
LINKAGES BETWEEN EL NINO WARM EVENT ANDLINKAGES BETWEEN EL NINO WARM EVENT AND
Plasmodium Plasmodium falciparumfalciparum MALARIA OUTBREAKS MALARIA OUTBREAKS

ALONG THE COLOMBIAN PACIFIC COASTALONG THE COLOMBIAN PACIFIC COAST

Sonia Sonia BarbeyBarbey, Josh Gellers and Daniel Ruiz , Josh Gellers and Daniel Ruiz CarrascalCarrascal

EESC W4401.001 MODELS-CLIM-SENS NAT/HUM SYSTEESC W4401.001 MODELS-CLIM-SENS NAT/HUM SYST

Master of Arts in Climate and SocietyMaster of Arts in Climate and Society

Fall 2006Fall 2006



OUTLINEOUTLINE

ANALYSIS OF DATAANALYSIS OF DATA

CORRELATION ANALYSISCORRELATION ANALYSIS

MULTIPLE REGRESSION ANALYSISMULTIPLE REGRESSION ANALYSIS

DECISION THEORYDECISION THEORY

CONCLUSIONS AND FINALCONCLUSIONS AND FINAL
RECOMMENDATIONSRECOMMENDATIONS

ISSUES AT STAKEISSUES AT STAKE



ANALYSIS OF DATAANALYSIS OF DATA (1 / 2) (1 / 2)

SEA SURFACE TEMPERATURES IN EL NINO 3.4 REGION (MONTHLY DATA)

( January,1950 Ð August, 2005 SOURCE )

Jan,1994 Ð Aug, 2005 LAG 0 MONTHS

Oct,1993 Ð Aug, 2005 LAG 3 MONTHS

Jul,1993 Ð Aug, 2005 LAG 6 MONTHS

TOTAL POSITIVE MALARIA CASES (MONTHLY DATA)

Plasmodium falciparum and P. vivax malaria cases:
( Jan,1994 Ð Feb, 2006 SOURCE )

Total population at risk (from demographic census)

P. falciparum and P. vivax MALARIA INCIDENCE: Jan, 1994 Ð Aug, 2005



ANALYSIS OF DATAANALYSIS OF DATA (2 / 2) (2 / 2)

CLIMATE DATA

Mean Monthly T, Total Monthly R, and Mean Monthly RH:

( Nov,1997 Ð Dec, 2003 SOURCE )

Homogeneity analysis:

( Nov,1997 Ð May, 2002 )
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CORRELATION ANALYSISCORRELATION ANALYSIS (1 / 3) (1 / 3)

Time series

SST (Lag 0)

SST (Lag 1)

SST (Lag 3)

SST (Lag 6)

P. falciparum malaria incidence

N
Corr

Variance explained
z-value

N
Corr

Variance explained
z-value

N
Corr

Variance explained
z-value

N
Corr

Variance explained
z-value

+ Parameters
A and B

140
0.517
0.267
6.090

140
0.551
0.304
6.498

140
0.501
0.251
5.902

140
0.310
0.096
3.656

IFM=0.0164*SST-
0.4228



CORRELATION ANALYSISCORRELATION ANALYSIS (2 / 3) (2 / 3)

Time series

SST (Lag 0)

SST (Lag 1)

Mean monthly temperatures

N
Corr

Variance explained
z-value

N
Corr

Variance explained
z-value

55
0.784
0.615
5.764

55
0.777
0.603
5.707

SST (Lag 2)

N
Corr

Variance explained
z-value

55
0.724
0.524
5.322

y = 0,4371x + 13,686
R2 = 0,6153
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CORRELATION ANALYSISCORRELATION ANALYSIS (3 / 3) (3 / 3)

Time series

MMT (Lag 0)

MMT (Lag 1)

N
Corr

Variance explained
z-value

N
Corr

Variance explained
z-value

55
0.810
0.656
5.952

54
0.827
0.683
6.018

P. falciparum malaria incidence

y = 0,0407x - 1,0106
R2 = 0,6834
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MULTIPLE REGRESSION ANALYSISMULTIPLE REGRESSION ANALYSIS

PREDICTORS

DEPENDENT

CORRELATIONS

R

Radjusted

z-value

x1: SST Nino 3.4
x2: Mean Monthly T

y: Monthly IFM

Cor y,x1 = 0.621

Cor y,x2 = 0.810

Cor x1,x2 = 0.784

0.810

0.802

5.839

x1: SST Nino 3.4 (Lag 1)
x2: Mean Monthly T (Lag 1)

y: Monthly IFM

Cor y,x1 = 0.692

Cor y,x2 = 0.827

Cor x1,x2 = 0.778

0.830

0.823

5.935

N 55 54

b1.2 = 0.124

b2.1 = 0.730



THE TREATMENTTHE TREATMENT

!! ÒÒUnacceptableUnacceptableÓÓ levels of resistance to levels of resistance to
prophylactics and other drugs used in theprophylactics and other drugs used in the
pastpast

!! WHO now suggests using ACT treatmentWHO now suggests using ACT treatment
((ArteminsinArteminsin  compound treatment)compound treatment)

!! Deployed in numerous countriesDeployed in numerous countries



Artemisinin Artemisinin COMPOUND TREATMENTCOMPOUND TREATMENT

!! A deal has been made between WHO andA deal has been made between WHO and
pharmaceutical company pharmaceutical company NovartisNovartis to to
provide treatment at costprovide treatment at cost

!! Cost: 0.9$ per treated childCost: 0.9$ per treated child

2.4$ per treated adult2.4$ per treated adult



SCENARIOSCENARIO

!! Can the employer (government) afford toCan the employer (government) afford to
re-train the employees it looses tore-train the employees it looses to
malaria?malaria?

OrOrÉÉ

!! Should it postulate as being malariaShould it postulate as being malaria
endemic and put aside money forendemic and put aside money for
treatment and change its policy withtreatment and change its policy with
regards to malaria?regards to malaria?



TRAINING COSTSTRAINING COSTS

!! The costs of losing someone to malariaThe costs of losing someone to malaria
are heavy and numerousare heavy and numerous

!! We are looking at a single taxing aspect ofWe are looking at a single taxing aspect of
retraining (not including loss of time orretraining (not including loss of time or
lack of contribution to economy)lack of contribution to economy)
!! Retraining: MasterRetraining: MasterÕÕs degrees in Colombia ares degrees in Colombia are

on a sliding scale but a modest estimate is:on a sliding scale but a modest estimate is:

!! 4160$4160$



MALARIA DECISION PROBLEM (1 / 8)MALARIA DECISION PROBLEM (1 / 8)

!! Objective: Determine a course of action for the ColombianObjective: Determine a course of action for the Colombian
government regarding the purchasing of malaria treatment givengovernment regarding the purchasing of malaria treatment given
an ENSO forecast.an ENSO forecast.

!! A model must be constructed in order to figure out whether or notA model must be constructed in order to figure out whether or not
paying to treat the affected population is more cost-effective thanpaying to treat the affected population is more cost-effective than
not treating the affected population, which requires retrainingnot treating the affected population, which requires retraining
employees lost to malaria.employees lost to malaria.

NTNT33NTNT22NTNT11No TreatmentNo Treatment

TT33TT22TT11PurchasePurchase
TreatmentTreatment

El Ni–o               Neutral             La NiEl Ni–o               Neutral             La Ni––aa



!! Derivation of Treatment (T) and No Treatment (NT) terms:Derivation of Treatment (T) and No Treatment (NT) terms:

T = Cost of TreatmentT = Cost of Treatment
NT = Potential LossesNT = Potential Losses

Affected Pop. Children = %Children * Affected Pop. State of NatureAffected Pop. Children = %Children * Affected Pop. State of Nature
APAPCC = %C * AP = %C * APSONSON

Affected Pop. Adults = %Adults * Affected Pop. State of NatureAffected Pop. Adults = %Adults * Affected Pop. State of Nature
APAPAA = %A * AP = %A * APSONSON

Cost of Treatment = (Cost of Treatment per Child * Affected Pop. Children) +Cost of Treatment = (Cost of Treatment per Child * Affected Pop. Children) +
(Cost of Treatment per Adult * Affected Pop. Adults)(Cost of Treatment per Adult * Affected Pop. Adults)

CT = (CTCT = (CTCC * AP * APCC) + (CT) + (CTAA * AP * APAA))

Potential Losses = (Total Affected Pop./Total Pop.) * Labor Force * Cost ofPotential Losses = (Total Affected Pop./Total Pop.) * Labor Force * Cost of
RetrainingRetraining

PL = (APPL = (APTT/TP) LF * CR/TP) LF * CR  

Therefore:Therefore:
T = CTT = CT
NT = PLNT = PL  

MALARIA DECISION PROBLEM (2 / 8)MALARIA DECISION PROBLEM (2 / 8)



Provided information:Provided information:
CTCTCC = $0.90 = $0.90
CTCTAA = $2.40 = $2.40
CR = $4160CR = $4160
TP = 5324TP = 5324
APAPENEN = 2856 ( = 2856 (ÕÕ97)97)
APAPNN = 469 ( = 469 (ÕÕ96)96)
APAPLNLN = 136 ( = 136 (ÕÕ00)00)
%C = .321%C = .321
%A = .679%A = .679
LF = 4*LF = 4*

Malaria transmitter: Malaria transmitter: Anopheles Anopheles darlingidarlingi

MALARIA DECISION PROBLEM (3 / 8)MALARIA DECISION PROBLEM (3 / 8)



!! LetLetÕÕs run through a simulation-s run through a simulation-

For each state of nature, calculate:For each state of nature, calculate:

1) affected populations1) affected populations

2) cost of treatment2) cost of treatment

3) potential loss3) potential loss

4) EMV using forecast4) EMV using forecast

5) utility function5) utility function

MALARIA DECISION PROBLEM (4 / 8)MALARIA DECISION PROBLEM (4 / 8)



!! CalculationsCalculations
El NiEl Ni––oo

  APAPCC = 917 = 917
APAPAA = 1939 = 1939
CT = 5479CT = 5479
PL = 6060PL = 6060

NeutralNeutral
APAPCC = 151 = 151
APAPAA= 318= 318
CT = 899CT = 899
PL = 994PL = 994

La NiLa Ni––aa
APAPCC = 44 = 44
APAPAA = 92 = 92
CT = 260CT = 260
PL = 288PL = 288

28828899499460606060No TreatmentNo Treatment

26026089989954795479PurchasePurchase
TreatmentTreatment

El Ni–o               Neutral             La NiEl Ni–o               Neutral             La Ni––aa

MALARIA DECISION PROBLEM (5 / 8)MALARIA DECISION PROBLEM (5 / 8)



Calculate EMV using NDJ 2007 forecast:Calculate EMV using NDJ 2007 forecast:

P[EN] = .92, P[N] = .07, P[LN] = .01P[EN] = .92, P[N] = .07, P[LN] = .01

EMV(T) = EMV(T) = 
(.92*5479)+(.07*899)+(.01*260) = (.92*5479)+(.07*899)+(.01*260) = 51065106

EMV(NT) = EMV(NT) = 
(.92*6060)+(.07*994)+(.01*288) = (.92*6060)+(.07*994)+(.01*288) = 56485648

MALARIA DECISION PROBLEM (6 / 8)MALARIA DECISION PROBLEM (6 / 8)
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P[EN] = 0.92P[EN] = 0.92
P[N]= 0.07P[N]= 0.07

P[LN] = 0.01P[LN] = 0.01

U(T) = 0.92*25+U(T) = 0.92*25+
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            0.01*100             0.01*100 

            =             = 28.928.9

U(NT) = 0.92*0+U(NT) = 0.92*0+
              0.07*45+              0.07*45+
              0.01*85               0.01*85 

              =               = 44
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