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1. Motivation

- 70% of inhabitants in West Africa depend on rainfed
agriculture

- Determination of onset plays major role for sustainable 
food production (crop failure ↔ lost vegetation time)

> onset date coincides with sowing date
> mobilization of manpower, seeds etc.
> traditional methods were failing recently 

→ increasing variability of onset-dates
→ increasing number of “false starts”
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2. Objectives

- Regionally based reliable definition of the Monsoon’s onset
- Positive trend in the onset dates (suspected by farmers)?
- Judge rainy season’s onset for ongoing year using simple methods
- Detection of circulation pattern, which are significant for onset 

occurrence
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3. Development of a regional monsoon‘s onset definition

Requirements for onset definition:

- Consideration of agricultural meaningful aspects (soil moisture,
survival of seedlings, etc.)

- Easy to compute (simple input variable(s))
- Long records of variable(s) available
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3. Development of a regional monsoon‘s onset definition

Stern et al.’s onset definition (3 constraints):

ONSET = First day after 1st March, where:

1.) at least 25 mm of precipitation falls within 5 consecutive days
ensures soil moisture level

2.) three or more consecutive days are wet (precip. > 0.1 mm)
excludes heavy single showers

3.) there’s no dry spell of > 6 days within the following 30 days
ensures survival of the seedlings
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3. Development of a regional monsoon‘s onset definition

5 PCs, 5 PCs, explainingexplaining ~60% of ~60% of thethe
dailydaily precipitationprecipitation variancevarianceRotatedRotated PrinciplePrinciple ComponentComponent

Analysis (RPCA) in Analysis (RPCA) in spatialspatial --
modemode

-- 29 29 observationobservation sitessites SpatialSpatial distributiondistribution of PCs:of PCs:

CorrelationCorrelation betweenbetween PCs and PCs and 
observationobservation sitessites

Definition of Stern et al. (1981)Definition of Stern et al. (1981)

MeanMean valuesvalues of all of all observationobservation
sitessites withinwithin a PC    a PC    

YearsYears withoutwithout hitshits ((onsetonset))

constraintsconstraints areare tootoo strictstrict

FuzzyFuzzy--logiclogic approachapproach of of Stern‘sStern‘s definitiondefinition
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3. Development of a regional monsoon‘s onset definition

MembershipMembership functionsfunctions of of Stern‘sStern‘s onsetonset constraintsconstraints::
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3. Development of a regional monsoon‘s onset definition

PC1
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PC3

PC4

PC5

LocationLocation of of thethe Volta Volta basinbasin and and spatialspatial distributiondistribution of 5 different of 5 different precipitationprecipitation regionsregions (PCs)(PCs)
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4. Linear trend analysis of onset dates

PC1 PC2 PC3
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4. Linear trend analysis of onset dates

Station: Station: KpeveKpeve (PC3)(PC3)

0
50

100
150
200
250
300

19
61

19
66

19
71

19
76

19
81

19
86

19
91

19
96

Trend > 30 d/40yTrend > 30 d/40y

SigSig.: 95%.: 95%

-- Positive Positive trendstrends of all of all regionsregions ((onsetonset delaydelay))

-- significantsignificant and and highlyhighly significantsignificant trendstrends (PC2 (PC2 –– PC5)PC5)

-- e.ge.g. . moremore thanthan 2 2 weeksweeks withinwithin 40 40 yearsyears (PC4)(PC4)

-- PC1 no PC1 no significantsignificant trendtrend
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5. Prediction of the onset for the ongoing season

MethodMethod: : stepwisestepwise linear discriminant linear discriminant analysisanalysis (LDA)  ((LDA)  (afterafter DODD &  DODD &  
JOLLIFFE)JOLLIFFE)

Input variables: 1)  Input variables: 1)  precipitationprecipitation amountamount 5, 10, 15, 20, 25, 30 5, 10, 15, 20, 25, 30 daysdays beforebefore
potential potential onsetonset

2)  2)  numbernumber of of rainyrainy daysdays 5, 10, 15, 20, 25, 30 5, 10, 15, 20, 25, 30 daysdays
beforebefore potential potential onsetonset

3)  3)  γγ11, , γγ22, , γγ3, 3, γγ

Input variables: 1)  Input variables: 1)  precipitationprecipitation amountamount 5, 10, 15, 20, 25, 30 5, 10, 15, 20, 25, 30 daysdays beforebefore
potential potential onsetonset

2)  2)  numbernumber of of rainyrainy daysdays 5, 10, 15, 20, 25, 30 5, 10, 15, 20, 25, 30 daysdays
beforebefore potential potential onsetonset

3)  3)  γγ11, , γγ22, , γγ3, 3, γγ
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5. Prediction of the onset for the ongoing season

PrePre--defineddefined classclass membershipmembership::

1.1. DryDry seasonseason: 40 : 40 -- 10 10 daysdays beforebefore onsetonset

2.2. TransitionTransition: 10 : 10 -- 1 1 day(sday(s) ) beforebefore onsetonset

3.3. OnsetOnset of of thethe rainyrainy seasonseason: : onsetonset date + 4 date + 4 consecutiveconsecutive daysdays

4.4. RainyRainy seasonseason: 15 : 15 –– 30 30 daysdays afterafter onsetonset
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5. Prediction of the onset for the ongoing season

ResultsResults::
1.) 1.) γγ, , precipitationprecipitation amountamount 30 (vri30) & 10 (vri10) 30 (vri30) & 10 (vri10) daysdays beforebefore potential potential onsetonset areare

mostmost valuablevaluable parametersparameters ((mostmost of of thethe regionsregions))

2.) 2.) veryvery lowlow influenceinfluence of of γγ33 ((excludedexcluded forfor definitiondefinition))

3.) 3.) ConfusionConfusion matrixmatrix of of classificationclassification ((exemplaryexemplary shownshown forfor PC3) PC3) 

Class membership after application of linear discriminant analysis
with cross validation [%]

dry season transition onset wet season

Predetermined dry season 81.8 (81.3) 13.5 (14.1) 1.0(0.8) 3.7 (3.8)

Class transition 48.1 (40.7) 40.8 (46.7) 2.7 (2.5) 8.4 (10)

Membership onset 12.7 (10.5) 12.9 (15.8) 65.5 (61.8) 8.9 (11.9)

[%] wet season 10.5 (8.5) 7.2 (9.2) 8.3 (9) 74.0 (73.2)

The monsoon’s onset is reclassified accurately in 2/3 of all casThe monsoon’s onset is reclassified accurately in 2/3 of all caseses
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5. Prediction of the onset for the ongoing season

CovarianceCovariance of of thethe fourfour classesclasses
usingusing mostmost prominent variables prominent variables 

DryDry seasonseason
TransitionTransition
OnsetOnset
WetWet seasonseason

γγ
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5. Prediction of the onset for the ongoing season

3.) 3 3.) 3 functionsfunctions to to discriminatediscriminate 4 4 classesclasses ((exemplaryexemplary shownshown forfor PC3) :PC3) :

f1(x) = f1(x) = --1.96 + 1.01 1.96 + 1.01 ●● γγ -- 1.91 1.91 ●● vri10 + 7.6vri10 + 7.6 ●● vri30vri30

f1(x) = f1(x) = --0.22 + 2.17 0.22 + 2.17 ●● γγ + 6.81 + 6.81 ●● vri10 vri10 -- 5.3 5.3 ●● vri30vri30

f1(x) =  0.74 + 4.48 f1(x) =  0.74 + 4.48 ●● γγ -- 5.82 5.82 ●● vri10 vri10 --0.22 0.22 ●● vri30vri30

-- LDA valuable to discriminate between dry season, wet season & onLDA valuable to discriminate between dry season, wet season & onset set 

-- The monsoon’s onset is reclassified accurately in 2/3 of all casThe monsoon’s onset is reclassified accurately in 2/3 of all caseses

-- Not valuable for transition time  Not valuable for transition time  “On“On--OffOff--character” of onsetcharacter” of onset

-- Fuzzy logic based definition is useful to determine the onset inFuzzy logic based definition is useful to determine the onset in the Voltathe Volta--
basinbasin
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6. Detection of circulation pattern, responsible for the onset

MethodMethod::
-- automatedautomated objectiveobjective circulationcirculation patternpattern classificationclassification basedbased on on 
optimizedoptimized fuzzyfuzzy rulesrules (A. Bárdossy)(A. Bárdossy)

-- originallyoriginally developeddeveloped and and appliedapplied forfor downscalingdownscaling of of precipitationprecipitation
and and temperaturetemperature

-- conditioningconditioning of of anomalyanomaly fieldsfields on on weightedweighted classclass vectorvector per per regionregion::
1. 1. drydry seasonseason == 0   == 0   
2. 2. OnsetOnset == 100== 100
3. 3. wetwet seasonseason == 2== 2

-- SequenceSequence of of operationsoperations::

1. 1. DataData transformationtransformation ((computationcomputation of of anomaliesanomalies))

2. Definition of 2. Definition of fuzzyfuzzy rulesrules

3. 3. classificationclassification of of observedobserved datadata
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6. Detection of circulation pattern, responsible for the onset

DataData:      NCEP/NCAR :      NCEP/NCAR reanalysisreanalysis fieldsfields

domaindomain: 10°S : 10°S -- 60°N and 30°E 60°N and 30°E -- 40°W 40°W 

spatialspatial resolutionresolution: 2.5°: 2.5°

temporal temporal resolutionresolution: 6 : 6 hourshours ((aggregatedaggregated to to dailydaily valuesvalues))

fieldsfields:: SeaSea Level Level PressurePressure

SeaSea SurfaceSurface TempertureTemperture

UU--componentcomponent (300 (300 hPahPa, 500 , 500 hPahPa, 700 , 700 hPahPa))

SpecificSpecific HumidityHumidity (500 (500 hPahPa, 850 , 850 hPahPa, 1000 , 1000 hPahPa) ) 

Geopotential Geopotential HeightHeight (500 (500 hPahPa, 850 , 850 hPahPa))
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6. Detection of circulation pattern, responsible for the onset

ExampleExample 1: 1: SeaSea Level Level PressurePressure conditionedconditioned on PC4on PC4
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6. Detection of circulation pattern, responsible for the onset

ExampleExample 2: Geopotential 2: Geopotential heightheight 500hPa 500hPa conditionedconditioned on PC5on PC5
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7. Summary

1. 1. developmentdevelopment of of reliablereliable regional regional onsetonset definitiondefinition
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ThankThank youyou forfor youryour attentionattention!!

TamaleTamale: : drydry seasonseason ((sourcesource: : www.glowawww.glowa--
volta.devolta.de)

TamaleTamale: : rainyrainy seasonseason ((sourcesource: : www.glowawww.glowa--
volta.devolta.de)) )
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