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Data: Copernicus (Climate Data Store & Land Monitoring Service), Census Grid, Eurostat, ARDECO,IOM/OCHA, Sentinel-2. Software: ArcGIS Pro (primary),

Goal

| 18 map outputs acrosstwo contexts: slow-onset migration in urban
Europe (2015-2024) and rapid-onset displacement in southern Malawi

after Cyclone Freddy (2023).

Methodsand Workflow

QGIS, Canva, GitHub, Google Forms.

Wurman dots

One visual vocabulary within each case,with a deliberate register shift between the Europe and Malawi suites so, one guided story, two distinct phenomena.

Cartographic approach: The platform applies more than ten cartographic and chart-based techniques across 18 maps: Wurman dots for population, a
bivariate hexagon grid for climate stress, a ten-year choropleth series and a country typology for migration, and a flow map and susceptibility matrix for Malawi.

Hexagon climate-stress grid

Each map also carries a matched chart.

Design system: One shared vocabulary of colour, typography, and layout holds each case together, while a deliberate register shift between the calm Europe

Bivariate dot-density

Choropleth typology Flow map

suite and the warmer Malawi suite marks slow-onset and rapid-onset displacement as different phenomena.

Quality assurance: Six validation checks were run across the two cases; three confirmed the outputs and three caught processing errors that were corrected.

03 Results
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EUROPE: SLOW-ONSET MIGRATION (2015-2024)

Bivariate susceptibility

One website-based storytelling platform, sequenced and annotated
for urban planners and policy makers.

Design a storytelling platform of maps and data visualisationspresenting climate-driven migration trends, using Copernicus and related data sources.

Copemms eurostat@ @ |0OM

UN MIGRATION

Examine,descriptively, whether climate stressaligns spatially and
temporally with migration without asserting causation.

= Q,

Data Acquisition

(Copernicus/ERAS, Eurostat/ARDECO, IOM

DTM, OCHA/HDX boundaries and population

rasters, Sentinel-2/Planet imagery)

Processing in ArcGIS Pro Expert Review/Validation

» »

Tessellation, zonal statistics,

bivariate/graduated symbology (per case) 6 checks, 3 corrections

User Testing

Google Forms questionnaire, 5-6

‘Web Publishing

' ' Cartographic Design System

Website (HTML/CSS) Shared colour, typography, and layout rules

participants

Final Outputs

18 Thematic Maps - Website Platform - A2
Poster - Diploma Thesis

HTML CSS
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ColorBrewer

X

Outgoing migration does not rise in the sameyear asthe 2018 or 2022 drought shocks. A delayedrise appearsonly in 2019-2021(German urban regions), but this overlaps with COVID-19 and cannot be attributed to climate stress with
confidence. The country typology shows the severe-stress regions in Spainand, by 2022, Franceremain immigration destinations even as their climate worsens.

NDVI vs. Temperature Anomaly,
Summer 2018

NDVI (Normalized Difference
Vegetation Index) measures
vegetation health via satellite;
higher values indicate denser,
healthier canopy. Temperature

anomaly is each cell's June—

Temperature Anamaly (°C)

August 2018 mean temperature
minus its 2015-2025 baseline
average, in °C — positive means
hotter than average. Hexagons
are classified as high or low on

each variable, per the diamond
legend. High temperature with

low NDVI signals acute
ecological stress (heat with
vegetation decline); high
B High Temperatun temperature with high NDVI
v com means the area stayed
vegetated despite heat and
should not be read as drought

stress.
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MALAWI: RAPID-ONSET DISPLACEMENT (2023)

NDVI vs. Temperature Anomaly,
Summer 2022

NDVI (Normalized Difference
Vegetation Index) measures
—R2 =003 vegetation health via satellite;
higher values indicate denser,

healthier canopy. Temperature

Temperature Anomaly (°C)

anomaly is each cell's June-August
2022 mean temperature minus its
2015-2025 baseline average, in °C
— positive means hotter than
average. Hexagons are classified
as high or low on each variable,
per the diamond legend. High

LOW Temperature
/ HIGH NDVE

temperature with low NDVI signals
acute ecological stress (heat with
vegetation decline); high
temperature with high NDVI

HIGH Temperature means the area stayed vegetated

 HIGH NDVI

despite heat and should not be
read as drought stress.
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Geovisual Storytelling of Climate-Induced Migration 0
Patterns in Urban Environments
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2022, combining climatic

condition (1 = very friendly to 9
= very harsh, from temperature

anomaly and NDVI), emigration,
and immigration (ARDECO gross
rates per 1,000 people). Th

resulting code places each
region into a named type, from
healthy low-stress baselines to
the worst-case combination
shown in the legend
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Geovisual Storytelling of Climate-Induced Migration Patterns in
Urban Eincironments

Displacement origins concentrate in the flood-prone districts struck by Cyclone Freddy; destinations cluster tightly around Blantyre, the city acting as a pull factor within a single acute event. Demographic pressure and landslide risk co-
occur almost exclusively in Blantyre's informal hillside wards.

Population Density Change vs. Distance to

Southern Malawi ;

This map shows the intersection of population density change and
landslide exposure across sub-district (Admin 3) boundaries in the
southern Malawi, using hand-drawn polygons to isolate the cyclone's
direct impact zones, Population density change is the difference in
population density between 2020 and 2025, derived from the OCHA
population density raster; positive values indicate density growth in

a district, negative values indicate decline. Landslide exposure is
measured as proximity to known landslide-susceptible terrain,
calculated via Euclidean distance; higher values indicate closer
proximity to hazard-prone slopes, Each district is classified into one
of the categories shown in the diamond legend, combining its
density-change level with its landslide-exposure level. Districts
combining high density change with high landslide exposure
represent concentrated demographic pressure in hazard-prone
terrain — potential priority areas for resilient rebuilding.
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Displaced Persons per Location

This map visualizes origin-to-destination displacement pathways following Tropical
Cyclone Freddy (March 2023), based on the International Organization for Migration's
Displacement Tracking Matrix (Round 1), which recorded 190,683 displaced people
moving from 21 origin locationsto 153 camps and collective sitesacross southern Malawi.
Red points mark origin locations, graduated point symbols are sized by the number of
displaced personsateach location, and linewidthisscaled toeach flow's volume. Because
these figures reflect site-based tracking of monitored camps, they are lower than
nationwide displacement estimates. Origins concentrate in the flood-prone districts
struckdirectly by thecyclone, while destinations cluster around Blantyre—the city acting
astheregion'sstrongestreception pointevenwithinasingleacuteevent.
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Central result : Urbanexposure to climate-induced migration is not one phenomenonbut at leasttwo, depending on whether the city sits downstream of, or directly within, the climate event's footprint.

04 Contribution of the Work

Thisthesis contributes a sub-national, dual-pace (slow-onset vs.rapid-onset) geovisualstorytelling platform, built from more than ten complementary ArcGIS Pro cartographic techniques, that shows where climate stress and migration
patterns do and do not align for planning and policy audiences,without claiming a causalrelationship. Threethings distinguish it: it is a storytelling platform, not a dashboard (unlike IOM's Climate Mobility Dashboard);it is visualization-heavy
(10+ techniques in one platform); and it compares one storytelling approachacrosstwo structurally different displacement contexts.
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