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Abstract

Selecting robust conservation baselines is essential for designing climate-resil-
ient development interventions, but it remains difficult in data-scarce Small
Island Developing States (SIDS). This study provides an empirical spatial
multi-criteria decision analysis framework that addresses baseline data selec-
tion challenges. Tumbatu Island in the Zanzibar Archipelago was used as a
case study to prioritize five fundamental baseline-data thematic domains,
namely, biophysical and environmental, climate and weather, institutional
and governance, socio-economic and livelihood, and ecosystem services,
which are considered significant for climate-resilient project design. The
framework integrates literature synthesis, participatory focus group discus-
sions (FGDs), key informant interviews (KIIs), and the Analytic Hierarchy
Process (AHP). The study involved a total of eight (8) FGDs sessions and sixty-
four (64) KIIs across the four shehias of Gomani, Jongowe, Mtakuja, and
Uvivini. We synthesized AHP-derived priority weights with census popula-
tion figures (total population 4935 across an inhabited land area of 8.98 km?,
representing an average density of ~549.5 people/km?). We spatially modelled
this using Inverse Distance Weighting (IDW) interpolation in ArcGIS. AHP
pairwise comparison yielded high structural consistency (Consistency Ratio,
CR =0.083 < 0.10). Biophysical and environmental data emerged as the most
critical domain (eigenvector = 0.326), followed closely by climate and weather
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data (eigenvector = 0.291), jointly capturing 61.7% of the cumulative decision
weight and reflecting stakeholders’ prioritized concern regarding live coral
reef degradation, mangrove clearance, and monsoonal exposure. Institutional
and governance data ranked third (eigenvector = 0.181), surpassing socio-eco-
nomic indicators (0.119) and ecosystem services valuation metrics (0.084), re-
vealing a pronounced local “ecosystem service valuation paradox.” Explora-
tory spatial surface maps generated via IDW revealed localized gradients and
intra-island non-stationarity in baseline data priorities, with peak biophysical-
climatic data demand concentrated along vulnerable, densely populated
coastal corridors. By clearly differentiating decision prioritization from em-
pirical ecological magnitude, this research provides a transparent, replicable
decision-support model for climate resilience and MEAL framework design
across vulnerable island ecosystems.
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Conservation Baseline Data, Analytic Hierarchy Process (AHP),
Inverse Distance Weighting (IDW), Climate Resilience Project,
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1. Introduction

In the Anthropocene, the design and implementation of climate change-resilient
conservation projects have increasingly depended on the accuracy, granularity,
and architectural robustness of baseline data [1] [2]. Baseline data serve as the
epistemic foundation against which ecological degradation is measured, adaptive
management strategies are calibrated, and the additionality of conservation inter-
ventions is validated [3] [4]. However, conservation planners routinely confront
a fundamental dilemma: the choice between divergent, often conflicting baselines
derived from diverse methodological paradigms [5] [6].

In contemporary climate conservation discourse, baseline dilemmas typically
encompass two distinct decision dimensions: first, methodological baseline typol-
ogies, i.e., choosing between historical/static reference states, dynamic projected
models, or counterfactual additionality baselines [7]-[11]. Secondly, thematic data
domain prioritization, Ze., identifying which thematic categories of socio-ecolog-
ical, biophysical, climatic, and governance baseline information must be priori-
tized under tight resource and capacity constraints. Inappropriate weighting or
misalignment in either dimension can induce path dependencies, leading to mal-
adaptive project execution and misallocated capital, and thus heightened socio-
ecological vulnerability [6] [10].

This baseline data selection dynamic is acutely pronounced in Small Island De-
veloping States (SIDS) and autonomous sub-national island geographies, where
structural vulnerabilities intersect with severe and chronic data scarcity [12]-[14].

Tumbatu Island, a coralline within the Zanzibar Archipelago, Tanzania, repre-
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sents an archetype of this challenge [15]. Characterized by its highly specialized,
climate-sensitive marine and terrestrial ecosystems, predominantly characterized
by fragile coral reefs, intertidal mangrove stands, and dense coastal forests, Tum-
batu supports indigenous communities whose livelihoods are fundamentally tied
to artisanal fishing and subsistence farming activities [15] [16]. Accelerating cli-
mate hazards across the western Indian Ocean (WIO), such as monsoonal shifts,
sea-surface warming, and tidal surges, heighten the urgency for resilient conser-
vation planning [15] [17] [18]. However, the absolute scarcity of downscaled,
long-term empirical meteorological and ecological monitoring records forces pro-
ject designers to prioritize among competing thematic data needs [16] [19].

While theoretical conservation literature extensively explores temporal baseline
typologies, i.e. historical, dynamic, and counterfactual, operational project design
in data-scarce settings primarily requires determining which baseline-data do-
mains provide the highest decision value for project scoping, risk mitigation, and
impact tracking. Designing resilient interventions project for vulnerable insular
geographies such as Tumbatu Island in the Zanzibar Archipelago is linked to var-
ious factors [20]-[22]. Various literatures epitomize main grouped such data as
biophysical and environmental, climate and weather, socio-economic and liveli-
hood, institutional and governance, as well as ecosystem services data [3] [23]-
[25].

Furthermore, because socio-ecological dynamics and human pressures vary
spatially across the landscapes, baseline data need to exhibit spatial non-station-
arity [26] [27]. In this context, Geographic Information System-based Multi-Cri-
teria Decision Analysis (GIS-MCDA) offers a robust framework to evaluate such
multi-attribute problems and capture spatial variation [28]-[30]. Accordingly, the
primary objective of this study is not to model mathematical counterfactuals, but
to systematically prioritize the five overarching baseline-data thematic domains
using the Analytic Hierarchy Process (AHP) coupled with participatory stake-
holder valuation, and to conduct exploratory spatial mapping via Inverse Distance
Weighting (IDW) to examine spatial priority gradients across Tumbatu Island.
The resulting framework provides a replicable decision pathway for conservation

practitioners and MEAL specialists in data-poor insular environments.

2. Materials and Methods
2.1. Tumbatu Island in Zanzibar, the Study Area

Tumbatu Island (Figure 1) is located at latitude 5°49'7.00"S, longitude:
39°13'23.16"E within North “A” District of Unguja in Zanzibar Archipelago, Tan-
zania. The island lies within Tumbatu Marine Conservation Area (TUMCA), an
IUCN Category VI marine protected area and Key Biodiversity Area covering ap-
proximately 162.9 km? extending from Nungwi southwards to Mangapwani and
Fuoni. The island comprises an inhabited terrestrial landmass of approximately
8.98 square kilometres (km?) accommodating a total human population of 4,935

inhabitants (2022 Tanzania National Population and Housing Census projection),
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yielding an average population density of ~549.5 persons/km?. Tumbatu has his-
torically maintained socio-cultural autonomy and isolation, which contributed to
limited baseline ecological and socio-economic monitoring records [31]. To foster
sustainable community development and ecological stewardship, Climate Action
Network (CAN) Tanzania initiated the project “Strengthening Conservation and
Climate Resilience on Tumbatu Island”, focusing on participatory biodiversity
conservation applying a co-management approach, alternative livelihoods, and

climate adaptation.
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Figure 1. Map of Tumbatu Island Sub-District, the study area.

2.2. Baseline Data Criteria and Sub-Criteria Framework

Through systematic literature and policy review [3] [24] [25], five overarching
baseline data domains and 22 constitutive sub-criteria were established (Table 1).
In this study’s decision hierarchy, the five key domains served as the evaluated

criteria in the formal AHP pairwise matrix, while the sub-criteria served as de-
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tailed thematic guides during participatory focus group evaluations to ensure

comprehensive coverage of baseline informational dimensions.

Table 1. Variables and sub-variables data for climate change resilient project.

SN Criteria Sub-criteria

Land use/land cover (forest, agriculture, wetlands)

Soil quality (organic carbon, erosion levels)

A Bi.ophysical and Biodiversity indicators (species richness, key habitats)
Environmental Data
Water resources (river flow, groundwater levels)
Ecosystem condition and degradation status
Historical rainfall patterns
Climate and Temperature trends
B Weather Data Extreme weather events (droughts, floods)
Seasonal variability
Household income sources
Agricultural productivity
C Socio-economic and Dependency on natural resources
Livelihood Data
Food security status
Access to climate services
Existing policies and by-laws
Institutional and Land tenure systems
Governance Data Local governance capacity
Presence of community-based organizations
Carbon sequestration potential
. Ecosystem Water regulation capacity
Services Data Pollination services
Soil fertility support

2.3. Focus Group Discussion Protocol, Sampling, and Ethical
Governance

To derive empirical weights that reflect ground-level decision priorities, partici-
patory Focus Group Discussions (FGDs) were conducted in all four shehias of
Tumbatu Island: Gomani, Jongowe, Mtakuja, and Uvivini. In total, eight FGD ses-
sions were held, with two structured sessions in each shehia. The discussions in-
volved 64 purposively selected key informants, comprising eight participants per
session and 16 participants per shehia. Participant selection ensured balanced
multi-stakeholder representation, including: (i) Shehia Advisory Council and lo-
cal leadership representatives, (ii) women fishmongers’ groups, (iii) artisanal fish-

ers and seaweed farmers, (iv) community youth leaders, and (v) local environ-
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mental committee members. Research authorization was obtained from local gov-
ernment authorities in North Unguja District and the respective Shehia Leader-
ship Offices, in accordance with Revolutionary Government of Zanzibar research
guidelines. At the beginning of each session, participants were briefed in Kiswahili
on the study objectives, and informed verbal consent was documented. To ensure
confidentiality and minimize dominance bias, data were anonymized and struc-
tured facilitation techniques were used. During the FGDs, participants collectively
assessed the relative decision importance of baseline data domains using a struc-
tured facilitation matrix, producing consensus-based judgment scores for pair-

wise comparison.

2.4. Analytical Hierarchy Process (AHP) Model in Decision
Analysis

The Analytic Hierarchy Process (AHP), developed by Saaty (1980), was deployed
to evaluate the relative weights of the five overarching baseline criteria (A through
E). The AHP method structures complex socio-ecological decisions into a multi-
level hierarchy, deriving priority vectors through pairwise comparison matrices
based on Saaty’s 1 - 9 fundamental scale presented in Table 2 [32] [33]. Consensus
scores from FGD sessions across the shehias were synthesized using geometric
mean aggregation to construct the group pairwise comparison matrix A = () mxm
where a;represents the relative importance of criterion 7over criterion j satisfying

a;>0and a;=1/a;

Table 2. Saaty’s 1-9 scale of pairwise comparisons.

Intensity of
Importance

1

2

Definition

Equal Importance
Weak or Slight
Moderate Importance
Moderate Plus
Strong Importance
Strong Plus

Very Strong/
Demonstrated

Very, Very Strong

Extreme Importance

Explanation/Operational Meaning

Two baseline criteria contribute equally to the conservation design objective
Intermediate value between equal and moderate importance
Experience and local judgment slightly favour one baseline criterion over another
Intermediate value between moderate and strong importance
Experience and judgment strongly favour one baseline criterion over another

Intermediate value between strong and very strong importance
A criterion is strongly favoured, and its dominance is demonstrated in practice

Intermediate value between very strong and extreme importance

Evidence favouring one criterion over another is of the highest possible affirmation

-nN
Cl=fm "7 (1)
n-1
Cl
CR=— (2)
RI
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where Ana is the principal eigenvalue, n is the number of evaluated criteria (n =
5), and RI is the Random Consistency Index (Table 3; for n=5, RI = 1.12) (Saaty,
1980). A CR value < 0.10 indicates acceptable judgment consistency.

Table 3. Average Lambda maximum/Saaty random consistency index (RI) value.

Size of matrix 1

Random consistency 0

2 3 4 5 6 7 8 9 10

0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

2.5. Demographic Weighting and Spatial IDW Interpolation
Settings

To model spatial baseline data demand across the Tumbatu Island landscape, the
global AHP criteria weights (w;) were integrated with shehia-level demographic
exposure data. Population statistics for each shehia (Gomani: pop = 1114;
Jongowe: pop = 3821; Mtakuja: pop = 2741; Uvivini: pop = 4279; total N=11,956)
were normalized by relative population proportion (p; = PopsPopiowa). The
shehia-specific baseline decision index (S;;) for criterion 7 at shehia location s was
calculated as: S;; = w; x p,. The resulting indices served as input values at the four
shehia administrative centroids in ArcGIS v10.4. Spatial surfaces were generated
using Inverse Distance Weighting (IDW) interpolation based on Tobler’s First
Law of Geography. The IDW interpolation parameters were explicitly configured
as follows: (i) power parameter p = 2 (standard inverse distance squared), (ii) var-
iable search neighborhood utilizing all 4 shehia observation points, (iii) output
raster cell size of 30 m x 30 m, and (iv) spatial interpolation extent clipped strictly
to the Tumbatu Island sub-district land boundary. Given that the interpolation is
parameterized across four shehia centroid inputs, the resulting surfaces are inter-
preted as exploratory spatial visualizations of community baseline priorities ra-

ther than definitive, continuous empirical physical fields.

3. Results

3.1. Choice of Key Conservation Baseline Data

The key variables (criteria) presented in Table 2 were obtained as a result of a
participatory data collection method (Focus Group Discussion (FGD)). The five
categories of key variables were obtained after grouping similar themes into the
sub-criteria (Table 2). It was revealed that each sub-criteria have some degree of
influence on the key variables regarding the design of climate resilient conserva-

tion project. Note: analysis of sub-criteria was beyond the scope of this study.

3.2. Spatial Modelling of Baseline Decision Priorities

The findings revealed biophysical and environmental data as the most prioritized
baseline data, followed by climate and weather data, and ecosystem services data
as the second and third most prioritized baseline data for climate-resilient conser-

vation development project.
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4. Discussion

This study reveals that empirical, contextual and methodologically sound data are
profoundly pivotal baseline data for designing climate-resilient development pro-
jects, notably for extremely vulnerable ecosystems such as that of Tumbatu Island.
The results of AHP (Table 4 and Table 5) integration with GIS-based IDW oper-
ationalises MCDA as a robust framework that resolves foundational obstacles in
conservation development project planning. The study findings exemplify that
baseline selection is inherently non-uniform across spatial scales and thematic di-
mensions. Such findings call for a shift from aggregated, static models toward spa-
tially explicit, hybrid decision architectures.

Table 4. Pairwise comparison matrix of the relative weights of key variables from Table 1.

A B C D E
A 1 2 2 3
B 172 1 3 3 3
C 172 1/3 1 1/3 2
D 172 1/3 3 1 2
E 1/3 1/3 1/2 1/2 1
TOTAL 2.83 4.00 9.50 6.83 11.00
A: Biophysical and Environmental Data
B: Climate and Weather Data
Note: C: Socio-economic and Livelihood Data
D: Institutional and Governance Data
E: Ecosystem Services Data
Table 5. Normalization matrix on relative weight of key variables.
A B C D E Eigenvectors
A 0.353 0.500 0.211 0.293 0.273 0.326
B 0.176 0.250 0.316 0.439 0.273 0.291
C 0.176 0.083 0.105 0.049 0.182 0.119
D 0.176 0.083 0.316 0.146 0.182 0.181
E 0.118 0.083 0.053 0.073 0.091 0.084
TOTAL 1.000 1.000 1.000 1.000 1.000 1.000

Maximum eigenvalue ( 7,,, ) = 5.372; Number of criteria (1) = 5; Consistency Index (CI) = (7max - n)/ (n —1) is 0.093; Random
Index (RI) = 1.12; Consistency Ration (CR) = 0.083.

4.1. Primacy of Biophysical and Climatological Baseline Priorities

In this study, AHP priority weighting analysis revealed biophysical and environ-
mental data (eigenvector = 0.326) and climate and weather data (eigenvector =

0.291) as the dominant baseline requirements for climate-resilient project design.
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Importantly, within the context of multi-criteria decision analysis, these weights
reflect stakeholders’ perceived decision importance and operational urgency dur-
ing project scoping rather than in situ measured ecological rates of change. This
high valuation directly corresponds to the acute vulnerability of Tumbatu’s socio-
ecological system. In coralline island settings across the Western Indian Ocean
(WIO), coral reef flats, intertidal mangrove stands, and thin topsoils form the first
line of natural defense against ocean warming, storm surges, and monsoonal
shocks [17] [18] [24]. Stakeholders strongly prioritized local meteorological
trends because without accurate biophysical-climatic benchmarks, project teams
cannot establish reliable impact tracking indicators or evaluate project addition-
ality over time [2] [4]. Furthermore, given the absence of downscaled weather sta-
tions on Tumbatu Island, establishing community-validated weather and climate

baselines is recognized as essential to prevent maladaptive investments [19] [22].

4.2. Institutional Governance, Livelihoods, and the Ecosystem
Services Paradox

Institutional and Governance Data occupied (eigenvector = 0.181) at the third
position of importance, outranked Socio-economic and Livelihood Data (0.119);
and Ecosystem Services Data (0.084). Critical findings in this study reflect an acute
operational awareness among local stakeholders that technical and ecological con-
servation interventions frequently fail when institutional arrangements, custom-
ary property rights, and community co-management structures are weak or
poorly understood [34] [35]. On Tumbatu Island, where natural resource use is
governed through traditional village leadership and Shehia structures, establish-
ing an institutional baseline is critical for legitimate, durable conservation con-
tracts henceforth long—term sustainability of the development programme [15].

Conversely, the low-priority weight assigned to Ecosystem Services Data (w =
0.084) highlights what may be termed the “paradox of ecosystem services valua-
tion” in data-scarce island environments [36]-[38]. While international climate
finance and carbon offset mechanisms place high emphasis on quantifying ab-
stract ecosystem functions such as carbon sequestration potential and nutrient
flux [6] [7], local practitioners and community members perceive these metrics as
abstract, difficult to measure, and secondary to immediate tangible threats to live-
lihoods and habitat security. This gap underscores the necessity for MEAL frame-
works to bridge theoretical ecological service metrics with tangible socio-eco-

nomic co-benefits during project baseline formulation.

4.3. Spatial Priority Gradients and IDW Modeling

The integration of AHP decision weights with demographic data and IDW inter-
polation demonstrates distinct geographic variations across the four shehias of
Tumbatu Island, namely Gomani, Jongowe, Mtakuja, and Uvivini. As shown in
Figure 2, biophysical and climatic baseline demand is most intense along the

densely populated northern and western coastal reaches of Gomani and Jongowe,
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Biophysical and Environmental Data Climate: and Weather Data
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[ Joo151-00178

Figure 2. Spatial dynamics of baseline data at Tumbatu Island.

where artisanal fishing pressure, intertidal resource harvesting, and coastal ero-
sion exposure are heavily concentrated. In contrast, institutional and socio-eco-
nomic baseline priorities display localized southern gradients, reflecting varia-
tions in community organization and alternative livelihood activities. From an
analytical perspective, this intra-island variation illustrates the non-uniformity of
conservation baseline needs across space, demonstrating the limitation of uniform
island-wide baseline assumptions [25] [30] [39]. Methodologically, because the
IDW model interpolates across four shehia centroid observation points, the re-

sulting raster surfaces are presented as exploratory spatial priority patterns rather
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than formal statistical proofs of non-stationary physical processes. Nonetheless,
this spatial MCDA approach provides practical spatial targeting guidance, ensur-
ing that scarce monitoring resources are allocated to the most critical baseline di-

mensions in high-priority zones.

5. Conclusion

Designing climate-resilient conservation and development projects within vulner-
able, data-scarce island environments requires clear, structured decision pathways
for establishing baseline data. Rather than resolving temporal baseline typologies
(historical vs. counterfactual), this study successfully operationalized an inte-
grated AHP-IDW multi-criteria decision framework to prioritize five overarching
baseline data domains on Tumbatu Island, Zanzibar. The AHP analysis revealed
high structural consistency (CR = 0.083 < 0.10) and established that Biophysical
and Environmental Data (w = 0.326) and Climate and Weather Data (w= 0.291)
represent the foremost baseline priorities, accounting for over 61.7% of the cumu-
lative decision weight. Institutional and Governance Data (w = 0.181) proved
more influential than Socio-economic Data (w = 0.119) and Ecosystem Services
Data (w= 0.084), emphasizing the foundational role of local governance in project
sustainability. The exploratory spatial IDW analysis demonstrated clear localized
gradients across the four shehias, confirming that baseline data acquisition should
be spatially tailored to local socio-ecological pressures. By distinguishing stake-
holder decision priorities from physical ecological measurements and providing
reproducible participatory protocols, this framework serves as a practical blue-
print for conservation planners, MEAL specialists, and climate finance architects

across Small Island Developing States globally.
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