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Abstract 
Kenya's climatic trends indicate hotter, drier weather with more extreme events. Together with 
sea level rise, marine historic monuments, buildings and archaeological sites are at risk of 
permanent damage due to different patterns of decay. Unfortunately, with the rapid replacement 
of mangroves and sacred forests known as Kayas, littoral historic sites are vulnerable to saltwater 
intrusion, flooding and erosion by high tide action. The paper sought to establish landscape 
patterns that drive vulnerability to better target climate adaptation of historic Vanga, southern 
Kenya coast. The archival research method was selected to establish land cover change based on 
Landsat images from 1984-2023. Geo-spatial indicators selected to establish 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 areas increased by 51.66 % at a rate of 0.55km2/year 
while mangrove forests and terrestrial vegetation decreased by 15% and 76% respectively. 
Shannon's entropy values increased from 0.329 to 0.336 indicating gradual urban sprawl. Mean 
patch size of mangroves decreased by 150m2 while that of bare land increased by 100m2. 
Landscape shape index values for mangrove and terrestrial vegetation were closer to 1, indicating 
landscape fragmentation. Higher built-up densities should be considered for optimal land use 
subject to residents’ perceptions of aesthetic values. Conservation planning is to consider 
consolidation, stabilization, renovation, reconstruction and adaptive reuse for littoral historic sites. 
Landscape restoration is to consider the preservation of old-growth fragments, regeneration of 
understory vegetation and expansion of ecological corridors. The paper targets climate adaptation 
of maritime built heritage in southern Kenya coast. 
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1.0 Introduction 
Kenya's coastal region has the greatest incidence of marine heatwaves in the western Indian 
Ocean basin (Oliver et al., 2019; Saranya et.al.,2022). Since 1900, average sea surface 
temperatures have increased by 1.28 °C at a rate of 0.1 °C per decade and are expected to 
continue rising (Vincent et.al., 2024). Sea level rise, along with hotter and drier weather, is 
expected to have detrimental impacts on coastal populations, putting them at risk (Brown 
et.al.,2022; Jacobs, et.al.,2021). Specifically, historic buildings, monuments, and archaeology, is 
under threat of permanent damage due to different patterns of decay. Deterioration processes 
include surface cracking and corrosion as observed at Kongo Mosque on Tiwi beach (Plate 1) and 
British colonial headquarters at Shimoni (Plate 2) in southern Kenya coast, respectively.   
 

Addressing disruptive actions that degrade cultural heritage is crucial at a time when sea levels are 
expected to rise. In Kwale County, south Kenya coast (Figure 1), exploitation of sacred forest 
known as Kayas jeopardizes historical, aesthetic and spiritual values necessary in sustaining 
heritage tourism. The remnants of fortified settlements that the Mijikenda people cherish as 
stores of their spiritual beliefs, can be found in sacred forests. UNESCO has designated five sacred 
forests as World Heritage Sites (Fungomeli et al.,2020; Habel,2023) Kaya Kauma, Jibana, Kambe, 
Chonyi, and Kinondo are among them. 
 
However, the preservation of these cultural sites is weakened by logging, oil exploration, 
groundwater extraction, industrialization, and port expansion (Abuya, 2016; Schwarz, 2007; Kairo 
et al.,2021; Gitau et al.,2023). Even if different parts of the shoreline are connected, it is hard to 
foresee negative effects elsewhere when mining, construction, or excavation are done in isolated 
locations (Parracciani, et al.,2023).Mangrove and woodland habitats, which are essential in 
counteracting floods, saltwater intrusion and erosion from high tides, are harmed by increasing 
land use activities (Uku et al.,2021;Lam et al.,2023;Njiiri, et.al.,2024). 

Plate 2: British Colonial Headquarters 
Source: Njiiri, et.al., (2024) 

 

Plate 1: Kongo Mosque 
Source: Fadhili (2024) 
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Figure 1: Southern Kenya Coast. Source: Adapted from Wilson (1980) 
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Fortunately, the approach to heritage conservation has evolved from focusing on individual 
monuments to include heritage corridors and networks. These networks not only connect natural 
areas, but also built heritage, forming spatial mosaics that are crucial in climate adaption strategies 
(Hambrecht and Rockman, 2017). Unfortunately, when viewed separately, the extent of 
unplanned construction adjacent to built heritage in remote islands and fishing villages is 
frequently dismissed (Bugnot, et.al.,2020). However, when taken as a whole, the continued loss 
of natural land cover places littoral historic sites at risk from sea level rise (Vousdoukas et al.,2022). 
 
In response, local residents in coastal Kenya undertake small-scale mitigation activities to slow 
shoreline retreat. However, defensive methods such as sandbags, rock boulders, and poorly 
assembled coconut revetments lack coordination, resulting in accelerated beach loss in other 
heritage sites (Mwakumanya, 2021;Obura, 2021). Thus, it is critical to investigate alternate ways 
that consider natural patterns of beach evolution. Establishing which landscape patterns generate 
vulnerability allows for improved targeting of climate adaption processes in heritage settings. 
 
The paper has sought to determine vulnerability of maritime built heritage to climate change in 
Vanga, located on the southern Kenya coast. The rapid loss of forest and mangrove cover increases 
the frequency and magnitude of floods and tidal surges (Maina, et.al.,2021; Mulonga & Olago, 
2023). Ecological change indicators chosen for analysis include: Patch Density, Mean Patch Size, 
Largest Patch Index and Landscape Shape Index.  These landscape metrics are selected to evaluate 
patch isolation, evenness, dominance and complexity, respectively. 
 
2.0 Materials and methods 
2.1 Research situs  
Vanga is located near the Kenya-Tanzania border in Lunga-Lunga Constituency, Kwale County 
(4.6600° S, 39.2183° E) (Figure 2). The old British customs office built at Vanga's seafront in 1882 
(Plate 3), as well as ruins of ancient palaces, mosques, wells, pillars and tombs in nearby Kagugu 
and Vumba Kuu (Figure 2), are examples of maritime built heritage. In the greater cultural 
landscape, sacred forests known as Kayas include Gonja and Marenji (Figure 2). Unfortunately, the 
conversion of these forests into potential resources for exploitation has left communities 
vulnerable to recurrent flooding (Plate 4) (Njiiri et al.,2025).  Further, conversion of mangroves 
into rice terraces has increased silt deposition in the Uyombo estuary causing river floods in 
historic Vanga (Painter et.al.,2021; Hamza, 2022). 
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According to (Painter et al.,2021; Parracciani, et al.,2023), climate-driven sea level rise causes an 
average loss of 25 hectares of mangrove cover in Vanga per year. As a result, significant bird 
species' breeding sites, migration corridor and turtle nesting grounds are destroyed due to rapid 
beach loss and accelerated salt water intrusion. Given that tourism is the main economy in coastal 
Kenya, it is imperative that forests and mangroves be monitored immediately. 
 

Plate 3: Old British Customs Office 
Source: Njiiri et.al.,(2024) 

 
 

Plate 4: Flooding at Vanga 
Source: Njiiri et al., (2025) 

 
 

Figure 2: Vanga, Southern Kenya Coast. Source: Adapted from Wilson (1980) 
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2.2 Research methodology 
The archival research methodology outlined below was developed to identify land cover patterns 
in order to better focus climate adaptation for vulnerable built heritage in historic Vanga. The goal 
was to provide a baseline for prioritizing ecosystem-based initiatives that improve capacities for 
coping with climate change. Landsat images of the study area (Table 1) were analyzed using the 
post-classification change detection technique from 1984 to 2023. 

 

Table 1: Sources of Satellite Data 
 
2.3 Data processing and analysis 
The post-classification technique was chosen to minimize the effects of spectral resolution and 
sensor variances (Srivastava, et.al.,2012).  To obtain surface reflectance, atmospheric correction 
was applied using the Dark Object Subtraction model (Lu, et.al.,2004).  Landsat images were 
calibrated for top-of-atmosphere reflectance, with less than 10% cloud coverage (Chavez, 1988).  
Figure 3 depicts the sequential steps for data capture, radiometric correction, and supervised 
classification. 

Satellite Data/Sensor 
Year of
Acquisition 

Spatial 
Resolution (m) 

Landsat 5-Multi Spectral Scanner and Thematic Mapper 1984 30 
Landsat 5-Multi Spectral Scanner and Thematic Mapper 1994 30 
Landsat 7-Enhanced Thematic Mapper 2003 30 
Landsat 7-Enhanced Thematic Mapper 2013 30 
Landsat 8-Operational Land imager and Thermal Infrared Sensor 2023 30 

Figure 3: Data Analysis for Establishing Land Cover Change  
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The Maximum Likelihood classifier, a parametric statistical approach, was used to categorize pixels 
in Landsat images into predetermined land-cover classes by quantifying spectral signatures 
(Anderson, et.al.,1976; Paudel and Yuan, 2012).  Seven land cover classes were defined based on 
the spectral responses of objects on Landsat images and previous field observations (Table 2). 
 

Table 2: Description of Land Cover Types 

 
The confusion matrix, a table that summarizes the performance of the classification method, was 
utilized to determine minimum accuracy requirements (Congalton, 2001; Foody, 2002).   The 
confusion matrix, also known as an error matrix, depicts a cross-tabulation of classed values and 
reference data. Using this approach, Overall Accuracy (OA), a representation of total classification 
accuracy, and Kappa coefficient (κ), a level of agreement beyond what is predicted by random 
chance, were used to determine classification accuracy (Shao and Wu, 2008).  For this reason, 
Equations 1 and 2 were used. 
 
     OA = Total number of pixel classified correctly / total number of pixels *100 (Equation 1) 
                                  Kappa coefficient (κ)  = (Pο - Pe) / (1 - Pe)  (Equation 2) 
 
Where, Po denotes the observed agreement between a categorized map and reference data. Pe 
is the predicted agreement by chance, calculated using the marginal frequencies in a confusion 
matrix. A Kappa value around 1 implies great agreement between classifications, whereas a value 
near 0 indicates agreement that is as good as random chance (Shivakumar, et.al.,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.  
 
                                            RLF = (BUA)i+n – (BUA)i / n*(BUA)i  (Equation 3) 
 

Land cover type Description Index 
1. Forests Hardwoods and artificially planted trees NDVI (Normalized Difference Vegetation 

Index) 
2. Mangroves Tropical plants adapted to saline, 

waterlogged and muddy soil 
MNDVI (Modified Normalized Difference 
Vegetation Index) 

3. Non-built Open, burnt and bare areas BI (Bare Soil Index) 
4. Sandy beach Loose deposits of sand, gravel and shells 

that cover shorelines 
SI (Soil Index) 

5. Rocky beach Coral outcrops, patch reefs and rock 
boulders along the coastline 

Rock Index (RI) 

6. Water body Sea, ponds, streams, small dams  Normalized Difference Water Index (NDWI) 
7. Built-up Artificial surfaces, residential, commercial, 

industrial and transportation land use 
NDBI (Normalized Difference Built-up Index) 
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Where, BUA is the built up area while  BUAi+n and BUAi are the built-up areas (in km2) 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, A represents the area covered by each land cover type (in km2). Positive percentage values 
indicate  growth, whereas negative values indicate a reduction in area coverage (Xiao, et.al.,2005).  

Shannon's entropy was chosen to quantify spatial clustering or dispersion of landscape patches 
across the study period. The study area was divided into concentric zones with a 100-metre 
incrementing radius from a centroid pinned to the old British customs office (Plate 3). Equation 5 
was used to compute Shannon's entropy in each zone after removing the built-up areas. 
 
                                                      Hn = ∑ 𝑃𝑖௡

௜ୀଵ  In (1 / Pi)  (Equation 5) 
 
Where, Hn is Shannon's entropy, Pi is the percentage of built-up areas in each zone calculated as a 
ratio of built-up areas in the ith zone to total built-up areas in all zones and n is the total number 
of zones (Xiao, et.al.,2005).  Shannon's entropy levels range from 0 to 1. Zero entropy values imply 
that built-up regions are highly concentrated, whilst values closer to one suggest that built-up 
areas are widely dispersed (Ramachandra, et.al.,2012).  Relative Shannon's entropy (H'n) 
emphasizes the geographical pattern of urban expansion as a measure of landscape 
fragmentation, as determined by Equation 6. 
 
                                                       Hn = [ ∑ 𝑃𝑖௡

௜ୀଵ  In (1 / Pi) ] / (n)(Equation 6) 
 
The rate of urban dispersion across two time periods determines whether landscape 
fragmentation is moving toward a more dispersed or compact pattern (Xiao, et.al.,2005).    
Equation 7 was used to calculate the magnitude of change rate in urban dispersion. 
 
                                                             ΔHn = Hn(t1) - Hn(t2) (Equation 7) 
 
Where, Hn(t1) is the relative Shannon's entropy at time (t1), whereas Hn(t2) is the relative 
Shannon's entropy at time (t2). ΔHn is the difference in entropy levels between two time periods 
(Mashagbah,2016).  However, multi-temporal land cover change does not capture all facets of 
landscape fragmentation (Lausch, 2002; Mas, Gao, and Pacheco, 2010). Consequently, descriptive 
landscape measures were compared across classified maps at the patch level. The following 
indicators were chosen to determine ecological change: Patch Density, Mean Patch Size, Largest 
Patch Index and Landscape Shape Index (Uuemaa, et.al.,2009)  (Table 3).These landscape 
measures were chosen to assess patch isolation, evenness, dominance, and complexity 
respectively (Turner and Gardner, 2015). 
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Table 3: Landscape Metrics 

Landscape Metric Description Formula Notes 

1. Patch Density 
(PD) 

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.). 

PD = ni / A*10,000*100 
 

ni = number of patches 
in the landscape of 
patch type (class)i. 
A = total landscape 
area (m2). 

Range: 
PD > 0, without limit 

Justification: 
Isolation index  

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

2. Mean Patch 
Size 
(MPS) 

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.). 

MPS = [ ∑ ∗௡
୨ୀଵ  aij ] / ni * 

1/10,000 
 

aij = area (m2) of patch 
ij. 
ni = number of patches 
in the landscape of 
patch type (class)i. 
 

Range: 
MPS > 0, without limit 

 Justification: 
Evenness index  

Reference: 
(Olsen, et.al.,2006; 
Xiao, et.al.,2005). 
 

3. Larger Patch 
Index (LPI) 

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

LPI = [ ∑ ∗௡
୨ୀଵ  aij ] / A * 100 

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

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

Range: 0 < LPI ≤ 100 
 

Reference: 
(Paudel and 
Yuan,2012). 
 

 Justification: 
Dominance index 

4. Landscape 
Shape Index 
(LSI) 

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) 

LSI = 0.25E / √A 
 
 
The higher the LSI value, 
the more discrete the 
patches are 
 

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

Range: LSI ≥ 1, without 
limit 

Reference: (Gustafson 
and Parker,1992). 
  Justification: 

Complexity index 
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3.0 Results and discussion  
Four land cover change maps were validated using confusion matrices, which yielded producer 
accuracy, user accuracy, total accuracy, and kappa coefficients (Table 4). Overall accuracy values 
of 77.10%, 77.80%, 78.50%, 76.30%, and 76.90%, as well as kappa coefficient values of 0.73, 0.74, 
0.75, 0.72, and 0.73, were obtained for the classified photos of 1984,1994, 2003, 2013, and 2023, 
as shown in Figures 4,5,6 and 7 respectively. 
 

Table 4: Accuracy assessment for classified images of 1984, 1994, 2003,2013 and 2023. 

Land cover 
type 1984 1994 2003 2013 2023 

 Producer User Producer User Producer User Producer User Producer User 

Water 75% 74% 77% 76% 78% 79% 76% 74% 77% 75% 
Vegetation 79% 78% 81% 79% 80% 81% 78% 77% 80% 78% 
Rocky 
Beach 84% 82% 83% 81% 84% 82% 82% 83% 83% 81% 

Sandy 
Beach 79% 81% 80% 79% 79% 80% 77% 78% 78% 77% 

Mangrove 72% 74% 74% 75% 75% 76% 70% 71% 73% 72% 
Built-up 82% 80% 83% 81% 82% 80% 81% 82% 82% 81% 
Bare land 78% 76% 77% 75% 76% 77% 74% 75% 75% 76% 
Overall 
Accuracy 77.10%  77.80%  78.50%  76.30%  76.90%  

Kappa 
Coefficient 
(k) 

0.73  0.74  0.75  0.72  0.73  
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Figure 4: Land cover change, 1984 Figure 5: Land cover change, 1994 

Figure 6: Land cover change, 2003 Figure 7: Land cover change, 2023 
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The accuracy findings show a good agreement between ground truth data and categorized maps. 
A kappa coefficient of 1 shows complete agreement between a classed image and a referenced 
image, whereas 0 indicates no agreement. Furthermore, the overall accuracy and kappa 
coefficient values met the minimum accuracy standards for detecting landscape changes. 
Between 1984-1994, 1994-2003, 2003-2013 and 2013-2023, built-up areas expanded by 47%, 
76%, 81% and 32%, respectively.  During the same time periods, mangrove cover dropped by 14%, 
1%, 2% and 10%, whereas vegetation decreased by 10%, 37%, 43% and 27%, respectively (Table 
5).  

Table 5: Land cover change between 1984-2023 

Land cover  

1984 1994 2003 2013 2023 Percentage changes (%) 

km2  % km2  % km2  % km2  % km2  % 
1984-
1994 

1994-
2003 

2003-
2013 

2013-
2023 

1984-
2023 

Bare land 4.01 0.2 4.47 0.2 5.75 0.3 6.46 0.3 6.98 0.4 12 29 12 8 74 

Built-up  0.11 0.0 0.16 0.1 0.28 0.1 0.50 0.1 0.66 0.1 47 76 81 32 517 

Mangrove 4.85 0.3 4.66 0.3 4.67 0.2 4.56 0.2 4.10 0.2 14 -1 -2 -10 -15 

Sand 1.19 0.1 1.10 0.1 0.56 0.3 0.17 0.1 0.16 0.1 -7 -49 -70 -3 -86 

Vegetation 2.47 0.1 2.22 0.1 1.40 0.7 0.80 0.4 0.58 0.1 -10 -37 -43 -27 -76 

Water 6.56 0.3 6.58 0.4 6.53 0.3 6.70 0.3 6.70 0.4 - - - - - 

Total 19.2 1.0 19.2 1.0 19.2 1.0 19.2 1.0 19.2 1.0 - - - - - 

 
In 40 years, built-up and barren land areas increased by 517% and 74% respectively while 
mangrove cover and terrestrial vegetation decreased by 15% and 76% respectively. Thus, urban 
development took place at the expense of forests and mangroves at the urban fringe. The annual 
rate of change showed that built-up areas increased by 4.67% (0.05 km2/year) between 1984-
1994, 8.49% (0.12 km2/year) between 1994-2003, 8.05% (0.22 km2/year) between 2003-2013, and 
3.20% (0.16 km2/year) between 2013-2023. Overall, built up areas increased by 51.66 % 
(0.55km2/year) from 1984 to 2023 (Table 6).   
 

Table 6: Rate of urban expansion 

Year Built-up area(km2) 
Rate of urban expansion(%/year) 
1984-1994 1994-2003 2003-2013 2013-2023 1984-2023 

1984 0.106 4.67         
1994 0.156   8.49       
2003 0.276     8.05     
2013 0.499       3.20   
2023 0.659         51.66 

Change (km2/year)   0.05 0.12 0.22 0.16 0.55 
 
Shannon's entropy values increased from 0.3299 in 1984 to 0.330 in 1994, 0.331 in 2003 to 0.333 
in 2013, and 0.333 in 2013 to 0.336 in 2023 (Table 7). Shannon's entropy values were relatively 
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low between 1984 and 2003, indicating a compact distribution of built-up areas (Figures 8,9 and 
10) in the inner five zones centred at the old British customs office (Plate 3). However, between 
2013 and 2023, entropy values increased in the outer 10 zones, showing dispersion of built-up 
regions and continuous urban sprawl (Figures 11 and 12). 
 

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

  1984-1994 1994-2003 2003-2013 2013-2023 1984-2023 

1984 0.3299 0.0005     
1994 0.3303  0.001    
2003 0.3315   0.002   
2013 0.3330    0.004  
2023 0.3368     0.005 

Figure 8: Built up area, 1984 Figure 9: Built up area, 1994 

Figure 10: Built up area, 2003 Figure 11: Built up area, 2023 
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Between 1984 and 2023, bare land patch density increased from 0.003 to 0.006, whereas 
terrestrial patch density decreased from 0.007 to 0.003 (Figure 13). The mean patch size of 
mangroves dropped by 150 m2, while that of bare land rose by 100 m2 (Figure 14). During the 
study period, the largest patch index increased by 66% for bare land areas (Figure 15).  Landscape 
shape index trend values for mangrove and terrestrial vegetation were closer to 1, indicating 
dispersion (Figure 16). Overall, the landscape patch analysis results are consistent with Shannon's 
entropy values, indicating a steady dispersion of urban growth and loss of natural land cover in t 
study area. 

 
 

Figure 12: Built up area, 2023 

Figure 13: Patch Density Figure 14: Mean Patch Size 
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4.0 Conclusion  
The paper has sought to determine land cover trends to better target climate adaptation for 
vulnerable built heritage in southern Kenya coast. It targets littoral historic sites that are neglected 
and/or beyond the capacity of national and county governments to effectively document, preserve 
and monitor. In forty years, built-up and barren land areas in Vanga increased by 517% and 74% 
respectively while mangrove cover and terrestrial vegetation decreased by 15% and 76% 
respectively. As depicted by the land cover analysis, terrestrial vegetation and mangrove mean 
patch sizes decreased by 85% and 60% respectively.   
 
Landscape shape index values for terrestrial vegetation, decreased by 75% over the study period. 
The largest shape index calculates complexity of patches according to size and is a good predictor 
of bird and species richness. The preservation of small fragments with low landscape shape index 
values should be considered while improving functional connectedness of bigger fragments, 
including sacred Kaya woods. Landscape patch analysis should be used to establish ecological 
functions that assist the preservation of built heritage. 
 
In this sense, the role of mangroves, woodlands, seagrass beds, and coral reefs in coastal defence 
against increasing sea levels is well known.  However, agricultural expansion, charcoal production 
and house building activities erode current protective mechanisms, resulting in shoreline retreat 
and increased beach loss. Given that the efficiency of natural protection is based on sediment 
supply and the availability of spaces for mangrove migration, it is critical to identify sites of 
mangrove transformation. This is critical in preventing salt water infiltration, erosion, and flooding 
at low littoral historic sites. 
 
 

Figure 15: Largest Patch Index Figure 16: Largest Patch Index 
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5.0 Recommendations 
As an overarching approach to conservation planning, this paper proposes a land use pattern that 
is narrow and varied as possible. To slow the rate of patch fragmentation in Vanga, urban planners 
must consider vertical urban growth as an optimal land use strategy. Higher densities can help 
minimize the continued urban development seen along forest boundaries. This concept protects 
nature reserves by effectively distributing climate hazards such as high temperatures, heavy 
rainfall, and rising sea levels. 
 
Protected areas should be included in the policy, but they should be much larger than before. This 
is important for vulnerable built heritage in need of immediate consolidation, stabilization, 
renovation, reconstruction and adaptive reuse. Outside of protected areas, managing 
conventional agriculture and forestry systems is an important aspect of nature protection. This is 
significant since deforestation, a major cause of soil erosion, is recognized as a serious threat to 
existing built heritage. As a result, surface runoff and pluvial flooding have the potential to impair 
both the condition of built heritage and the aesthetic values essential to maintain tourism. 
 
To prevent mangrove and forest deterioration, the Forest Conservation and Management Act 
(2016) require the implementation of periodic logging bans and licensing procedures. However, 
due to high poverty levels, the local community relies heavily on forest resources to include: herbal 
medicine, butterflies, snakes, honey, lumber, minerals, fodder, pole-wood, falconry, and 
unauthorized game meat. Conservation planning should include the protection of old-growth 
portions, the expansion of biological corridors, and the restoration of understory vegetation with 
native plant species. Finally, a trans-regional landscape network is required to shift the scale of 
built heritage protection from discrete isolated locations to continuous spatial mosaics for 
successful climate adaptation throughout the southern Kenyan coast. 
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