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Executive summary

Climate change is already a�ecting Aruba, Cura�cao, and Sint Maarten. According to the Sixth Assessment
Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC), human in
uence has unequivocally
warmed the atmosphere, ocean, and land. Small islands are particularly vulnerable to climate change because
of their limited land area, strong dependence on coastal zones and climate-sensitive sectors, and limited
adaptive capacity. Aruba, Cura�cao, and Sint Maarten are therefore exposed to a wide range of climate-
related risks, including increasing heat stress, sea-level rise, and changes in precipitation patterns.

This report presents climate scenarios for Aruba, Cura�cao, and Sint Maarten developed within the framework
of the International Panel on Deltas and Coastal Areas (IPDC). The scenarios provide island-speci�c infor-
mation to support adaptation planning and climate risk assessments in sectors such as water management,
spatial planning, coastal protection, nature conservation, public health, energy, and tourism.

The scenarios combine observations from the islands with projections from global climate models and a
robust scienti�c understanding of climate change. The methodology builds upon the KNMI’23 climate
scenarios developed for the Netherlands and the Caribbean Netherlands, and incorporates local observations
and expertise from Aruba, Cura�cao, and Sint Maarten. They describe plausible climate conditions for
2050 and 2100 relative to the 1991{2020 reference period. Three global emissions scenarios are considered
to represent uncertainties in future greenhouse gas emissions. These are combined with mild and strong
drying scenarios to represent uncertainties in the regional climate response. The report provides projections
for temperature, heat, rainfall, wind speed, sea level, extreme water levels, and marine heatwaves. Two
important climate hazards { tropical cyclones and extreme rainfall { are not addressed in this report, as they
require high-resolution modelling and methodologies that exceed the scope of this study.

All scenarios project continued warming throughout the twenty-�rst century. By 2100, temperatures are
projected to increase by less than 1 �C under the lowest-emissions scenario and by approximately 3 �C under
the highest-emissions scenario. The strongest warming occurs during the warmest months of the year, leading
to more frequent hot days and higher maximum temperatures. As a result, heat conditions that are currently
rare are expected to become increasingly common. Most scenarios indicate a drying tendency, although the
magnitude of change remains uncertain. Depending on the scenario, annual precipitation changes range from
limited changes to reductions of up to approximately 50 %. Relative decreases are largest during the dry
season, while absolute reductions are greatest during the wet season. Projected changes in annual mean wind
speed indicate a small increase for Aruba and Cura�cao, whereas no changes are projected for Sint Maarten.
Sea level will continue to rise throughout the twenty-�rst century and beyond. Relative to 1991{2020, sea
level is projected to be approximately 20 cm higher by 2050. By 2100, projected sea-level rise ranges from
about 50 cm under low emissions to around 80 cm under high emissions. Under low-likelihood, high-impact
scenarios involving accelerated ice-sheet loss, substantially larger rises cannot be excluded. Sea-level rise will
continue after 2100. Even under the low emissions scenario, sea level is projected to continue rising beyond
2100, exceeding one metre on su�ciently long timescales.

The magnitude of future climate change on Aruba, Cura�cao, and Sint Maarten depends strongly on future
global greenhouse gas emissions. Nevertheless, future increases in temperature and sea level are unavoidable.
These �ndings highlight the importance of both global mitigation e�orts and timely local adaptation to
enhance the long-term resilience of the islands.
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Glossary

List of abbreviations that are used multiple times in this report

ˆ AMOC { Atlantic Meridional Overturning Circulation

ˆ AR6 { Sixth Assessment Report of the IPCC

ˆ AVISO { Archiving, Validation and Interpretation of Satellite Oceanographic data

ˆ CMIP6 { Coupled Model Intercomparison Project Phase 6

ˆ DMA { Departamento Meteorol�ogico Aruba

ˆ ENSO { El Ni~no{Southern Oscillation

ˆ ERA5 { European Centre for Medium-Range Weather Forecasts (ECMWF) �fth-generation atmo-
spheric reanalysis

ˆ GIA { Global Isostatic Adjustment

ˆ GPCC { Global Precipitation Climatology Centre

ˆ GSAT { Global Surface Air Temperature

ˆ GSOD { Global Surface Summary of the Day

ˆ IPCC { Intergovernmental Panel on Climate Change

ˆ IPDC { International Panel on Deltas and Coastal Areas

ˆ ITCZ { Intertropical Convergence Zone

ˆ KNMI { Royal Netherlands Meteorological Institute

ˆ KNMI'23 { Dutch climate scenarios published in 2023

ˆ LLHI { Low-Likelihood, High-Impact

ˆ MDC { Meteorological Department Cura�cao

ˆ MDS { The Meteorological Department of Sint Maarten

ˆ MHW { Marine Heatwaves

ˆ NOAA { National Oceanic and Atmospheric Administration

ˆ ODSL { Ocean Dynamic Sea Level

ˆ PSMSL { Permanent Service for Mean Sea Level

ˆ QDM { Quantile Delta Mapping

ˆ SSP { Shared Socioeconomic Pathways

ˆ SST { Sea Surface Temperature

ˆ WMO { World Meteorological Organization
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Chapter 1

Introduction

Climate change is already a�ecting Aruba, Cura�cao and Sint Maarten. The Intergovernmental Panel on
Climate Change (IPCC) concluded in its Sixth Assessment Report (AR6) that human in
uence has un-
equivocally warmed the atmosphere, oceans and land (IPCC, 2021a). Global warming is occurring at an
unprecedented rate, at least during the last 2,000 years. In 2024, the global mean temperature surpassed
1.5� C above pre-industrial levels (1850{1900) for the �rst time in a single calendar year, making it the
warmest year on record (Copernicus Climate Change Service (C3S), 2024). Global mean sea level has been
rising over the past century and the rate of rise has accelerated in recent decades.

Aruba, Cura�cao and Sint Maarten are located in di�erent parts of the Caribbean and therefore experience
distinct climatic conditions (Figure 1.1). Aruba and Cura�cao are situated in the southern Caribbean, close
to the coast of Venezuela, and have a relatively dry, semi-arid climate in
uenced by the trade winds and
regional upwelling systems. Sint Maarten is located in the northeastern Caribbean and experiences a wetter
tropical climate. In contrast to Aruba and Cura�cao, Sint Maarten lies within the Atlantic hurricane belt and
is therefore more exposed to tropical cyclones.

Figure 1.1: Location of Aruba, Cura�cao and Sint Maarten within the Caribbean region. Aruba and Cura�cao
are located in the southern Caribbean near the Venezuelan coast, whereas Sint Maarten is situated in the
northeastern Caribbean.

The geographical characteristics of the islands increase their exposure to hazards such as coastal 
ooding,
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storm surge, erosion and saltwater intrusion (International Panel on Deltas and Coastal Areas (IPDC), 2024).
In addition, mountainous terrain on parts of Sint Maarten may locally enhance rainfall extremes and 
ood
risk. These physical vulnerabilities are ampli�ed by socioeconomic factors, including high population density
and the importance of tourism and �sheries for the local economy. The islands have already experienced the
impacts of extreme weather and climate-related events. Hurricane Irma severely a�ected Sint Maarten in
September 2017, while Cura�cao experienced damaging 
oods in May 2024. In addition, increasing temper-
atures contribute to chronic heat stress (Cruz et al., 2025). On Cura�cao, heat-related impacts have already
resulted in the introduction of a heat plan in schools to protect students and teachers during the hottest
months of the year.

Small islands are particularly vulnerable to climate change because of a combination of physical and so-
cioeconomic factors (Mycoo et al., 2022). Limited land area, extensive coastlines and strong dependence
on climate-sensitive sectors increase exposure to climate-related hazards. Tourism, �sheries and coastal in-
frastructure are especially sensitive to changes in temperature, precipitation and sea level. Rising sea levels
increase the risk of coastal 
ooding, contribute to coastal erosion and salinization of freshwater resources,
and can a�ect ecosystems and critical infrastructure (Martyr-Koller et al., 2021; Yu et al., 2019). For Aruba,
Cura�cao and Sint Maarten, sea-level rise poses a particular challenge because many economic activities,
ecosystems and built-up areas are concentrated along the coast. Rising sea levels threaten beaches, coral reef
ecosystems and low-lying coastal infrastructure (International Panel on Deltas and Coastal Areas (IPDC),
2024). These impacts are particularly relevant for tourism, which forms an important pillar of the economies
of Aruba, Cura�cao and Sint Maarten. Consequently, climate change poses both environmental and socioeco-
nomic challenges to the islands.

1.1 Why climate scenarios are relevant

Climate adaptation requires information about how local climate conditions may evolve in the future. Climate
scenarios do not provide predictions of what will happen, but rather describe a range of plausible future
climates under di�erent assumptions regarding greenhouse gas emissions and climate system responses. They
help governments, businesses and communities to assess risks and develop adaptation strategies.

Climate information is particularly important for Aruba, Cura�cao, and Sint Maarten, as many of their societal
sectors are closely linked to weather and climate conditions. Water resources, coastal infrastructure, tourism,
ecosystems, public health, and energy demand are all sensitive to changes in temperature, precipitation, and
sea level. Since long-term investments can remain in place for decades, future climate conditions must be
accounted for. Although global climate projections provide valuable information, their spatial resolution is
generally too coarse to directly represent the local climate of small islands. Island-speci�c climate scenarios
are therefore required to translate global climate change into information that is relevant for local decision
making.

The climate scenarios presented in this report provide a scienti�c basis for adaptation planning on Aruba,
Cura�cao and Sint Maarten. They o�er a consistent framework for assessing future climate risks and sup-
port policy development in areas such as water management, urban planning, coastal protection, nature
conservation, health, energy and tourism.

1.2 Climate scenario approach

Most climate scenarios aim to describe plausible future climate conditions based on di�erent assumptions
regarding greenhouse gas emissions and the response of the climate system. They are not predictions, but
internally consistent descriptions of possible future climates that can be used to assess risks and support
adaptation planning.

Climate change is usually expressed in relation to a reference period. To reduce the impact of internal variabil-
ity, periods of thirty years are usually considered. In this report, climate is de�ned as the thirty-year average
state of a particular weather variable. The scenarios are presented for the years 2050 and 2100, these time
horizons represent thirty-year reference periods centered around these years. Changes are expressed relative
to the 1991{2020 reference period, which corresponds to the most recent World Meteorological Organization
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(WMO) climate normal. During this reference period, the Global Mean Surface Air Temperature (GSAT)
was already approximately 0.85� C warmer than during the pre-industrial period (1850{1900) (IPCC, 2021a).

The scenarios are developed for four climate variables: temperature, precipitation, wind speed and sea
level. For the atmospheric variables, both di�erent greenhouse gas emissions pathways and di�erent regional
precipitation storylines are considered. Sea-level rise is treated separately because it responds to climate
change on much longer timescales and depends on di�erent physical processes.

For each island, for the atmospheric scenarios, observational data from the main airport meteorological
stations are used to represent the local climate. Consequently, the scenarios are representative of conditions
near these stations. Spatial di�erences in climate may exist across the islands, particularly in areas with
complex topography such as Sint Maarten.

1.2.1 KNMI'23 framework

The methodology used in this report follows the framework of the KNMI'23 climate scenarios for the Nether-
lands and the Caribbean Netherlands (Dorland et al., 2024; Wiel et al., 2024). Climate scenarios aim to
describe the range of plausible future climates by explicitly accounting for the main sources of uncertainty
in climate change projections. According to Hawkins et al., 2009, uncertainties in future climate change
originate from three sources: internal climate variability, uncertainty in future anthropogenic forcing, uncer-
tainty in the climate system's response to a given level of forcing. Internal variability arises from natural

uctuations within the climate system and is inherently unpredictable on decadal and longer timescales. An
important example for the Caribbean region is the El Ni~no{Southern Oscillation (ENSO), which strongly
in
uences temperature, precipitation and hurricane activity.

Uncertainty in future anthropogenic forcing is related to unknown future greenhouse gas emissions and
land-use changes. These are represented by the Shared Socioeconomic Pathways (SSPs), as adopted in the
IPCC Sixth Assessment Report and in KNMI'23 (IPCC, 2021a; Brian C O'Neill et al., 2016). The climate
scenarios presented here are based on output from global climate models participating in the Coupled Model
Intercomparison Project Phase 6 (CMIP6). Three emissions pathways are considered: SSP1-2.6, SSP2-4.5
and SSP5-8.5. SSP1-2.6 represents a low emissions pathway consistent with the ambitions of the Paris
Agreement to limit global warming to well below 2� C and preferably 1.5� C above pre-industrial levels.
SSP2-4.5 represents a moderate pathway and is used by local stakeholders as a reference for medium-term
adaptation planning. SSP5-8.5 represents a high-end pathway with continued fossil-fuel use and limited
mitigation and is included to assess long-term climate risks. Therefore, we will refer to SSP1-2.6 as the low
emissions scenario, to SPP2-4.5 as the moderate emissions scenario and to SSP5-8.5 as the high emissions
scenario.

In practice, the third source of uncertainty, the climate system's response to a given level of forcing, is
represented by the spread among climate models and is therefore often referred to as model uncertainty.
KNMI'23 addresses this uncertainty using a storyline approach (Wiel et al., 2024). Instead of presenting
only the full model ensemble, physically consistent groups of climate models are used to represent di�erent
regional climate responses. For the Caribbean, previous work showed that model uncertainty in future climate
projections of precipitation is large, mainly because of di�erences in the simulated response of large-scale
circulation and ENSO-related processes (Marta Brotons et al., 2024; Dorland et al., 2024). Therefore, the
storyline approach in this study is based on precipitation and distinguishes between a relatively mild and
relatively severe dry future climate. The uncertainty range for temperature and wind speed is consequently
smaller than for precipitation. By the end of the century, however, di�erences between emissions scenarios
become the dominant source of uncertainty for all variables.

Unlike the atmospheric scenarios presented in this report, which are constructed using matched global warm-
ing levels and a storyline approach, the sea-level scenarios are derived directly from the emissions scenarios.
Consequently, uncertainties in the climate sensitivity and resulting temperature response are implicitly in-
cluded in the projected sea-level rise. This distinction follows the KNMI'23 framework for the Netherlands
and the Caribbean Netherlands (Le Bars et al., 2025), and is based on the sea-level framework presented
in Chapter 9 of the IPCC Sixth Assessment Report (Fox-Kemper et al., 2021). In addition to standard
scenarios, several low-likelihood high-impact (LLHI) scenarios are considered to illustrate plausible high-end
outcomes relevant for long-term adaptation planning.
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1.2.2 Updated global emissions scenarios

Since the publication of AR6 and KNMI'23, updated global emissions projections have become available (D. P.
Van Vuuren et al., 2026). These indicate that the lowest and highest CMIP6 emissions pathways (SSP1-1.9,
not used in this study, and SSP5-8.5) are currently considered less representative of the most likely future
emissions development than previously assessed. However, these updates concern emissions pathways rather
than the resulting climate projections themselves which include the uncertainty of the climate sensitivity
of the global climate model. As updated emissions pathways have not yet been incorporated into a new
generation of global climate model simulations, the KNMI'23 framework and the climate scenarios presented
in this report remain relevant for climate risk assessment and adaptation planning. High-end regional climate
changes may also arise under lower emissions pathways if climate sensitivity, carbon-cycle feedbacks, or
regional climate responses are stronger than currently assumed. Future generations of climate scenarios are
expected to incorporate updated emissions pathways (Selten et al., 2025).

1.2.3 From KNMI'23 to IPDC scenarios

The present report builds upon the KNMI'23 climate scenarios developed for Bonaire, Sint Eustatius and Saba
(Dorland et al., 2024; Wiel et al., 2024). Because of the geographical proximity and similarities in climate,
these scenarios provide the scienti�c foundation for the climate scenarios developed for Aruba, Cura�cao and
Sint Maarten. This study presents the �rst climate scenarios speci�cally developed for Aruba, Cura�cao and
Sint Maarten. Building on the KNMI'23 framework, the methodology was re�ned in close collaboration with
the meteorological departments of the three islands to ensure that the scenarios are both scienti�cally robust
and relevant for local stakeholders.

Several methodological improvements were introduced compared to the original KNMI'23 Caribbean scenar-
ios. Firstly, locally observed meteorological data were used to improve the statistical downscaling and bias
correction of the climate model output. Secondly, the seasonal de�nitions were adapted to match those used
operationally by the meteorological services of each island, rather than applying a single Caribbean-wide
de�nition. Thirdly, the selection of climate models used to construct the precipitation storylines was re�ned
to better represent local climate characteristics.

In addition, a moderate emissions scenario (SSP2-4.5) was included following requests from local stakeholders.
For many adaptation questions concerning the coming decades, stakeholders indicated that this scenario is
currently used as a practical reference. Consequently, particular attention is given to the moderate emissions
scenario when discussing results for 2050. For the end of the century, emphasis is placed on the high
emissions scenario to illustrate possible long-term climate risks. These choices re
ect stakeholder preferences
and communication needs and should not be interpreted as implying that one emissions scenario is more
likely than another.

Previous work for the Caribbean has shown that both precipitation storylines are associated with drying
relative to the present climate, di�ering primarily in the magnitude of the projected drying (Marta Brotons
et al., 2024; Dorland et al., 2024). Consequently, although the original KNMI'23 methodology distinguishes
betweenwet and dry scenarios, this report adopts the termsmild drying scenario and strong drying scenario
to better re
ect the physical interpretation of the two precipitation storylines for Aruba, Cura�cao and Sint
Maarten.

The scenarios presented in this report were developed within a collaboration between KNMI, the Meteo-
rological Department Aruba (DMA), the Meteorological Department Cura�cao (MDC), the Department of
Meteorological Services Sint Maarten (MDS), and the International Panel on Deltas and Coastal Areas
(IPDC). This collaboration ensured that local expertise, observational datasets and stakeholder requirements
were incorporated throughout the development of the scenarios.

1.3 ENSO bias and large-scale rainfall drivers

Future precipitation changes in the Caribbean are strongly in
uenced by large-scale atmosphere{ocean in-
teractions. Previous studies have shown that projected drying in the Caribbean is primarily associated with
changes in tropical circulation patterns and moisture transport (Marta Brotons et al., 2024; Dorland et al.,
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2024).

As the tropical Paci�c warms, many climate models simulate a shift towards more El Ni~no-like conditions.
The strength of this trend varies considerably among the models (Marta Brotons et al., 2024). This shift
weakens the Walker circulation and reduces moisture transport towards the Caribbean (Figure 1.2). During
the dry season, additional drying may result from changes in the position of the Intertropical Convergence
Zone (ITCZ) and stronger trade winds transporting relatively dry air into the region (Marta Brotons et al.,
2024).

Figure 1.2: Schematic representation of the Walker circulation and tropical Paci�c sea surface temperature
anomalies during El Ni~no (top) and La Ni~na (bottom). El Ni~no conditions are generally associated with
reduced convection and enhanced subsidence over the Caribbean, contributing to drier conditions in the
region. Source: KNMI/NOAA.

However, substantial uncertainty remains regarding the response of the tropical Paci�c to global warming.
Several studies have identi�ed persistent discrepancies between observed and simulated trends in the tropical
Paci�c (Seager, Henderson, et al., 2022). Recent observations have shown a tendency towards a La Ni~na-like
trend, whereas many climate models simulate an El Ni~no-like mean-state response to global warming. Some
studies attribute these di�erences to internal climate variability (Bayr et al., 2014; Plesca et al., 2018; Chung
et al., 2019; Zhao et al., 2019), while others argue that they re
ect systematic model biases (Seager, Cane,
et al., 2019; Seager, Henderson, et al., 2022).

Because Caribbean precipitation is strongly linked to these large-scale processes, uncertainties in ENSO
behaviour constitute one of the largest sources of uncertainty in future rainfall projections. This uncertainty
motivates the precipitation-based storyline approach adopted in this report. The projected summer drying
identi�ed by the IPCC for the Caribbean (Figure 1.3) is consistent with the mechanisms described by Marta
Brotons et al., 2024. A more extensive discussion of the physical mechanisms and associated uncertainties is
provided in Chapter 4.

1.4 Scope and limitations

This report focuses on projected changes in temperature, precipitation, wind speed and sea level for Aruba,
Cura�cao and Sint Maarten. In addition, a selection of climate indicators, including hot days and marine
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heatwaves, is analysed to provide further context for climate adaptation. Given the available project time
and resources, not all aspects of climate change could be addressed within the scope of this study. Important
topics such as tropical cyclones, heavy rainfall extremes, drought duration, ocean acidi�cation and climate
tipping points require dedicated methods and are therefore beyond the scope of the present study.

The climate scenarios presented in this report are intended to provide a scienti�cally robust basis for climate
adaptation and risk assessment. They should therefore be regarded as a foundation for subsequent impact
assessments rather than as a comprehensive assessment of all climate-related risks facing the islands.

1.5 Previous climate projection studies in the Caribbean

The present work builds upon a growing body of global and regional climate research concerning the
Caribbean and Small Island Developing States. The IPCC AR6 Working Group II assessment identi�es
small islands as among the regions most vulnerable to climate change because of their exposure to sea-level
rise, extreme weather, ecosystem degradation and socioeconomic constraints (IPCC, 2022).

The IPCC AR6 WG1 Regional Fact Sheet for Small Islands (IPCC, 2021b) concludes that warming has
already been observed across Small Island regions and will continue under all future emissions scenarios.
Rising temperatures are expected to increase heat stress and marine heatwaves, while sea level will continue
to rise and exacerbate coastal 
ooding, shoreline retreat and saltwater intrusion. Future changes in tropical
cyclone frequency remain uncertain, whereas the intensity of the strongest tropical cyclones is expected to
increase in a warmer climate. For the Caribbean region, the IPCC identi�es a progressive reduction in
precipitation during the summer months under higher global warming levels (Figure 1.3). The strongest
drying signal occurs during June{August, whereas projected changes in other months are generally smaller.
These large-scale �ndings provide the broader context within which the island-speci�c scenarios presented in
this report should be interpreted.

Figure 1.3: Projected monthly precipitation changes relative to 1995{2014 for the Caribbean Small Islands
(CAR) region de�ned in IPCC AR6. Each column represents one year and each row a calendar month.
Colours indicate projected precipitation anomalies relative to the reference period. The labels below the
�gure indicate the approximate global warming levels reached over time in the underlying CMIP6 simulations.
The �gure illustrates progressively stronger drying during the summer months (June{August) with increasing
global warming. Source: IPCC, 2021b.

Sea-level scenarios for the Caribbean Netherlands were previously developed by Le Bars (Le Bars, 2022) and
were subsequently incorporated into the KNMI'23 climate scenarios for Bonaire, Sint Eustatius and Saba
(Dorland et al., 2024). These scenarios demonstrated that substantial regional di�erences in sea-level rise
exist within the Caribbean and provided the methodological basis for the sea-level component of the present
study. The current report extends this approach to Aruba, Cura�cao and Sint Maarten.

The State of the Caribbean Climate report provides a comprehensive synthesis of observed trends and pro-
jected changes in temperature, rainfall and extremes across the Caribbean region (Mona, 2020). It draws on
IPCC assessments, regional studies and regional climate modelling. It highlights ongoing warming, escalat-
ing heat stress, intensi�ed droughts in certain areas, and heightened risks associated with heavy rainfall and
tropical cyclones. Providing an important regional context for understanding future climate risks, the report
recognises substantial sub-regional and island-scale analysis.

Additional regional studies (Van Meerbeeck, 2020; Campbell et al., 2011; Michael A Taylor et al., 2013;
Michael A. Taylor et al., 2018) consistently indicate continued warming and changes in precipitation across
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the Caribbean. These studies provide an important regional context for the present work, but generally focus
on larger spatial scales and therefore cannot fully represent island-speci�c climate processes.

For Cura�cao, earlier assessments of climate change and its potential impacts were prepared by the Meteoro-
logical Department Cura�cao (MDC) (Meteorological Department Cura�cao, 2024). These assessments already
highlighted continued warming, increasing heat stress and changes in precipitation patterns for the island.
The present study builds upon these earlier e�orts by applying the KNMI'23 framework and extending the
analysis to Aruba and Sint Maarten.

Although previous studies provide important information on regional climate change, most analyses focus
on the wider Caribbean and therefore cannot fully represent island-scale climate processes. Processes such
as the Southern Caribbean Upwelling System, the Caribbean Low-Level Jet and local topography in
uence
climate conditions di�erently on each island. The present study complements previous work by combining
the KNMI'23 scenario framework with local observations and stakeholder input. This approach enables
the development of island-speci�c climate scenarios for Aruba, Cura�cao and Sint Maarten while remaining
consistent with the large-scale signals identi�ed in earlier Caribbean studies.

1.6 Structure of the report

This report presents the technical background of the IPDC climate scenario project for Aruba, Cura�cao
and Sint Maarten. In addition to this technical report, separate public reports have been prepared for each
island in English and Dutch, with Papiamentu translations available for Aruba and Cura�cao. These reports
communicate the climate scenarios and their implications to a broader audience and are available through
the KNMI website. 1

This technical report consists of two main parts. Chapter 2 describes the methodology, observations and
results for the atmospheric variables temperature, precipitation and wind speed. Chapter 3 presents the
methodology, observations and scenarios for sea level. The report concludes with a discussion of the main
�ndings, uncertainties, implications for adaptation and recommendations for future research. Additional
�gures and the validation of observational datasets are provided in the appendices.

1Public reports: Aruba ( https://cdn.knmi.nl/system/data_center_publications/files/000/072/380/original/KNMI_
Climate_Scenarios_Aruba_25-06.pdf ), Cura�cao ( https://cdn.knmi.nl/system/data_center_publications/files/000/072/
381/original/KNMI_Climate_Scenarios_Curacao_25-07.pdf ) and Sint Maarten ( https://cdn.knmi.nl/system/data_center_
publications/files/000/072/382/original/KNMI_Climate_Scenarios_Sint_Maarten_25-08.pdf ).
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Chapter 2

Atmospheric climate scenarios

This chapter presents the climate scenarios for three key atmospheric variables: temperature, precipitation
and wind speed. The �rst section outlines the methodology used to construct these climate scenarios. The
subsequent section presents the results per variable, allowing inter-island comparisons.

2.1 Methodology for atmospheric climate scenarios

The methodology builds upon that used for the climate scenarios for Bonaire, Saba, and Sint Eustatius
(Dorland et al., 2024), and the climate scenarios for Suriname (Koole et al., 2024) is used. An extensive
description of this methodology can be found in Dorland et al., 2024 section 9.4.2. The methodology applied
for the Caribbean scenarios builds upon the methodology used by KNMI for the scenarios of the Netherlands
(Dorland et al., 2024 and Wiel et al., 2024). The methodology consists of �ve main steps:

1. Selection of socioeconomic scenarios (SSPs) and corresponding global warming levels.
Global warming levels are derived for the selected SSPs (SSP1-2.6, SSP2-4.5 and SSP5-8.5) and the
IPCC AR6 assessed range of future global warming.

2. Matched warming method.
The selection of 30-year climate model periods is based on their global warming level, with the ob-
jective of ensuring that the regional projections correspond to the selected level of global warming, as
determined in step 1.

3. De�nition of model groups.
To represent uncertainty in future precipitation changes, climate models are grouped according to the
magnitude of their projected drying response. This results in two physically consistent precipitation
storylines: a mild and a strong drying scenario.

4. Statistical downscaling and bias correction.
Observational data is used to bias correct the model outputs ensuring a more precise alignment with
the local climates of Aruba, Cura�cao, and Sint Maarten.

5. Calculation of projected changes.
The long-term change in temperature, precipitation and wind speed are determined for each storyline
scenario for the years 2050 and 2100 compared to the 1991{2020 reference period.

2.1.1 Selection of socioeconomic scenarios (SSPs) and corresponding global
warming levels

The climate scenarios are based on global socioeconomic development scenarios, also known as Shared Socioe-
conomic Pathways (SSPs). Following KNMI'23, three emissions scenarios are considered: a low emissions
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scenario (SSP1-2.6), a moderate emissions scenario (SSP2-4.5), and a high emissions scenario (SSP5-8.5).
To assess the projected local climate response for the islands, output from the sixth phase of the Coupled
Model Intercomparison Project (CMIP6) is used. CMIP6 is an international multi-model initiative aimed at
improving our understanding of the global climate response to anthropogenic forcing (Brian C O'Neill et al.,
2016).

To ensure consistency with the IPCC AR6 assessed range of future global warming, the emissions scenario's
time horizons are translated into corresponding Global Surface Air Temperature (GSAT) warming levels.
These warming levels are subsequently used to evaluate the projected regional climate response in the CMIP6
models. This approach also reduces the in
uence of di�erences in climate sensitivity among models. The
IPCC AR6 report provides an assessed range of GSAT change for di�erent emissions scenarios and future
time horizons relative to 1996{2015, thereby accounting for uncertainty in the global climate response to
greenhouse gas forcing. The KNMI'23 global warming levels, based on the median of these assessed ranges,
are given in Table 2.1. For a more detailed discussion of the selected warming levels, the reader is referred to
Section 2.1.1 of Dorland et al., 2024. Climate sensitivity describes the amount of global warming associated
with a doubling of atmospheric CO2 concentrations. Because climate models di�er in their climate sensitivity,
individual models reach the same level of global warming at di�erent times for the same emissions scenario.
This e�ect is accounted for in the matched warming approach described in the next section.

Time horizons
Emissions scenario Scenario name 2050 2100
SSP1-2.6 low (L) 0.9 (0.5-1.3) 0.8 (0.4-1.5)
SSP2-4.5 moderate (M) 1.1 (0.8-1.6) 1.9 (1.3-2.9)
SSP5-8.5 high (H) 1.5 (1.0-2.0) 4.0 (2.8-5.6)

Table 2.1: KNMI'23 global warming levels, based on the median value of the IPCC `assessed range' of Global
Surface Air Temperature change (� GSAT) relative to 1996{2015 [ � C], for di�erent emissions scenarios at the
KNMI'23 time horizons. Values in parentheses indicate the 90 % con�dence interval (5th{95th percentile).
Table derived from the KNMI'23 climate scenarios (Dorland et al., 2024)

2.1.2 Matched warming method

A set of simulations from 29 CMIP6 models is used to assess the projected local climate response. The
models are selected based on the availability of near-surface air temperature (tas), precipitation (pr), and
near-surface zonal and meridional wind components (uas and vas) for the historical period and the period
2015{2115 for the three selected emissions scenarios described in Section 2.1.1. Following KNMI'23, no
quality-based model selection was applied. Individual CMIP6 models di�er in their climate sensitivity and
therefore reach the same level of global warming at di�erent times. The matched warming approach accounts
for these di�erences by comparing model output at the same level of global warming rather than at the same
future year. This reduces the in
uence of di�erences in climate sensitivity among models.

For each model, the 30-year period corresponding to the desired global warming level is selected from the
high emissions scenario (Table 2.1). Using the high emissions scenario ensures that all target warming levels
are reached within the simulation period. This procedure is referred to astime sampling (James et al.,
2017; Hausfather et al., 2022). For models that do not exactly reach the target warming level, the projected
regional climate response is linearly scaled to the desired �GSAT value. This procedure is referred to as
pattern scaling (James et al., 2017). Together, time sampling and pattern scaling constitute the matched
warming approach. By analysing climate change at a given level of global warming, rather than at a �xed
point in time, the matched warming method provides a more robust estimate of regional climate change
and reduces the in
uence of di�erences in climate sensitivity among models. Further details on the matched
warming method are provided in Section 2.1.2 of Dorland et al., 2024.

2.1.3 Two storyline scenarios to capture the spread in future precipitation

The matched warming method reduces the in
uence of di�erences in global climate sensitivity among CMIP6
models. The remaining uncertainty arises from internal variability and uncertainty in the regional climate
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response. The storyline approach adopted in this study builds on the analysis of Marta Brotons et al.,
2024, who showed that uncertainty in future Caribbean precipitation projections is primarily associated with
di�erences in the simulated circulation response.

Figures 2.1 (Aruba and Cura�cao) and 2.2 (Sint Maarten), which will be discussed in detail below, show
that the spread in projected precipitation responses across the CMIP6 ensemble is substantial. The upper
panels show projected precipitation changes. The wide range of individual model projections (black dots)
demonstrates that while some models project little change in precipitation, others project decreases exceeding
60 % by the end of the century. A similarly large spread in projected Caribbean precipitation changes is shown
in Figure 1 of Marta Brotons et al., 2024, indicating that this uncertainty is a robust feature of the CMIP6
ensemble. This large spread motivates the use of a storyline approach (Shepherd et al., 2020).

Figure 2.1: Box plots showing the spread in projected changes in precipitation (upper panel) and tem-
perature (lower panel) for the dry season (February{May), transition season (June{August), wet season
(September{December), and annual mean for Aruba and Cura�cao for target year 2100 under the high emis-
sions scenario. Results are shown for the strong drying scenario (red), the mild drying scenario (blue), and
the complete ensemble (white). The central line in each box represents the median change, the box edges in-
dicate the interquartile range (25th{75th percentile), and the whiskers represent the 5th and 95th percentiles.
Individual models are shown as black dots, while the ensemble mean is indicated by a white circle.
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