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Research Questions

 Which areas in West Africa are most sensitive
to changes in malaria transmission due to
climate change?

* What changes do we expect to see in these
areas?



RELATIONSHIP BETWEEN CLIMATE
AND MALARIA



Anopheles mosquito ecology
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ito ecology
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Measure of climate suitability: Vectorial
Capacity
e Vectorial Capacity: Number of inoculations
from a single infected person per day

m: mosquitoes per human

a: bites per mosquito per day

p: probability mosquito survives one day

n: extrinsic incubation period

1/-In(p): average number of days until mosquito dies

p and n depend on temperature
m and a depend on temperature and rainfall



Change in Prevalence due to Climate
change

0PR aPR VC

aclimate 8VC oclimate

PR: Prevalence - Proportion of infected individuals in the population



RELATING VECTORIAL CAPACITY TO
MALARIA PREVALENCE



Malaria Prevalence in West Africa
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Relationships between PR, EIR, VC

* Entomological
Inoculation Rate (EIR):
Infectious bites per
person per year
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Smith et al. (2007). PLoS Biology



Relationships between PR, EIR, VC
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EIR: Infectious bites per person per year
S=a/-In(p): bites per mosquito lifetime

a: bites per mosquito per day

p: probability mosquito survives one day

b: mosquito to human transmission efficiency
¢: human to mosquito transmission
efficiency

a: accounts for heterogeneity in human
biting rate



Vectorial Capacity and Prevalence

For effects of climate
change, most interested
in relationship between
VC and prevalence
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Estimated Vectorial Capacity




Derivative of Prevalence w.r.t. VC

 Numerically
differentiate

A
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Derivative of Prevalence w.r.t. VC
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Sensitivity to Vectorial Capacity
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CHANGE IN VECTORIAL CAPACITY
DUE TO CLIMATE CHANGE



Simulating Vectorial Capacity
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Simulating Vectorial Capacity




HYDREMATS: Hydrology Entomology &
Malaria Transmission Simulator

Overland flow model will pool water and

simulate pool losses to infiltration/evaporation

Bomblies et al. Water Resources Research, 2008



Climate Projections
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Percent change in simulated VC
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Change in Prevalence assuming
wettest future climate
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Conclusions

 Malaria prevalence is most sensitive to
changes in vectorial capacity in areas along
the northern boundary of current malaria
areas, where transmission is currently low

 The areas where we expect to see the
greatest increases in VC are not necessarily
the areas where prevalence is most sensitive
to changes in VC
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EXTRA SLIDES
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Figure 11.2. Temperature and precipitation changes over Africa from the MMD-A1B simulations. Top row: Annual mean, DJF and JJA temperature change between 1980
to 1999 and 2080 to 2099, averaged over 21 models. Middle row: same as top, but for fractional change in precipitation. Bottom row: number of models out of 21 that project
increases in precipitation.
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Range of predicted changes in rainfall

NCAR - GFDL/NOAA

NCAR - GFDL/NOAA
ECHAM +

HOPEG - GFDL/NOAA
ECHAM +
HOPEG - GFDL/NOAA
University of
Tokyo — MIROC
NASA/GISS E-H - med-res




