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Context and objectives



Context

 Heat waves as major public health problem in

the northern regions of Senegal according to

climate projections of rising temperatures ;

 Results of the ACASIS (Heat Waves in the

Sahel and Impacts on Health) project in

northern Senegal clearly attributing excess

mortality and morbidity to heat wave

episodes from 2012 to 2014 ;



Context

 Relevance for monitoring health risks associated

with heat waves, but health actors do not have

sufficient quality information and scientific capacity

to manage this phenomenon ;

 Need for an early warning system to manage heat

waves through a health warning system by

projecting epidemiological impacts calculated

according to heat indices from RCP scenarios.



Aim and objectives
Aim of the research:

 The aim of the research project is to strengthen the resilience of the health system and communities to better

address the health effects of rising temperatures through the implementation of an early warning system capable

of detecting heat waves in northern Senegal.

Specific objectives:

 Improve near-real time and medium-term heat wave detection and forecasting using synoptic forecasts (ECMWF)

and S2S products;

 Assess the vulnerability of the health system and communities to health risks associated with heat waves;

 Establish a heat early warning system to strengthen heat wave surveillance and prevention;

 Strengthen the capacity of health system actors and communities to manage health risks related to heat wave

impacts.



Research activities implementation



Research activities implementation

• Focus on areas and communities vulnerable to 

heat waves; 

• Transdisciplinary and multisectoral cooperation 

with 4 work-packages;  

• Approach combining science development and 

science implementation.

Research approach implementation:



Location of the study area:

 North and North-East Departments;

 Population 1,928,962;

 Sahelian continental climate;  

 Minimum temperature of 30°C and 

maximum of 45°C.

Research activities implementation



 Climate data: historical and projection models data

 04 synoptic weather observation stations (ANACIM)

 Data from ERA-5 reanalysis fields

Correlation between data used

Research activities implementation



General daily consultation from 2009 to 2019

Personal health interview

Diabetes

High blood pressure

Asthma

Respiratory diseases

Diarrhoea

Cough/Cold

Routine health data: daily and monthly (April, May and June) of health facilities records from 2009 to 2019

Research activities implementation



District Zone Sample

Linguere
DJOLOF

235

Louga 259

Podor
FLEUVE

224

246Dagana

Ranérou

FOUTA

170

Kanel 215

Matam 236

Bakel 232

TOTAL 1817

Household surveys

Research activities implementation

 Socio-economic, environmental and epidemiological data: household and 
health worker surveys in August 2020

Health worker surveys location



District sanitaire Quartiers Villages Ménages
Personnel de santé 

(MCD/ICP)

Bakel Montagne centrale, HLM, Ndiayega Tuabou, Diawara 232 3

Kanel Yirla, Kanel 2, Thilol, belaal, Lao, Hoha Wouro Sidy, Séno palel 215 3

Matam (Ourossogui)
Soubalo, Gourel serigne, Tantadji, Halwar, Hainoumady, Mango, 

Windé, Moderne
Diamel, Boynadji 236 5

Ranerou Ranerou 1, Gourel saré, nelby, Bélel Younouféré, Fourdou 170 4

Linguere (Dahra djolof)

Escale, Linguere coumba, linguere Diambon, Thiely, Bétoir, 

Dialou rail, Montagne, Thieunge, Angle islam, Loumbol, medina

ndiaye, nguénene

Thiaméne, warkhokh 235 5

Louga Santhiaba, Keur Serigne Louga, Montagne, thiokhna, artillerie Nguidile, dielerlou 259 3

Podor
Law Demba, Sinthiane, Thioffy, Mbodiène, Bir Podor et Khar

Yalla, Gui, Diatar
232 3

Dagana
Diamegueune, Magg Dann, Gadd ga, Sinthiane, Darou Salam, 

Santhiaba, Arafat, Almadies
Mbilor, Gaya, Bokhol

250 4

TOTAL 1829 30

08 MCD and 22 ICP (30 health workers)
53 neighbourhoods and 17 villages (1829 households)

 Socio-economic, environmental and epidemiological data: household and health worker surveys in 

August 2020

Research activities implementation



Data analysis

Climate data:

 Temperature thresholds exceeded on three days of the 90th percentiles;

 Daily maximum average;

 Trends in temperature anomalies.

Routine health facilities data:

 Descriptive statistics (pivot tables);

 Cross-tabulated analyses in the form of correlative trend curves.

Heatwaves linked diseases and risk factors analysis:

Descriptive statistics (pivot tables);

Factorial and correlative statistical analyses;

Chi-2 tests (Fischer/Pearson), logistic regression with Odds Ratios (OR).



Results and main findings



Main results and findings

 Temperature trends and heat waves in the northern part of Senegal

 Detection of heatwave

events in the period 2009

to 2019 and level of

exposure of localities;

 Localities of Ranerou,

Matam, Kanel, Bakel and

Podor.



 Temperature trends and heat waves in the northern part of Senegal

Heatwave events during the period 2009 to

2019:

 Heatwave months (a and b): occurrence

most important in april, may and june

 Number of events (c): 2010, 2013, 2016,

2017, 2018 and 2019 with high frequency;

 Location in terms of intensity (d): areas

located in northern south most exposed to

heatwaves events with high intensity in 2013

and 2018.

Main results and findings



 Distribution of morbidity and mortality of heat wave sensitive diseases

 Cumulative cases from 2009 to

2019 and prevalence of six

temperature-sensitive diseases:

Matam (44,514 cases)

Kanel (41,655 cases)

Bakel (41,204 cases)

Dagana (23 476 cases)

Louga (21 527 cases)

Linguère (10 588 cases)

Main results and findings



 Distribution of morbidity and mortality of heat wave sensitive diseases

Spatial distribution of morbidity and

diseases susceptible to heat waves:

Kanel (17,7%) 

Ranérou (16,1%) 

Matam (13,7%) 

Bakel (13,7%)

Linguère (7,8%) 

Podor (8,5%) 

Main results and findings



 Distribution of morbidity and mortality of heat wave sensitive diseases

Matam (25,2%)

Bakel (23,5%)

Dagana (22,7%) 

Louga (10%)

Podor (8,4%)

Linguère (9,2%)

Kanel (0,8%)

Reported mortality is unevenly 

distributed across departments 

Main results and findings



 Correlation between heatwaves and daily consultations

• Time lag between peak

temperatures and number of

consultations increasing three

days after heatwave event

occurrence.

Main results and findings



Relationship between cumulative pathology and temperature (°C): example of (a) Podor, (b) Ranerou, (c) 

Bakel and (d) Louga

 More consultation in

April and May (2009-

2019);

 Compared to other

months of the year,

consultation cases are

more higher in April

and May;

 More consultation

cases in heat wave

years (2014, 2013,

2015, 2016, 2017).

Main results and findings



 Exposure and vulnerability risk factors to the health impacts of heatwaves

Risk factors Coef. Std. Err. z P>z [95% Conf. Significance

Gender person -.6504591 .1605448 -4.05 0.000 -.965121 -.3357972 ***

Household population density .1103047 .0490329 2.25 0.024 .014202 .2064075 *

Type of housing used -.6888186 .1745533 -3.95 0.001 -1.030937 -.3467005 ***

Housing material construction .3784948 .1907388 1.98 0.003 .0046536 .752336 ***

Type of energy used .5459268 .2305418 2.37 0.018 .0940732 .9977804 *

Household water avalaibility .046807 .2048986 0.23 0.010 -.3547868 .4484008 *

Fan or air conditioner avalaibility -.3625368 .1803599 -2.01 0.000 -.7160357 -.0090378 ***

Type of fuel used in household .7673144 .1763332 4.35 0.000 .4217077 1.112921 ***

Previous and chronic health 

problems
1.685009 .217815 7.74 0.006 1.2581 2.111919 **

People with a health history -0.14319 0.04296 -2.95 0.000 -3.333 .2064075 ***

• Several risk factors increase the

vulnerability of populations to

heatwaves;

• Older people living in houses built

with cement are more exposed to

the effects of heatwaves;

• People with co-morbidities,

particularly chronic diseases are

highly exposed to the effects of

heatwaves.

Main results and findings



 Exposure and vulnerability risk factors to health impacts of heat waves

 Social and environmental determinants as main risk factors:

Main results and findings



 Capacity building of health workers and local communities on the implementation of an early 

warning system 

 Sharing and validation of research

results on heatwaves with health

workers and community relays;

 Presentation of the early alert

bulletin to deliver to health workers

and local communities;

 Presentation of the early warning

system using the community-based

health surveillance system network

of health districts.

Main results and findings



 General increase in present and future temperature with exceptional values in 2100

Main results and findings

 Increase of the frequency, duration

and average of heatwaves

occurrence between march and may

from 1950 to 2099;

 Peak temperatures in northern

Senegal could frequently exceed

45°C in spring by the end of the

century with exceedances of the 95th

percentile threshold.
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Conclusions

 Increasing trend in minimum and maximum temperatures in the northern part of Senegal: 2010, 2013, 2017 and

2018 consideredvery hot with a large number of heat wave days;

 Phenomenon of excess morbidity with an increase in the number of consultations for pathologies sensitive to the

increase in temperature linked to the sensation of heat felt;

 Several risk factors: age, gender, living conditions, lifestyles, socio-economic comfort level and types of activity,

health history, etc.;

 Need to combine heat wave indices with excess morbidity and mortality to develop a bio-meteorological risk

indicator that can feed into a heat wave early warning system;

 Consider heat waves in the North zone as a major public health problem, improve heatwaves detection and

develop early warning system;

 Intensify research on climate-sensitive diseases in order to better orient prevention measures and support the

national adaptation plane of health sector.



Lessons / Impact

Impact

Better understanding of heatwave events, their impacts on health

populations of north-eastern Senegal, vulnerability factors, both

environmental and social for policy change and community

resilience.

Establishment of a multisectoral framework for the production of

quality scientific information which strengthens the capacity of

actors (climate, health and communities) to prevent the heatwave

health impacts.

Lessons

Vulnerability to heatwaves is not only related to the occurrence of extreme

temperatures but also to the lack of adaptation strategies or capacity of

communities to respond to the health impact of heatwaves;

Heatwaves occurrence will increase highly the severity and gravity of chronic

diseases in the investigated localities while projection models predict intensity

of heatwaves in the future.

Managing health problems related to rising temperatures requires

development of an early warning system to build resilience of populations and

health system to heatwave impacts.
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