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Surveillance vs. Early Warning

Surveillance systems are intended to detect
disease outbreaks and measure and
summarize data on such outbreaks as they
occur

dEarly warning systems are designed to alert
the population and relevant authorities in
advance about possible adverse conditions
that could lead to a disease outbreak and
to implement effective measures to reduce
adverse health outcomes

World Africa Day 2008



S2S applications in health
1 S2S why?

» Lead times and decisions
= Complexity of hydrology, subseasonal
variability
1 Two case studies

» heatwaves
» VVBD: malaria

d Where next?
= 525, NMME
» Genetic algorithm calibration
" Incorporating

(CTP)
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An introduction to Torecast timescales
The ECMWF framework

10 days L
Deterministic run
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An introduction to S2S timescales:
The ECMWF framework
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Y Deterministic run (highest resolution)

15 days
Ensemble run (lower resolution)

51 members
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An introduction to S2S timescales:
The ECMWF framework

10 days
Y > Deterministic run (highest resolution)

15 days

Ensemble run (lower resolution)
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An introduction to S2S timescales:
The ECMWF framework
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An introduction to S2S timescales:
The ECMWF framework

10 days
Y > Deterministic run (highest resolution)

15 days 48 days (twice per week) Dynamic “on the fly”
5 e > extended EPS (progressive | hindcast
§ ;: e :; intermediate resolution) 20 previous years
_ __7months »- 13 months (4 times/year),
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Hindcast Strategies

0 “On the fly” — Each * “Fixed” —Hindcast data

15/03/2015
15/03/2014
15/03/2013

15/03/2012

(CTP)

forecast is accompanied
by a set of hindcasts
starting on the same date
for the previous N years

= GOOD: same model
version and set up

= GOOD: Always same
start date

= BAD: Expensive to run,

smaller ensemble sizes

NhA AN,

18/03/2015

18/03/2014

18/03/2013

18/03/2012

18/03/2011

DN VY
DN VY

AN A,

set run once for a
particular model cycle
— GOOD: Cheaper (if
system not updated too

frequently), larger
ensemble sizes possible

— BAD: Not always
matching dates

WhAN N
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O Four forecast members

initialized each day are

combined in a lagged

ensemble.

L Sub-seasonal products are
enerated from 7 days of
orecast members.

O Seasonal products use 3
weeks of forecast members

in the ensemble.

O Each week a hindcast set for
a given initialization date is
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Sub-seasonal
products

completed.

L The same hindcast is used to
bias correct both seasonal
and sub-seasonal products.

Hindcast
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from
MaclLachlan
et al, QJRMS,
2015




Improvement of 2 metre temperature correlation of S2S 5

member mean over 5 members of seasonal system
from Tompkins and Digiuseppe, JAMC, 2015

7) A=
15°N :w

15°S

30°S —

Correlation of day 1-32 T2m anomaly
against ERA-Interim for 1994-2012 of
Extended range EPS over Africa
12 start dates (First Thursday of each
month)

1. Lead time advantage (more frequent updates) [~3 days here]
2. Model physics (more frequent updates)
&

Framework (higher resolution, different ocean initialization...)
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Weather forecasts
predictability comes from initial
atmosphneric conaitions

Sub-seasonal forecasts

predictability comes from monitoring the

Madden-Julian Oscillation, land surface

data, and other sources

Seasonal forecasts
predictability comes primarily from
sea-surface temperature data
accuracy dependent on ENSO state

FORECAST SKILL

FORECAST LEAD TIME (days)

International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Applications in health

d Many health outcomes are sensitive to climate as a
factor
= Nutrition (crop production, temperature and rainfall)
* Heat waves (temperature, humidity, radiation)
» Weather extremes (immediate danger)
» Meningitis (dust, winds, rainfall)
= Cholera (water temperatures, rainfall)
» Vector-borne disease (vector/intermediate host and
pathogen climate sensitivity)
Lead time of information may or may not be useful
for decision entry
» Heat waves: immediate, useful

= VBD, delay in outbreak relative to climate => longer
leads, but still may not be adequate (e.g. Rift Valley

CCT)P Fever example)



Heat health decision-making across timescales
Red Cross Example - IRI

Ready Go!

Seasonal Short-Range
forecasts forecasts

Develop action plans Monitor weather forecasts closely Prepare utilities for increased power
Refresh medical training Re-cap emergency action plans demand

Train media on appropriate Inform schools Prepare to open cooling centers
messaging Inform cooling centers Mass media public awareness
Contingency planning for events Reinforce coordination with disaster campaign begins

Supply routes for backup water &  management personnel Distribute emergency drinking water
generators Distribute appropriate advice through Alert hospitals of increased demand
Coordinate with utilities to ensure  media Reschedule hospital staff shifts
continued provision of energy Procure emergency drinking water Check in on elderly people

International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Approaches to incorporating climate

d Mapping of mean
risk or seasonality

d Forecasts of
climate used:
= directly
= drive simple
statistical models

of health

outcomes
= drive complex
dynamical models
d Mapping model
outcome to health
entr?/ point a
challenge

(CTP)

into health

No risk map presented
Qualitative/descriptive epidemiological
classification
Eco-climatic classification
Reported cases by administrative unit
Reported incidence rate by administrative unit

[ | Reported PfPR (%) by administrative unit

MARA model of climatic suitability for malaria
transmission

MARA model of distribution of endemic vs.
epidemic malaria

MARA model of seasonality of transmission

MARA prevalence (PfPR) for West Africa

Other modeled PfPR maps

0 280 560 1,120 1,680 2,240
[ == == O ————

Green and Red:
climate used for
risk mapping

f‘k\/‘/
bo et al.

Om
2013 (PLOS)



Case study 1:

1957 Europe

The Milwaukee Sentinel - Jul 9, 1957 Br¢
Sentinel Pnoto bv Rav Hunholz

Europe Heat

2003 Europe

Heat waves

Wave Deaths
+ Pass 200

Oppressive heat across Europe

Cfficials throughout Eurcpe warned people to stay out of the sun
as many countries face temperatures appreaching 100 degrees.

ur Temperature BSF 75 &5 s 108
™| ROME, July $ GP Swelter- Wednesday, | I .
"|ing Europe counted more than T 5
h 1 m. GMT 1 2 3 1
r: 200 dead in July's torrid heat Zpm G ke - = - ¢
1y|wave, but there were signs FIN
Monday of a slight cooling 0 425 mi NOR ;
ot|off. .
24 0 425 xm EST. RUSSIA .
Nl Britain, Norway and France 2015 d nd 2016 Ind|a
1d|all reported relief but in Italy, SWE. LAT
le|Switzerland, West Germany DEN .
V.land Poland it was stil hot UK. ’ CITH
it.]and humid,
i IRE. SCORCHING SUMMER

te| The heat wave had one of
its most tragic chapters he-
tween dusk Sunday and dawn

Monday in a home for the Tans

aged at Venice. There, 15 per- Atlantic
I l sons—10 of them fin their 80s Ocean

—died In the steaming night.

Doctors eaid all were in weak PORT

¥)|condition but that 100-degree
ty|heat contributed to thelir
1e deaths.

F

Mediterranean Sea

I Ny

SCURCE: Weather Underground

(CTP

3 In Khammam, the mercury
touched 47 degrees Celsius on
Friday

I3 IMD upgrades heat wave to
‘severe’

13 Khammam, Nalgonda,

Warangal, Nizamabad and
Karimnagar in Telangana, and
Prakasam, Nellore, Knshna.

3 Lack of proper medical
facilities add to sunstroke
patients’

Visakhapatnam, woes
Rajahmundry, _
Srikakulam and 3 Met officials

Ay : say the torrid
Vizianagaram in

Andhra xﬁ?ther
Pradesh continue
are

for 3 more

worst hit dayS




Heat stress is more than just temperature

Avenues of Heat Exchange

Sweat evaporation ors(:lr‘wr : * TEMPERATURE
radiation
respiration
¢  HUMIDITY
Infra-red
-
* WIND

* SOLAR RADIATION

convection

External Reflected
.m" N
: radiation

-
" Infra-red ¢ conduction
d 1O

The human heat budget: energy in - energy out = energy gained

International Research Institute
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Heat bUdget mOdels (e.g. German Weather Service)

Universal Climate Thermal Index (UTCI) model

Meteorological input

Air temperature

Radiation

) Humidity

AlCeq Wind

\

Physiological
model

Clothing
model

N__~—

Pappenberger et al (2015), In. J. Biometeorol.

Tskm

121N

Mskdot

Shlv

Accounts for
behavioural changes
under hot/cold
conditions, based on
Western style clothing

Most accurate description of
heat stress on human body
available

Demanding data inputs
Unfeasible on long lead times
Computationally demanding

Other examples of output from heat budget
models:

Standard Effective Temperature
Predicted Mean Vote

Perceived Temperature: German Weather
Service

Physiological Equivalent Temperature
Universal Thermal Climate Index (UTCI)

International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




Resort to simple heat indices

HWD Definition

Heatwave days

Reference and note?

1 The daily maximum temperature =35°C (about top 1%) for 3 or more
consecutive days

2 The daily maximum temperature of more than 5 consecutive days exceeds the
average maximum temperature by 5°C, the normal period being 1961-1990

3 The heat index (maximum temperature + relative humidity) is expected to reach
40.6°C with a minimum temperature not below 26.7°C as a period of at least 48 h

4 The daily maximum temperature would be equal to or greater than 35°C
(about top 1%) for at least consecutive 2 days

5 The daily maximum temperature would be equal to or greater than 37°C
(about top 0.5%) for at least consecutive 2 days

6 The top 2.5% (=33.59°C) of daily maximum temperatures for a continuous
2 days period

7 The top 2.5% (=33.59°C) of daily maximum temperatures for a continuous
3 days period

8 The top 5% (=32.65°C) of daily maximum temperatures for a continuous
3 days period

9 The top 5% (=32.65°C) of daily maximum temperatures for a continuous
4 days period

10 The top 5% (=32.65°C) of daily maximum temperatures for a continuous
5 days period

20

49

27

93

57

37

Hansen et al. 2008°

Frich et al. 20023

Robinson 2001'°

Extended from HWD!1

Extended from HWD4

Extended from HWDs4 & 5

Extended from HWD6

Extended from HWD6

Extended from HWD6

Extended from HWD6

doi:10.1371/journal.pone.0012155.t001

®The first three definitions were widely used in the literature and the remainder (HWDs 4-10) were extended definitions developed for this study.

A bewildering array of heat indices

[CTP) Tong et al. 2010 PLOS 1



The “feels-like” temperature

RELATIVE HUMIDITY (%)

20 30 40 50 8 0 70 80 90
Apparent
N l ] ] 1 [
” TEGOR robx] TEWERATURE, || PEOPLE. In WochER RISK GROUPS ‘
SATEGORY
temperature tells us
p _E| 1 | 13708 MIGHER | MEAT/SUNSTROKE HIGHLY LIKELY WITH
h t th \ SR | CONTINVED EXPOSURE
what the | EXTREMELY wo et et

POSSIBLE WITH PROLONGED EXPOSURE
KRO7ORK PHYSICAL ACTIVITY.

SUNSTROKE, HEAT CRAMPS AND HEAT
EXHAUSTION POSSIBLE WITH PROLONGED
EXPOSURE AND/OR PHYSICAL ACTIVITY,

FATIGUE POSSIBLE WITH PROLONGED
EXPOSURE ARD/OR PHYSICAL ACTIVITY.

temperature feels

like, summarising

several effects into

one HOT & HUMID:

30C could feel more

like 35C

* HOT & WINDY:
30C could feel
more like 27C

Em

HEAT INDEX (HI)
AIR TEMPERATURE (°F)

International Research Institute

for Climate and Society
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Setting the warning thresholds

Regional differences and seasonal, short-term acclimatization

Taipei, Taiwan

London, UK

2-5

204 \

15-
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Critical temperatures for
increased mortality vary
significantly among different
regions

London & Taipei: Gasparrini et al, Lancet 2015 | Bangladesh: Burkart et al (2011)
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Setting the warning thresholds
Short-term acclimitisation

After several days to weeks of hot conditions, we temporarily adapt and feel the heat less

50

GERMANY’S HeRATE SYSTEM

40 1
—PT12

: - extreme
%0 __\»J\—‘/\.’/A‘W-\\\ == strong

HeRATE is used to modify warning threshc

e
for any heat index according to its deviati ‘g ””m’ | ﬂ g
from the value over the last 30 days s 2T~ i nwﬂ' VWVW : V‘ i | ":i‘":le’ate g
v No need to impose a seasonal cycle in g ol NWW UW -
thresholds g . ‘L,hﬂl\mﬁ' | ' |
v’ Can be used in all climates because it et W
relies on local data _1fan 84 Mrz84 Mai84 Jul84 Sep84 Nov84 Jan85

Date

Heat health threshold warning levels
(colours) and observed perceived
temperatures (black) in 1984

Germany: WHO/WMO (2015)
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Setting the warning thresholds
Short-term acclimitisation

After several days to weeks of hot conditions, we temporarily adapt and feel the heat less

50
WAYS TO ACCOUNT FOR ACCLIMITISATION
— 40 T
Express thermal index or temperature as deviation g 30 W —exteme )
g I ) INELN, = strong 8
from PR '{\ L M\VRWHVHJ MUI Uu Avxnu | moderate g
a) Cl|mat0|ogy E 0 :_ WWUN U UWMW slight
b) Previous 30 days s O'E.mﬂf\ﬂf\ﬁ
i : : . .
-10 \1

Jan84 Mrz84 Maisg4 Jul84 Sep84 Nov84 Jan85
Date

Heat health threshold warning levels
(colours) and observed perceived
temperatures (black) in 1984

Germany: WHO/WMO (2015)

International Research Institute
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Setting the warning thresholds

Heat wave duration

Longer heat waves can cause particularly high death rates

60

duration(days)
8 & 3

Maximum temperature(°C) and
8

15-Jun
20-Jun
25-Jun

MORTALITY CAN

—— Duration
—e— Tmax
—a— Death

—h
o o
k T
1 1

13-Sep

800

4 700

4 600

SHANGHAI 1998

INCREASE NON-LINEARLY WITH HEAT WAVE DURATION...

Tan et al (2006), Int. J. Biometeorol.

International Research Institute
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Most places use simple
temperatures to measure
heat stress

Some use thermal indices
to accounting for other
variables (humidity, wind
speed etc.)

Most places consider
the duration of a heat
event

Most places relate
the warning system
to historical mortality
data

<
22 |2 g 2|3 3
% {3 E . 8 g% 'g (2] =
88 2% | &8 |5¢ |38 |8
Country Threshold 83 E 3 5 = S5 25 o
° L 1%} 6 o g @B g Q %
58 8= 8= ge | oS £
$2 | a e °g |8 T
£ 3 |«
Australia (Queensland) AT 2 days v v
Belarus T
Belgium Tmax/Tmin/Ozone 3 days
Canada (Toronto region) Airmass v v o v v v
Canada (Montreal) Tmax/Tmin v
Canada (all others) Humidex v
China (Hong Kong) NET
China (Shanghai) Airmass v v v v v
France Tmax/Tmin v 3 days v v
Germany =i 2 days v v v
Greece Tmax v
Hungary (Budapest only) Tmean v
Italy Airmass/Tapp v v v v v
Airmass v v v v v v
Republic of Korea
Airmass v v v v v v
Republic of Korea
(Seoul*)
Latvia Tmax v
Netherlands Tmax v
Poland Tmax/Tmin
Portugal Tmax v v v v v
Romania Ty
Slovenia Forecaster v
Spain Tmax/Tmin v v v
Switzerland Hi
United Kingdom Tmax/Tmin v '
(England and Wales)
USA (synoptic**) Airmass v v v v v v
USA (all others) HI 2 days v v

International Research Institute

for Climate and Society

EARTH INSTITUTE | COLUMBIA UNIVERSITY




An example heat early warning system
FRANCE

=
N 12

min T max T

* Meteo-France forecast 3 day running average min and max temperatures for each region

* Thresholds applied for min and max temperature are values associated with 50% increase in
mortality in urban and 100% in rural areas

* Other information, some qualitative, is also taken account of before issuing a warning: air

pollution, public or sporting events

International Research Institute

for Climate and Society
EARTH INSTITUTE | COLUMBIA UNIVERSITY




An example heat early warning system
AHMEDABAD

7 day Early warning system from Georgia Tech

Current Forecast
(Created 01-Jun )
Alert
Level
Likelihood of
Crossing Threshold

02-Jun 03-Jun 04-Jun 05-Jun 06-Jun O7-Jun 08-Jun

High Hich High Fgh High —ligh Med

Maximum Temp 44 3°C 46.1°C 46 4°C 458°C 4£ 3°C 43.8°C 43 .5°C
(+/-1 SD) (22.9-45 5)|(44.7-147 5)| (45 1-47 6)| (44 0-47 4)| (42 7-45 9)| (2.2.6-45 2)| 142 1-45.0)
CeatmDay 0% 0% 0% 0% 0% 0% 0%
Pr"o::tb;:;- = 5% 0% 0% 2% 6% 18% 33%
"5:::3:"":‘; :,f ] 759 16% 2%, 16% €7% 71% 59%
sy, T 20% 84% 98% 82% 27% 12% 8%

“"Extreme Heat Day"”

Alert Safe Hot Like ihood of Crossing Threshold
Levels: =41°C 41°C - 423°C Figh=75% Med 50-75% Low<=50%

o




Lowe et al. 2016

k.

probability of s B

exceeding 75t =
percentile (daily) using I
S2S forecasts from g
ECMWF s -

Probability of ’

exceeding threshold
100%

50%
0%

‘o

Probability of
exceeding threshold

(CTP)



Lowe et al. 2016

k.

probability of o

exceeding 75 ey
percentile (daily) using I
S2S forecasts from .. -
ECMWF S B

Probability of ’

exceeding threshold
100%

50%
0%

Still using S2S systemat
daily timescale without
temporal integration ¥

(CTP)



CASE STUDY 2: History of malaria early
warning systems

1908 Epidemic in India (1 million deaths) Gill
1921, 1923 statistical model based on climate,
used operationally throughout 1920-40s

d Interest in MEWS waned during 50/60s
elimination efforts

O Malaria global rebound in 70s/80s

( Research Interest accelerated after the ENSO
related outbreaks in 98/99

(CTP)



TEMPERATURE

Warmer temperatures speed up parasite, larvae and egg development
High temperature impact mortality of vector (adult and larvae)

human 1st 2nd
infected by bloodmeal: bloodmeal:
mosquito acquire transmit
infection infection

Provides but also flushes

RAINFALL / -

breeding sites e
‘ adult oviposition

A : pupa egg
ALY

L4 larva L1 larva

S

AAAAAR
AAAAAAIAD
AR
L3 larva «——— L2larva y

N

—

§

>,

= D
NN WA AW L

(CTP STATATAT P PTG IININNN

]
{
¢

R

Bomblies et al.



Cycle in host takes 10-26 days

Sporogonic cycle

Cycle in vector is
temperature
dependent

(threshold 16-18C,
111 degree days)

Not all bites on
infective host or
by infected vector
lead to
transmission
(probability
estimated at
20-30%)

(CTP)



Sporogonic cycle

Effect of Temperature on Duration Relationship Between Temperature and

of Sporogony Daily Mosquito Survival

2 200+ ol

S g

2 150 o =

@ 'E 9

£ 100: X

g 3 -

o b 0 «

15 s

§ _>\ 20 -

= ® 101

30!!!!1!!!!!!100 T L L S T DR L . W

= 16 18 20 22 24 20 28 30 32 349 36 38 40 16 18 20 22 24 20 28 30 32 34 36 38 40
Temperature (*C) Tem perature 1°C}

Proportion of Mosquitoes Surviving Sporogony

40 =
35S~
30 +
25
20 -
15 4
10 4
S5 -

-

Vectors surviving
sporogeny (%

D | PR L T e Y e ) |
16 18 20 22 24 26 28 30 32 34 36 38 40

(E@ Craig et al 1999



Rainfall

Example from village in SW Niger from Bomblies et al.

m Water (2008)
required for - »
breeding. 45001

m Anopheles : s o
Gambiae 3o 30 %
prefers 3 o - ‘x;
natural sunlit e y
puddles. P L P -0 %

| hlghly i“:ks TS ML IF NS 179 20 2325 2T 29 31 3 35 4T W A1 43 45 47 @ S)
nonlinear e 01 . a0 e 30|

relationship g0 _ Rainfall
Dots - Malaria cases in 3 seasons

Rainfall monitoring can give 1 to 2 month early warning —
.@ S$2S would aim to EXTEND this by 1 to 2 months



Seasonal forecasting used to extend early warning

Year 1 Year 2 Year 3 Year 4
@Pre-season assessment @ @ @ @ @ @ @ @ Q @ @ @
@Rany season assessment ° ] ° °
@ Malania season assessment e ) e .
[

Vulnerabhility

Medmum
hugh

(or other enwironmental
variahle monitoring)

(e.g. 10 day data from satellite
or meteorological station)

black line = long term mean %ED m]\: 2 m
—

Malaria morbidity/mortality
monitoring at sentinel sites . .
(e.g. weekly case numbers) case surveillance alone = late warning

VAR

S PY PY

: L] [ J

Seasonal climate forecast & [:] ®

anomalies ahove 5 3 o

(updates available pe ° °

each month) normal 5 : :
Y \

below ° ®

o [ ] 2]

A 4 ®

Rainfall mm monitoring : :

L ] [

[ J

L DaSilva et al. 2004, Malaria Journal



FLUSHING

« Stage 1 larvae can be flushed by intense rainfall (Paaijmans et al. 2007)
* Implies that transmission related to sub-seasonal rainfall variability
(implications for seasonal forecasting potential)

* No rainfall
* No stagnant water

* No larvae but * Rainfall <
desiccant resistant flushing threshold .
eggs * Breeding of * Rainfall >
dengue vector drainage threshold
* No Flushing of * Flushing of
larvae aquatic stages

Seidahmed and Eltahir (2016)
(@ Rainfall flushing of the dengue vector Aedes aegypti



Lowe et al. 2013° |
2
Tempgratyre and%’ﬁ .
PreC|p|tahon | 2 4
impact on malaria
risk in Malawi

(CTP)




Fighting malaria

O Long-lasting Insecticide
treated bednet (LLIN)

distribution

Q Indoor residual spraying
(IRS)

J

d Environmental intervention
(larvacide)

1 (Mass screen and treat)

(CTP)

d Housing
Improvements

d Healthcare
infrastructure,training
and access

d Land management
1 Education

L Socio-economic
development (the

paddy paradox)



Increasing distribution and use of LLINs in Africa

Figure 3.1 a) Proportion of population with access to an TN and proportion sleeping under an [TN, b) Proportion of households with
at least one ITN and proportion of households with enough ITNs for all persons, sub-Saharan Africa, 2000-2013

- POpulation with access toan TN e Households with at least one TN
Population sleeping under an [TN Households with enough ITNs for all occupants
(@) 5t 95% confidence interval D) 95% confidence interval
100% 100%

Household > 1net

Population with access to net

40% 40%

0% 20%

mll‘l;\llllélolllevly %ﬁ m I‘AIm m
<o - N - w -~ - o~ o T &~ - - <o ™ N
2838288888825 z:%7 S28:82288282zz28

[TN, insecticide-treated mosquito net
Source: TN coverage model from the Malaria Atlas Project (based at the University of Oxford)
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Issue of insecticide resistence

Figure 3.9 Number of countries reporting insecticide resistance monitoring results, by insecticide class and years of monitoring

activity

m Confirmed resistance Resistance not detected

30

20

'II 1 |I
0 --

anmdbme anmpmspham
2000-2004 2005-2009 2010-2013

WUITIDEY LY LUUITLNIES

o

Source: National malaria control programme reports, African Network for Vector Resistance, Malaria Atlas Project, President’s Malaria Initiative published Iterature
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I: O re Ca St I n g Flgure 2.2 Trends in domestic and international funding in the

WHO African Region and other WHO regions, 2005-2013

m a | a rl a Domestic funding = International funding
1 Gains have been made 2005
through scale-up of 20
interventions since 2010 - _
RBM estimates 50% g >
reduction in mortality and > 5 O
4million lives saved < .
Q Global spending has 2012
flattened — will future 2013
spending projections be
maintained? Domestic funding  International funding
(@) —o— GMAP investment target of USS 5100 million

d Climate information may
allow cost-effective 5000
prioritization of intervention 008
and investment strategies

- - - - - - - - - - -

over a range of timescales ~ § ™
(months to decades) E
” 1000

: 0
(CTP 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
GMAP, Global Malana Action Plar; IME, International Monetary Fund



Towards MEWS

Q Early example of a
research platform:
DEMETR forecasts
used to drive a simple
statistical model in 1982 1983 1984 M 1985 1986 M 1987 * 1988 M 1989 & 1990 & 1991 M 1992 & 1993
Botswana (Thomson 1994 M 1995 M 1996 = 1997 M 1998 M 1999 M 2000 M 2001 * 2002 M 2003 & 2004 W 2005

et al. 2006) 0.85 o

d LMM model has been 054 oer 08 e i
Used |n pOteﬂtlal Skl” 0.23 035 o3 N 12‘057151‘15”1;7152»;712&796017
investigations (tier 2) in . 012 I"'18 014

0.03
Africa and India (e.q. - y — 1.2
Jones et al. @%”@*Ie%“eé%%@*le‘b%@%‘”@%%%?@ q%‘”b‘@vlf”‘”b@‘ﬁ%.@""”@@@”@&@0 i
2010,2012). 028 -

Detrended SST anomalies (blue - La Nina and
red = El Nino — both = purple)

-0.34

0 Rainfall observations  oes > -
used to drive O 082
calibrated SEIR model ol 1MW LB L 1993 (igh
for 4 month lead time s |
in India (Laneri et al. 2 I
2010), but no 8 N
seasonality allowed. & 02} N ] o ' T\ -

(@ = E o E 2 =% o E 2

log incidence log incidence



VECTRI malaria model

A new large-scale dynamical malaria

model running a high spatial
resolutions.

1. Bin-resolved parasite/vector lifecycles

2. Accounts for population density

1 1 L L 1

[
BO55%]  VECTRI W.Africa I
2 _| & k2
10 [ B VECTRIE Africa |
2o
w
©
2 4o
£ 10" 1
<
100 .
&> fo’
N KN

Population Density (km™®)

(CTP)

O Seasonal forecastin? in
Africa: case study o
Rwanda and Uganda

1 Historical simulations:
Could past climate
variabifi)ty explain
transmission variations
in 1920s-19607

3. Dynamic pond parametrization d MU|t|mOde| climate
change impact: ISIMIP

Land use change
indirect impact on
malaria transmission

O Uncertainty of malaria
transmission models:
Stochastic integrations
for Kericho

3

gogpeesessso
bNGRRRABE2YES

Y
<%
T T

°BRBIaaAN



day 1-30 ECMWF

CLIMATE OBS monthly EPS (525)

Climate

observations are day 30-120 SYS4
used to create an 1

analysis of

entomological and VEC IRI

epidemiological

conditions in order 1

to initialize the
malaria forecasts

using the ICTP
dynamical malaria

VECIRI
Initial

model VECTRI conditions
(Tompkins and The system runs for all Africa
Ermert, 2013). once per week, with forecasts up

to FOUR months ahead.
The resolution is high enough to
resolve health districts

(CTP)



mask areas where climate is not key Tor
driving variability.

100 | PR N TN T T W N T TN SO WA AN SN N S
| Malaria free
/ . October
Interannual | iuly,I
Low variability > pri
standard (mostly endemic) s January
deviation of  _ 1 pd |
@)
prevalence < . /X | High variability
simulated by S 107 - I (mostly epidemic) —
O i |
. o I
VECTRI driven by
ERA Interim
temperature l’
and rainfall |
10?2 -#———
0.00 0.10 0.20 0.30 0.40

o (PRd)histogram bins
(CTP’



Lead 1
statistical skill
comparing

forecastto |~
analysis (TIER
2)

Only focussing [TT—7
on high
variability areas

(CTP)




Lead 1-4
statistical skill

Only focussing
on high
variability
areas

Malaria skill
out to m3-4

(CTP)




Lead 1-4
statistical skill

Only focussing
on high
variability
areas

Malaria skill
out to m3-4




Skill in predicting
temperature,
rainfall and
malaria PR at lead
1-3 months

Temperature

Rainfall | ‘; WEIEUE]

Malaria skill in m2
and 3 derives from
climate forecast in
ml and the

[CTP) analysis.




Uganda analysis

We present a preliminary evaluation
of the normalized logarithm of the
entomological inoculation rate,

In(EIR), from
m Malaria Analysis system
m Malaria Forecast system from 1
to 4 months ahead
Comparing to observed malaria
cases.

m MoH district data suspected
cases 2002-2010

m UMSP confirmed cases from 6
sentinel sites 2006/09-2013

(CTP)




Results for Jinja Sentinel Site

Red line: normalized
confirmed cases

Black Line:
normalized malaria
forecast (In(EIR) —
NO immunity in
model yet)

Grey shading: range
of the 5 forecasts

Dash lined: the
malaria initial
conditions

Four panels: the
four levels of
vance warning

(CTP

Std. anom.

Std. anom.

Jinja-1mo
Anom.rLnEIRDet

FCM Rho = 0.7
— ANM Rho = 0.457

2008 2009 2010 2011 2012 2013
Time
Jinja - 3mo
Anom.rLnEIRDet

FCM Rho = 0.782
ANM Rho = 0.457

2008 2009 2010 2011 2012 2013
Time

Std. anom.

Std. anom.

Jinja - 2mo
Anom.rLnEIRDet

1 FCM Rho = 0.663
ANM Rho = 0.457

2008 2009 2010 2011 2012 2013
Time
Jinja - 4mo
Anom.rLnEIRDet

FCM Rho = 0.805
ANM Rho = 0.457

= FCrun = =« Reanalysis === Sentinel

T T T T T

2008 2009 2010 2011 2012 2013
Time



Results for Kanungu Sentinel Site

Red line: normalized
confirmed cases

Black Line:
normalized malaria
forecast

Grey shading: range
of the 5 forecasts

Dash lined: the
malaria initial
conditions

Four panels: the

four levels of
advance warning

(CTP)

Std. anom.

Std. anom.

Kanungu - Tmo
Anom.rLnEIRDet

FCM Rho = 0.846
ANM Rho = 0.761

- FC run‘ =+ Reanalysis === Sentinel

T T T T T T

2008 2009 2010 2011 2012 2013
Time

Kanungu - 3mo
Anom.rLnEIRDet

FCM Rho = 0.609
ANM Rho = 0.761

= FC run = = - Reanalysis === Sentinel

T T T T T T

2008 2009 2010 2011 2012 2013
Time

Std. anom.

Std. anom.

Kanungu - 2mo
Anom.rLnEIRDet

FCM Rho = 0.315
ANM Rho = 0.761

= FCrun = =+ Reanalysis === Sentinel

T T T T T T

2008 2009 2010 2011 2012 2013
Time

Kanungu - 4mo
Anom.rLnEIRDet

FCM Rho = 0.574
ANM Rho = 0.761

= FCrun = =« Reanalysis === Sentinel

T T T T T T

2008 2009 2010 2011 2012 2013
Time




Results for Mubende Sentinel Site

Red line: normalized
confirmed cases

Black Line:
normalized malaria
forecast

Grey shading: range
of the 5 forecasts

Dash lined: the
malaria initial
conditions

Four panels: the

four levels of
advance warning

(CTP)

Std. anom.

Std. anom.

Mubende - Tmo
Anom.rLnEIRDet

FCM Rho = 0.44
ANM Rho = 0.135

= FCrun =« Reanalysis === Sentinel

2008

T T T T

2010 2011 2012
Time

2009

Mubende - 3mo
Anom.rLnEIRDet

T
2013

FCM Rho = 0.522
ANM Rho = 0.135

= FCrun

= - Reanalysis === Sentinel

2008

T T T T

2009 2010 2011

Time

2012

T
2013

Std. anom.

Std. anom.

Mubende - 2mo
Anom.rLnEIRDet

FCM Rho = 0.646
ANM Rho = 0.135

= FC run =+ Reanalysis === Sentinel

2008

T T T T
2010 2011 2012

Time

2009

Mubende - 4mo
Anom.rLnEIRDet

T
2013

FCM Rho = 0.637
ANM Rho = 0.135

= FCrun

= - Reanalysis === Sentinel

2008

T T T T

2009 2010 2011

Time

2012

|
2013




Results for Tororo Sentinel Site

Red line: normalized
confirmed cases

Black Line:
normalized malaria
forecast

Grey shading: range
of the 5 forecasts

Dash lined: the
malaria initial
conditions

Four panels: the

four levels of
advance warning

(CTP)

Std. anom.

Std. anom.

Tororo - 1mo

Anom.rLnEIRDet

FCM Rho = 0.6
ANM Rho = 0.522

FC run = =+ Reanalysis === Sentinel

2008

T T T T
2009 2010 2011 2012

Time

2013

Tororo - 3mo
Anom.rLnEIRDet

FCM Rho = 0.547
ANM Rho = 0.522

FC run = =« Reanalysis === Sentinel

2008

2009 2010 2011 2012
Time

2013

Std. anom.

Std. anom.

Tororo - 2mo
Anom.rLnEIRDet

FCM Rho = 0.492
ANM Rho = 0.522

FC run = =+ Reanalysis === Sentinel

2008

T T T T

2009 2010 2011 2012
Time

2013

Tororo - 4mo
Anom.rLnEIRDet

FCM Rho = 0.473
ANM Rho = 0.522

FC run = =« Reanalysis === Sentinel

2008

T T T T

2009 2010 2011 2012
Time

2013



Sample results again
MoH district data

Red line: normalized
suspected cases

Black Line:
normalized malaria
forecast

Grey shading: range
of the 5 forecasts

Dash lined: the
malaria initial
conditions

Four panels: the

four levels of
advance warning

(CTP)

Std. anom.

Std. anom.

Kabarole - 4mo
Anom.rLnEIRDet

FCM Rho =0.73
ANM Rho = 0.47

—— FCrun === Reanalysis =—— MoH

T T T T T

T
2005 2006 2007 2008 2009 2010
Time

Kotido - 4mo
Anom.rLnEIRDet

T
2011

FCM Rho = 0.789
ANM Rho = 0.668

~—— FCrun === Reanalysis =—— MoH

T T T T \ T
2005 2006 2007 2008 2009 2010

Time

T
2011




In a number of district- Woyo - amo

Anom.rLnEIRDet

Red line: normalized - -
suspected cases £

% o

)
Black Line: —
normalized malaria
forecast "
Grey Shading. range l 20105 20|06 20|07 20|08 20‘09 20|10 20|11

Time
of the 5 forecasts
Pallisa - 4mo
Anom.rPRdDet

Dash lined: the “ Foure - 022
malaria initial o
conditions

.
Four panels: the S o-

bl
four levels of 7
advance warning |

(SR — FCrun --- Reanalysis —— MoH
T T T T T T T
(CTP 2005 2006 2007 2008 2009 2010 2011
Time



Significant Spearman rank Rho

Anom.rLnEIRDet
| 1 month | 2 months | 3 months | 4 months |
Only
statistically I
significant
correlations
are shaded

dOver half the districts have significant skill
(95% level), despite uncertainties in the
weather forecasting system, the malaria
model and the health data

(CTP)



What about Rwanda?

Significant Spearman rank Rho
Anom anElRDet

1.
1 month 2 months 3 months 4 months OnI 0

statistically 8
significant 0.6
correlations 4

{ are shaded 0.2
0.0

The majority of the districts are also significantly
skilful, although model performs less well in
regions where transmission is higher (e.g. East)

o

o

(CTP)



(CTP)

What is the decision entry point?

Does this really mean
anything to anyone?

Do terciles relate to real

health policy decisions?
Doubtful...

We are currently
attempting to turn this
into a realistic cost-loss

analysis for Uganda

: Advance Warning (months)
v
D 1
w
o
_|Ej'
LUm'
>§:
L 3
a <
|_
o
L
-
<C
Z .
i Turn this...
o . .
o ...into this?
2 Alert Level Classification
) 1l IR | | | |
=< s il | W | |
g2 2l I} | ]
g [ Il |
<
1 T 1 T T T T T T T T T T T T T 1
< To] [{e) N~ [e0] D o ~— Al [a0) < n [{e] N~ [o0] (e>) o ~— (o]
» D » [e)) (o)) ()] o o o o o o o o o o ~— — ~—
» D » » » » o o o o o o o o o o o o o
~— — ~— ~— ~— ~— AN (aV) AN (V) [aV} (eV] [aV} (eV] [V} AN (eV) AN (V)




(CTP)

Tercile-based online pilot

FC month: 1
FROM: 1031 TO: 1227
Hindcast period: 1996-- 2013 vectri

30°N

Malaria Transmission
o
S
, 15°N S
No masking for 2
areas where §

climate is not a

major driver .

15°8

30°S

Below Normal

15°W 0° 15°E 30°E 45°E

http://nwmstest.ecmwf.int/products/
forecasts/d/inspect/catalog/research/qweci/
malaria_fc/malaria_tercile!vectri!calibrated!
Africalunmasked!month4120141030!/



Tercile-based online pilot

FC month: 1
FROM: 1031 TO: 1227
Hindcast period: 1995-- 2013 vectri

30°N

Malaria Transmission
o
£
. 15°N 2 l
Masking for areas 2
where climate is §

not a major driver
00

15°8

30°S

Below Normal

15°W 0° 15°E 30°E 45°E

http://nwmstest.ecmwf.int/products/
forecasts/d/inspect/catalog/research/qweci/

(CTP) malaria_fc/malaria_tercile!vectri!calibrated!
Africalunmasked!month4120141030!/



A simple economic assessment

Action
taken

Action
not taken

(CTP)

Event No
occurs Event
m False
c Alarm
C
Miss
L

C=Cost of intervention
L=Loss if event is not prevented

For a given event
threshold
examine past
forecasts and see
whether the
forecast has a
net benefit



Cost-Loss analysis

Tororo

0.95

1in 10 year event

™~

0.90

0.85

Epidemic threshold

Cost of intervention
high, FC needs to be
very accurate to have
economic benefit

WMO:
1in 5 year event

Cost of 0757
intervention

e —
intervene all the —~
time! |

(CTP)

0.20

C/L rate

0.30

0.25

Value

1.0

0.8

0.6

0.4

0.2

0.0



Jinja Value

What are the costs and losses?
0% 7 Bed net S5-7

House screening $20-30

090 | Treatment S20

Loss of productivity?

0.85 <>

And cost/losses to whom?

Epidemic threshold

0.75

0.70

; . |
0.05 0.10 0.15 0.20 0.25 0.30
(:CTP> C/L rate



Sometimes pragmatism enters into
early warning systems

Event No
occurs Event
Loss cost warning
. (cost borne b
Warning others?) '
: Prepared v
Given but legal action
possible
w
No | Sued for Everyone
warning | damages Happy




(Soft) Constraint Genetic Algorithm for Ensemble
Prediction Model Parameter Setting

JGenetic algorithms used for a large variety of
problems

(Can be used for model parameter calibration -
“tuning”
JAdvantages:
= Simple, no adjoint required
" Framework suited to existing ensemble approaches
= Can handle highly nonlinear, discontinuous problems

aaaaaaaaaaaa m
International Centre
(CTP) ‘CTP> for Theoretical Physics



(CTP)

mutation

model 1 model 2
P P, |===|P, LEJ@... P, ..

mutation

model 1 model 2
P.IlP,|===|P, P, ||Py| === |P, ..

repeat until convergence criterion met

1 Method based on evolution:

model m

model 1 model 2
AR .| |[P: AR ---Mpd

Generation
P2 Pn 1
05 f.
o2
mutation < ©
n ©
model m Generation
P1 P2 . Pn 2
B 5
c >
o0
® 6
model m Generation
I:)1 F)2 I:)n 3

* Ensemble of models with different parameter settings
* Metric for their fitness determines their ability to pass

parameters to child generation

mutation of parameters to search parameter space



Despite a century of progress in understanding how
climate impacts health and numerous demonstration
projects, operational uptake is limited

O Resource allocation - justification of missed events — need for
effective local-scale district health structures to identify local
vulnerabilities.

 Demonstrate the need according to the setting

= e.g. malaria: endemic, highland epidemic, disease elimination phase,
assessing the efficacy of programmes and guiding surveillance

Q Difficulty in evaluating the EWS in real time if not a direct impact
(heatwaves, floods), accounting for confounding factors

O Access and use of climate information
= 525/Copernicus/NMME improvements
= Training and workshop events
d Complexity and heterogeneity of impacts models (relative to climate)

O Difficulty to understand decision entry points for health — and the
rigid, “top-down” nature of resource allocation determined by
international agencies and funding bodies

(@ New book 2018: THE GAP BETWEEN WEATHER AND CLIMATE FORECASTING: SUB-
SEASONAL TO SEASONAL PREDICTION Eds: Andrew Robertson and Frederic Vitart.



Likelihood functional form

(defines the probability of a model becoming a parent)

O Could be based on r2 or RMSE

1 To minimize RMSE (equivalent to
minimizing log-likelihood for a RMSE=0. L=1
Gaussian variable) a shar ’
function such as L~1/RMSE
produces a precise solution. RMSE=20

Q But... preferable to account for /\ 1=0.05
observational uncertainty |

d Assume observational errors are
Gaussian in nature (usually

possible to perform a variable
transformation)

A Allows multiple metrics to be oo d‘[’)m_m'l\ £
easily combined '

Q Produces “tlat” penalty function RMSE=o
once RMSE is within 1=0.32

observational error.

(CTP)



A soft constraint

1 GA has been applied to a wide
range of problems

d However, the dimensionality of -
PN : L=nPC P(K;
the problem is often very high nP(C) 71;[1 (K)
A Introduce concept of soft skill e e
constraint, penalty for departures constraint
of parameters around their default
values

Assume parameter uncertainty is Gaussian

O Advantages: K o N (Koo, K2
= Reduction of dimensionality ¢ ( 10 %‘7)
(search essential in a N-sphere) A

= Allow the prior uncertainty of
each parameter to be accounted
for, preventing unreasonable
parameter settings

Q Not the optimum system in terms
of skill but best compromise
solution within the realm of
assessed uncertainty (flat cost

minimum). “Default” Most

model Most “likely” skillful

(CTP , , , models model
Tompklns QJRMS in preparation



Test for the Kenyan Highlands

(Tompkins and Thomson 2017)

dTea Estate cases 1979-2005
dMinor Adjustment applied to “correct”

offset _ (a)
E —
o | — Raw
B 7| ---- Adjusted
7 -
4
O 8 -
™
o
E -
o — 1
| J J J | |
(@ 1980 1985 1890 1895 2000 2005
Tompkins and Thomson 2016 (NIH report)



(CTP)

What are we calibrating?

dClimate inputs
JdModel structure and parameter settings

boundary
conditions

model parameter
settings

model
structure

health data




d About 60
generations
required to
reach
equilibrium

18 model
parameters
calibrate

d 3 climate
factors
calibrated

= Temperature
offset

= Temperature
trend

= Rainfall

scaling
(CTP’

R~2 Skill

Mean departure sigma

0.18

0.1
0.1
0.1
0.1
0.0
0.0

6
4
2
0
8
6

Adjustment

&\"V'M’:FT?"""W ~

= ‘l P4 p
[ . — nparent=n ]
L1 J ]
SR - = nparent=2
[ \ ’, | L L L Il | | |
0 20 40 60 80 100 120 140

Generation
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Sporogonic cycle versus temperature

uncertainty
i I Uncertainty
— 1C temperature
g | —— 20% sporogonic cycle length
wn
S_> |

I I I I I I I
18 20 22 24 26 28 30

(CTPI Temperature (C)



Initial Condition uncertainty

Sample size = 100

- percentiles
O 0-1
@ 0.1-0.9
o | B 0.33-0.66
= §4| Climate strongly bounds the malaria, and
g the system is asymptopically stable
R Convergence within two years
X
° I I I I I I
Date
Figure 13. Evolution of PRd for an ensemble of 100 model integrations that differ
(CTP only in their initial conditions of PRd, equispaced between 0.01 and 1.0. The ensemble
mean is also plotted.
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Upcoming developments

total trips to elsewhere in
Senegal from Mobile phones

Legend

Q Rewrite for parallel code v1.5 ’M Sne

d Improvements in surface o7 i ol =
hydrology for permanent water v . | -
bodies | & Eiﬁ:‘lffii;

1 Calibration code in main release B

Q Improved immunity model v1.5

O Interventions? Potentially b o
coupling to OPENMALARIA in a
two-stage modelling process. el

O Population migration by -
coupling to agent-based b ..‘ e
population model WISDOM & e

v2.0
A GUI front end?

(CTP)

| M Il N A . ¢/
e ] P P

“ WISDOM v1.0 beta
< 3 million agents

~trip density per person

month



