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1 Summary of project objectives

The projects examines the scope for operational seasonal forecasting of health risks in
developing countries, with the primary interest concerning the prediction of malaria
transmission and develop products that may be useful for the end-user he (bias
corrected) monthly EPS and SYSTEM4 seasonal forecast system to the ICTP
dynamical malaria model VECTRI. The precipitation and temperature forecasts then
lead to forecasts of malaria transmission intensity, prevalence rates and eventually also
actually hospital case data. The project will set up the pilot system, examine the skill
in the target countries using hindcast datasets, analyze if improvements can be made
including non-climatic factors, and finally, but most importantly, work directly with the
ministry of health in the target countries to develop and hone end-user products that
are directly useful to stakeholders and decision makers.

2  Summary of problems encountered

None

3 Summary of results of the current year
(July-June)

3a Migration model

In order to improve the forecasting system, a better treatment of popoulation mobility
was deemed necessary. Thus an agent based agent-based migration model was
developed, based on a gravity model adapted to represent overnight journeys.

Each agent makes journeys involving overnight stays to either regular or random
locations, with journey and destination probabilities taken from a mobile phone dataset
statistics of journeys involving overnight stays in Senegal.

Preliminary results of the agent based model in terms of the number of individuals
arriving in a location per square km per day are shown for Senegal, with categories
divided into 10% percentiles (Fig. . These results are published in [Tompkins and
McCreesh| (2016]). The model predicts the highest journey flux to/from Dakar as
expected, but also identifies the high flux from the western, more highly populated
provinces in the vicinity of Dakar, as well as parts of Casamance. In [Tompkins and
McCreesh| (2016, these results are compared to the original phone dataset. The aim is
now to couple this model to the ECMWF-based malaria prediction system.
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Figure 1. Preliminary results of the WISDOM model simulations. Units are

individuals per square km arriving per month at each location divided into approximate
10 percentile categories.

3b Genetic Calibration Algorithm

As malaria model uncertainty is not yet taken into account in the ensemble forecasting
system, a method was required for incorporating model parameter uncertainty, which
would also be useful for parameter calibration.

Therefore a constrained genetic algorithm was developed to calibrate the process
parameters of the VECTRI malaria model. The constraint restricts the calibration to
search within a parameter space of defined uncertainty for each parameter or climate
variable, analogous to the departure cost function of 4DVAR. After showing that the
calibration process can result in an acceptable simulation of malaria case variability
monitored at a plantation in the highlands of Kenya, experiments were conducted with
the system to ascertain which of the driving climate or the malaria model uncertainty
was key to malaria simulation spread, which are now submitted to PLOS for
consideration |Tompkins and Thomson| (2016). The next step is to apply this system to
the calibration of the forecast system (and possibly also to the IFS itself).

An example analysis of the genetic algorithm is shown for a simulation in the
highlands of west Kenya. This is using climate observations to drive the malaria model.
The model is able to reproduce the seasonality of malaria well as well as getting many
of the outbreak years. Refer to the paper manuscript for full details. The next step is to
implement the system at ECMWF.

4 Use of computer resources

219,000 CPU during the reporting period for radiation code developments. Extensive
use planned for late 2016 to test GA code.

5 List of publications/reports

The following list gives the articles relevant to this report:

¢ Preliminary ensemble work reported in Tompkins et al.| (2016bj)

e Preliminary forecast system evaluation: Tompkins et al.| (2016a)
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Figure 2. Adjustment of the ensemble mean likelihood fitness function (arbitrary
units), 2 correlation and a measure of the mean scaled parameter departure for the
case where 8 = m (written n in legend) and = 2.

e Migration work reported in |Tompkins and McCreesh| (2016))

e Genetic algorithm ensemble calibration and model parameter calibration:
Tompkins| (2016) and [Tompkins and Thomson| (2016)).
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6 Summary of plans for the continuation of the
project
In the next 12 months the plans are to:
e Implement GA calibration technique in IFS system
e Couple VECTRI with WISDOM economic cyclic migration model

e Improve model infrastructure, possibly migrating code deck from SMS to
ECFLOW.
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