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ABSTRACT

This study 1s a contribution to the Climate and Health Project in development at the CPC/NOAA. Experimental risk maps and time series of malaria parameters for West Africa and Senegal in particular are
generated and validated with observational clinical data recorded by the National Program for Malaria Control (NPMC) of Senegal. Some collected data from different malaria locations across African coun-
tries via the Malaria Atlas Project (MAP) are used to partially validate the model outputs. The main meteorological variables known to influence malaria include precipitations, temperature. In Senegal and
over the Sahelian band in general, our previous study showed that while the rainfall season 1s at its peak in July-August-September (JAS), the peak of the malaria outbreak season occurs in September-
October-November (SON). Furthermore, some studies have shown that Atlantic and Pacific SST modulate West Africa rainfall and indirectly malaria incidence. This work is being conducted in several
stages. Firstly, we employ the Liverpool Malaria Model (LMM) and the VECTRI model (VECtor borne disease community model of ICTP, TRIeste). With these 2 malaria models, we simulate hindcasts of
malaria incidence, using as inputs: daily rainfall, daily 2m maximum and minimum temperature of available datasets at the CPC/NOAA. Secondly, we employ the Canonical Correlation Analysis
(CCA),where the predictand 1s malaria models’ outputs; and the predictor 1s the observed SST (ERSSTv4).

DATA AND METHODS

Input climate data LMM model outputs
Description of the Malaria Model Dataset Sources Variszles Period | Resolution name Definition / units Target Season: September-October-November (SON)
Mathematical-biological model for malaria transmission (units) ActiveMo total number of mosquitoes biting at this time step Used lead Time: March inutial conditions
for the impact of temperature and rainfall variability on http:// Daily tempe- J  Predictors are SST indices (°C):
the development cycles of the malar.ia vector in its larval | CPC global | ftp.cdc.noaa.gov/ rature (.C) 1979-20171 0.5°%0.5 Gdays length of the gonotrophic cycle in days »  SST (ERSSTv4) in March over the following ocean basins :
and adult stage, and also of the parasite and human host. data Datasets/ and daily
0 . . . infall - v Tropical Pacific (TROP-PAC): 15N-15S & 70W-120E
Various components Qf the malarla} transmission model rainfall (mm) Immecount total number of larval mosquitoes
and the parameter settings are described by Hoshen et al. v Golf of Guinea (GG): 5N-55 & 10E-10W
2004 and Ermert et al. (2011). http:// - B
The number of emerging adult mosquitoes at the begin- YT Incidence cases per 100 people v Global Tropic (GBL_TROP): 30N-30S & OE-360W

ftp.cpc.ncep.noaa.go | Daily rainfall | 1981-2017 | 0.1°x0.1°

ning of eac;h month 1s .taken to be proportional to the rain | g1 Climatol-|  v/fews/fewsdata/ (mm) ; 5 ) ) : — — v Tropical Atlantic (TROP-ATL): 30N-30S & 15E-45W

falling during the previous month. ogy version2 africa/arc)/ InfectiveMosqui- Total number of infectious mosquitoes biting at this time

The mosquito population is then combined with the bltlng ( ARC2) toCount step 4 Tropical North Atlantic (TROP-NTH-ATL): 30N-10S & 15E-45W

rate, sporogonic cycle length and survival probability cal- nMatureMosquitoes |Total number of adult mosquitoes v Tropical South Atlantic (TROP-STH-ATL): 15N-30S & 15E-45W

culated from temperatures, together with the other para- rov—T  NMIME Models for MARGc. of . )
: : : : ; ; . ‘s Models for ic: cfsve, cmcel, cmc2, gfdl-flor, gfdl, nasa, ncar-ccsm4 an

meters provided as input to the model Rainfall Esti- | ftp.cpc ncepp noaa.go | Daily rainfall | 2001-2017 | 0.1°x0.1° vl e PECReIHO REIC IR pOPHEaTIGI I ISCHUIS T 00 [l e (I S G |

The full LMM model using daily rainfall and temperature | mate (RFE) v/fews/fewsdata/ (mm) O Predictand: Malaria incidence (%) over Senegal :

dqtg as inputs has been sugcessfully validated against a africa/rfe2/ Sdays length of the sporogonic cycle in days /' Simulated malaria incidence (LMM) over Sencgal based on CPC Global daily temperature, and

clinical records for example in Botswana (Jones and Mor- daily ARC2 rainfall data

se, 2010) and Senegal Diouf et al. (2013; 2017). In this * Variable under study in the following

study, the standard parameter settings for malaria trans-
mission is used.
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Fig. 1: Slmulate.d spa.t ial distribution of malaria incidence by the LMM ‘in WA frorp Fig. 2: Simulated intra and interannual variability of malaria incidence by the Fig. 8: Spatial distribution of malaria prevalence, MAP observations vers LMM simulations. in WA based on
CPC Global daily rainfall and temperature (1979-2017). Maximum occurrence area 1s . . . CPC dail ivitati dt ture d 2000-2015). 102) P I te of P. falci laria in 2
found in the South and South-eastern of West Africa LMM in WA from CPC Global daily rainfall and temperature (1979-2017). aily precipitation and temperature data ( - ). 10a) Prevalence rate of P. falciparum malaria in 2-
- ' a0 Maximum occurrence area 1s found in the South and South-eastern of West Africa. 10 year olds in WA, 2000-2015 (MAP), 10b) Simulated prevalence (LMM) in WA based on CPC daily precipitati-
7o 182N 80 on and temperature data (2000-2015).
162N 35 :Z: 70 * Malaria prevalence rate is very low in Senegal, this is related to malaria control parameters such as interventions with
15°N 30 5o insecticide-treated bed nets, but also the Artemisinin-based combination therapy (ACT) for treatment.
142N 60 o o o ,.C o o 5 . . . .
T s 2 14:N * Unsuitable climate conditions imply limited malaria transmission in the Northern part
2 23 N 2 : : : : .. : :
& 12N s " 112; 08 * The wetter area (south of West Africa) experiences endemic malaria prevalence. This is related to suitable climate and
TN 0% 2 en - environmental conditions but also increased in insecticide resistance.
s 15§ - 1°N 1, 0§ * The LMM model under-estimates the magnitude of malaria prevalence over the Southern part of WA.
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Fig. 5: Seaonal cycle of the simulated seasonal cycle of the malaria incidence in West Fig. 6: Simulated latitudinal gradient of the malaria incidence by the LMM in WA to a lesser exetent.
Africa (1979-2015). from CPC Global daily rainfall and temperature (1979-2017). The latitudinal gradient
The whiskers and the maximum/minimum outliers are shown. The boxes mark the 25th in incidence is better simulated here with representation of the averaged (along the longi- a) X _CCA ersstvd and Y CCA_ARC2-CPCglobal and CCA_TS (TROP_PAC, ic_Mar)
and 75th percentile ranks while the whiskers give the minimum and maximum values. The tude) malaria incidence in West Africa. A net decrease in malaria incidence from the HCCA / arsatvd = TROP PAC = Mar
red line shows the mean annual cycle. The position of the first quartile, third quartile and southern to northern latitudes is highlighted. The maximum incidence is simulated bet- - § YCCA1 / SON con < (Mode 1 - Gom.Core: 0.70)
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