015. The National Guard was activated on 12 January
2016 to distribute bottled water to Flint residents. Well into 2017, Flint residents were
still without safe drinking water from their water taps [26].

The raw water from the Flint River was considerably more corrosive than the
Detroit city water. This is possibly due to the high concentration of chlorides used in
road salts. However, the Flint River water might have been usable if the corrosion
inhibitor applied in previous treatments had not been suspended. It is unknown if the
suspension of the corrosion inhibitor was intended as a cost-saving maneuver. The
City of Flint and the Michigan Department of Environmental Quality (DEQ) did not
address the suspension of corrosion inhibitors until two months after the switch to Flint
water. Over a year and a half after the switch to Flint River water, the DEQ
acknowledged that it misinterpreted a rule on water treatment. The DEQ admitted in
an e-mail that they should have required the city to implement corrosion control during
the switch and afterward. It has been speculated that if the corrosion inhibitors were
applied, the Flint disaster would have never happened [29]. Regardless, no pilot testing
was performed before a major change was implemented in the Flint water treatment
and distribution system. This is a dangerous practice regardless of the activity. For
Flint, hundreds of millions of dollars in permanent damage was done to the distribution
system, likely because a few hundred dollars worth of chemical additives was
eliminated. The distribution pipe corrosion is permanent, and the damage will likely
result in a complete rehabilitation and replacement of the drinking water distribution
system. However, the cost to human health and dignity may never be fully realized
[26].

Phosphate-based corrosion inhibitors

For decades, hexametaphosphates were the primary phosphate-based corrosion
inhibitors used in water distribution systems. The effectiveness of
hexametaphosphates was largely determined by their ability to reduce “red water”
(iron staining and discoloration) complaints. However, hexametaphosphates likely
increase the release of both particulate and soluble lead [30,31]. Phosphate corrosion
inhibitors arrest metal corrosion in two ways; by sequestration and passivation.
Sequestration is the prevention of metallic ion precipitation by forming a compound
that remains dissolved in water. Since the compound remains in solution, no
discoloration from precipitation occurs. Passivation is the formation of an inorganic
film, which essentially coats the inner surface of a metal component, much like paint
applied for surface protection [32,33]. Sequestration is a problematic strategy with
dissolved metals that are toxic at relatively low concentrations. This is why
hexametaphosphates should never be used to prevent lead corrosion.

Three commonly used phosphate-based inhibitors are polyphosphate, poly-
phosphate blends (blends), and orthophosphate. Hexametaphosphates are the active
ingredient in polyphosphates. Phosphoric acid is the active ingredient in
orthophosphate. Blends are made of a mixture of polyphosphates and orthophosphates
and have the advantage of the passivation chemistry of orthophosphate and the
sequestration properties of polyphosphates. Blends are generally described as a
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percentage of polyphosphate versus orthophosphate [32]. Several studies have
suggested that polyphosphates and polyphosphate blends should never be used to
prevent lead corrosion. In fact, polyphosphates and blends may actually cause
increased lead residuals [31,34-38].

The crisis in Flint, Michigan, killed 12 people, according to data from the
Michigan Department of Health and Human Services [39]. Five officials, including
the head of the state’s health department, were charged with involuntary manslaughter
on 14 June 2017.

2.2. Washington, D.C.

More than a decade before the Flint, MI, case, a lead contamination crisis
occurred in Washington, D.C. Over 157 households had lead levels exceeding 300 ppb,
with thousands exceeding the 15-ppb action level. In 2001, the Washington Aqueduct
and the District of Columbia Water and Sewer Authority switched from chlorine to
chloramines as the disinfectant for their water system. The change was made to
minimize the formation of DBPs [22]. Replacing free chlorine with chloramines
changes the chemistry by raising the pH and lowering the water’s oxidizing potential.
Increased lead content in water may have been caused by increased corrosion related
to the introduction of chloramines. Two-thirds of the households tested (4075 homes)
in summer 2003 had lead levels exceeding the 15-ppb action level [40].

In the past, lead oxide (PbO,) scales formed due to the high oxidizing potential
of their water. As long as the water remains highly oxidizing, the lead oxide scales are
stable and insoluble. With the shift to chloramines, the water’s oxidizing potential
decreased, which meant that the water could dissolve the PbO; scale, thereby raising
the water’s lead concentration. Renner indicated that the change in water chemistry
and old lead pipes was the source of the crisis. Furthermore, chloramines may be prone
to mobilizing lead from brass [21]. Additionally, insufficient monitoring to address
the LCR, gaps in controlling corrosion and leaching of lead, and poorly designed lead
sampling and testing programs exacerbated the problem [21,41]. Washington, D.C., is
still working to fix this problem [18].

To reduce the exposure to lead, the Washington Aqueduct used source and treated
water containing very low lead levels. Brown et al. [42] observed that when
chloramine alone was used to disinfect the water in Washington, D.C., the risk for
blood lead levels was greater than when chlorine or chloramine with orthophosphates
were used. Changes in water disinfection can enhance the effect of blood lead levels.
Washington, D.C., now utilizes corrosion control treatment (maintaining constant pH
and addition of orthophosphate), monitors the source and treated waters, and reports
results to the EPA [43].

Figure 3 shows the effect of implementing orthophosphate treatment to control
corrosion in Washington, D.C. In January 2015, the District of Columbia reported that
90% of the water samples had lead levels of 4 ppb or less [43]. Independent testing at
six Washington, D.C., public schools in 2008 indicated that problems with elevated
lead persisted at 2% to 41% of taps in each school [44]. The highest lead concentration
detected in the public schools was 1987 mg/L, significantly higher than the 15-ppb
action level.
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Figure 3. Lead concentration in water decreased markedly after implementing
orthophosphate treatment to control corrosion in Washington, D.C. [43].

Incidence in elevated blood levels exceeding 10 mg/dL in Washington, D.C., for
children less than 1.3 years old increased more than fourfold for 2001-2003, when
lead in their water was high, versus in 2000, when lead levels in the water were low
[45]. Guidotti et al. [46] reported that of 2342 children aged 6 months to 6 years in
age, 65 had blood lead levels exceeding 10 mg/dL, and the highest blood level was 68
mg/dL. Additionally, two nursing mothers had blood lead levels exceeding 10 mg/dL.

2.3. Birmingham Water Works Board (BWWB) pilot study

One particularly dramatic illustration of the ineffectiveness of polyphosphate
blends in preventing lead corrosion was discovered during a pilot study by the
Birmingham Water Works Board in Birmingham, Alabama (BWWB). In an attempt
to determine if a switch from chlorine to chloramines would have detrimental effects
on the distribution system, a pilot study was conducted using elements harvested from
the BWWB distribution system and brass hardware. A flow-through system was
constructed equipped with cast iron, brass, and lead piping and fixtures. The apparatus
was designed to mimic a distribution system with twelve-hour flow (approximately
3000 gallons) and twelve hours of stagnation (zero flow condition, Figure 4). Finished
water and phosphate-based corrosion inhibitors were introduced to the pipe rack.
Weekly samples were collected from the brass fixtures, cast iron, and lead pipes and
analyzed for total and dissolved lead [38]. The brass hardware in this study was
produced before 2014. Until 2014, brass fixtures were legally sold with up to 8% lead
content. None of the effluent reached the distribution system and was discharged to
wastewater.
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Figure 4. BWWB flow through system [38].
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The pipe rack was divided into five sections, each consisting of one ten-foot
unlined cast iron pipe (two-inch inner diameter), three 2.5-foot pipes of lead service
line (one-inch inner diameter), and an assembly of brass fixtures. The cast iron pipes
were designated Cast Iron 1-5 from the top of the rack to the bottom. The lead pipes
were labeled Lead 1-1, Lead 1-2, Lead 1-3, Lead 2-1, ... Lead 5-3. The brass fixture
assemblies were labeled Brass 1-5 (Figure 5). Each section was tapped with sampling
valves. Additional valves separated the pipes during sampling. Valves were installed
between each pipe section for pressure release during sampling. The flow-through
design was intended to give the best possible approximation of settings and materials
found in the BWWB distribution system [47].
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Figure 5. H. Y. Carson Filter Plant (CFP) pipe rack schematic [48].

Findings of the BWWB study

The management at the BWWB was aware of the 2004 incident that occurred in
Washington, D.C., where high levels of lead were discovered in city drinking water.
The suspected cause was the change in primary disinfectant from chlorine to
chloramines. To avoid this, the BWWB selected a corrosion inhibitor recommended
by a consultant. The corrosion inhibitor was marketed for its professed ability to
“reduce lead corrosion”. The chemical selected was a polyphosphate blend of 70%
polyphosphate and 30% orthophosphate (70/30). Pure orthophosphate was rejected
due to a reputation (largely contradicted in peer-reviewed literature) for exacerbating
“red-water”. The 70/30 was introduced to chlorinated water entering the flow-through
at 4 parts per million (ppm) after six months without any corrosion inhibitor in
chlorinated water [47].

Within two weeks, total lead concentrations in samples collected significantly
increased. After the concentration of 70/30 was doubled, lead concentrations spiked
1500% in samples collected from the lead pipes. Lead concentrations exceeding 6000
ppb following the introduction of polyphosphate blends were obtained [47]. All cast
iron pipes and brass fixtures showed concentration levels significantly higher than the

133



Sustainable Social Development 2024, 2(3), 2531.

maximum allowable limit of 15 ppb. The lead concentrations in Section 4 of the flow-
through, which consistently showed higher turbidity, were even greater. The 70/30
was replaced with a 30/70 blend, increasing the concentration of orthophosphate by
40% relative to the polyphosphates. There was no measurable reduction in lead
residuals as lead concentrations continued to reach over 10 ppm in the lead pipes (even
greater in the high turbidity Section 4). The BWWB replaced the blends with
orthophosphate, and within weeks the lead concentrations in all sections and materials
stabilized to concentrations below original levels. After chloramines were introduced,
lead residuals continued to decrease in all sections and all arterials. By the end of the
study, all sample lead concentration levels were consistently below 15 ppb [47].

Other cities in Alabama, such as Leeds, Alabama, have reported blood levels of
lead in the range of 10.86 £+ 4.14 mcg/dL [49]. In addition, Casey Toner [50] reported
that there were more than 24,000 cases of young children from 595 Alabama zip codes
with lead in their blood. This information was submitted to the Alabama Department
of Public Health from 2010 to 2014. Furthermore, the counties of Choctaw, Sumter,
Mobile, Monroe, Morgan, Limestone, and Montgomery reported the highest number
of children under five years of age who were diagnosed with lead health issues.
Notably, Cabrera [51] points out that no amount of lead exposure is safe.

2.4. Techniques to reduce exposure to lead in drinking water

The Pennsylvania Department of Environmental Protection [25] has identified

several techniques to reduce lead exposure:

*  Run water to flush out lead;

*  Use cold water for cooking and preparing baby formula;

* Do not boil water to remove lead (lead concentrations in water will increase with
increases in temperature);

. Test the water for lead;

*  Identify if the plumbing fixtures contain lead.

3. Socio-economic impact of environmental hazards

A body of literature on the social, health, and economic impact of environmental
hazards on individuals and communities has been established. There has been a
recognition of social disparities associated with the impacts of environmental toxins,
with race and class as greater predictors of exposure to toxins. A fact sheet from the
Environmental Defense Fund notes that children and racial minorities bear a
disproportionate burden of lead exposure because of poverty and substandard housing
[52]. The impact of contaminated drinking water, particularly the presence of lead, has
been highlighted in the literature. However, the magnitude and extent of this entered
the public discourse with the Flint water crisis, which attracted a great deal of attention.
The contamination of residential water supply in Flint, Michigan, violated the right to
clean water [53].

The incident in Flint exposed how significantly the lead crisis disproportionately
impacts marginalized communities (mostly racial minorities and low-income
neighborhoods). Empirical researchers such as Hannah-Attisha et al. [54] estimated
that the change in the water source in the Greater Flint area caused an increase in the
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incidence of elevated blood levels from 2.4% to 4.9% (p < 0.05) in children. They also
conducted a spatial analysis, which revealed that children in low-income communities
experienced the greatest increase in blood lead levels. The 2018 NRDC report [52]
reveals that about 45% of the Flint population lived below the poverty line with
majority black populations. The report further documents that the Michigan Civil
Rights Commission established that the poor response from the state government was
a “result of systemic racism”. Children are at a particular disadvantage when it comes
to lead pollution because it leads to health, behavioral, and social impairments [55].
Hanna-Attisha et al. [54], who studied blood lead levels in children, concluded that
the percentage of children with elevated blood lead levels increased after water source
changes, particularly in socioeconomically disadvantaged neighborhoods. They also
noted that water is a growing source of childhood lead exposure due to an aging water
supply infrastructure.

Researchers, including Schaider et al. [56], have revealed that low-income and
minority communities are impacted disproportionately by high pollutant exposures.
The extent to which residential segregation is linked with lead exposure has further
been investigated by Murray [57]. The study discovered that neighborhoods with
higher proportions of Black and Hispanic residents were associated with an increased
percentage of elevated blood lead levels. Marshall et al. [58] corroborated these
findings in a research article that utilized the Adolescent Brain Cognitive Development
study. This is a US-based, large-scale study of brain development and child health
funded by the National Institutes of Health. Their research on a sample of 9712
children between the ages of 9 and 10 showed that children from lower-income
neighborhoods have a higher risk of lead exposure. They also found that these children
suffer more from distortions in their brain development, as evidenced by their lower
cognitive test scores, smaller cortical volumes, and smaller cortical surface area.
Although access to drinking water is a universal human right, there are several
challenges surrounding drinking water systems in the US. They include aging
infrastructure and polluted source water [59]. Nonetheless, the burdens are not equally
distributed [60]. Despite the link between socio-demographic characteristics and water
contamination, particularly drinking water quality, there is less attention paid to
drinking water systems and more research directed at agricultural water use or
environmental water quality of rivers, streams, and aquifers [61].

The active and growing literature on disparities in drinking water violations and
compliance reflects the extent of these inequities. Research has identified types of
communities disproportionately burdened by water contaminants. An analysis of
community water systems in the U.S. from 2011 to 2015 reveals that counties with a
disproportionate percentage of minorities had a higher percentage of drinking water
violations [62]. Switzer and Teodoro [63] capture this trend by showing that
racial/ethnic and income composition of populations predict drinking water quality
and are therefore more likely to violate the Safe Drinking Water Act (SDWA)
compliance. The findings particularly highlight the fact that there is a strong prediction
that there will be SDWA violations for Black and Hispanic populations. Research
across the Southeastern region of the United States maintains that minority and low-
income communities have poor ambient water quality [64]. Bae and Lynch’s analyses
of safe drinking water violations from 2016-2018 conclude that socio-economic
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factors impact the distribution of SDWA violations in the US [59]. Their research
notes that concentrated poverty negatively impacts access to safe drinking water and
that racial minorities, as well as low-income populations, are disproportionately
exposed to unsafe drinking water and have more safe drinking water violations. Blair’s
[65] research demonstrates this trend by showing that cities with higher minority
populations are three times more likely to have a water standard violation. Addressing
disparities associated with water infrastructure has not been equitable as well. A study
published by the Environmental Defense Fund [66] and the School of Public Health
in Washington, D.C., reveals that Lead Service Line Replacement programs are not
equitable and benefit mostly wealthy and advantaged populations. In low-income and
black-dominated communities, only 0.1% of residential service lines were voluntarily
replaced. The results of the study show significant correlations between median
household income and identification of residents as African Americans.

The recognition of these inequalities has expanded the range of scholars interested
in studying the impact of environmental contaminants on humans. The environmental
justice/racism movement has been crucial in highlighting inequities in terms of the
impact of environmental hazards. Balazs [61,67] however argue that there is a paucity
of information about inequities in drinking water contamination in the environmental
justice literature, as opposed to the plethora of studies about the extent and causes of
the disproportionate burden of environmental hazards.

3.1. Community empowerment

One important solution the environmental justice movement has advanced to
addressing disproportionate access to clean water is to eschew top-down initiatives
that do not influence the growth of community capacity nor long-term sustainability
and replace them with bottom-up approaches. The Biden-Harris administration has
established the “Get the Lead Out Partnership” as of 27 January 2023 to replace lead
water pipes within 10 years. The partners in this campaign include state, city, county,
and national water organizations in cities and rural areas, as well as non-governmental
organizations [66]. The active engagement of communities and grassroots
organizations in addressing environmental issues will ensure community involvement
in deciding, planning, and evaluating projects. Involving the community includes
engaging all stakeholders, recognizing their expertise, and allowing them to come up
with solutions to addressing environmental problems. Williams et al. [68] note the
importance of including diverse voices, especially those from underrepresented groups,
to effectively engage in water dialogues. One way to prioritize disadvantaged
communities impacted by poor water quality is to have community members and
stakeholders advocate for the funding of grassroots and local organizations who are
actively involved in ensuring water equity but encounter financial barriers to achieving
clean water in their communities [69].

3.2. The opportunity cost of environmental crises

Environmental crises have a direct impact on health. Resolving them is, therefore,
usually prioritized, and the process often calls for large funding. These funds represent
an “opportunity cost” for underprivileged communities. When resources are limited
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and choices need to be made, the opportunity cost of a choice represents the best
alternative forgone. The funds could potentially be used to significantly improve the
lives of the aforementioned low-income communities. However, they are used for the
resolution of the crisis.

In the case of the Flint, Michigan, crisis, the total expenditure directed towards
the resolution of the crisis was significant. For example: (1) the city received $100
million through the EPA [70]; (2) the state of Michigan increased its budget by over
$350 million for water quality improvement and pipe replacement, among others [71];
(3) the crisis cost the state $626 million in settlements [72]. This non-exhaustive list
of taxpayer dollars utilized for the resolution of the crisis amounts to over $1 billion.
This represents an important opportunity cost for underprivileged communities, as
approximately 40% of the population of Flint, Michigan, lives in poverty [73]. The
water crisis had other economic effects. Christensen et al. [74] found evidence that the
housing market was greatly affected. They estimated a decrease in the value of the
housing stock by $520 million and determined that home prices remained depressed
for 16 months even after the water was declared safe for consumption. Moreover, there
is evidence that small businesses in the city were significantly impacted, which
prompted the US Small Business Administration to provide an economic relief
package [75].

4. Call to action for community empowerment

Exposing to environmental hazards is an ongoing challenge and one that must be
actively addressed. The negative health outcomes of lead-contaminated water
poisoning, especially in racial and ethnic minority communities [76], received
heightened attention after Flint, Michigan, exposed the seriousness of environmental
racism [77]. Low-income racial ethnic communities across the US have had the
unpleasant experience of confronting the fear of exposure to toxic chemicals in their
water supply with no solution in sight [78].

Also, the mounting cognitive and physical health burdens that come with these
environmental hazards negatively affect community residents throughout their life
span [51]. After the crises in Flint, Michigan, a sustained focus on this particular event
and ensuing health risks to community residents became the prime example that
spearheaded national attention to the environmental racism and associated health
implications that had long been underacknowledged [77].

The national media coverage that followed the water crisis in Flint further
legitimized environmental activists claims regarding excessive exposure to lead
poisoning in impoverished racial ethnic communities. The Flint water crisis also
strengthened alliances between community activists and health policy experts. These
partnerships with local community groups and public health practitioners catalyzed
bolder and more effective outcomes in confronting EPA legislation that had been in
the making for decades. With this greater backing, increased momentum and sustained
attention regarding environmental hazards in low-income, black, and brown
communities took hold [52,79]. Environmental activists now have more social and
political power to intervene and prevent the problems of high exposures of lead
contamination in community water supply systems. Although many positive strides
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have been made on behalf of disenfranchised communities, there is still much more
work to be done in the area of environmental justice, especially as it relates to lead
poisoning in racially segregated communities.

Realizing the urgent needs of these communities, health protection agencies at
the local, state, and national level are creating more academic space through
interdisciplinary partnerships. These partnerships will enable us to better support
vulnerable communities and work alongside them in understanding the problem and
how to prevent further health problems through culturally tailored interventions that
welcome community participation and knowledge of local community health issues
that have long been ignored or poorly addressed. Educating community members
about technological advances will also improve their health literacy and drive the
community’s engagement toward greater investment in their health outcomes through
the use of interventions such as point-of-use sensor technology that could be used to
detect lead-based water contamination.

The problems of lead contamination in water supply systems have been under the
radar of environmental protection agencies and public health scientists for over 15
years. Interdisciplinary research scientists at the National Institute of Aging are also
raising the alarm about the effects of lead toxicity in water and related exposome risks
on brain and physical health [79]. This highlights the importance of research that also
addresses environmental exposures linked to cognitive health outcomes across the life
span. For example, lead poisoning has been associated with cognitive development
problems in young children, resulting in lower school performance and test scores [80]
and cognitive impairment in older adults [81]. Hence, there is a pressing need for
public health and environmental community health agencies to collaborate together
for sustained community action and engagement to prevent unsafe exposures such as
these in human population environments, which are disproportionately black and
brown [51].

A community’s collective social capital is its’ resource

Community social capital is a powerful resource in racially segregated
communities and is vital to a community’s empowerment at combating environmental
injustice issues such as lead water contamination and related exposome threats to its’
resident’s health outcomes [82]. Racial ethnic communities in low-income segregated
areas are most often cut off from mainstream sources of power and access to local
government authorities, including water municipal companies, business districts, local
civic governments, and council leaders with agency, that could provide effective
solutions [83]. When a community has nowhere else to turn, its’ only hope and
ironically the greatest source of collective strength is in the social capital that its’

3

community residents possess. In fact, social capital is a “vital component and
characteristic of the community itself” [84], and it is through this type of community
empowerment that black and brown low-income residents could actively demand
environmental justice around lead-contaminated water problems and ongoing
exposomic risks to its health [85].

The collective unity that a community’s social capital could bring is needed to

build alliances around racial and ethnic local community problems [86], such as lead-
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contaminated water and exposome risks that affect human health outcomes [79]. The
human health effects of contaminated drinking water and other environmental hazards
require that local community agencies also actively participate in its’ demand for safe
drinking water and removal of toxic dumping sites where residents reside [82].
Community grass roots organizing and partnering public health and environmental
sustainability programs are needed to help communities address the cognitive and
physical health implications of lead-contaminated water and exposome threats that are
lurking at disproportionately higher levels in impoverished racial and ethnic
communities across the United States.

Developing cost-effective sensors and related technology that easily detect
noxious chemicals in the water and air could reduce human environmental health
hazards and decrease neurological diseases and cancers. This technology could also
support the long-standing environmental justice efforts to address environmental
racism and the declining health and well-being of black and brown communities across
the US [87].

5. Can technology help?

Lead can be measured in blood, urine, saliva, and other tissues [4,88,89].
However, the measurement methodologies associated with using these bodily
fluids/tissues often include lengthy sample preparation and laboratory testing.
Similarly, measuring heavy metals in water supplies entails time-consuming collection
and sample preparation. Currently, accurate detection of heavy metals in fluid samples
relies on expensive atomic absorption spectroscopy or inductively coupled plasma
mass spectrometry in commercial testing laboratories operated by highly skilled staff
[90]. It takes time to ship samples, run the tests, and send the results. The cost of $100
or more per test is prohibitive for many individuals and for communities that must
sample water at numerous points in their water systems. Furthermore, in the two
weeks, or more, that it takes to receive results, people remain at risk [79].

Enabling communities to directly monitor lead concentration in their municipal
and agricultural water supplies would enable them to know if and when lead levels
reach the point where action is required. In addition, people in the community need to
know if they have ingested high levels of lead. Having reliable data will empower
them to seek assistance in protecting themselves and their communities. They need an
economical, easy-to-use method of detecting lead that will tell them if their water level
exceeds the actionable level set by the EPA of 15 ppb and if individuals have high
levels of lead.

We envision the creation of two types of point-of-use sensors that would
optimally monitor the situation in low-resource communities. This would avoid the
expense and time delays of sending samples to a lab for analysis, both of which would
be burdens for communities with little or no ability to pay for expensive sample
collection and lab services. The first type would be used to frequently measure lead
levels in water sources for domestic and farm use. The second would be for human
use. Community screening events could be held that would both train residents to
sustainably manage their environmental safety and identify individuals at risk,
including children. As residents are trained, they could even perform the tests in their
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References

own homes, similar to COVID tests. These tests could also identify potential hot spots
for lead exposure that would warrant immediate action, such as changing their water
treatment methods.

6. Conclusion

Three case histories have been presented in which elevated lead concentrations
were observed in municipal water systems: Flint, MI; Washington, D.C.; and
Birmingham, AL. Issues impacting the increased lead concentrations included changes
in the water supply sources, aging infrastructure, changes in the disinfection systems
used, and inadequate corrosion control. The elevated lead concentrations in the
municipalities resulted in elevated blood lead levels, impacting the health of their
residents. The disproportionate impact of aqueous lead pollution on low-income and
minority communities has been described, and poor responses from the state
regulatory agencies exacerbated the problems created by lead contamination. Failing
to address the environmental lead contamination crisis has a direct negative impact on
public health. Children and racial minorities often bear the brunt of lead contamination
exposure. Concentrated poverty negatively impacts public access to safe drinking
water throughout people’s lifespan. Several techniques were presented for reducing
exposure to lead in drinking water. Additionally, we proposed the creation of low-cost,
point-of-use sensors that could provide a faster and more frequent means for low-
resource communities to monitor lead levels and to act before widespread harm
ensues. Lastly, to address these issues, community involvement of the stakeholders
involving public alliance partnerships is required.
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