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Case study: dengue in Cali, Colombia Supercomputing
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Colombian municipalities (Cali highlighted) (‘
Reported dengue cases 2006-2020 )

Monthly dengue cases in Cali, CO
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Climate variables - observations @ e
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Temperature and precipitation for Cali, Colombia
from the Multi-Source Weather (MSWX) bias-corrected meteorological product.
Observed data source
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El-Nifio Southern Oscillation (ENSO) effect @m

tasmin

El Nino-Southern Oscillation - Temperature - dengue cases

Oceanic Nifio Index (ONI) vs. mean minimum temperature Oceanic Nifio Index (ONI) vs. dengue cases

ONI vs. observed minimum temperature ONI vs. observed dengue cases
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Exposure-response relationship for dengue @"’mm

f@@) Exposure-response relationship: temperature + precipitation ~ dengue cases
\/ Bayesian hierarchical model assuming dengue cases follow a negative binomial distribution

Y| M, K~ NegBin(y,, K)

population offset

climate variables
seasonal effect

interannual effect

t = temporal index
tasmin = minimum temperature
(3-month rolling mean at 1-month lag)

pr = precipitation

w_/ \ v J \ A4 / (6-month rolling mean at 3-month lag)
a(t) = annual index
dengue climate temporal random m(t) = month index

incidence rate covariates effects
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Exposure-response relationship for dengue @”mm

f@@) Exposure-response relationship: temperature + precipitation ~ dengue cases
\/ Bayesian hierarchical model assuming dengue cases follow a negative binomial distribution

Y| M, K~ NegBin(y,, K)

population offset

climate variables

seasonal effect

Weather patterns
interannual effect Population immunity

Transmission-altering

events (e.g. world cup)

t = temporal index
tasmin = minimum temperature
(3-month rolling mean at 1-month lag)

pr = precipitation

w_/ \ v J \ A4 / (6-month rolling mean at 3-month lag)
a(t) = annual index
dengue climate temporal random m(t) = month index

incidence rate covariates effects



Exposure-response relationship for dengue @ Supercomputing

Centro Nacional de Supercomputacion

Monthly Random Effect Yearly Random Effect

254

0.2 4
0'0"""';*"""1*'#— _________ +'+"+"'

S o
S 8 Model
D 00— r—— —— i ~J1--11-| D251 4
8 5 + —e— random effect only
D
= =
L i —e— selected
-5.04
-0.24
-7.51
2 ' 8 5 B -
= -
2 & g _ o s & ® &8 3% g 5 8 2 2 £ @ 2 ¥ ® @ & 8 3 §
S [} = =z 2 > =] € Q [ [S S © © © © 9 © ©o o © ©o ©o ©o o o
2 = s g g = S = 1] fe] © o d &8 & & § ¥ & &8 & & ¥ & & «©«© «
- o > o
s @ = = e (qj?- o S g Year



Centro Nacional de Supercomputacion

Exposure-response relationship for dengue @ Supercomputing

ONI vs. observed dengue cases
9 Yearly Random Effect
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Climate variables - factual and counterfactual @”mm

Temperature and precipitation for Cali, Colombia
from 7 CMIP6 climate models using both the historical and natural-only forcing experiments.
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Climate variables - precipitation

Counterfactual climate

Observed climate Factual climate
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Climate variables - precipitation Supercomputing
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Precipitation by scenario
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Climate variables - minimum temperature S
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Observed climate Factual climate Counterfactual climate
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Climate variables - minimum temperature @m

Centro Nacional de Supercomputacion

Minimum temperature by scenario
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Climate variables - minimum temperature

Minimum temperature by scenario and climate model
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Minimum temperature: factual climate models vs. observations
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Predict dengue cases using factual and counterfactual simulated timeseries

Dengue cases: predicted vs. observed (in black)
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Approach 1: Results

Predict dengue cases using factual and counterfactual simulated timeseries
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Approach 1: Limitations

The CMIP6 temperature
outputs do not follow the
observed ENSO-driven
temperature pattern that
drives dengue in Cali,
Colombia.

The interannual effect in
dengue model “forces" the
ENSO-driven pattern into the
dengue prediction output,
even when the temperature
timeseries do not follow that
pattern.

Monthly minlmum temperature

Yearly Random Effect
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Predict dengue cases using a synthetic counterfactual scenario obtained by de-trending the
temperature observations with the difference between the factual and counterfactual simulated
timeseries.

Minimum temperature by scenario and climate model
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Predict dengue cases using a synthetic counterfactual scenario obtained by de-trending the
temperature observations with the difference between the factual and counterfactual simulated
timeseries.

Counterfactual minimum temperature vs. observed minimum temperature
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Predict dengue cases using a synthetic counterfactual scenario obtained by de-trending the
temperature observations with the difference between the factual and counterfactual simulated

timeseries. " G
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Approach 2: Limitations

- Taking an average of the attributed temperature removes internal
variability in the attributed temperature.

Minimum temperature by scenario and climate model
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Dengue case attribution: Conclusions

Interannual ENSO-driven disease dynamics -
Disease presents in distinct outbreaks -
Counterfactuals that preserve internal variability are important.

Possible counterfactual sources:

CE = contribution of climate change CT = contribution of climate change

- ATTRI C | to impact event magnitude to trend in impact
- AMIP . Y e e - factual simulation
- Atmospheric nudging - ‘ |

LTl ) observations
- e o o o CT

Possible methodologies:

- Time-independence

- Trend-preserving bias
correction time

_ 999 Source: Mengel et al. (2021)
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