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A B S T R A C T   

As the linked impacts of climate change and degradation of ecosystems continue to be felt, particularly in 
developing countries, it is vital that methods for development that concurrently address adaptation to climate 
change, rapid urbanisation, and ecosystem degradation be explored. Further development of approaches which 
are participatory and embedded in an understanding of the importance of symbiotic relationships between socio- 
cultural and ecological systems is particularly important. Ecosystem-based adaptation (EbA) is one such method 
that is gaining recognition and momentum in areas where developing nations face converging pressures and 
drivers of change. EbA methodologies to date, are often ill-defined in an urban context and lack consideration of 
future social and ecological scenarios however. In response, this paper describes a methodology for developing 
urban EbA projects in a small island developing nation context. The methodology was developed and applied by 
a multi-disciplinary team working under the auspices of the Secretariat of the Pacific Regional Environment 
Programme (SPREP). The application of this methodology in Port Vila, Vanuatu indicated: i) the needs of local 
people must be at the forefront of project planning, requiring a participatory design process; ii) EbA solutions 
development must be multidisciplinary and iterative; iii) appropriate quantitative and qualitative data is vital as 
a basis for EbA project development, requiring adequate time for data gathering; iv) urban and coastal EbA 
projects must be developed holistically, recognising socio-ecological systems that extend beyond the urban area 
itself; v) the complex overlapping landscape of governmental and international aid financed projects must inform 
the development of new EbA projects; vi) potential monetary and non-monetary benefits, costs and risks across 
multiple factors must be carefully assessed in EbA project development; and vii) project implementation requires 
ongoing engagement and a readiness to adapt to on-the-ground realities.   

1. Introduction 

Humanity faces a convergence of ecological and climatic changes 
that are beginning to profoundly affect civilisation, particularly people 
already in poverty (Hallegatte et al., 2015; Montanarella et al., 2018; 
R€ockstrom et al., 2009). More than half of the growing human popula-
tion is now urbanised, and urbanisation rates are increasing particularly 
in developing nations (Eigenbrod et al., 2011). The problem of how to 

remediate urban areas so they create ecological and societal health, 
while becoming more resilient to increasing impacts must be addressed 
(Pedersen Zari, 2018). Because the impacts of both climate change and 
rapid ecological change are felt acutely in developing nations, strategies 
to increase resilience while increasing human wellbeing are urgently 
needed (Wise et al., 2014). 

One way to reduce the negative social and ecological impacts of 
climate change and rapid unplanned development may be to employ 
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ecosystem-based adaptation (EbA) approaches, so that development 
supports ecosystem services, and therefore increases human wellbeing 
(Geneletti and Zardo, 2016; T. Hills, T. J. B. Carruthers, S. Chape, & P. 
Donohoe, 2013, McPhearson et al., 2018). Despite growing investiga-
tion and employment of EbA and nature-based solutions in general, 
particularly in European Union funded projects (Keestra et al., 2018; 
Cohen-Shacham et al., 2016), EbA can be ill-defined, and often lacks 
consideration of future scenarios of change that address interlinked so-
cial and ecological contexts (Brink et al., 2016). Furthermore, EbA 
projects often target the support or regeneration of ecosystems outside 
of urban areas, meaning guidance on processes to devise urban EbA 
projects is lacking. An EbA approach in urban areas seeks to integrate 
urban ecologies more effectively with naturally occurring ecosystems by 
working towards linkages between living and built urban environments 
and their surrounding peri-urban areas. The aim of this research then is 
threefold: (1) to propose a methodology for devising EbA projects in a 
developing nation urban context that considers social issues and future 
scenarios; (2) explore how the proposed methodology can be applied to 
real world urban situations; and (3) report briefly on results from the 
case study in order to propose refinement and development of the EbA 
process. 

1.1. Ecosystem-based adaptation: definition and importance 

EbA leverages an understanding of relationships between ecosys-
tems, the ways people live, and the wellbeing and resilience of com-
munities, in order to achieve maximum benefit for people. It aims to do 
this by working with rather than against nature for adaptation to the 
impacts of climate change (Pedersen Zari et al., 2017). Fundamentally, 
EbA is the practice of strengthening biodiversity and ecosystems to in-
crease people’s ability to adapt to the impacts of climate change 
(Munang et al., 2013). It draws upon knowledge of ecosystem services, 
which are the benefits people get from ecosystems (Potschin et al., 
2016). EbA is based on the premise that if ecosystems are protected, 
remediated, or regenerated, this leads to healthier ecosystems, more 
ecosystem services, and therefore greater human wellbeing and resil-
ience to the impacts of climate change. Several studies have demon-
strated that in most cases, the costs of ecosystem conservation are far 
outweighed by the net benefits generated by healthy intact ecosystems 
(Turner and Daily, 2008). 

EbA differs from typical sustainable development concepts in two 
key ways. Firstly, EbA can offer a more participatory approach, is often 
more flexible, and proposes more cost effective solutions to issues than 
some other ‘hard’, or engineered infrastructure adaptation strategies 
(Brink et al., 2016). EbA tends to result in less risk of conflicting out-
comes in terms of mitigating the drivers of climate change, adapting to 
its impacts, and general protection of ecosystems and human wellbeing 
(Munang et al., 2013). For example, a typical response to coastal 
erosion, exacerbated by climate change, might be to erect a seawall. 
While this may solve the primary problem, it may be expensive, is often 
temporary, and does not address the drivers of coastal erosion such as 
vegetation loss. It may also cause maladaptive impacts in other locations 
such as increased erosion at different parts of the coast. Such a solution 
treats the symptoms of problems only, not their causes, meaning the 
initial drivers of the problem may continue to impact ecologies and 
people negatively. An EbA approach to the same problem might start 
with analysis of what the drivers of negative change are, and what the 
major impacts are in terms of ecosystem health, the provision of 
ecosystem services, and the wellbeing of people (Blaschke et al., 2017). 
By understanding these relationships, other ‘soft’ adaptation strategies 
can be devised that solve issues, reduce the causes of them, and often 
concurrently result in multiple benefits. In the aforementioned example 
of coastal erosion, an EbA approach might be to revegetate, protect, or 
restore native coastal ecologies. This reduces erosion, but also maintains 

culturally significant relationships between people and foreshore ecol-
ogies, and increases the amount of ecosystem services locally. This in 
turn increases communities’ resilience to climate change as well as other 
environmental changes. 

Secondly, EbA approaches to climate change often reveal through 
initial analysis of drivers of changes to ecosystems, that multiple inter-
connected drivers of change come from both climatic changes and also 
from the activities of local people (Mackey et al., 2017; McPhearson 
et al., 2018). In developing nations, these local human-caused drivers of 
change of ecosystems are often as big as, if not larger than, current 
climate-induced changes in ecosystems (Garschagen and 
Romero-Lankao, 2015). Therefore, EbA projects that seek to reduce the 
negative impacts of land cover change and consequently, ecosystem 
degradation, and that increase the quantity or quality of ecosystems 
services, often concurrently address other issues that result in a reduc-
tion in human wellbeing. This is one of the reasons that EbA has been 
adopted by a growing number of agencies and projects in the Pacific 
(Hills et al., 2013; Munang et al., 2013), where negative impacts of both 
climate change and rapid, often unplanned, urbanisation converge to 
create degradation of ecosystems and therefore reduced resilience 
(Connell, 2015). This is true of Port Vila, Vanuatu, which was selected as 
the research site in this study. Port Vila is one of the fastest growing 
urban centres in the region (McEvoy et al., 2017, page 12). This is at a 
time when resilience needs to be increased where possible to enable 
people to have higher potential to adapt to climate change (Bai et al., 
2018). 

1.2. Geographical context 

1.2.1. Vanuatu: a wider context 
Vanuatu is a small culturally diverse archipelago in the south-west 

Pacific Ocean (Fig. 1). It consists of over 80 islands set in a large 
oceanic zone of more than 660,000 km2 with a total landmass of only 
12,200 km2. It is situated in one of the world’s biodiversity hotspots and 
has a high rate of endemism (Mittermeier et al., 1998; Cincotta et al., 
2000). 

The 2017/8 World Risk Index ranking indicated that Vanuatu was 
the most at-risk of all countries assessed, based on its exposure to natural 
hazards (earthquakes, storms, floods, droughts and sea level rise) 
(Bündnis Entwicklung Hilft, 2017). Vanuatu also ranks very high 
(number 8) on the Global Climate Risk Index (Eckstein et al., 2017). 
Vanuatu’s devastating experience of Tropical Cyclone Pam in 2015, 
followed immediately by a severe El Ni~no-Southern Oscillation drought 
which caused widespread food shortages, highlighted the vulnerability 
of the island nation (Magee et al., 2016). The Pacific Ecosystem-based 
Adaptation to Climate Change (PEBACC) Project responds to these 
vulnerability challenges by seeking to address climate change, and other 
issues related to rapid urbanisation in a developing nation context. The 
five-year Project, implemented by the Secretariat of the Pacific Regional 
Environment Programme (SPREP), and funded by the Bundesministe-
rium für Umwelt, Naturschutz und nukleare Sicherheit of the German 
Federal Government, explores and develops EbA options for adapting to 
climate change in the Pacific region (SPREP, 2018a). The research re-
ported on in this article is detailed in Blashchke et al. (2017), Pedersen 
Zari et al. (2017), and SPREP (2018b). It builds on an earlier PEBACC 
study that undertook a baseline ecosystem and socio-economic resil-
ience analysis and mapping appraisal of the Port Vila Metropolitan area 
(McEvoy et al., 2017, Komugabe-Dixson et al., 2019). 

Port Vila is the capital and largest city of Vanuatu, and is situated on 
the southern coast of Efate, the third largest island in Vanuatu. More 
than a quarter of Vanuatu’s total population live in Metropolitan Port 
Vila. In 2016, the population of the city was approximately 75,000 
(Table 1). Extremely high population growth rates are estimated to be 
up to 8% per annum. This is mostly due to internal migrants from other 
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islands in Vanuatu (McEvoy et al., 2017). Apart from impacts imposed 
by anthropogenic development in the region, Port Vila is susceptible to a 
range of natural stressors including sea level rise, severe cyclones, rising 
temperatures as well as earthquakes and tsunamis (Birkman et al., 
2014). 

1.3. Designing urban EbA projects 

The data gathered for this research included a spectrum of spatial 
and non-spatial information. The aim was to facilitate the process of 
creating baseline geospatial maps, examining states of ecosystems, 
preparing future climate change scenarios, and reviewing local use and 
understanding of ecosystem services. Following this, a process to iden-
tify potential EbA projects was devised and tested. Resulting potential 
projects were then refined, evaluated and tested further. Finally, a se-
lection of five EbA projects were developed into full implementation 
plans. Collaborative interdisciplinary team and stakeholder workshops 
were an integral part of the approach. The following sections expand on 
how each part of this process was conceived and undertaken as sum-
marised in Fig. 2. For readability, brief results of each step of the 
methodology found for the Port Vila context are reported upon in 

sequence rather than in a separate results section. 

1.4. Step one: determining causes and impacts of degradation of 
ecosystems, climate, and social-systems 

Step one of the process to determine EbA project options consisted of 
an initial analysis of:  

1. The state of Port Vila ecosystems;  
2. Future climate change scenarios; and  
3. Ecosystem and socio-economic resilience analysis and mapping 

(ESRAM) related to the uses of ecosystem services and wellbeing 
issues and vulnerabilities in Port Vila. 

1.4.1. The state of Port Vila ecosystems: methods and results 
The research team took a ‘ridge to reef’ approach when devising the 

EbA projects for Port Vila, acknowledging that the terrestrial, fresh-
water, and coastal (including reef) ecosystems of small islands are highly 
interconnected (Delevaux et al., 2018). This meant the project bound-
aries were determined by the wider water catchment area that Port Vila 

Fig. 1. Location of Vanuatu in the Pacific, and location of Port Vila on Efate Island (adapted from: Blaschke et al., 2017).  

Table 1 
Port Vila details.  

Population Area Topography Personal Income 
(Atlas Method) 

Human 
Develop-ment 
Index 

Climate Zone 

Approx. 50,944 
(municipality, 
2016) 
74,725 (greater 
metro, 2016) 

24.3 km2 (evenly split 
between urban and peri- 
urban areas) 

Located on the south-west coast of the small volcanic island of 
Efate and the focal point of the north-south ‘Y shaped’ Vanuatu 
archipelago. Next to several coral reefs and the Pacific Ocean. 

$US2,920 (2017) 0.603 
(Vanuatu) 

Tropical 
Rainforest Af  
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is situated in, rather than the Port Vila municipality boundaries related 
to the built-up areas. The state of Port Vila’s ecosystems was assessed 
through: creating a land cover map in the GIS environment derived from 
satellite imagery and ground truthed data; measuring the extent of land 
cover types and the current state of ecosystems; analysing and mapping 
land cover change and the extent of urban sprawl using ArcGIS; con-
ducting direct observations through brief field surveys; undertaking 
expert interviews; compiling key native flora and fauna data; and 
through an analysis of flows of water, sediments and nutrients using a 
digital land management decision support tool called Land Utilisation 
and Capability Indicator (LUCI). 

Ecosystem degradation and land cover transformation resulting from 
human activities have had widespread impacts on the ‘intactness’ of the 
natural ecosystems over time in Vanuatu (SPREP, 2013; DEPC, 2014). 
Thus, a spatial assessment of Port Vila’s ecosystems, including degra-
dation factors, was necessary to provide an ecological picture of the 
study area. Ecosystem mapping was conducted at two spatial scales 
using Geographic Information System techniques in the ArcGIS v.10.2.2 
and v.10.4.1 environments. 2016 “RapidEye” satellite imagery with a 
5 m resolution was utilised. In order to increase the accuracy of 
ecosystem mapping, observable objects and colours on the satellite 

imagery were checked iteratively during the process using available 
sources of spatial information including Google Maps and Google Earth. 
In addition, information about the current status of land cover types was 
gathered from a limited number of local experts who had already un-
dertaken field research in the study area, and a reconnaissance field 
inspection was undertaken in the lower parts of the Port Vila catchments 
over a four-day period to provide a more realistic picture, particularly 
when land cover was not identifiable by remote sensing techniques. In 
the absence of existing data, the precautionary principle was used to 
avoid unrealistic approaches for increasing the number of land cover 
classes/subclasses. The principal aim was to define a relatively accurate 
and robust land and coastal cover classification system based upon the 
limited available data (Fig. 3). Detailed information about the meth-
odology employed in this part of the research including mapping limi-
tations is available in Blaschke et al. (2017). 

The land cover types developed were broadly consistent with units 
called “vegetation types” in the Vanuatu Vegetation Map 2012 
(Schwetter, 2012) and “ecosystem types” in the ESRAM mapping at 
multiple scales in Vanuatu (Mackey et al., 2017). Land cover units were 
developed for coastal marine as well as terrestrial zones in the wider 
Port Vila catchment area. More detailed land cover types for urban 

Fig. 2. EbA project development process (adapted from Blaschke et al., 2017).  
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built-up areas were developed, primarily for mapping at a more detailed 
scale for the Greater Port Vila area. 

The land cover units were then remapped using transformation 
categories (Blaschke et al., 2017) to produce a map of ecosystem 

condition and land transformation (Fig. 4). Fig. 4 shows that the degree 
of transformation generally increases towards the core of the Port Vila 
CBD, and that the forest in upper catchments is the largest area of intact 
ecosystems. However, there are some small areas of less modification 

Fig. 3. Metropolitan Port Vila land and coastal cover map at urban scale (source: Blaschke et al., 2017).  

Fig. 4. Map of ecosystem conditions and land transformation in Port Vila catchments (source: Blaschke et al., 2017.  
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and transformation relatively close to the Port Vila centre. 
Analysis of results showed that a little over one-third of the Port Vila 

catchments is still substantially intact forest. As the island was almost 
entirely forested before human settlement, this suggests that about two 
thirds of the catchment area has been modified or transformed by 
human disturbance including widespread agricultural practices, defor-
estation and urban sprawl. Although the general directional trend is 
towards degradation and loss of intactness in Port Vila ecosystems, the 
ecological changes are dynamic, with changes in both directions be-
tween different land cover types and degrees of modification. Changes 
towards more intact vegetation may involve significantly different and 
potentially invasive species combinations than in the original vegeta-
tion. Population density-related deforestation due to shifting agriculture 
raises concerns for metropolitan Port Vila given the known and likely 
future population increase there. 

Terrestrial mapping was supplemented by reef health surveys. These 
were critical given the continued high dependence of many Port Vila 
residents on reef ecosystems (McEvoy et al., 2017). A rapid assessment 
of the benthic community of selected reefs around Port Vila was carried 
out using point intercept techniques. Four sites were selected according 
to significance to local communities and the tourism industry, accessi-
bility, and proximity to terrestrial pollutants. At each site, transects 
(4 � 20 m or 3 � 20 m replicates separated by 5 m) were laid randomly 
along reef contours at a depth of ~10 m. The substrate was photo-
graphed and the benthic type was recorded every 50 cm consistently 
with Reef Check categories (Hill and Wilkinson, 2004). A series of in-
terviews were conducted with expert local divers to further determine 
spatial and temporal trends in reef condition. These divers had extensive 
knowledge of coral and fish species in Port Vila, and an adequate to good 
understanding of reef ecosystem processes. Percent hard coral cover was 
used as an indicator for reef health, and results indicated conditions 
ranging from ‘poor’ (less than 25%) to ‘good’ (50–75%). These results 
were mapped to give a spatial indication of where the healthiest and 
most damaged reefs were located. This revealed that the spatial patterns 
of reef ecosystem condition are not necessarily determined by proximity 
to densely populated areas, but that they are affected by both natural 
and human-induced activities. The reefs around the Port Vila Harbour 
and a major river, R. Tagabe, are degraded and have very low live coral 
cover of 15–18%. Seagrass beds in these areas have been lost, mainly as 
a result of increased sediment input after recent cyclones. The remaining 
reefs around greater Port Vila have moderate to good live coral coverage 
(30–65%). The current key threats to the reef habitat were determined 
to be: land-based pollution, the aquarium and shell trade, periodic 
Crown of Thorns Starfish outbreaks, overfishing and natural phenomena 
e.g. earthquakes, cyclones, tsunamis, and elevated sea surface temper-
atures during El Ni~no conditions. Climate change impacts also interact 
with, and exacerbate at least some of these threats. 

To further determine the current state of Port Vila ecosystems, in-
formation on key native flora and fauna was compiled and summarised. 
This included threat status and reasons for threat, distribution, and 
potential keystone or critical indicator species to ecosystem function 
(terrestrial, freshwater, and reef). Published Vanuatu species surveys 
including the IUCN Red List of Threatened Species (IUCN, 2018), the 
Critical Ecosystems Partnership Fund (CEPF) Vanuatu Priority Species 
List (Aalbersberg et al., 2012); the SPREP Vanuatu State of Conservation 
Country Report for Vanuatu (SPREP, 2013) and Country report to the 
Conference of Parties to the Convention on Biological Diversity (DEPC, 
2014) were drawn upon, along with knowledge of the project research 
team and personal communication with local experts. 

Finally, an analysis was made of flows of water, sediments and nu-
trients in Port Vila ecosystems, using available data and the Land Uti-
lisation and Capability Indicator (LUCI) - a land management decision 
support tool and ecosystem process modelling framework). LUCI ex-
plores the impact of land management decisions on ecosystem services 
by modelling a range of ecosystem services (Jackson et al., 2013; Sharp 
et al., 2017). LUCI was used to evaluate flows, erosion risk and nutrient 

loads and concentrations under current land cover in the Port Vila 
catchments and identify areas where changes to land management 
might improve ecosystem service provision. Soils information was 
digitised from the Carte P�edologique de Reconnaissance of Efate 
(Quantin, 1971) and the SRTM30 global digital elevation model (DEM) 
was used. Soils were translated into the top level (soil order) of New 
Zealand soil classification (Hewitt, 2010 and NZ Soils Portal), based on 
the descriptions of the Efate soils found in Quantin (1975). Using these 
inputs, a hydrologically consistent DEM (and other relevant hydrologi-
cal information) and baseline (current) land cover/soils scenarios were 
generated. The flood mitigation tool outputs use information on flow 
direction and accumulation (amongst other information) to produce 
maps of flood mitigation and risk. In terms of water quality, terrestrial 
load and in-stream nitrogen and phosphorus nutrient concentrations 
were determined using a modified export coefficient approach (Trodahl 
et al., 2017). Erosion and sediment delivery was modelled using the 
Compound Topographic Index (CTI) (Thorne and Zevenbergen, 1990), 
with associated outputs identifying areas vulnerable to erosion and then 
those areas which are vulnerable to erosion and have an unmitigated 
flow connection to a water way. 

Results indicate that lowland areas of the catchments are at the most 
risk from accumulating water flows, sediment delivery and nutrients. 
These areas drain directly to important marine areas, meaning delivery 
of sediment and nutrients in these areas could have an impact of these 
ecosystems. Insufficient drainage systems and degraded watersheds 
(especially on river margins) compromise Port Vila’s ability to cope with 
flooding even under current average conditions. Any increase in rainfall 
or storm surges will exacerbate this issue (Trundle and McEvoy, 2015). 
In addition, standing water resulting from poor drainage systems has 
implications for local human health and is likely to have contributed to 
outbreaks of dengue fever and malaria that have occurred in Efate (Roth 
et al., 2014). Vector control through good freshwater management near 
to houses continues to be an integral component of vector-borne infec-
tious disease control (Elder and Lloyd, 2006). Water shortages will also 
have human health impacts. LUCI identified terrestrial areas which can 
be targeted to reduce these adverse impacts. Areas of pasture are the 
main source of nitrogen, while active subsistence gardening contributes 
the most phosphorus. Areas most vulnerable to erosion are in steeper 
areas of the catchments around cliff faces and steeper valley walls of the 
highlands. Further methodological details and results of the ecosystem 
assessment can be found in Blaschke et al. (2017). 

1.4.2. Future climate change scenarios: methods and results 
This part of the research was undertaken through analysis of existing 

data and literature, and also drew on the results of team and Port Vila 
community workshops. Statistics and figures related to climate changes 
in Vanuatu and the Port Vila area were taken from the Pacific-Australia 
Climate Change Science and Adaptation Planning Program (PACCSAP) 
(PACCSAP, 2014) and are also consistent with the findings of the 
Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2013). A 
series of future climate scenarios based on those considered in the 5th 
Assessment Report (AR5) were devised to give a range of possible fu-
tures likely in Vanuatu. A series of graphs were produced including: 
historical and simulated surface air temperature time series; historical 
and simulated annual average rainfall time series; observed and pre-
dicted sea level rise; and observed and projected changes in aragonite 
saturation. 

Results showed that temperatures in the Port Vila area have risen 
1 �C in the past 40 years (Blaschke et al., 2017). Future temperature rise 
in the Port Vila region is anticipated to be somewhat slower than the 
global average rate, but all future scenarios show temperatures rising 
significantly above what has been observed in recent decades. Even with 
moderate warming scenarios, the occurrence of extreme events in-
creases rapidly (Frame et al., 2017). On average, there is likely to be only 
a small change in precipitation over the rest of the 21st century, but 
variability is expected to increase as a consequence of a moister 
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atmosphere combined with circulation changes. The South Pacific 
Convergence Zone (SPCZ) is predicted to become more variable in its 
movements in the future (Cai et al., 2012) and the El Ni~no–Southern 
Oscillation (ENSO) cycle is expected to be associated with more intense 
precipitation extremes as the planet continues to warm (Power et al., 
2013; Cai et al., 2014; Wang et al., 2017). This is likely to be associated 
with drier conditions in Vanuatu (Lough et al., 2014). Potential pre-
cipitation changes (heavier rainfall or increased incidence of drought) 
will impact local agricultural systems as well as the health of the native 
forest. The impacts of more frequent extreme events, such as cyclones, 
could have cascading impacts on the human population as both local 
crop production and ability to import goods is likely to be compromised 
(due to damaged ports and shipping lanes). Sea levels in the western 
Tropical Pacific have risen at around 4–5 mm/year over the past 20 
years, which is faster than the global mean rate of 3.3 mm/year. This 

trend is likely to continue. Impacts of sea-level rise on human and nat-
ural systems in Vanuatu are exacerbated by Vanuatu’s geographic 
location on a tectonically active subsiding area (Kouwenhoven, 2013). 
Thus, coastal and marine processes that are affected by sea level rise, 
such as coastal erosion, are more severe on Vanuatu than on other more 
stable landmasses in the region. Observed and projected aragonite 
saturation levels (related to ocean acidification) indicate that reef health 
may become marginal by 2030. Furthermore, ocean warming increases 
the risk of coral bleaching events and Crown of Thorns outbreaks 
(Uthicke et al., 2015), which could have significant impacts on both 
Vanuatu’s tourism economy and the provision of traditional food. 
Further methodological details and results of the climate change sce-
narios can be found in Blaschke et al. (2017). 

Fig. 5. Degraded terrestrial ecosystems causes and impacts matrix (source: Blaschke et al., 2017).  
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1.4.3. Ecosystem and socio-economic resilience analysis and mapping 
(ESRAM): method and results 

An earlier PEBACC ecosystem and socio-economic resilience analysis 
and mapping (ESRAM) report investigated the uses of ecosystem ser-
vices and wellbeing issues and vulnerabilities in Port Vila (McEvoy et al., 
2017). This was based on a series of household surveys and in-depth 
workshops with residents of ten Port Vila communities located along 
“ridge to reef” landscape contexts. The findings from this comprehensive 
participatory social approach to ecosystem services mapping and 
assessment informed and complimented the approach taken to assessing 
ecological health (see section 2.1.1). McEvoy et al. (2017) discuss 
methodologies used and detail findings of their research in depth. Of 
most relevance to the EbA project planning process was a summary of 
contemporary pressures on Port Vila ecosystems and people, and a 
comprehensive preliminary list of adaptation options and potential pilot 
projects that might address the social and ecosystem service demands 
and pressures identified. 

1.4.4. Relating the data to impacts on human wellbeing 
The three inputs described above were used to form a set of working 

matrices to relate ecosystem pressures and local human drivers of 
change, and their interactions with climate change (and natural di-
sasters), and therefore their impacts on human wellbeing and on other 
ecosystems. Fig. 5 is an example of a summary of results of this process 
for terrestrial ecosystems. The process was repeated for freshwater and 
coastal ecosystems. This working matrix approach, informed by an 
integration of existing socio-economic resource-use data, ecosystem 
information, and land-use and climate projections, enabled the creation 
of sets of causes of ecosystem degradation (by both local human activ-
ities and by climate change) along the ridge to reef model. These were 
related to the resulting impacts (on both ecosystems and people) of this 
ecosystem degradation. This was also spatialised on three-dimensional 
ridge to reef transects of the Port Vila catchment to understand specif-
ically where various causes of changes and impacts of change overlap 
and interact. 

1.5. Step two of the EbA project selection process: EbA project concepts 

Step two involved taking the information from step one to determine 
a number of logical EbA project concepts that could concurrently 
address both the causes (human caused and climate change induced) 
and impacts (social, economic and ecological) of ecosystem degradation. 
The following information was assembled for each potential EbA 
project:  

● strategies and methods for implementation;  
● additional ecosystems that would benefit;  
● ecosystem services that would be targeted by each project idea;  
● spatial and temporal distribution information;  
● additional benefits; ● barriers to implementation;  
● opportunities and complementarities to other non SPREP projects;  
● potential precedents and case studies; and  
● additional resources and references. 

This information was added to the working matrices and became part 
of the project logic design for the creation of initial lists of potential EbA 
responses to identified issues and vulnerabilities. These lists were cross 
referenced with the suggested projects to increase community wellbeing 
and resilience in Port Vila, as suggested by McEvoy et al. (2017). 

In order to make the EbA concept easier to grasp for the community, 
and more applicable to the Port Vila context, the EbA projects options 
process initially focused on highly tangible elements of increasing 
resilience. Namely, increased food security, water security, and energy 
security, and access to healthy, safe, and culturally and climatically 
appropriate shelter. This ‘baskets of resilience’ approach enabled initial 
conceptualisation of the proposed project groupings for community 

participatory consultation in a way that was intended to be culturally 
relevant and accessible. Fig. 6 illustrates how these elements of resil-
ience can be conceived and how additional metaphors can be read into 
projects as appropriate when communicating EbA projects to residents. 
For example, the strong stone base could relate to knowledge and 
celebration of culture, and the people in the image could represent 
healthy family or community relationships. Both of these are also 
important elements of resilient communities and relate to the cultural 
context of Port Vila. 

A strict EbA approach focuses only on protecting or regenerating 
natural ecosystems themselves. However, Port Vila is a developing city, 
where human wellbeing is affected by urban development issues. 
Because these in turn are major drivers of ecosystem degradation (as 
ascertained in step one), some of the EbA projects proposed were 
‘hybrid’ EbA projects. This means they are a mixture of ‘soft’ direct in-
terventions into ecosystems (protecting or regenerating naturally 
occurring ecosystems), and ‘hard’, engineered or built infrastructure 
approaches to increasing ecosystem health indirectly, and therefore also 
human wellbeing. This is appropriate given that the focus was on an 
already highly modified landscape that is rapidly urbanising, meaning a 
large amount of building and infrastructure development is already 
occurring (Chung and Hill, 2002; Westoby and Brown, 2007). The 
intention was that EbA projects could be a vehicle for directing some of 
the rapid and at times unplanned development of the area so it is more 
ecologically, climatically, and socially effective. 

1.6. Step three of the EbA project selection process: sorting and groupings 

The long list of potential EbA projects for the Port Vila region 
generated in step two (for details see appendix 4.2 in Blaschke et al., 
2017) required careful organisation and editing to sort these into 
manageable and understandable groupings. This was step three of the 
EbA project selection process. The six project groupings are:  

1. Integrated Catchment Project for Water Security: an integrated 
catchment project from ridge to reef, including protected forest area 
in water catchment.  

2. Urban & Peri-urban Agriculture: diversified and resilient urban/peri- 
urban agriculture and fuel production.  

3. Urban forests/Agroforestry: strategic introduction of multi-value 
trees and vegetation to urban areas and coastal environments.  

4. Coastal Ecosystems Regeneration: reducing human caused stressors 
to coral reefs, and regenerating key coastal mangrove and seagrass 
ecosystems. 

Fig. 6. ‘Baskets of resilience’ and cultural model for approaching EbA project 
design (source: Blaschke et al., 2017). 
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5. Integrated urban water systems – fresh/grey/black: reducing 
stressors to riparian systems and ground water with a focus on har-
vesting drinking water, coastal and reef systems health.  

6. Sustainable urban development and housing: providing a model of 
sustainable housing/urban development to address rapid urban 
growth and climate change. 

1.7. Step four of the EbA project selection process: Port Vila workshops 

In June 2017, several members of the research team and SPREP 
representatives convened a community and stakeholder workshop in 
Port Vila and presented the six initial project groups determined in step 
three. This process to engage the community and garner stakeholder 
feedback became step four of the EbA project design and selection 
process. Approximately 40 people from a range of different commu-
nities, non-governmental organisations, and government departments 
attended. Because data on Port Vila and Vanuatu is general is lacking, it 
was vital to communicate with locals about the accuracy of the research. 
EbA is essentially about relationships between people and ecosystems, 
and therefore it was also of great importance that the process of devel-
oping the EbA projects was as participatory with the community as time 
allowed for. The first workshop session aimed to facilitate community 
discussion and confirm the main causes of ecological degradation that 
had previously been identified by the team, and to map the impacts or 
vulnerabilities arising from these. Issues identified by the community 
were placed on an illustrated transect (a three-dimensional slice of the 
island) of the Port Vila catchment area (Fig. 7). Earlier work with Ni- 
Vanuatu (Vanuatu citizens and residents of other ethnicities) using 
three dimensional physical models to initiate discussions had proven to 
be more successful than using traditional maps. This was the basis of the 
decision to use a three-dimensional representation of the areas in an 
effort to make it easier for local people to interact with the data. 

The second breakout session was designed to gauge reaction to the 
presentation of the initial six proposed EbA project groupings (devised 
in step 3). Workshop participants were asked to discuss the merits or 
difficulties of these potential projects and if possible, to locate some of 
these issues on the transect. The feedback received during this process 
informed the prioritisation of the final EbA projects that were then 
developed into detailed implementation plans. 

1.8. Step five of the EbA project selection process: future development 
scenarios 

In order to evaluate and prioritise the initial EbA project ideas for 
Port Vila, a development scenarios exercise was conducted to try to 
predict how each project might work in different possible futures up to 
2030. This is a way to evaluate potential risks or future issues that might 
affect the success of the proposed projects. This informed reorganisation 
and selection of the final 5 selected EbA projects along with findings 
from step 4. The most important variables used to devise possible future 
scenarios were rate of population growth, rate and nature of economic 
development, and nature and magnitude of climate change impacts. All 

devised possible future scenarios involve climate change impacts at the 
high end of the range. The reason for holding climate change impacts 
constant across all three scenarios was to better indicate the different 
effects of the drivers that are able to be influenced by people of Vanuatu 
itself, namely rate of population growth, and nature and rate of eco-
nomic development. Ni-Vanuatu have little ability to influence global 
greenhouse gas emissions and therefore global climate change. 
Furthermore, climate change impacts will not stop in 2030. If actual 
climate change impacts turn out to be lower than the high end of the 
ranges predicted, this does not mean that Port Vila will avoid the im-
pacts at the higher end of the ranges; it simply means that Port Vila will 
experience the impacts at the high end of the range some time later than 
2030. Details of the scenarios are found in Blaschke et al., (2017). The 
scenarios planning exercise indicated that there will still be significant 
resilience challenges for Port Vila, regardless of the adaptation and 
development paths taken, because of high climate change impacts that 
are beyond the control of Ni-Vanuatu. This suggests that it would be 
instructive to consider future scenarios over a longer timeframe, and/or 
conduct scenario planning at regular long-term intervals. 

1.9. Step six of the EbA project selection process: prioritisation and 
comparison of EbA projects 

After the community workshop, feedback from SPREP in Port Vila, 
and a series of internal workshops and meetings, 11 possible targeted 
projects of high priority, that came from the 6 project groupings 
conceived in step 3 were identified for further consideration. In order to 
prioritise these further, the next stage involved identifying the outputs 
and main components of each of these projects and then comparatively 
assessing each project in terms of:  

● relative importance relating to adaptation to climate change and 
overall resilience;  

● relative magnitude of the effect that the project’s outputs on 
improving adaptation to climate change and overall resilience;  

● relative cost of the project;  
● relative area, scope and size;  
● relative risk of failure to achieve the project’s stated outputs;  
● relative timeframe for implementation;  
● relevance to the ‘ridge to reef’ frame;  
● relative public visibility of the project; and  
● extent to which the project complements other existing EbA and non- 

EbA projects in Vanuatu. 

An initial assessment of the 11 projects was done with a comparative 
matrix using the above assessment criteria. Results from this exercise 
enabled the initial 11 possible EbA projects to be narrowed to 5 high 
priority ones. In the project selection a simple form of cost-benefit was 
used. The relative benefits of the different projects were made 
commensurate by assessing them in terms of ‘relevance to major climate 
change adaptation or resilience issues’ and ‘magnitude of the contri-
bution that the project would make to responding to these issues’. The 

Fig. 7. Participatory transect mapping of the project groupings. PEBACC workshop June 2017.  
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relative costs were estimated in terms of Low (<$0.5 M), Medium 
($0.5 M < $1 M), or High (>$1 M). This was a broad preliminary esti-
mate before any specific costings were sought. 

Results from the matrix analysis were then illustrated as radar graphs 
(Fig. 8). The relative position and angle of the axes is not informative, 
but the different areas of each shape created enabled quick visual 
comparison of the different projects across the key prioritisation criteria. 
In this case a low (L) ranking equates to 1 and a high ranking (H) equates 
to 5 across the criteria. This means the larger the shape that is created for 
each project on the radar graphs, the better it ranks across all of the 
criteria. 

What Fig. 8 shows, is that the final five EbA projects proposed were a 
mixture of high risk and low risk, and higher and lower cost ones. All 
tend to rate highly in terms of relevance to resilience and adaptation to 
climate change, estimated magnitude of benefits generated, and 
complementarity to other Vanuatu development or ecological regener-
ation projects as well as the other proposed EbA projects. The five key 
EbA projects selected for development in the Port Vila context as sum-
marised below. 

1.9.1. EbA project 1: Tagabe Riparian corridor regeneration project 
The Tagabe Riparian Corridor Regeneration Project is an integrated 

catchment management programme of activities focused on the riparian 
margins of mid to lower catchment streams in the Tagabe catchment. 
The aim of this project is to develop a resilient water catchment system 
that supports human wellbeing and the local economy through the 
protection and enhancement of ecological infrastructure capable of 
maximising the delivery of ecosystem services for the Port Vila popu-
lation. This will be achieved through: the protection and enhancement 
of woody vegetation along stream banks and on adjacent lands; sus-
tainable land management practices on adjacent lands delivering 
reduced sedimentation and reduced non-point source pollutants; and 
reduction/elimination of point source pollutant delivery to streams. 

1.9.2. EbA project 2: restoration and protection of coastal vegetation 
project 

This project aims to restore and protect coastal vegetation, particu-
larly mangrove habitats, along key parts of the greater Port Vila coast-
line. The project builds on and implements earlier work under the 
Mangrove Ecosystems for Climate Change Adaptation and Livelihoods 
(MESCAL) programme (Baereleo et al., 2013). This will be achieved 
through: addressing specific threats to mangrove and other coastal 
habitats; implementing robust measures for the full offsetting of 
mangrove and other coastal habitats if unavoidable loss occurs; and 
implementation and monitoring of site-specific replanting and restora-
tion projects in key Port Vila sites. 

1.9.3. EbA project 3: intensification of Suburban and peri-urban home 
gardens project 

Maintaining, or improving, food and cooking fuel security for com-
munities in Greater Port Vila over the period to 2030 and beyond would 
make a major contribution to improving resilience and overall health 
and well-being. This could be done if the extent and productivity of 
home gardens (which are common throughout Port Vila) were to be 
increased and if home gardens were made as resilient as possible to the 
impacts of climate change. Specific aims and outcomes of the project are 
to provide cost-effective support to households in the urban and peri- 
urban areas of Port Vila through: intensified food production, fire-
wood supply, medicinal plants, construction materials and mat- and 
basket-making materials production in home gardens; effective use, 
preservation and storage of produce from home gardens and of fire-
wood; dietary nutrition education; increase understanding of preserva-
tion of the culturally significant natangura and pandanus plants; and the 
inclusion of efforts to increase urban and peri-urban agriculture and 
freshwater aquaculture in the Greater Port Vila Planning Scheme. 

1.9.4. EbA project 4: urban trees project 
This project involves the strategic introduction of multi-value trees 

Fig. 8. Radar Comparison of different ranking criteria for final five proposed EbA projects (source: Blaschke et al., 2017).  
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and vegetation to key urban areas and coastal environments in Port Vila. 
This project is a low-risk and low-cost project that could be implemented 
rapidly, would be highly visible to the public and may thereby act as a 
catalyst for public interest in, and valuing of, other PEBACC projects. 
This project focuses on increased food security and access to raw ma-
terials, and the use, sharing, support and preservation of traditional 
knowledge and possible benefits to tourism within the city. This will be 
achieved by: determination of key sites for intervention in the built-up 
area of Port Vila; development of planting schemes for existing major 
vehicle and foot transport pathways in the built-up areas of Port Villa; 
establishment of nurseries and seed sources to support regeneration on 
Efate; and the creation of a living urban library of the useful plants of 
Efate to educate, provide tangible resources, increase vital urban 
ecosystem services, and to act as a seedbank. Benefits include: mitiga-
tion of some of the effects of climate change by creating cooler urban 
microclimates and shade during hotter weather; improved air and water 
quality; reduction of storm water runoff; protection of waterways and 
coastal ecologies; and preservation of traditional knowledge. 

1.9.5. EbA project 5: sustainable housing development project 
This project involves the design and implementation of a demon-

stration housing project in Port Vila. The goal is to introduce concepts 
related to social, economic and environmental sustainability into new 
housing developments and the retrofit of existing informal settlements. 
Specific aims and outcomes include the integration of the following 
features into new urban developments: community participatory design 
(design development); food production (urban agriculture); energy 
production (agroforestry; renewable energies); integrated water systems 
(stormwater, greywater and blackwater management); waste manage-
ment (food); site sensitive landscape architecture (sociability, drainage, 
comfort, biodiversity, etc.); bioclimatic architecture (passive solar 
design, shading, ventilation, insulation, appropriate materials, rain 
water harvesting, etc.); economic viability; and effective future focused 
city planning (leveraging local resources, traditional technologies, etc.). 

1.10. Step seven of the EbA project selection process: implementation 
plans drafted and evaluated 

The final step of the EbA process employed in this research was to 
prepare implementation plans (published in full in Pedersen Zari et al., 
2017). The implementation plans provided the detail and justification 
for the projects in terms of:  

● Project aims and purpose  
● Background  
● Project justification  
● Issues and vulnerabilities addressed by the project  
● Benefits of the project  
● Intervention logic  
● Project location (ridge to reef position)  
● Timeframe and sequencing  
● Description of project components  
● Implementers and stakeholders  
● Education, research, training, and public awareness opportunities  
● Indicative costs and resourcing requirements  
● Financing, project design implications and opportunities for scaling  
● Monitoring and governance aspects of the project  
● Addressing barriers to implementation and project success  
● Project opportunities  
● Relationships to other projects 

The detailed intervention logic for each of the proposed projects 
addressed the issues of: significant risks to the successful implementa-
tion of the project and how these risks can be managed; how the outputs 
of the project contribute to improved adaptation to climate change and 
overall resilience; and the expected magnitude of the effect of the 

project’s outputs on improved adaptation to climate change and overall 
resilience. 

1.11. Next steps after the implementation planning process 

After the implementation plans were delivered to SPREP, a further 
evaluation and refinement process took place based on maximising 
impact within current time and budget availability. It was decided that 
some projects would be progressed and others modified, while some 
were put on hold dependant on availability of future funding. 

The next stage in actualising proposed EbA projects would be a 
detailed project design stage. The work done in this stage would answer 
a number of outstanding issues identified in the implementation plans 
report (Pedersen Zari et al., 2017), including how each project: would be 
structured; how it would be physically implemented; who would be 
involved; what resources it would require and when; and project 
financing and governance considerations. Blaschke et al. (2017) provide 
developed examples of how the following aspects of project financing 
could work in an EbA context: performance-based and payment on de-
livery models for project outcome delivery; pilot activities to pave the 
way for methodology refinement and then replication and scaling up; 
self-financing project implementation; incentive-based financing; 
financing for durability including equitable benefit sharing arrange-
ments; quality assurance measures; co-financing arrangements; carbon 
credit finance; and payment for environmental management services 
(PEMS). 

Community governance and participation should be an important 
feature of EbA project architecture, and is a key enabling condition of 
any resilient community capable of proactively adapting to challenges 
such as climate change. Part of project development, therefore, needs to 
include evaluation of community governance capacity, and any need for 
governance capacity building. Risk management plans should also be 
incorporated into developed EbA project planning and should include 
standard operating procedures and associated measures in place (and 
sometimes budgets) for responding to risk events should they occur. 

Monitoring, reporting and verification (MRV) is crucial to EbA pro-
jects, and success and future funding often depends on measurable 
outcomes. Measurement therefore, should be a core feature of project 
design and implementation. An efficient MRV system is one capable of 
delivering high scientific rigour at a low cost. This requires defining low- 
cost-to-measure proxies for the suite of beneficial outcomes delivered. 
Keystone proxies can then be subjected to the necessary due diligence of 
MRV without the project budget becoming burdened with measurement 
over outcomes. Such measured proxies also need to have transparent 
attribution to project activities and outputs. 

Sets of biological indicators of ecosystem condition indicators of an 
integrated EbA programme are needed to track progress on environ-
mental states as well as broader development outcomes, such as those 
based on a conventional pressure-state-response framework (Smeets and 
Weterings, 1999). Because of this, a set of biological indicators for 
ecosystem health specific to Port Vila were developed for use in moni-
toring of future EbA projects (Blaschke et al., 2017). Good environ-
mental and resilience indicators are SMART (specific, measurable, 
attributable, realistic, and time-bound) (Schomaker, 1997; Niemeijer 
and de Groot, 2008). Not all the indicators developed have all the 
SMART attributes due to the current monitoring capacity in Vanuatu, 
but they are useful for robust monitoring and may be capable of being 
developed for use in ‘citizen science’ approaches to ecosystem moni-
toring and conservation. 

1.12. Findings and discussion: implications of using the EbA methodology 

The work carried out in this study confirms the earlier assertion that 
biocultural diversity concepts and the needs of local people must be 
understood and be at the forefront of project planning. Participatory 
design, rather than just consultation is important to the process. Because 
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of the complex nature of urban EbA project design, it is crucial that the 
research team be multidisciplinary. The skills of ecologists and marine 
biologists, climatology and climate change experts, socio-ecological and 
ecosystem services experts, economists, and experts in urban design and 
landscape architecture are needed. This means that EbA project devel-
opment can take considerable time and that frequent facilitated group 
dialogue is needed. Five additional key findings and recommendations 
regarding the EbA process have been deduced from the Port Vila 
PEBACC project:  

1. Ecological, climatic, and socio-cultural data that is metric, spatial, 
and both quantitative and qualitative where appropriate is vital as a 
basis for EbA project development. In a developing nation context 
this can be difficult to find, so considerable time and effort must be 
allocated to gathering or generating this as part of the EbA process. 
This also illustrates the importance of continual engagement with 
local communities.  

2. The timeframe and cost (and outcomes) of implementing projects 
depends critically on the detail of how the projects will be imple-
mented. This too requires ongoing, time-consuming engagement 
with local communities and other stakeholders, and a readiness to 
adapt to on-the-ground realities as projects are implemented.  

3. Urban EbA projects benefit greatly from being conceived holistically 
as parts of socio-ecological systems that extend beyond just the urban 
area itself. Including the wider water catchments supporting the Port 
Vila urban area of the city was crucial.  

4. EbA projects are complex and require the ability to understand and 
assess potential benefits, costs and risks across multiple factors 
including carefully considered future scenarios. The use of tools such 
as matrices and radar diagrams were useful to enable holistic 
development of the EbA projects to occur, as well to communicate 
potential benefits of proposed projects.  

5. A feature of urban areas within developing nations, at least in 
Vanuatu and likely other Pacific Island nations, is a complex over-
lapping landscape of past and current governmental and interna-
tional aid financed projects, that focus on various development, 
environmental, and wellbeing issues. It is important to understand 
how these projects relate to each other and to potential new EbA 
projects in terms of space, time, and aims. This again demonstrates 
the importance of consistent and frequent stakeholder interactions. 

2. Conclusion 

At the commencement of this project, there was little literature 
describing proven EbA project design methods, particularly for an urban 
context. The intention then of publishing the EbA methodology 
described in this paper is to stimulate debate in the EbA community, to 
refine and critique existing EbA processes, and ultimately to make it 
easier to engage in EbA project design in a developing nation context. 
Although any EbA process will need to be specific to its cultural, 
ecological, and climatic context, elements of project design will be 
transferable. The methodology described for devising urban EbA pro-
jects has been demonstrated to be applicable in practice, and was 
developed after considerable discussion, experimentation, trial and 
error, and refinement. 

The approach described may be applicable to other SIDS or devel-
oping nation contexts, however the authors recommend thoroughly 
assessing the method’s suitability for other situations and adapting it to 
suit local cultural and ecological contexts. The unique circumstances 
that supported this process in Vanuatu included the fact that population 
and land areas are relatively small, making potential for change easier 
possibly. Vanuatu is known to be a highly vulnerable nation in terms of 
natural disaster risk and climate change impacts, and the people of 
Vanuatu have had to cope with large scale disasters in the near past 
(such as Cyclone Pam in 2015). This means perhaps a more willing 
attitude towards urban adaptation and/or that a sense of urgency is 

present. Finally, because Vanuatu is a developing nation that will be 
affected by climate change, international funding was available for the 
EbA project described. This fits into a national context of multiple 
overlapping international aid financed development, health, and edu-
cation projects, and associated with these projects, people skilled in aid 
related development work. Future research focused on the methodology 
described could include how the methodology could be shortened, or 
modified to suit smaller or poorer coastal settlements with less access to 
funding. A thorough comparison of outcomes and findings related to 
different EbA and related methods will also be useful in future research. 

To conclude, like many urban centres in developing nations, 
particularly in small island nations, Port Vila (and Vanuatu as a whole) is 
changing rapidly due to both the actions of local people and because of 
global climate change. Urgent action is required to at least maintain, and 
where possible increase human wellbeing, and to develop resilience to 
inevitable climate change impacts. Ecosystem-based adaptation pro-
jects, which tend to be more cost-effective, more flexible and have 
multiple additional benefits to them, represent one way to do this. Such 
initiatives are of great importance to safe-guard the living standards and 
local customs of peoples in developing nations in both the short and long 
terms. 
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