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Abstract

Sea-level rise, erosion, and accelerated beach loss are increasingly threatening Kenya's insular and
archipelagic heritage landscapes. Across Shimoni’s archipelago, consequences ranging from gradual
decay, collapse to outright catastrophic loss of sea front mosques, tombs, wells, shrines, coral stone and
wattle-daub buildings are indicative of absent heritage management and climate adaptation plans. To
support climate sensitive conservation in historic Shimoni Town and Wasini Island, Island Vulnerability
and Archipelagic Planning Systems Theory was examined to quantify landscape metrics, entropy and
spatial change based on Landsat images from 1984-2023. Geo-spatial indicators selected to quantify
ecological change include: Patch Density, Mean Patch Size, Largest Patch Index and Landscape Shape
Index. These landscape metrics were selected to determine patch isolation, evenness, dominance and
complexity, respectively. In 40 years, built-up and barren land areas increased by 73% and 32%
respectively while mangrove cover and terrestrial vegetation decreased by 69% and 33% respectively.
Coral outcrops and sandy beach decreased by 14% and 69%, respectively. Urban expansion quadrupled
at a rate of 1.26km2/year indicated by Shannon’s entropy values that increased from 0.003 to 0.024. Bare
land and built up patch densities increased by 38% and 60% respectively. Mean patch sizes for mangrove
and terrestrial vegetation decreased by 100m2 and 200m2 respectively. Overall. Landscape metrics
highlighted increasing urban sprawl into heritage sensitive zones. Conservation and historic town planning
is to conmsider stabilization, consolidation and adaptive reuse for flood vulnerable built heritage.
Archipelagic planning is to consider the critical adjustment of shoreline setbacks, forest buffer zones, flood
risk zones, mangrove restoration, afforestation, vertical densification, planned retreat and land use control
to protect low lying historic sites from ongoing and future climate change.

Keywords: Archipelagic Heritage, Island Vulnerability, Climate Adaptation, Conservation, Southern
Kenya Coast
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Archipleagic Heritage and Climate Change

Archipelagic heritage to include sea front mosques, forts, tombs, wells, archacology and sacred landscapes
refers to interconnected cultural and natural resources that exist across groups of islands and surrounding
seascapes (Hau‘ofa, 1994; Baldacchino, 2015). Unlike conventional heritage approaches that focus on
individual historic sites, Kenya’s archipelagic heritage demonstrates that island urbanism evolved as a
highly adaptive socio-ecological system integrating multiple cultural influences from Arabia, India and
China shared over two millennia (Chittick, 1976; Fouéré, 2003; Fleisher, 2010). As a result, archipelagic
seascapes to include Lamu in the northern coast (Figure 1) and Shimoni in the southern coast, reflect unique
architectural heritage of great historical significance (Ghaidan, 1975; Horton, 1987; Allen, 1993;
Wilson,2016). For instance, Lamu old town (Plate 1), founded in the fourteenth century, is inscribed on the
World Heritage List as the oldest and best-preserved Swahili settlement in East Africa (Horton &
Middleton, 2000; Wynne-Jones & Fleisher, 2015; UNESCO,2026).
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Figure 1::Lamu Archipelago, Northern Kenya Coast Source: Njiiri, et.al., (2025a)

Plate 1: Lamu World Heritage Site. Source: UNESCO (2026
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However, climate driven sea level rise amplifies widespread beach loss, flooding and erosion by high tide
action, resulting in unforeseen transformation of heritage space across sixty-six historic sites along Kenya’s
584 km littoral (Vousdoukas et al.,2021; Hamza et al.,2022; Njiiri et al.,2024). Consequently, local
maritime spatial planning and coastal zone management (Maina et al.,2021; Musyoka et al.,2022) has
increasingly shifted toward reactive adaptation strategies characterized by increased sea-wall
reinforcement, shoreline stabilization and costly engineering interventions as observed at Fort Jesus in
Mombasa old town (Plate 2), Vasco da Gama Pillar in Malindi (Plate 3), Faza (Plate 4) and Kizingitini
(Plate 5), on Pate Island in Lamu archipelago (UNEP,2022; NMK,2023; Chambon, 2024).

Plate 2: Sea walls, Fort Jesus. Plate 3: Vasco da Gama Pillar
Source : Njiiri, et.al., (2024 Source: Njiiri, et.al., (2024)
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Plate 4: Sea walls, Faza Plate 5: Plate 3: Sea walls, Kizingitini
Source: GoK (2019) Source: UNEP (2022)

However, prescriptive structural interventions generate unforeseen hydrologic, topographic and
morphological problems to include: fragmented mangrove buffers, altered sediment flows and
archaeological disturbances (Cacciotti et al.,2024; Brimblecomble et al.,2024; Shilabukha et al.,2025).
Unfortunately, legislation governing Kenya’s coastal land use, including procedures to be followed before
any development is launched, takes precedence over analyses of rates of land cover change (Awour et al.
2008; Omoumbo 2011; GoK 2010;2019). As a result, plot boundaries are set at the highest water mark
regardless of rates of shoreline change as observed at Ashuwei (Plate 6) and Kibuyuni (Plate 7), in Lamu
and Shimoni archipelagos, respectively (UNEP, 2022; Gitau et al.,2023; NMK,2023; Njiiri et al.,2025).
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Plate 6: Beach loss, Ashuwei Plate 7: Erosion, Kibuyuni
Source: Njiiri, et.al., (2024) Source: Njiiri, et.al., (2025)

In this regard, Island Vulnerability and Archipelagic Planning Systems Theory explains how climate change
transforms maritime heritage through spatial reconfiguration and ecological fragmentation across island
and archipelagic regions (Oki & Brasher, 2003; Bankoff, 2007; Nunn, 2013; Kelman, 2014; Baum et al.,
2016; Mycoo, 2018; Shah et al., 2020; Bugnot et al.,2020; UNESCO, 2023). However, heritage planning
tensions across archipelagic heritage in Zanzibar, Mauritius, Seychelles, Comoros, Madagascar,
Mozambique, Fiji, Vanuatu, Hawaii, Cape Verde, Galapagos, New Zealand, Caribbean, Indonesia,
Solomon Islands and Malaysia and the Philippines, indicate difficult trade-offs between heritage protection
and climate adaptation (IPCC,2024; ICCROM,2024; UNESCO,2026).Consequently, international heritage
frameworks advocate for the protection of maritime heritage to include: cultural landscapes, historic
settlements, vernacular buildings, sacred shrines, archaeological sites, timber structures, and underwater
heritage as integrated components of broader seascape systems (ICOMOS, 1990; 1996; 1999; UNESCO,
2026).

In this regard, Archipelagic Planning Systems Theory conceptualizes islands as interconnected socio-
ecological systems linked through navigation, kinship, ritual practices, and shared ecological knowledge
rather than isolated landscapes (Baldacchino, 2015; Hau‘ofa, 1994; ICCROM, 2024; ICOMOS, 2021;
UNESCO, 2026; UNFCCC, 2024). In Kenya, maritime heritage comprising sea-front mosques, tombs,
wells, jetties, coral and wattle-daub settlements in the Lamu and Shimoni archipelagos is embedded within
fishing, coral reef, mangrove, and lagoon ecosystems that sustain living heritage (Kusimba, 2017; NMK,
2023). However, conservation remains constrained by unplanned development, resource extraction,
salinization, and land-use change, which fragment cultural landscapes, degrade ecosystems, and increase
encroachment on historic sites (Maina et al., 2021; Gitau et al., 2023; Shilabukha, 2024; Van Katwijk et al.,
1993; McClanahan & Obura, 1997; Schwarz, 2007; Abuya, 2016; Uku et al., 2021; Kairo et al., 2023;
Mwakumanya, 2021; Fulanda et al., 2011; Obura et al., 2021; Chome, 2020; Kilaka et al., 2023; NEMA,
2017; UNEP, 2022; Wainwright et al., 2019; Mulwa et al., 2021; Painter et al., 2021; Taylor et al., 2019).

Further, declining availability of coral stone, mangrove poles, timber, lime plaster, and palm thatch weakens
traditional construction skills and adaptive knowledge despite comprehensive national heritage and climate
legislation (NMK, 2023; Wynne-Jones, 2016; Busaka, 2023). Unfortunately, fragmented heritage
management, land tenure constraints, and weak integration of place-based adaptation continue to limit
effective conservation across Lamu and Shimoni archipelagos (GoK, 2019; UNEP, 2022; NEMA, 2022;
UNCCEF, 2024; UNESCO, 2026). Fortunately, Island Vulnerability and Archipelagic Planning Systems
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Theory advocates landscape metrics, entropy analysis, and multi-temporal spatial assessment to evaluate
fragmentation, spatial complexity, and land-cover change for climate-responsive heritage adaptation
(Alexander, 2013; Batty, 2013; Corner, 2006; Cosgrove, 1984; Forman, 1995; ICOMOS, 2021; Jokilehto,
2006; Kelman, 2015; McGarigal & Marks, 1995; Sauer, 1925; Turner et al., 2001; Waldheim, 2006;
Wheeler, 2013; UNESCO, 2026).

The paper sought to determine vulnerability of maritime heritage to climate change in historic Shimoni
Town and Wasini Island in Kenya’s southern archipelago. In doing so, four landscape metrics were
employed: patch density, mean patch size, largest patch index and landscape shape index (McGarigal &
Marks, 1995; McGarigal et al., 2012; Turner et al., 2001). Patch density measured landscape fragmentation,
mean patch size assessed landscape evenness, largest patch index evaluated landscape dominance, while
landscape shape index examined spatial complexity (Forman, 1995; McGarigal et al., 2012; Turner et al.,
2001; Alexander, 2013; Kelman, 2015). Collectively, landscape metrics provided a spatial-temporal
framework for supporting climate-sensitive conservation, heritage management and adaptation strategies
in historic Shimoni town and Wasini Island, southern Kenya coast.

Maritime Heritage in Historic Shimoni Town and Wasini Island, Southern Kenya Coast

Historic Shimoni town lies 90 kilometers south of Mombasa, on a peninsula 13 kilometers off the
Mombasa-Lunga Lunga Road at the Kenya-Tanzania border in Kwale County, at 4.6471° S, 39.3805° E
(Figure 2). Shimoni, classified as a national monument by the National Museums of Kenya in 2001, is
named after site's caverns that stretch seven kilometers underground (Kiriama 2021; Busaka, 2023).
Heritage significance is highlighted by an archipelagic system comprising of sacred forest, mangrove, coral
reef, tidal and lagoon systems as well as Kisite-Mpunguti Marine National Park, which boasts East Africa's
highest coral richness, with 203 endemic species and 60% coral cover (Obura, 2021; Jacobs et al.,2021;
KMFRIL,2024). Further, the archipelago highlights unique biological and geological history as well as
ongoing climate change processes (UNEP,2022;NMK,2023). Twelve islands to include: Wasini, Kisite,
Mpunguti, Sii, Nyuli, Mipwa, Minyani Mikubwa, Makotwe, Mwamba Kuu, Mijira and Kichwa Mtu are
protected under the Wildlife Conservation and Management Act of 2018 and designated as Kenya’s man
and nature bio-reserve (Abungu,2019; Tschentscher et al.,2023; Njiiri et al., 2025; UNESCO, 2026)
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Figure 2: Shimoni Archipelago, Southern Kenya Coast
Source: Njiiri, et.al., (2024)
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Notably Kaya Bogowa sacred forest, located on Wasini Island 2km offshore historic Shimoni town, is one
of three of East Africa's remaining coral rag forests (Fungomeli et al.,2020). A coral rag forest is a distinct
marine habitat defined by its position on ancient coral reefs that have cemented into limestone. As such,
coral rag forests are home to indigenous hardwoods that have adapted to dry, salty, and nutrient-poor soils
that cover low lying historic sites (IUCN,2025). The other two coral rag forests, Kaya Diani and Kaya Waa,
are located in 40 kilometres north, in Ukunda, Msamweni sub county (UNEP,2022; Chambon,2024).

Maritime built heritage in Shimoni archipelago includes colonial era buildings, mosques, wells, tombs and
jetties across seven intertidal sites namely, Aleni, Shirazi, Pongwe, Hurumuzi, Kagugu, Chambocha and
the ruins at Vanga (Figure 2). However, erosion and widespread beach loss in historic Shimoni town and
Wasini Island, is on the rise (Njiiri et al.,2024;2025). Consequences ranging from surface corrossion (Plate
8), surface blackening (Plate 9), collapse, to outright catastrophic loss of sea front mosques (Plate 10 and
11) are indicative of absent climate and heritage adaptation plans. Further, due to rapid loss of mangrove
and forest cover, sudden onset high intensity rainfall amplifies structural failure patterns observed in
colonial era buildings, dated 1882, to include: British administrative headquaters (Plate 12), colonial
prisons, colonial armouries (Plate 13) as well as coral block buildings on Shimoni’s sea front (Plate 14) and
wattle-daub buildings on Wasini’s Mkwiro beach (Plate 15). In totality, susceptibility of maritime built
heritage to salt driven damage remains high due to the age, location and hygroscopic nature of coral stone,
lime mortar, timber, and thatching material that constitutes it (NMK,2023; Busaka, 2023; Njiiri et
al.,2024;2025).

&

Plate 9: Surface blackening, Colonial headquarters
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Plate 10: Collapsed Mosque by the Sea Plate 11: Cracked Mosque ruins
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Plate 14: Eroded coral block building
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Plate 15: Crumbled wattle-daub building

Unfortunately, landscape transformation threatens not only built heritage, but also intangible cultural
systems linked to sacred shrines, ritual grounds and underground caves (Plate 16 and 17) (Abungu, 2017;
Mwangudza, 2019; Nyamwanga, 2020). Sacred forests in historic Shimoni to include Kaya Majimwiru,
Mwanagoto and Mzizima, undergo frequent flooding and drought episodes resulting in ecological patch
fragmentation, ritual discontinuity and cultural displacement (Lam et al.,2023; Nyachonga, 2025). Further,
accelerated shoreline retreat and widespread beach loss in Kaya Bogowa on Wasini Island, results in
submersion of shrines, sacred fig and baobab grooves that support ceremonial grounds and customary
governance systems (Kiriama, 2012; Maina et al., 2021; Habel et al.,2023; NMK,2023; Gitau et al.,2025).
Finally, unpredictable rainfall and prolonged humidity accelerates habitat loss as observed by the spread of
invasive plants species to include: Ipomoea indica, Leucaena leucocephala, Opuntia stricta, Eichhornia
crassipes and Cuscuta campestris (Betts et al., 2019), alongside destructive pests including: Coptotermes
formosanusermites and Cryptotermes brevis that desiccate palm thatched roofs, wattle and structural timber
elements (Ogada et al., 2022; Cazalis et al. 2022).
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Plate 16: Cave ritual space Plate 17: Cave ritual pathway

To promote holistic protection of southern coast forests such as Kaya Gonja, Marenji, Segeju, Mrima and
the largest in Kenya, Kaya Dzombo (Figure 2), the Forest Conservation and Management Act 2016, Water
Act 2016, Shimoni-Vanga Joint CoManagement Area Plan 2024-2028, Integrated Coastal Zone
Management Plan 2019-2023, Kwale County Spatial Plan 20222032, have been established. However,
despite the comprehensive legal framework, Shimoni archipelago loses 25 hectares of mangrove cover
annually, a trend expected to worsen with Fish Port-related development in Shimoni Town (Busaka, 2023;
Chambon, 2024). Although shoreline erosion averages 5.34 metres per year (Njiiri et al., 2024;2025),
heritage considerations remain weakly integrated into adaptation planning, limiting effective conservation
and heritage management efforts (GoK, 2019; Abungu, 2019; UNEP, 2022; NMK,2023). As a result,
ongoing ecological degradation threatens heritage tourism, underscoring the need for integrated climate
adaptation strategies for the conservation of cultural and natural heritage in historic Shimoni town, Wasini
Island and the wider cultural landscape in Kenya’s southern archipelago.

Methodology

This study applied Archipelagic Planning Systems Theory to assess land-cover change and heritage
vulnerability in historic Shimoni Town and Wasini Island. Using landscape metrics: patch density, mean
patch size, largest patch index, and landscape shape index, together with multi-temporal spatial analysis
(McGarigal & Marks, 1995; Turner et al., 2001; Alexander, 2013; Kelman, 2015), the methodology
identified land-cover patterns affecting heritage adaptation over time. To provide a baseline for prioritizing
ecosystem-based climate adaptation and integrated heritage conservation strategies, Landsat images of the
study area (Table 1) were analysed using the post-classification change detection technique for periods

1984 — 2023.
Table 1: Sources of Satellite Data

Satellite Data/Sensor Year of Acquisition = Spatial Resolution (m)
Landsat 5-Multi Spectral Scanner and Thematic Mapper 1984 30

Landsat 7-Enhanced Thematic Mapper 2003 30

Landsat 7-Enhanced Thematic Mapper 2013 30

Landsat 8-Operational Land imager and Thermal Infrared 2023 30

Sensor
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The post-classification technique was selected to reduce effects of spectral resolution and sensor differences
(Srivastava et al.,2012). Atmospheric correction was done using the Dark Object Subtraction model to
obtain surface reflectance (Lu et al., 2004). Landsat imageries were calibrated top-of atmosphere
reflectance, with a cloud coverage of less than 10 % (Chavez, 1988). The step wise sequence for data
acquisition, radiometric correction and supervised classification is illustrated in Figure 20. Maximum
Likelihood classifier, a parametric statistical method, was selected to classify pixels in Landsat images into
predefined land-cover classes through quantification of spectral signatures (Anderson et al.,1976; Paudel
and Yuan, 2012). Based on spectral responses of features on Landsat images and prior field observation,
seven land cover types were identified (Table 2).

I Landsat Imagenes 1984.2023 ]
v
[ Radiometric and Atmospheric Correction [ TOA reflectance, <10%] ]
A 4 W
I Spectral Indices : NDVI, SI, RI, NDWI, NDBI |
v
Training Tests |y Maximum Likelihood i€~ Pixel sampling
Classification
v v v
Kappa -){ Confusion Matrix I‘- Overall
Coefficient v Accuracy
Land Cover Change Analysis: 1984,1994 2003.2013,2023
v
I Patch Analysis: PD, MPS, LPL, LSI, Shannon’s Diversity Index

Figure 3: Data Analysis for Establishing Land Cover Change

Table 2: Land Cover Types

Land Cover Description Index

Forests Hardwoods and artificially planted trees NDVI (Normalized Difference Vegetation Index)

Mangroves Tropical plants adapted to saline MNDVI (Modified Normalized Difference
conditions Vegetation Index)

Non-built Open, burnt and bare areas BI (Bare Soil Index)

Sandy beach Loose deposits of sand and gravel SI (Soil Index)

Rocky beach Cliffs and outcrops that cover shorelines Rock Index (RI)

Water body Sea, streams, water pans Normalized Difference Water Index (NDWT)

Built-up Residential, commercial, industrial and NDBI (Normalized Difference Built-up Index)

transportation land use

The confusion matrix, a table that summarizes performance of the classification algorithm, was used to
evaluate minimum accuracy requirements (Congalton, 2001; Foody, 2002). The confusion matrix, also
known as an error matrix, shows the cross-tabulation of classified values against reference data. Using this
approach, Overall Accuracy (OA), a representation of total classification accuracy and Kappa coefficient
(x), a level of agreement beyond what is expected by random chance, were computed to determine
classification accuracy (Shao and Wu, 2008). For this purpose, Equations 1 and 2 were followed.

OA = Total number of pixel classified correctly / total number of pixels *100 (Equation 1)
Kappa coefficient (k) = (Po - Pe) / (1 - Pe) (Equation 2)
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Where Po, represents the observed agreement between a classified map and reference data. Pe, represents
the expected agreement by chance, based on the marginal frequencies in a confusion matrix. A Kappa value
closer to 1 indicates strong agreement between classifications, while a value closer to 0 signifies agreement
no better than random chance (Shivakumar and Rajashekararadhya, 2018). In order to analyse the rate of
landscape fragmentation for the periods 1984-2003,2003—-2013, 2013-2023 and 1984-2023, the annual rate
of landscape fragmentation (RLF) for the specified periods was calculated by Equation 3.

Rate of landscape fragmentation RLF = (BUA);,— (BUA); / n*(BUA); (Equation 3)

Where BUA, is the built-up area while BUA;., and BUA, are the built-up areas (in km?) at time i + n and i,
respectively. n is the interval of the calculating period (in years) (Herold et al.2003). The change statistics
for classified maps of two time periods was calculated by Equation 4.

Change (%) = (Aﬁnal year — Ainitial year/ Ainitial year) *100 (Equation 4)

Where 4, is the area coverage of each land cover type (in km?). Positive percentage values suggest an
increase whereas negative values imply a decrease in area coverage respectively (Xiao et al.,2005).
Shannon’s entropy was selected to establish the degree of spatial clustering or dispersion of urban patches
over the study period. The study area was divided into concentric zones with a consecutive incrementing
radius of 100metres from a centroid pinned at the British colonial headquarters built in 1882 (Figure 10).
By clipping out the built-up areas of each zone, Shannon’s entropy in each zone was calculated by Equation
5.

Shannon’s entropy Hy= Y74 Pi In (1 / Pi) (Equation 5)

Where H, is the Shannon’s entropy, P; is the percentage of built-up areas in each zone computed as a ratio
of built-up areas in i zone to the total built-up areas in all zones, n is the total number of zones (Yeh and
Li, 2001). Shannon’s entropy values vary between 0 and 1 (Ramachandra et al.,2012). Zero entropy values
indicate that built-up areas have a highly concentrated distribution; whereas values closer to 1 indicate high
dispersion of built-up areas (Mashagbah, 2016). Relative Shannon’s entropy (H n) highlights the spatial
pattern of urban expansion as a measure of landscape fragmentation calculated by Equation 6.

Relative Shannon’s entropy Ha=[ Xj=; Pi In (1/ Pi) ]/ (n) (Equation 6)

The change in the rate of urban dispersion between two time periods evaluates whether landscape
fragmentation is towards a more dispersed or compact pattern (Yeh and Li, 2001). The magnitude of
change rate of urban dispersion was calculated by Equation 7.

Rate of urban dispersion AH,= Hn(t1) - Ha(t2)  (Equation 7)

Where AHn, is the difference in entropy values between two time periods, Hn(t)), is the relative Shannon’s
entropy at time (t;) and Hn(t,) is the relative Shannon’s entropy at time (t2) (Mashagbah 2016).

However, multi-temporal land cover change cannot capture all aspects of landscape fragmentation (Lausch,
2002; Gustafson and Parker, 1992). Thus, descriptive landscape metrics were compared across classified
maps at patch level. Indicators selected to determine ecological patch configuration include Patch Density,
Mean Patch Size, Largest Patch Index and Landscape shape index (Uuemaa et.al.2009; Turner and Gardner
2015; Hambrecht and Rockman 2017) (Table 3). The landscape metrics were selected to determine patch
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isolation, evenness, dominance and complexity, respectively (Naveh and Lieberman 1994; Leitao
et.al.2008; Turner and Gardner 2015).

Landscape Metric
Patch Density
(PD)

Mean Patch Size
(MPS)

Largest Patch
Index (LPI)

Landscape Shape
Index (LSI)

Table 3: Landscape Metrics

Description

PD equals the number of
patches of the corresponding
patch type divided by total
landscape area, multiplied by
10,000 and 100 (to convert to
100 ha.).

MPS equals sum of all patches
of the corresponding patch
type,

divided by the number of
patches of the same type,
divided by 10,000 (to convert
to ha.).

LPI equals the area (m2 ) of
the largest patch of the
corresponding patch type
divided by total landscape
area, multiplied by 100
(converted to %)

LSI equals the sum of the
landscape boundary (m),
involving the
corresponding patch type
divided by the square root
of the total landscape area
(m2)

Results and Interpretation

Formula
PD =ni/ A*10,000*100

Range:

PD > 0, without limit
Justification:
Isolation index

MPS = [ 3L * aij ] / ni
*1/10,000

Range:

MPS > 0, without limit
Justification:

Evenness index

LPI=[ X xaij]/A*
100

LPI = 100 when the
entire landscape consists
of a single patch of the
corresponding

patch type

Range: 0 <LPI <100
Justification:
Dominance index
LSI=0.25E /A

The higher the LSI
value,

the more discrete the
patches are

Range: LSI > 1, without
limit

Justification:
Complexity index

Notes

ni = number of patches in the
landscape of patch type
(class)i.

A = total landscape area (m2).
References:

(McGarigal and Marks, 1995;
Singh et.al.,2015)

aij = area (m2) of patch ij.

ni = number of patches in the
landscape of patch type
(class)i.

References:

(Olsen et al.,2006).

aij = area (m2) of patch ij.
A =total landscape
area (m2).

References:
(Paudel and Yuan, 2012).

Where LSI represents value of
landscape shape index; E
represents total patches
perimeter; A = total landscape
area (m2)

References:

(Gustafson and Parker, 1992).

Four Land cover change maps were validated by confusion matrices from which producer accuracy, user

accuracy, overall accuracy and kappa coefficients were computed (Table 4). Overall accuracy values of
78.40%, 79.20%, 77.40%, and 78% as well as kappa coefficient values of 0.76, 0.77, 0.74, and 0.75 were
achieved for the classified images of 1984, 2003, 2013 and 2023 shown in Figure 3, 4,5 and 6 respectively.
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Table 4: Accuracy assessment for classified images of 1984, 2003,2013 and 2023

Land Cover Type 1984 2003 2013 2023

Producer  User = Producer User  Producer = User Producer User
Water 78% 76% 80% 82% | T7% 76% 79% 78%
Vegetation 81% 79% 82% 80%  80% 79% 81% 80%
Rocky Beach 85% 83% 86% 84% | 83% 84% 85% 83%
Sandy beach 80% 82% 81% 83% | 78% 80% 79% 80%
Mangrove 75% 77% 76% 79% | 73% 74% 74% 75%
Built-up 83% 81% 84% 82%  82% 83% 83% 82%
Bare land 79% 78% 78% 79% | 76% 78% 77% 79%
Overall accuracy (%) 78.40 79.20 77.40 78.00
Kappa coefficient (k) 0.76 0.77 0.74 0.75

Accuracy results indicate strong agreement between ground truth data and classified maps. A kappa
coefficient of 1 signifies perfect agreement between a classified image and a referenced one, while 0
indicates no agreement. Further, overall accuracy and kappa coefficient values met the minimum accuracy
requirements for landscape change detection. In the periods 1984-2003, 2003-2013, and 2013-
2023, built-up areas increased by 76%, 65% and 30%, while bare land increased by 9%, 13% and 19%,
respectively (Table 5). During the same change periods, mangrove cover decreased by 17%, 6%, and 24%
while terrestrial vegetation decreased by 11%, 8% and 8% respectively. Coral reefs decreased by 5%, 3%
and5%, while sandy beach decreased by 79%, 62% and 12%, respectively (Table 5).

Table 5: Land cover change between 1984-2023

Land Cover 1984 2003 2013 2023 Land Cover Change (%)

Type km2 % km?2 % km2 % km?2 % 1984-  2003- 2013- 1984-
2003 2013 2023 2023

Builtup Area = 0.46 1 0.80 2 1.32 4 1.71 5 76 65 30 73

Bare land 3.75 10 4.10 11 4.62 13 5.52 15 9 13 19 32
Vegetation 7.17 20 | 6.40 18  5.87 16 | 540 15  -11 -8 -8 -33
Mangrove 2.54 7 2.10 6 1.97 5 1.50 4 -17 -6 -24 -69
Rocky Beach | 11.51 32 1091 30 10.62 | 31 10.10 28 -5 -3 -5 -14
Sandy Beach  0.53 1 0.95 3 1.54 4 1.72 15 79 62 12 69
Water 10.47 29 10.79 30 10.10 = 28 10.06 28 - - - -
Total 36.42 100 36.05 100 36.04 100 36.05 100
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In 40 years, built-up and barren land areas increased by 73% and 32% respectively while mangrove cover
and terrestrial vegetation decreased by 69% and 33% respectively. Coral reefs and sandy beach decreased
by 14% and 69%, respectively. Thus, urban development took place at the expense of forests, mangroves
and sandy beaches. The annual rate of change showed that built-up areas increased by 3.8% (0.35km?/year)
between 1984-2003, 6.4% (0.52km?/year) between 2003-2013 and 2.9% (1.26km?*/year) between 2013-
2023. Overall, built up areas increased by 27.5% (1.26km?/year) from 1984 to 2023 (Table 6).

Table 6: Rate of urban expansion

Year Built-Up Area Rate of Urban Expansion (%/Year)

(Km2) 1984-2003 2003-2013 2013-2023 1984-2023
1984 0.46 3.80
2003 0.80 6.44
2013 1.32 2.98
2023 1.71 27.59
Change (km2/year) 0.35 0.52 1.26 1.26

Shannon’s entropy values increased from 0.003 in 1984 to 0.015 in 2003 and 0.007 in 2013 to 0.024 in
2023 (Table 7). The relatively lower values of Shannon’s entropy between 1984 and 2003 indicate compact
distribution of built-up areas (Figure 6 and 7 for the inner five zones centred at the British colonial
headquarters (Figure 9). However, an increasing trend in entropy values between 2013 and 2023 was
observed for the outer ten zones indicating dispersion of built-up areas and ongoing urban sprawl (Figure
10).

Table 7: Shannon’s entropy and changes in entropy between 1984-2023

Year Shannon’s Entropy Changes in Entropy
1984-1994 1994-2003 2003-2013 2013-2023
1984 0.325 0.003
2003 0.322 0.015
2013 0.308 0.007
2023 0.301 0.024
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Between 1984 and 2023, bare land patch density increased from 0.008 to 0.013 while built up patch density
increased from 0.002 to 0.005 (Figure 11). Mangrove mean patch size decreased from 300m? to 200m?
while vegetation mean patch size decreased from 500m? to 300m? (Figure 12). Thus, mean patch size was
inversely related to the degree of fragmentation. Between 2013 and 2023, trends in largest patch index
decreased by 50% for vegetation and bare land areas (Figure 13). Further, landscape shape index values for
built up and mangrove areas were closer to zero while values for bare land and vegetation were closer to
one (Figure 14) indicating clustering and dispersion, respectively. Overall, results of landscape patch
analysis are in agreement with Shannon’s entropy values, which substantiate gradual dispersion of urban
growth and loss of natural land cover in the study area.
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Discussion and Conclusion

The findings support Island Vulnerability and Archipelagic Planning Systems Theory, which posits that
climate and anthropogenic change transforms maritime heritage through spatial reconfiguration and
ecological fragmentation across island landscapes (Oki & Brasher, 2003; Bankoff, 2007; Nunn, 2013;
Kelman, 2014; Baum et al., 2016; Mycoo, 2018; Shah et al., 2020; Bugnot et al., 2020; UNESCO, 2023).
The observed land-cover changes in Shimoni peninsula and Wasini Island indicate substantial alteration of
mangrove, forest and lagoon systems that underpin maritime heritage values and adaptive capacity.

Over the 40-year period, built-up land increased by 73% while barren land expanded by 32%. In contrast,
mangrove cover declined by 69%, terrestrial vegetation by 33%, coral reefs by 14%, and sandy beaches by
69%. The reduction of mangroves and beaches is particularly significant because these ecosystems provide
shoreline stabilization, storm protection and biodiversity support, essential to maritime heritage
conservation (ICCROM,2024; UNESCO, 2026). The annual rates of change further reveal an acceleration
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of urban expansion. Built-up land increased by 27.5% (1.26 km?/year) between 1984 and 2023. Shannon’s
entropy values increased from 0.003 in 1984 to 0.015 in 2003, declined slightly to 0.007 in 2013, and
subsequently increased to 0.024 in 2023. This transition from compactness to dispersion is indicative of
spatial reconfiguration processes highlighted by Archipelagic Planning Systems Theory, whereby
development increasingly extends into heritage landscapes, creating new vulnerabilities and management
challenges (IPCC,2024).

Landscape metric analysis further substantiates these patterns. Between 1984 and 2023, bare land patch
density increased from 0.008 to 0.013, while built-up patch density increased from 0.002 to 0.005.
Mangrove mean patch size decreased from 300 m? to 200 m?, while vegetation mean patch size decreased
from 500 m? to 300 m?. Smaller and more isolated patches provide reduced ecosystem services that support
heritage conservation and local livelihoods (UNCCF,2024; UNESCO,2026). Between 2013 and 2023, the
largest patch index decreased by 50% for both vegetation and bare land classes. From a heritage perspective,
the loss of dominant ecological patches undermines the integrity of cultural landscapes by disrupting
ecological contexts within which maritime heritage sites have historically evolved (Hau‘ofa, 1994;
Baldacchino, 2015; Shah et al., 2020; ICCROM,2024).

Overall, the combined findings from land-cover change analysis, Shannon’s entropy, and landscape metrics
demonstrate a gradual transition from relatively compact and ecologically connected landscapes toward
dispersed development patterns. In accordance with Island Vulnerability and Archipelagic Planning
Systems Theory, the findings underscore the importance of integrated climate-sensitive planning,
ecosystem-based adaptation, and heritage conservation strategies that maintain ecological connectivity in
historic Shimoni, Wasini Island and the wider archipelago.

Recommendations

The observed 73% increase in built-up land, 69% decline in mangroves, and 69% loss of sandy beaches,
combined with rising patch fragmentation, indicate urgent need for spatially targeted, ecosystem-based
heritage adaptation. In response, the following interventions are recommended:

* Institutionalize landscape-based planning metrics under the National Land Use Policy (2017), and
Physical and Land Use Planning Act (2019) to include: patch density, mean patch size, largest patch
index for zoning high-risk heritage spaces.

* Promote vertical densification and compact urban development under the Urban Areas and Cities Act
(2011) to reduce horizontal expansion into mangroves and forested heritage buffers.

= Restore mangrove and coastal buffer systems under the Environmental Management and Coordination
Act (2015) and Kenya National Adaptation Plan (2015-2030), focusing on areas with severe mangrove
loss to support shoreline stabilization.

= Stabilize and protect vulnerable heritage assets to include: mosques, wells, colonial ruins in low-lying
and expanding settlement zones.

* Implement ecosystem-based restoration of vegetation using native species under the National Climate
Change Action Plan (2023-2027) to enhance ecological connectivity.

= Strengthen alternative livelihoods through the Forest Conservation and Management Act (2016) and
Shimoni—Vanga Co-Management Plan (2024-2028) to reduce pressure on forests and mangrove
ecosystems.

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified




=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

= Develop a trans-regional ecological and heritage corridor network to connect fragmented landscapes
and improve ecological continuity between Kaya forests.

= Design landscape-based heritage trails and interpretation systems informed by landscape patterns to
enhance cultural tourism and heritage awareness.

Disclosure Statement

The authors report that there are no competing interests to declare.
Funding Details

No funding was received for this study.

References

Abungu, G. H. O. (2019). Community involvement in heritage management in Africa: Lessons and
challenges. Conservation and Management of Archaeological Sites, 21(3—4), 197-210.

Abuya, W. O. (2016). Mining conflicts and Corporate Social Responsibility: Titanium mining in Kwale,
Kenya. The Extractive Industries and Society, 3(2), 485-493. https://doi.org/10.1016/j.exis.2015.12.008

Alexander, D. (2013). Resilience and disaster risk reduction: An etymological journey. Natural Hazards
and Earth System Sciences, 13(11), 2707-2716.

Allen, J. de V. (1993). Swahili origins: Swahili culture and the Shungwaya phenomenon. James Currey.

Anderson, J. R., Hardy, E. E., Roach, J. T., & Witmer, R. E. (1976). A land use and land cover
classification system for use with remote sensor data. USGS Professional
Paper. https://doi.org/10.3133/pp964

Awuor, N. C. B,, Orindi, N. V. A., & Adwera, A. O. (2008). Climate change and coastal cities: the case of
Mombasa, Kenya. Environment and Urbanization, 20(1), 231-
242. https://doi.org/10.1177/0956247808089158

Baldacchino, G. (2015). Island studies and the globalization of island life. Routledge.

Bankoff, G. (2007). Living with risk: Coping with disasters in the Philippines. Education About
Asia, 12(2), 26-29.

Batty, M. (2013). The new science of cities. MIT Press.

Baum, J., et al. (2016). Climate change impacts on small island developing states. Ocean & Coastal
Management, 130, 80-92.

Betts, J., Young, R. P., Hilton-Taylor, C., Hoffmann, M., Rodriguez, J. P., Stuart, S. N., & Milner-
Gulland, E. J. (2019). A framework for evaluating the impact of the [UCN Red List of threatened
species. Conservation Biology, 34(3), 632—643. https://doi.org/10.1111/cobi.13454

Brimblecombe, P., & Richards, J. (2024). Applied climatology for heritage. Theoretical and Applied
Climatology, 155(8), 7325-7333. https://doi.org/10.1007/s00704-024-05059-6

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1016/j.exis.2015.12.008
https://doi.org/10.3133/pp964
https://doi.org/10.1177/0956247808089158
https://doi.org/10.1111/cobi.13454
https://doi.org/10.1007/s00704-024-05059-6

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Bugnot, A. B., Mayer-Pinto, M., Airoldi, L., Heery, E. C., Johnston, E. L., Critchley, L. P., et al. (2020).
Current and projected global extent of marine built structures. Nature Sustainability, 4(1), 33—
41. https://doi.org/10.1038/s41893-020-00595-1

Busaka, B.M., Akalla, J.A., & Ngari, L.K. (2023). Conservation and Preservation of Immovable Heritage
from Below: Local Community Involvement in the Management of Shimoni Caves in the South Coast of
Kenya. The International Journal of Humanities & Social Studies.

Cacciotti, R., Sardella, A., Drdacky, M., & Bonazza, A. (2024). A Methodology for vulnerability
assessment of cultural heritage in Extreme Climate changes. International Journal of Disaster Risk
Science, 15(3), 404-420. https://doi.org/10.1007/s13753-024-00564-8

Cazalis, V., Di Marco, M., Butchart, S. H. M., Akcakaya, H. R., Gonzalez-Suarez, M., Meyer, C., et al.
(2022). Bridging the research-implementation gap in [IUCN Red List assessments. Trends in Ecology &
Evolution, 37(4), 359-370. https://doi.org/10.1016/j.tree.2021.12.002

Chambon, M., Reyes-Garcia, V., Ziveri, P., & Wambiji, N. (2024). Weaving scientific and local
knowledge on climate change impacts on coastal social-ecological systems in the Western Indian
Ocean. Environmental Science and Policy, 160, 103846.

Chavez, P. S. (1988). An improved dark-object subtraction technique for atmospheric scattering
correction of multispectral data. Remote Sensing of Environment, 24(3), 459—
479. https://doi.org/10.1016/0034-4257(88)90019-3

Chittick, N. (1976). An archaeological reconnaissance in the Horn: The British-Somali Expedition,
1975. Azania Archaeological Research in Africa, 11(1), 117—
133. https://doi.org/10.1080/00672707609511233

Chome, N. (2020). Land, livelihoods and belonging: negotiating change and anticipating LAPSSET in
Kenya's Lamu county. Journal of Eastern African Studies, 14(2), 310—
331. https://doi.org/10.1080/17531055.2020.1743068

Coastal Development Authority. (2019). Coastal Development Authority Master Plan. Government
Printer, Nairobi.

Congalton, R. G. (2001). Accuracy assessment and validation of remotely sensed and other spatial
information. International Journal of Wildland Fire, 10(4), 321. https://doi.org/10.1071/wf01031

Constitution of Kenya. (2010). Government Printer, Nairobi.

Corner, J. (2006). Terra fluxus. In C. Waldheim (Ed.), The landscape urbanism reader (pp. 21-33).
Princeton Architectural Press.

Cosgrove, D. (1984). Social formation and symbolic landscape. University of Wisconsin Press.
County Governments Act. (2012). Government Printer, Nairobi.

Envasses Environmental Consultants Limited Environmental and Social Impact Assessment (2020).
Study Report for the Proposed Shimoni Port, Kwale County: 132-137

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1038/s41893-020-00595-1
https://doi.org/10.1007/s13753-024-00564-8
https://doi.org/10.1016/j.tree.2021.12.002
https://doi.org/10.1016/0034-4257(88)90019-3
https://doi.org/10.1080/00672707609511233
https://doi.org/10.1080/17531055.2020.1743068
https://doi.org/10.1071/wf01031

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Environmental Management and Coordination Act (EMCA). (2015). Government Printer, Nairobi.

Fleisher, J. B. (2010). Swahili Synoecism: Rural settlements and town formation on the Central East
African Coast, A.D. 750-1500. Journal of Field Archaeology, 35(3), 265—
282. https://doi.org/10.1179/009346910x12707321358919

Fleisher, J., & Wynne-Jones, S. (2011). Finding meaning in ancient Swahili spatial practices. Afiican
Archaeological Review, 28(3), 171-207.

Foody, G. M. (2002). Status of land cover classification accuracy assessment. Remote Sensing of
Environment, 80(1), 185-201. https://doi.org/10.1016/s0034-4257(01)00295-4

Forest Conservation and Management Act. (2016). Government Printer, Nairobi.

Forman, R. T. T. (1995). Land mosaics: The ecology of landscapes and regions. Cambridge University
Press.

Fouéré, M. (2003). Horton, Mark & Middleton, John. — The Swabhili. The Social Landscape of a
Mercantile Society. Oxford-Malden, MA, Blackwell Publishers, 2000, 282 p., index, bibl. (« The Peoples
of Africa »). Cahiers D Etudes Africaines, 43. https://doi.org/10.4000/ctudesafricaines. 1549

Fulanda, B., Ohtomi, J., Mueni, E., & Kimani, E. (2011). Fishery trends, resource-use and management
system in the Ungwana Bay fishery Kenya. Ocean & Coastal Management, 54(5), 401—
414. https://doi.org/10.1016/j.ocecoaman.2010.12.010

Fungomeli, M., et al. (2020). A new Vegetation-Plot Database for the Coastal Forests of
Kenya. Vegetation Classification and Survey, 1, 103-109. https://doi.org/10.3897/VCS/2020/47180

Ghaidan, U. (1975). Lamu: A study in conservation. East African Literature Bureau.

Gitau, P. N., Duvalil, S., and Verschuren, D. (2023). Evaluating the combined impacts of hydrological
change, coastal dynamics and human activity on mangrove cover and health in the Tana River delta,
Kenya. Regional Studies in Marine Science, 61, 102898. https://doi.org/10.1016/j.rsma.2023.102898

Government of Kenya (2009). State of the Coast Report: Towards Integrated Management of Coastal and
Marine Resources in Kenya. National Environment Management Authority, Nairobi, 88-94.

Government of Kenya (2010). Shoreline Management Strategy for Kenya. National Environment
Management Authority, Nairobi: 72-84.

Government of Kenya (2019). Integrated Coastal Zone Action Plan for Kenya (2019-2023). National
Environment Management Authority (NEMA), Nairobi.

Government of Kenya (GoK). (2018). National climate change action plan 2018—-2022. Ministry of
Environment and Forestry.

Gustafson, E. J., and Parker, G. R. (1992). Relationships between land cover proportion and indices of
landscape spatial pattern. Landscape Ecology, 7(2), 101-110. https://doi.org/10.1007/bf02418941

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1179/009346910x12707321358919
https://doi.org/10.1016/s0034-4257(01)00295-4
https://doi.org/10.4000/etudesafricaines.1549
https://doi.org/10.1016/j.ocecoaman.2010.12.010
https://doi.org/10.3897/VCS/2020/47180
https://doi.org/10.1016/j.rsma.2023.102898
https://doi.org/10.1007/bf02418941

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Habel, J. C., Schultze-Gebhardt, K., Shauri, H. S., Maarifa, A. M., Maghenda, M., Fungomeli, M., &
Teucher, M. (2023). Kaya forests: nucleus of cultural and biological diversity and functionality. Journal
of Tropical Ecology, 39. https://doi.org/10.1017/s026646742300010x

Hambrecht, G., & Rockman, M. (2017). International Approaches to Climate Change and Cultural
Heritage. American Antiquity, 82(4), 627—641. https://doi.org/10.1017/aaq.2017.30

Hamza, A. J., Esteves, L. S., Cvitanovic, M., and Kairo, J. (2020). Past and present utilization of
mangrove resources in Eastern Africa and drivers of change. Journal of Coastal Research, 95(spl),
39. https://doi.org/10.2112/5195-008.1

Hau‘ofa, E. (1994). Our sea of islands. The Contemporary Pacific, 6(1), 148—161.

Herold, M., Goldstein, N. C., and Clarke, K. C. (2003). The spatiotemporal form of urban growth:
measurement, analysis and modelling. Remote Sensing of Environment, 86(3), 286—
302. https://doi.org/10.1016/s0034-4257(03)00075-0

Horton, M. C. (1987). Early Muslim Trading Settlements on the East African Coast: New Evidence from
Shanga. The Antiquaries Journal, 67(2), 290-323. https://doi.org/10.1017/s0003581500025427

Horton, M., & Middleton, J. (2000). The Swahili: The social landscape of a mercantile society. Blackwell
Publishers.

ICCROM. (2024). Heritage and climate risk management guidelines. International Centre for the Study
of the Preservation and Restoration of Cultural Property.

ICCROM. (2024). ICOMOS-ICCROM guidance on post-trauma recovery and reconstruction for world
heritage cultural properties. ICCROM.

ICOMOS. (1990). Charter for the protection and management of the archaeological heritage.
International Council on Monuments and Sites.

ICOMOS. (1996). International charter on the protection and management of underwater cultural
heritage. International Council on Monuments and Sites.

ICOMOS. (1999a). Charter on the built vernacular heritage. International Council on Monuments and
Sites.

ICOMOS. (1999b). Principles for the preservation of historic timber structures. International Council on
Monuments and Sites.

ICOMOS. (2021). The future of our pasts: Engaging cultural heritage in climate action. International
Council on Monuments and Sites.

IPCC. (2024). Climate change 2024 Impacts, adaptation and vulnerability. Intergovernmental Panel on
Climate Change.

IUCN. (2025). The IUCN Red List of Threatened Species. Version 2025-2. https://www.iucnredlist.org

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1017/s026646742300010x
https://doi.org/10.1017/aaq.2017.30
https://doi.org/10.2112/si95-008.1
https://doi.org/10.1016/s0034-4257(03)00075-0
https://doi.org/10.1017/s0003581500025427
https://www.iucnredlist.org/

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Jacobs, Z. L., Yool, A., Jebri, F., Srokosz, M., Van Gennip, S., Kelly, S. J., et al. (2021). Key climate
change stressors of marine ecosystems along the path of the East African coastal current. Ocean &
Coastal Management, 208, 105627, https://doi.org/10.1016/j.ocecoaman.2021.105627

Jokilehto, J. (2006). Considerations on authenticity and integrity in world heritage context. City &
Time, 2(1), 1-16.

Kairo, J., Mbatha, A., Murithi, M. M., and Mungai, F. (2021). Total ecosystem carbon stocks of
mangroves in Lamu, Kenya; and their potential contributions to the climate change agenda in the
country. Frontiers in Forests and Global Change, 4. https://doi.org/10.3389/ffgc.2021.709227

Kelman, I. (2014). No change from climate change: Vulnerability and small island developing
states. Geographical Journal, 180(2), 120-129.

Kelman, I. (2015). Climate change and the Sendai framework for disaster risk reduction. International
Journal of Disaster Risk Science, 6(2), 117-127.

Kenya Marine and Fisheries Research Institute (KMFRI), & Coastal and Marine partners.
(2024). Shimoni—Vanga joint co-management area plan (2024-2028). KMFRI.

Kenya National Adaptation Plan (NAP). (2015-2030). Government of Kenya, Nairobi.

Kilaka, B. M., and De Jesus Neto, A. G. (2023). The "Lamu Port-South Sudan-Ethiopia" Transport
Corridor (LAPSSET): contradictions of a circulation mega project in contemporary East Africa. An
interview with Benard Musembi Kilaka. Boletim GeoAfrica, 2(6), 6—

13. https://doi.org/10.59508/geoafrica.v2i6.59838

Kiriama, H. (2012). Indigenous knowledge and coastal heritage conservation in Kenya. Azania:
Archaeological Research in Africa, 47(3), 317-332.

Kiriama, H. O. (2012). Conservation of coastal archacological heritage in Kenya. African Archaeological
Review, 29(2-3), 223-245.

Kiriama, H. O. (2017). Memory, Identity and Heritage in the south Kenya Coast: Case of Shimoni Slave
caves. Journal of African Cultural Heritage Studies, 1(1), 4. https://doi.org/10.22599/jachs.10

Kusimba, C. M. (2017). The rise and fall of Swahili states. AltaMira Press.

Kwale County Government. (2022). Kwale County Spatial Plan 2022—2032. Government of Kenya,
Nairobi.

Lam, M. R., Matano6, A., Van Loon, A. F., Odongo, R. A., Teklesadik, A. D., Wamucii, C. N., Van Den
Homberg, M. J. C., Waruruy, S., & Teuling, A. J. (2023). Linking reported drought impacts with drought
indices, water scarcity and aridity: the case of Kenya. Natural Hazards and Earth System Sciences, 23(9),
2915-2936. https://doi.org/10.5194/nhess-23-2915-2023

Lausch, A. (2002). Applicability of landscape metrics for the monitoring of landscape change: issues of
scale, resolution and interpretability. Ecological Indicators, 2(1-2), 3—15. https://doi.org/10.1016/s1470-
160x(02)00053-5

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1016/j.ocecoaman.2021.105627
https://doi.org/10.3389/ffgc.2021.709227
https://doi.org/10.59508/geoafrica.v2i6.59838
https://doi.org/10.22599/jachs.10
https://doi.org/10.5194/nhess-23-2915-2023
https://doi.org/10.1016/s1470-160x(02)00053-5
https://doi.org/10.1016/s1470-160x(02)00053-5

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Leitao, A., Miller, J., Ahern, J., & McGarigal, K. (2008). Measuring Landscapes: A Planner's Handbook.
Island Press.

Lu, D., Mausel, P., Brondizio, E., and Moran, E. (2004). Change detection techniques. International
Journal of Remote Sensing, 25(12), 2365-2401. https://doi.org/10.1080/0143116031000139863

Maina, J. M., Bosire, J. O., Kairo, J. G., Bandeira, S. O., Mangora, M. M., Macamo, C., et al. (2021).
Identifying global and local drivers of change in mangrove cover and the implications for
management. Global Ecology and Biogeography, 30(10), 2057-2069. https://doi.org/10.1111/geb.13368

Mashagbah, A. F. A. (2016). The use of GIS, remote sensing and Shannon's entropy statistical techniques
to analyse and monitor the spatial and temporal patterns of urbanization and sprawl in Zarqa City,
Jordan. Journal of Geographic Information System, 08(02), 293—

300. https://doi.org/10.4236/jgis.2016.82025

McClanahan, T. R., and Obura, D. (1997). Sedimentation effects on shallow coral communities in
Kenya. Journal of Experimental Marine Biology and Ecology, 209(1-2), 103—
122. https://doi.org/10.1016/s0022-0981(96)02663-9

McGarigal, K., & Marks, B. J. (1995). FRAGSTATS: Spatial pattern analysis program for quantifying
landscape structure. U.S. Forest Service General Technical Report PNW-GTR-351.

Middleton, J. (1992). The world of the Swahili: An African mercantile civilization. Yale University Press.

Mulwa, F., Li, Z., & Fangninou, F. F. (2021). Water scarcity in Kenya: current status, challenges and
future solutions. OALib, 08(01), 1-15. https://doi.org/10.4236/0alib.1107096

Musyoka, B., Muchiri, M., & Njoroge, R. (2021). Climate change adaptation strategies in the built
heritage of Lamu Old Town, Kenya. Heritage & Society, 14(2-3), 213-234.

Musyoka, M., Muchiri, N., & Njoroge, M. (2022). Assessing the vulnerability of coastal cultural heritage
to sea-level rise in Kenya. International Journal of Heritage Studies, 27(4), 101-118.

Mwakumanya, M. A. (2021). Beach erosion hazard Vulnerability Assessment of Bamburi Beach in
Mombasa, Kenya. International Journal of Environmental Science and Development, 12(3), 80—
86. https://doi.org/10.18178/ijesd.2021.12.3.1322

Mycoo, M. (2018). Beyond 1.5°C: Vulnerabilities and adaptation strategies for Caribbean small island
developing states. Regional Environmental Change, 18(8), 2341-2353.

National Climate Change Action Plan (NCCAP). (2023—2027). Government of Kenya, Nairobi.

National Environment Management Authority (NEMA). (2017). State of the Coast Report in Kenya.
NEMA Kenya.

National Environment Management Authority. (2022). National climate change action plan (2023-2027).
Government of Kenya, Nairobi.

National Land Use Policy. (2017). Government Printer, Nairobi.

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1080/0143116031000139863
https://doi.org/10.1111/geb.13368
https://doi.org/10.4236/jgis.2016.82025
https://doi.org/10.1016/s0022-0981(96)02663-9
https://doi.org/10.4236/oalib.1107096
https://doi.org/10.18178/ijesd.2021.12.3.1322

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

National Marine Spatial Plan. (2021). Government of Kenya, Nairobi.
National Museums and Heritage Act. (2006). Government Printer.
National Museums of Kenya (NMK). (2023). Strategic Plan 2023-2027. Government of Kenya.

Naveh, Z., and Lieberman, A. S. (1994). Landscape ecology: Theory and Application (2nd ed.). Springer-
Verlag.

Njiiri, W., Njuguna, M., & Wahome, E. (2025). Establishing Climate Variability for Adaptation of
Maritime Cultural and Natural Heritage to Climate Change in South Coast, Kenya. Journal of the Kenya
National Commission for UNESCO, 5(1). https://doi.org/10.62049/jkncu.v5i1.405

Njiiri, W., Njuguna, M., and Wahome, E. (2024). Determination of shoreline variability for adaptation of
maritime built heritage to climate change: A case of Southern Kenya Coast. The Historic Environment
Policy & Practice, 1-17. https://doi.org/10.1080/17567505.2024.2435083

Njiiri, W., Njuguna, M., and Wahome, E. (2025). Establishing historical shoreline trends for adaption of
maritime built heritage to climate change Part 2: The Northern Kenya Coast. The Historic Environment
Policy & Practice, 1-20. https://doi.org/10.1080/17567505.2025.2470475

Nunn, P. D. (2013). The end of the Pacific? Effects of sea-level rise on Pacific Island
livelihoods. Singapore Journal of Tropical Geography, 34(2), 143—-171.

Nyamwanga, P. (2020). Indigenous ecological knowledge and coastal adaptation in East Africa. African
Geographical Review, 39(2), 120-136.

Nyanchoga, S. (2025). Contesting sacredness as a conservation tool in a globalized and multicultural
setting: Lessons from Kenya. International Journal of Science Commerce and Humanities, 3(1), 1-16.

Obura, D., Gudka, M., Samoilys, M., Osuka, K., Mbugua, J., Keith, D. A., et al. (2021). Vulnerability to
collapse of coral reef ecosystems in the Western Indian Ocean. Nature Sustainability, 5(2), 104—
113. https://doi.org/10.1038/s41893-021-00817-0

Ogada, D., Virani, M. Z., Thiollay, J. M., Kendall, C. J., Thomsett, S., Odino, M., et al. (2022). Evidence
of widespread declines in Kenya's raptor populations over a 40-year period. Biological
Conservation, 266, 109361. https://doi.org/10.1016/j.biocon.2021.109361

Oki, D. S., & Brasher, A. M. D. (2003). Environmental setting and impacts of climate variability in
Hawaii. US Geological Survey Water-Resources Investigations Report.

Olsen, L. M., Dale, V. H., and Foster, T. (2006). Landscape patterns as indicators of ecological change at
Fort Benning, Georgia, USA. Landscape and Urban Planning, 79(2), 137—
149. https://doi.org/10.1016/j.landurbplan.2006.02.007

Omuombo, C. A., Olago, D. O., and Odada, E. O. (2013). Coastal erosion. In Developments in earth
surface processes (pp. 331-339). https://doi.org/10.1016/b978-0-444-59559-1.00022-0

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.62049/jkncu.v5i1.405
https://doi.org/10.1080/17567505.2024.2435083
https://doi.org/10.1080/17567505.2025.2470475
https://doi.org/10.1038/s41893-021-00817-0
https://doi.org/10.1016/j.biocon.2021.109361
https://doi.org/10.1016/j.landurbplan.2006.02.007
https://doi.org/10.1016/b978-0-444-59559-1.00022-0

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Painter, S. C., Popova, E., and Roberts, M. J. (2021). An introduction to East African Coastal Current
ecosystems: At the frontier of climate change and food security. Ocean & Coastal Management, 216,
105977. https://doi.org/10.1016/j.ocecoaman.2021.105977

Paudel, S., and Yuan, F. (2012). Assessing landscape changes and dynamics using patch analysis and GIS
modelling. International Journal of Applied Earth Observation and Geoformation, 16, 66—
76. https://doi.org/10.1016/j.jag.2011.12.003

Physical and Land Use Planning Act. (2019). Government Printer, Nairobi.

Ramachandra, T., Bharath H. Aithal, and Durgappa D. Sanna. (2012). Insights to Urban Dynamics
Through Landscape Spatial Pattern Analysis. International Journal of Applied Earth Observation and
Geoformation, 18, 329—43. https://doi.org/10.1016/j.jag.2012.03.005

Sauer, C. O. (1925). The morphology of landscape. University of California Publications in
Geography, 2(2), 19-53.

Schwarz, J. (2007). Environmental issues pertaining to the Kwale Mineral Sands Project, Kenya's South
Coast—Reply. Marine Georesources and Geotechnology, 25(2), 145—
149. https://doi.org/10.1080/10641190701372347

Shah, K. U., Dulal, H. B., Johnson, C., & Baptiste, A. (2020). Understanding livelihood vulnerability to
climate change in small island developing states. Environmental Development, 33, 100—119.

Shao, G., and Wu, J. (2008). On the accuracy of landscape pattern analysis using remote sensing
data. Landscape Ecology, 23(5), 505-511. https://doi.org/10.1007/s10980-008-9215-x

Shilabukha, K. (2025). Harnessing indigenous knowledge and management systems of marine
ecosystems among the Mijikenda of Coastal Kenya. Journal of the Kenya National Commission for
UNESCO, 5(2), 2958-7999.

Shilabukha, K., & Muyembe, C. L. (2024). Managing cultural heritage components in a development
project: Community voices from the Juba-Rumbek Road Improvement Project in South Sudan. Afiican
Anthropologist, 22(1), 99-131.

Shivakumar, B., & Rajashekararadhya, S. (2028). An Investigation on Land Cover Mapping Capability of
Classical and Fuzzy Based Maximum Likelihood Classifiers. International Journal of Engineering &
Technology, 7(2), 939. https://doi.org/10.14419/ijet.v7i2.10743

Singh, S. K., Srivastava, P. K., Szabo, S., Petropoulos, G. P., Gupta, M., & Islam, T. (2015). Landscape
transform and spatial metrics for mapping spatiotemporal land cover dynamics using Earth Observation
data-sets. Geocarto International, 1-15. https://doi.org/10.1080/10106049.2015.1130084

Srivastava, P. K., Han, D., Rico-Ramirez, M. A., Bray, M., and Islam, T. (2012). Selection of
classification techniques for land use/land cover change investigation. Advances in Space
Research, 50(9), 1250-1265. https://doi.org/10.1016/j.asr.2012.06.032

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1016/j.ocecoaman.2021.105977
https://doi.org/10.1016/j.jag.2011.12.003
https://doi.org/10.1016/j.jag.2012.03.005
https://doi.org/10.1080/10641190701372347
https://doi.org/10.1007/s10980-008-9215-x
https://doi.org/10.14419/ijet.v7i2.10743
https://doi.org/10.1080/10106049.2015.1130084
https://doi.org/10.1016/j.asr.2012.06.032

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Taylor, S. F. W., Roberts, M. J., Milligan, B., & Ncwadi, R. (2019). Measurement and implications of
marine food security in the Western Indian Ocean: an impending crisis? Food Security, 11(6), 1395—
1415. https://doi.org/10.1007/s12571-019-00971-6

Tschentscher, T., Chege, N., & Remaury, H. (2023). An integrated seascape approach to revitalize
ecosystems and livelihoods in Shimoni-Vanga, Kenya. In Ecosystem Restoration through Managing
Socio-Ecological Production Landscapes and Seascapes (pp. 1-17). Springer.

Turner, M. G., and Gardner, R. H. (2015). Landscape ecology in theory and practice. Springer
eBooks. https://doi.org/10.1007/978-1-4939-2794-4

Turner, M. G., Gardner, R. H., & O'Neill, R. V. (2001). Landscape ecology in theory and practice:
Pattern and process. Springer.

Uku, J., Daudi, L., Alati, V., Nzioka, A., and Muthama, C. (2021). The status of seagrass beds in the
coastal county of Lamu, Kenya. Aquatic Ecosystem Health & Management, 24(1), 35—
42. https://doi.org/10.14321/aehm.024.01.07

UNESCO. (2023). Climate change impacts on cultural heritage in island and coastal regions. UNESCO
Publishing.

UNESCO. (2024). Enhancing climate action for World Heritage: Strategic planning and monitoring.
UNESCO.

UNESCO. (2025). Sea-level rise and coastal heritage vulnerability assessment. UNESCO World
Heritage Centre.

UNESCO. (2026). Climate adaptation and heritage resilience: Global policy framework update.
UNESCO.

UNESCO. (2026). Humidity, salt weathering and heritage conservation in tropical coastal regions.
UNESCO Publishing.

UNESCO. (2026). Living heritage and resilience in Small Island Developing States. UNESCO.

UNFCCC. (2024). Adaptation and resilience in coastal and island systems. United Nations Framework
Convention on Climate Change.

UNFCCC. (2024). Cultural heritage and knowledge in climate adaptation frameworks. United Nations
Framework Convention on Climate Change.

United Nations Environment Programme (2021). Integrated coastal zone management (ICZM):
Principles and applications for sustainable coastal planning. UNEP.

United Nations Environment Programme. (2022). Coastal resilience in East Africa: Focusing on Shimoni
and Vanga mangrove forests. unep.org

Urban Areas and Cities Act. (2011). Government Printer, Nairobi.

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.1007/s12571-019-00971-6
https://doi.org/10.1007/978-1-4939-2794-4
https://doi.org/10.14321/aehm.024.01.07
https://unep.org/

=
unesco

P
HelkralSorerimizy

2958-7999, Vol. 6 (2) 2026
Adapting Archipelagic Heritage to Climate Change: Evidence from Historic Shimoni Town and Wasini Island, South Kenya Coast

Uuemaa, E., Antrop, M., Roosaare, J., Marja, R., and Mander, U. (2009). Landscape Metrics and Indices:
An Overview of their use in Landscape research. Living Reviews in Landscape
Research, 3. https://doi.org/10.12942/1rlr-2009-1

Van Katwijk, M. M., Meier, N. F., Van Loon, R., Van Hove, E. M., Giesen, W. B. J. T., Van Der Velde,
G., and Hartog, C. D. (1993). Sabaki River sediment load and coral stress: correlation between sediments
and condition of the Malindi-Watamu reefs in Kenya (Indian Ocean). Marine Biology, 117(4), 675—

683. https://doi.org/10.1007/bf00349780

Vousdoukas, M. 1., Clarke, J., Ranasinghe, R., Riemann, L., Khalaf, N., Duong, T. M., et al. (2022).
African heritage sites threatened as sea-level rise accelerates. Nature Climate Change, 12(3), 256—
262. https://doi.org/10.1038/s41558-022-01280-1

Wainwright, C. M., Marsham, J. H., Keane, R. J., Rowell, D. P., Finney, D. L., Black, E., and Allan, R. P.
(2019). 'Eastern African Paradox' rainfall decline due to shorter not less intense Long Rains. Npj Climate
and Atmospheric Science, 2(1). https://doi.org/10.1038/s41612-019-0091-7

Waldheim, C. (Ed.). (2006). The landscape urbanism reader. Princeton Architectural Press.
Water Act. (2016). Government Printer, Nairobi.

Wheeler, S. M. (2013). Planning for sustainability: Creating livable, equitable and ecological
communities (2nd ed.). Routledge.

Wilson, T. H. (1980). The Monumental Architecture and Archaeology of the Central and Southern Kenya
Coast. National Museums of Kenya: Nairobi: 23.

Wynne-Jones, S. (2016). A material culture: Consumption and materiality on the coast of East Africa.
Oxford University Press.

Wynne-Jones, S., & Fleisher, J. (2014). Theory in the archaeology of the Swahili coast. Springer.

Wynne-Jones, S., & Fleisher, J. (2015). Fifty years in the archaeology of the eastern African coast: a
methodological history. Azania Archaeological Research in Africa, 50(4), 519—
541. https://doi.org/10.1080/0067270x.2015.1102943

Xiao, J., Shen, Y., Ge, J., Tateishi, R., Tang, C., Liang, Y., & Huang, Z. (2005). Evaluating urban
expansion and land use change in Shijiazhuang, China, by using GIS and remote sensing. Landscape and
Urban Planning, 75(1-2), 69-80. https://doi.org/10.1016/j.landurbplan.2004.12.005

Yeh, A., & Li, X. (2001). Measurement and monitoring of urban sprawl in a rapidly growing region using
entropy. Photogrammetric Engineering and Remote Sensing, 67(1), 83-90.

Journal of the Kenya National Commission for UNESCO

Kenva National Commission for UNESCO is ISO 9001:2015 Certified



https://doi.org/10.12942/lrlr-2009-1
https://doi.org/10.1007/bf00349780
https://doi.org/10.1038/s41558-022-01280-1
https://doi.org/10.1038/s41612-019-0091-7
https://doi.org/10.1080/0067270x.2015.1102943
https://doi.org/10.1016/j.landurbplan.2004.12.005

