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Roadmap

1. Motivation: why climate—conflict polycrises matter for labor markets.

N

Dataset construction: why harmonization and strict spatial matching are
necessary.

Why machine learning: what classical fixed-effects models cannot show.
Structured spatial-temporal neural network: what the architecture adds.

Results: validation loss, spatial activation layers, and spillovers.
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Policy implications.
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Motivation: climate and conflict do not occur in isolation

» Our starting point is that climate shocks and violent conflict increasingly overlap
in low- and middle-income countries.

» The key question is not only whether climate shocks reduce labor intensity, but
whether the reduction is stronger when climate shocks occur in areas already
exposed to conflict.

» This is a polycrisis question: the combined effect may exceed the sum of two
separate crises.

» Labor intensity is a particularly relevant outcome because work hours capture
short-run economic adjustment, coping, and disruption in both farm and non-farm
activities.

Core reference: Stojetz et al. (2025); Lawrence et al. (2022, 2024); Vesco et al. (2025).
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Why labor intensity?

» Weekly hours worked respond quickly to

shocks. Central empirical idea

Climate shocks may have different
labor-market effects depending on
whether individuals live in a

» Agricultural work is directly exposed to
heat, floods, droughts, and insecurity.

» Non-agricultural work captures conflict-affected local environment,
alternative adjustment margins, market especially when conflict occurred
access, mobility, and urban or local before the climate event.

economic structure.

» Gender and age matter because coping
capacity and labor allocation are
unequal across individuals.
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From a local shock to a regional polycrisis

» The first study estimates the average interaction between climate events and
conflict exposure using individual-level labor data.

» However, climate anomalies and conflict dynamics are not confined to
administrative borders.

» Neighboring districts may share agroecological systems, labor markets, roads,
ethnic or pastoral corridors, and insecurity dynamics.

» This creates a second question: do local climate—conflict interactions
propagate spatially and temporally?
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Research design in one slide

Data Exposure measures
» Harmonized labor force and » Climate events: heat waves, floods,
household survey data. droughts.
» 21 African countries. » Conflict events: ACLED-based
indicators.

» Individual-level weekly hours worked.

» Exposure windows: climate events in
the six months before the interview;
conflict over 12 months and split
into 0-6 and 6—12 months.

» Agricultural and non-agricultural
labor outcomes.
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Countries and data coverage

» Our study covers Botswana, Burkina Faso, Cameroon, Democratic Republic of
Congo, Ethiopia, Gambia, Ghana, Kenya, Liberia, Madagascar, Malawi, Mali,
Mauritania, Nigeria, Rwanda, Senegal, Sierra Leone, Tanzania, Tunisia, Uganda,
and Zimbabwe.

» Most surveys were collected between 2013 and 2019, with a small number of
earlier survey years.

» The spatial matching is performed at the lowest available administrative division
provided by the survey, which may be a region, district, or village depending on
the country.

Implication for the extension

The spatial unit is not homogeneous across countries. This makes the construction of
a consistent spatial dataset a substantive methodological step, not just a technical

operation.
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Baseline econometric model in the original study

Yiet = B1Climatec+PoConflict i+ P3(Climateq x Conflict )+ BaXiet +1q+ 0t +Eiet

» Y. is log weekly hours worked by individual ¢ in location ¢ at time ¢.
» Climate. captures recent exposure to extreme climate events.
» Conflicte captures recent local exposure to at least one conflict event.

» The interaction coefficient 83 tests whether climate effects differ across conflict
and non-conflict environments.

» Country and year fixed effects absorb broad cross-country and time differences.
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What the original fixed-effects model gives us

Strengths

» interpretable coefficients;
» clear interaction term;

» controls for country and year
effects;

> transparent sequencing of conflict
exposure.

Limitations for our question
» average marginal effects dominate;

» spatial spillovers are not directly
modeled;

» nonlinear spatial patterns may be
missed;

» prior exposure and spatial diffusion
may be confounded if only local
variables are used.
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Why move to machine learning?

Not because fixed effects are wrong

The fixed-effects model answers the causal and average-interaction question in a
transparent way.

But because we ask a different question

We want to know whether climate—conflict labor disruptions are spatially connected,
whether they form corridors, and whether temporal exposure changes the spatial
pattern.
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The problem with standard spatial econometrics in this setting

» Classical SAR or dynamic spatial panel models usually require the dependent
variable to be defined at the same level as the spatial weights matrix.

» In this paper, the outcome is individual labor intensity, while spatial interaction is
defined over locations or districts.

» Aggregating individual outcomes to locations would remove within-location
heterogeneity in gender, age, sector, and household characteristics.

» It could also change the distribution of labor hours and weaken the link with the
original micro-level research question.

Our solution

We keep the outcome at the micro level and attach spatially engineered features to
each observation.
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What we borrow from spatial econometrics

» Spatial econometrics separates contemporaneous spatial dependence, temporal
persistence, and space—time diffusion.

» Dynamic spatial panels distinguish between what happens around a unit now,
what happened to the same unit in the past, and what happened around the unit
in the past.

» This separation is useful because otherwise spatial components may absorb
temporal persistence or accumulated vulnerability.

X; WX, Xii WX, 1
~— —— —— ———
micro covariates contemporaneous spatial context own temporal memory delayed spatial diffusion
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What we borrow from machine learning

» Neural networks can approximate nonlinear relationships that are difficult to
impose parametrically.

» They can allow spatial effects to vary across regions rather than forcing a single
homogeneous spillover coefficient.

» They can learn thresholds, interactions, and heterogeneous spatial patterns.

» They can be evaluated out of sample using spatial block cross-validation, which
tests whether the model generalizes to unseen areas.

The main contribution

We impose an econometric lag structure inside a flexible predictive architecture, rather
than using an unstructured black-box neural network.
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The structured multi-branch architecture

[ Micro covariates ] [ Spatial lags } [Temporal + ST Iags}
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/
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Polycrisis in Agrifood Systems | SITES-AICC Conference 2026

14/31



Why this is not a generic neural network

» A generic neural network would feed all variables together and let the model learn
arbitrary correlations.

» Here, inputs are organized according to the logic of dynamic spatial panel models.

» The model is flexible only after the spatial and temporal channels are separately
represented.

» This helps interpret whether the signal comes mainly from current neighboring
conditions, past exposure, or delayed spatial diffusion.

Diagnostic advantage

If the spatial activation map changes after temporal information is introduced, this
suggests that part of the apparent spatial dependence was actually accumulated
temporal vulnerability.
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Premises for spatial analysis

Spatial distribution of conflict and climate events
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What we graphically see

» Conflict exposure is spatially clustered, especially in parts of West Africa, the
Sahel, and East/Central Africa.

» Climate events display a different geography, with strong concentrations in East
Africa, parts of Southern Africa, Madagascar, and selected West African areas.

» The two maps do not perfectly overlap, which is important: the empirical problem
is about where and when exposures interact, not simply where both are high.

» These maps justify a spatial extension because both conflict and climate exposure
have visible regional structure.

The spatial analysis starts from the observation that climate and conflict exposures are
geographically patterned but not identical.
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Spatial neural network with spatial layer

» The first machine learning specification adds spatially structured information to
the individual-level prediction problem.

» It asks whether neighboring exposure and neighboring labor-market conditions
help explain labor intensity beyond local covariates.

» This is the spatial-only extension: it captures contemporaneous spatial
dependence but does not yet separate persistence over time.

Interpretation

If the spatial layer matters, the labor response to climate—conflict conditions is not only
local. It is embedded in wider regional systems.
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Spatial neural network with spatial layer — spatial activation
The activation layer shows where the spatial branch is most informative for prediction

Hours worked in agriculture Hours worked outside agriculture

‘Spatial ANN
Activation
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What the spatial activation layer tells us

» For agricultural work, spatial activation is strong across West African and
Sahelian corridors.

» This pattern is consistent with regional agricultural systems and climate-sensitive
livelihoods that cross administrative borders.

» For non-agricultural work, activation is more concentrated in selected areas,
suggesting a more localized and less ecologically continuous process.

» The maps should be read as diagnostic surfaces, not as causal treatment effects.

Economic interpretation

The spatial layer highlights where neighboring conditions carry additional information
for explaining labor intensity.
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Spatial neural network with spatial layer — spillovers

Spillover magnitude summarizes how strongly spatially connected features propagate

across locations

Hours worked in agriculture
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Results: spatial spillovers

» Agricultural spillovers form visible corridors across West Africa and the Sahel.

» This supports the idea that climate—conflict labor disruptions can travel through
spatially connected agrifood systems.

» Non-agricultural spillovers appear more localized and less corridor-like.

» This contrast suggests that agricultural labor is more strongly tied to ecological
and regional spatial continuity, while non-agricultural labor is more tied to local
markets and settlement structures.

Polycrisis in Agrifood Systems | SITES-AICC Conference 2026 22/31



Should we add a temporal layer?

» Our original paper shows that prior conflict exposure, especially 6-12 months
before the survey, is central to the climate—conflict interaction.

» A purely spatial model may incorrectly attribute persistent exposure histories to
spatial spillovers.

» Adding a temporal layer helps distinguish current spatial connectedness from
accumulated vulnerability.

» This follows the logic of dynamic spatial panel models, where contemporaneous
spatial dependence and lagged dependence are not the same object.

Main diagnostic question

Does the spatial pattern remain after the model explicitly accounts for past exposure
and space—time memory?
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Spatial-temporal neural network: what changes?

Spatial-only model Spatial-temporal model
» uses contemporaneous spatial » adds lagged exposure and memory;
context; » separates current spatial signal from
» identifies where neighboring features prior vulnerability;
matter now;

» allows delayed spatial diffusion to
» may absorb unmodeled temporal enter the prediction.
persistence.

Contribution

The model embeds an econometric lag decomposition into a neural architecture while
preserving micro-level observations.
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Spatial-temporal neural network — spatial activation layer
Activation after controlling for temporal exposure and space—time memory

Hours worked in agriculture Hours worked outside agriculture
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Reading spatial activation with temporal memory

» Once temporal exposure is added, the activation map changes substantially.

» For agriculture, the spatial signal becomes more interpretable as a combination of
geographic clustering and accumulated exposure.

» For non-agriculture, strong activation appears in parts of East and Southern
Africa and Madagascar, suggesting different spatial mechanisms than those
observed in agriculture.

» The comparison with the spatial-only model helps diagnose whether an apparent
spatial hotspot is actually contemporaneous or partly historical.
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Spatial-temporal neural network — spillovers
Spillovers after separating current spatial structure from temporal persistence
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Results: space—time spillovers

» The spatial-temporal spillover maps show that regional propagation is not
identical across sectors.

» Agricultural spillovers remain closely linked to broad vulnerability corridors,
especially across Sahelian and West African areas.

» Non-agricultural spillovers appear stronger in parts of East and Southern Africa
and Madagascar, suggesting a different geography of labor-market adjustment.

» This supports the conclusion that the polycrisis is spatially and temporally
structured, rather than only locally additive.
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Policy implications

» The spatial machine learning extension suggests that climate—conflict effects may
form regional corridors rather than isolated local hotspots.

» Agricultural labor disruptions appear especially spatially connected across Sahelian
and West African areas.

» Interventions limited to individual districts may miss cross-border or
neighboring-district dynamics.

» Regional coordination becomes important for early warning, livelihood protection,
and agrifood-system resilience.

Polycrisis in Agrifood Systems | SITES-AICC Conference 2026 29/31



Main takeaways

1. Prior conflict exposure is central: the climate shock is more damaging when it
strikes already conflict-affected environments.

2. The machine learning extension is motivated by a spatial question: whether
compounded effects cluster, diffuse, and persist across space and time.

3. The structured neural network is not a black box; it mirrors dynamic spatial panel
decomposition through separate spatial, temporal, and space—time channels.

4. Policy responses should combine climate adaptation, conflict sensitivity, regional
coordination, and demographic targeting.
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Thank you

tulia.gattone@unimercatorum.it
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