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Resumen

Theexistenceof lunarinfluenceonthefrequency of suicideis testedby means
of a permutationtest. A total of 897 suicidedeathsreportedby the Anatomical
ForensicInstituteof Madrid wereanalyzedby a permutationtest,a directappli-
cationof Fisher’s ideas.Noteworthy in this studyarethetestingmethodusedand
the accuracy of timing of the deaths. Both factorsprovide firm groundfor our
conclusion:thereappearsto beno relationshipbetweenlunarphasesandsuicide.
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1 Introduction

The hypothesisof cosmicinfluenceon humanbehaviour haslong beenentertained.
Traditionandfolklore in many cultureshaveconsideredtheMoon theperfecttargetto
correlationswith extraordinaryeventsor deviant behaviours,becauseof its proximity
to theEarthandthesimplicity of observationof its synodic(four-phase)cycle. Those
correlationshavebeeninvestigatedand,in mostcases,foundillusory. Thefollowing is
a partial list of studiesinvestigatingthe lunar influenceon variousmatters:on labour
absenteeism,[20]; on accidentsandphysicaldiseases;[2]; on births, [21] and[9]; on
crisiscalls,[13], [1]; on suicidedeaths,[18], [12]; andon suicideattempts,[11], [12],
[10]. Relevantstudiesin Spainaboutmoonphasesandsuicideinclude[4], and[17].
Otherinformativearticlesabouttraditionallunarmisconceptionsareby [19] and[14].

Wefind theextensivereview of [10] to bethemostcomplete.They areveryclearin
their conclusions:thehypothesisof a relationshipbetweenthemoon’sphasesandhu-
manbehaviour is notsupportedby theevidenceof a largenumberof studiesconducted
by many independentinvestigatorsall overtheworld. In spiteof thisbodyof evidence,
we want to testagainfor an hypotheticallunar influenceon deathsby suicide. Our
studydepartsfrom previouswork in thefield in two aspects,theuseof veryaccurately
timeddataandtheuseof a novel testingmethod.�
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D. Jośe AbenzaRojo, Directorof theAnatomicalForensicInstitute(Madrid), andD. Javier Armentia,Di-
rectorof thePlanetarium(Pamplona).Pertinent,helpful andencouragingcommentsfrom therefereesand
assistanteditorarealsogratefullyacknowledged.
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Tabla1: Day of synodiccycle,numberof suicides,andratio observed/expectedsuici-
desunderthehypothesisof no lunareffect

Day Suicides
������	��
 Day Suicides

������	��
 Day Suicides
������
��


1 27 0.889 11 26 0.855 21 36 1.184
2 25 0.823 12 32 1.053 22 30 0.987
3 34 1.119 13 29 0.954 23 38 1.250
4 29 0.954 14 33 1.086 24 28 0.921
5 31 1.020 15 24 0.789 25 23 0.757
6 32 1.053 16 34 1.119 26 34 1.119
7 28 0.921 17 29 0.954 27 24 0.789
8 33 1.086 18 30 0.987 28 29 0.954
9 32 1.053 19 35 1.151 29 35 1.151

10 36 1.185 20 27 0.888 30 14 0.881

2 Method

2.1 Data

In a previousinvestigation[6] foundthatcompletedsuicidesin Madrid exhibiteddif-
ferentpatternsin time: strongcircadian,weekly, monthlyandweakseasonalchanges
wereobserved.However, possiblelunarinfluencewasnot takeninto account.

The sourceof the datausedwasthe AnatomicalForensicInstitute(AFI) of Ma-
drid. All corpsessuspectedof unnaturaldeathin thecity of Madrid arebroughtto the
AFI, whereanautopsyis performedto ascertaintherealcauseof deathandits likely
aetiologicalmotivation(criminal, suicidal,or accidental).Thetotal numberof deaths
ascribedto suicidewas897(595menand302women)for thethree-yearperiod1990–
1992.Theexactdateandtimeof deathfor eachsuicideis establishedby theAFI, with
a claimedaccuracy of plusor minus15 minutes.

2.2 Lunar cycle

For the purposesof this study, the 1096consecutive daysfrom January, 1, 1990 to
December, 31, 1992weredividedinto 37 synodiccycles. Thelunarcycle, thetime it
takesfor themoonto completeanorbit aroundtheearth,is 29.523dayslong. We built
a Buys-Ballottable,allocatingeachof the897casesto oneof thirty cells. In orderto
do that,lunardaysratherthansolardaysweretakeninto account.

Theallocationof suicidesto lunardayswasmadeby subtractingfrom theexactda-
teandtimeof thesuicidetheexactdateandtimeof thenew moon,andthendividing by
24 hours.Theprocesseddatais summarizedin Table1 anddisplayedin Figure1. Co-
llapsingthe37cyclesin aBuys-Ballottableeffectively averagesoutunwantedsources
of variation,suchas”day-of-week”effectswhich mightexist in thedata.

Notice that theday30 hasa smallernumberof observedsuicides.Since,asmen-
tionedbefore,thelunarcycle is 29.523dayslong, theexpectednumberof suicidesin
thedays1-29(underthehypothesisof no lunarinfluence)is 897/29.523,while for the
day30 is is 897� 0.523/29.523.Usingtheratio Observed/Expectedsuicidescorrects
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Figura1: Observedversusexpectedsuicidalactsfor eachdayin thesynodiccycle.
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this anomaly, except for the fact that the cell correspondingto the day 30 haslarger
variance,for which wehavenot attemptedto correct.

3 Procedure

3.1 Smoothing concepts.

A shortsummaryof resultson smoothingis presentedherefor completenessandto
introducenotation. The mathematicallyinclined readeris referredto [3], [5] or [7],
amongthemany comprehensivetextsdealingwith smoothingissues.

Let
�������������������! ��#"$"#"%��&

be a samplefrom a bivariatevariable,andassumethat� � �('���� � ��)+* �
, wherethe

* �
areassumedindependentwith meanzeroandcommon

variance.If
'��,�
�

werea linear functionof
�

we would have the standardlinear mo-
del with oneregressor, but a muchmoreflexible classof functionscanbepostulated,
requiringonly conditionssuchascontinuityof

'
andperhapsof someof its derivatives.

Severalmethodshave beenput forward for the estimationof
'

within the frame-
work of nonparametricregression.A cubicsplinewith nodesat -/. �$"#"$"%� -10 is a piece-
wisepolynomialwith thefirst two derivativescontinuousanda third derivativewhich
is constantwithin eachinterval

� - � � - �32 . � . It can be shown that the function 4 ���
�
minimizing 56 �37 .

�8� �:9 4 ��� � ����;<)>=@?BA 4DC C ���	��E ;GF �:� (1)

is acubicspline,with nodesat
�,� . �#"#"$"#��� 5 � . Thefirst termin [1] requires4 ���	� to pass

3



closeto thepoints
�������H���,�

, while thesecondpenalizesdeparturesfrom linearity, thus
forcing 4 �,�
� to be smooth. The parameter

=
specifiesthe desiredtrade-off between

goodnessof fit andsmoothness:thelarger
=
, thesmoother4 �,�
� is.

The parameter
=

canbe chosenfrom the data. Let
'JI8K �MLN ���	�

be the minimizer of
[1], for given

=
, whenthe

�
-th point is droppedfrom thesample.Thecross-validated

sumof residualsis definedas

O�P �,=	�Q� RTSMUN 56 �M7 .
�8� �:9 ' I�K �MLN ��� � ����;

(2)

andthe
=

chosenby cross-validationis thevalue
=
VXW

whichminimizes[2]. It turnsout
that thereareextremelyfastalgorithmsfor thecomputationof

=�V�W
(seefor example

[8]).

3.2 The testing method.

Considera sequencewith a naturalorder(mosttypically, datavaluesorderedin time).
We thereforehave a samplesuchas

�8���H���,�����Y�Z [�$"#"#"#�H&
. In our case,

���\ [�$"#"$"%��]�^
and

���
aretheratiosof observedversusexpectedsuicidesin eachof the30 daysof the

synodiccycle (whichwe referto below asthe”daily suiciderate”).
We areinterestedin testingfor randomnessin that sequenceagainsta generalal-

ternative of ”smooth” evolution in time, with no predefinedpattern,which might be
ascribedto lunarinfluence.

In the absenceof any patternalong time, the daily suiciderate shouldfluctuate
randomlyaroundafixedlevel. If we fit a splineto

���H��� � �_�H�`�a ��#"#"$"%��]�^
choosing

=
by

cross-validation(asdefinedjust below [2]), thefitted curveshouldbea nearlystraight
line, a curve of ”low complexity”, becausethereis no structureto adaptto. Shoulda
patternexist, we canexpectthesplineto captureit. A naturalideathenis to measure
how muchthe complexity of the fitted splinedeviatesfrom what would be expected
whenfitting anentirelyrandomsequence.Werethecomplexity sufficiently larger, we
would take it asevidenceof structurein thedataandrejectthehypothesisof complete
randomness.

We thusconfronttheproblemof determiningwhethera fitted splineis ”complex”
enough.Severalpossibilitiesexist: [15] proposesatestfor noeffect in anonparametric
regressionsetting;following [16] wecouldtry to computeameasureof complexity for
thefitted spline. We have followedanapproachwhich usesasa teststatistic

= VXW
, as

a proxyof thecomplexity of thefitted spline: thesmaller
=
VXW

, themorecomplex the
curve is.

To obtaina yardstickagainstwhich to measurethe valueof the teststatistic,we
resortto resamplingafterpermutation;that is, we generatea largenumberb of per-
mutationsof the

� �
’s,
�<�( ��#"$"#"#��]�^

. For eachpermutationc �( [�$"#"#"$� b we compute=dI 0 LVXW
; each

=dI 0 LVXW
canthenbe seenasarisingfrom a distribution which generatesdata

exactly like ours,only with a randomordering. Shouldour original databe random,=
VXW
shouldcomefrom thesamedistribution thanthe

= I 0 LVXW
Sincefor realisticsizesof

&
completeenumerationof all the

&�e
permutationsis

out of the question,we simulatea few hundredsor thousands.The proposedtest is
describedin Table2.

A more detaileddescriptionof the test, its rationale,and simulationsgiving an
appraisalof its powercanbefoundin [22].
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Tabla2: Permutationtest.

1. For thegivensample
�,fg�h�������

,
�`�a ��#"#"$"%�H&

fit a cubicsplineandcompute
= VXW

.

2. For c �i [�$"#"#"#� b do thefollowing:

(a) Shuffle the
� �

to generatea randomlyorderedsample
� �kj

.

(b) Fit a cubicsplineto the
���Mj

andcompute
=dI 0 LVXW

3. Rejectthehypothesisof randomnessat thechosenlevel of significanceif
=
VXW

is amongthesmallest
=dI 0 LVXW

.

4 Results

Fitting acubicsplineto thedatagivesanestimated
=�V�W

of
^D"l^m $npo�q

. Thedataandfitted
splinecanbeseenin Figure2. It is apparentthat thesplinefitted is almosta straight
line —in a sense,thesmoothestpossiblefunction. This pointsto a lack of structurein
thedata,which is confirmedin thefollowing.

To judgewhetherthis valueis smallenoughto besignificant(recall that themore
structurethesplineis ableto capture,thesmallerthe

= VXW
chosenby cross-validation

is), wehaveperformedonethousandrandomshufflingsof thedata,computingeachti-
me

= I 0 LV�W
, c �a ��#"$"#"%�r $^�^�^

. Theempiricaldistributionof these
=
’s is shown in Figure3.

Referenceto it show that
=�V�Ws�t^m" ^� $n�o[q

is by nomeanssmall: far from beingamong
the smallest,is in fact the 64th largestamongonethousand.The hypothesisof ran-
domnesscannotthereforeberejectedevenat the(ludicrouslyhigh)93.6%significance
level.

5 Conclusions

We failed to uncover any significantrelationshipbetweenthe synodiccycle and the
suiciderate,thusaddingour studyto theextensive list of investigationswho analyzed
this issuewith similar results.

Severalremarksareworth makingregardingboththemethodandthedata.

1. How accurateis the dataset used? As pointedout by [11], time of deathis
often difficult to determine.The AnatomicalForensicInstituteclaimsthat the
approximationin the time of deathis plus or minus15 minutes. We have no
meansof checkingwhetherthis claimedaccuracy is real in all cases,but the
timing is probablyasgoodasonecanpossiblyget.

2. What is the point, it might be asked, in using a test methodsuchas the one
proposed?Would nota simplechi-squaredgoodness-of-fittestbeasgood?

Theansweris ”Not always.”Let usthink of a situationin which thedaily suici-
deratealongthesynodiccyclevarieswidely. A chi squaredgoodness-of-fittest
would rejectthe hypothesisof a constantdaily suicide. However, werea lunar
effect to exist, we would expectit to have a smootheffect: it just doesnot seem
plausiblethatDays9 and11 of thesynodiccycleareassociatedwith aboveave-
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Figura2: Observeddaily rateof suicidesandfittedcubicsplinewith
=

choseby cross-
validation.
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Figura3: Histogramof valuesof
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in onethousandrandomshufflings.
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ragedaily suiciderates,while Day 10 is associatedwith below averagesuicide
rates.

A chi squaredtestmeasuresonly departuresof observedcountsfrom expec-
tedcounts,summarizingthosedeparturesin thestatistic

u ;v� 56 �37 .
�xw �G9zy{� � ;y � (3)

where
w �

and
y|�

arerespectively theobservedandexpectedcountsin cell
�
. No

usewhatsoever is madeby thechi-squaretestof thenaturalorderingof thedata.

Thetestweproposeis anattemptto measurethecomplexity of thebestfit. If
no structureis presentin thedata,we canexpecta straightline asthebestfit —
with anearlyconstantvaluecloseto themeanof thedata(suchaswehavefound
in theprecedingSection).If therearepatterns,thesplinewill capturethem,its
complexity will increase,and the

=�V�W
decrease.This is the basisof the pro-

posedtest,which thereforerejectsthenull hypothesisonly whenthealternative
indicatesmorestructure.

A chi squaredtestproduceda } valueof 0.9844;that is, the hypothesisof
variationof the suicideratealongthe synodiccycle is not rejectedat the usual
significancelevels. If anything, thedatalooks too much in agreementwith the
hypothesisof a constantrateof suicide.

3. Theproposedtestis powerlessto detectlinear trends.A linear trendis a curve
of ”minimum complexity” andthereforeindistinguishable(in termsof thevalue
of
= VXW

) from thetotalabsenceof structure.It is clear, though,thata lineartrend
makesno sensein thecaseof the lunarcycle, asit would imply a discontinuity
at thebeginningof eachcycle.

4. Why dopeoplecontinueto believein themoon’s influenceonstrangeor deviant
behaviour in spiteof theevidencesagainst?[10] claimthattradition,folkloreand
popularmisconceptionsarethebasis,efficiently spreadout by themassmedia.
Individual experiencemay reinforcethoseperceptions,linking full moonand
abnormaleventsin a cause-effect chain. This is mostoftenrelatedto cognitive
biaseslike selectiveperception,selectiveexposure,self-fulfilling prophecy, etc.

We believe, in addition, that thereis a body of specialists(physicians,nurses,
policemen,socialworkers,criminologists,etc.)which,for thereasonsenumera-
tedabove,maintainthewrongideas.Becauseof their broadknowledgein their
respectiveworkingareasandtheirclosecontactwith thepublic, they dissemina-
te distortedideaswhich cometo be seenastruth on accountof the prestigeof
theprofessionalsthey emanatefrom.
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