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Summary

H ealth  im pact a s sessm en t  (H IA )  is an im portan t  m e thodo log ica l  dev e lo p m en t  

w ith in  pub lic  health . Its p u rpose  is to ensure  that health  is co n s id e red  as a part o f  

all g o v ernm en t  p roposa ls  and  polic ies. W h i le  there has been  substan tia l d e v e lo p 

m ent o f  the H IA  m e th o d o lo g y  w ith in  the last 10 years, the issues assoc ia ted  with  

m on ito ring  hea lth  events  at the end  s tage  o f  an H IA  have not received  appropria te  

attention . T h is  aspec t o f  H IA  is vital to the success  o f  H IA  as it en su re s  that any 

negative im pact on  health  is d e tec ted  as soon  as poss ib le  af ter  the im p lem en ta t io n  

o f  a p ro g ra m m e  o r  policy.

In o rd e r  to  effectively  m on ito r  events  w ith in  a H IA  p rocess  an appropr ia te  

m e th o d  needs to be utilised. T h e  tem pora l  scan  statistic is a m e thod  that has  been  

used for the de tec tion  o f  clusters.  It has  not been util ised  as a m on ito r ing  tool o r  

used  to delect d ip s  as o p p o se d  to c luste rs  but as there  are a n u m b e r  o f  vers ions  o f  

the scan  statistic,  it d o es  offer  adaptab il i ty  to cope  w ith  d iffe rent da ta  issues.

The m a in  a im s  o f  this thesis  were  to investigate  if it w as  feasib le  to m o n ito r  

hea lth  events  w ith in  a H IA  and  to as sess  the effec tiveness  o f  the tem pora l  scan 

statistic as a m on ito ring  tool. A n u m b e r  o f  ca se  s tud ies  w ere  u til ised in o rd e r  to 

tho rough ly  investigate these aims.

The scan  s ta tis t ic  w as  found  to be a  h igh ly  com peten t  m o n ito r in g  tool in all the 

ca se  s tud ies  cons idered .  In the cases  w h ere  it w as  o f  interest to  m o n ito r  a  negative 

hea lth  im pact such  as look ing  at t ram  acc iden ts ,  c a n ce r  ca ses  near  an inc inerator  

o r  c luste rs  o f  su ic ide  the .scan statistic ef l ic ien tly  identified  inc reases  in events.  O n 

the o the r  hand  w hen  it w as  o f  interest to  m o n i to r  posit ive health  im pacts  the scan  

s tatistic d e tec ted  d ec reases  in resp ira to ry  dea ths  af te r  the b i tu m in o u s  coal ban and



dec reases  in road  dea ths  fo llow ing  the in troduc tion  o f  penalty  po in ts  fo r  speed ing . 

In the case  o f  penalty  po in ts  the scan  statistic also  de tec ted  the increase in road 

fatalities a few  m o n th s  af ter  the initial decrease .

T hese  ex a m p le s  sh o w ed  that p o s t - im p lem e n ta t io n  m on ito r ing  is a  vital s tage 

in a health  im pact assessm ent.  It has  b een  show n  to be im portan t to  m o n i to r  bo th  

posit ive and  negative hea lth  co n seq u en ces .  By m on ito r ing  health  events  in this 

w ay  the unfo reseen  can be de lec ted  and  add re ssed  in a  tim ely  manner.

In this research ,  the scan  statistic has  been  show n  to be  an effec tive m on ito r in g  

tool. It is llcxib le en o u g h  to co p e  w ith  different types  o f  data, inc lud ing  hea lth  

o u tc o m es  that are rare and  data  that have s trong  seasonal o r  trend  co m p o n en ts .  

A p o w er  ana lys is  w as  un d er ta k en  in o rder  to d em o n s tra te  the efficiency o f  the 

scan statistic fo r  this pu rpose.  The b inom ia l  scan  statistic w as  found to  be the 

m ost  efficient vers ion o f  the scan  s tatistic,  bo th  in te rm s o f  ea se  o f  app l ica t ion  and  

accuracy.

This  research  ind icates  that m on ito r in g  is an essen tia l c o m p o n en t  for all H lA s  

and  that the tem pora l  scan  statistic o ffe rs  an efficient and  llexible tot)l to em p lo y  in 

such  c i rcum stances .  It is r e c o m m e n d e d  that a m on ito r ing  tool such  as the tem pora l  

scan  statistic is im p lem en ted  w ith in  H lA s.

i v
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Chapter 1 

A Review of the Use of Statistics in 

Health Impact Assessment

1.1 Introduction

Heallli impact assessment is a combination o f  procedures, methods 

and tools by which a policy, program or project may be judged  as to 

its potential effects on the health o f  a population.

- World Health Organization [ 1 ]

Health impact assessment (HIA) is a widely researched area that has been shown 

to have many benefits. HIA research has coiicentratcd on the social aspects such as 

community involvement and awareness. HIA has not been exam ined or assessed 

to any great extent from a statistical viewpoint. There is an obvious gap in HIA 

development in terms of sound statistical tools and methods. There is a lack of 

statistical know-how in the implementation o f  HIA and hence there is a lack of



ev idence  o f  its success.

T h is  thesis  e x a m in e s  the use o f  the scan  sta tist ic  as a m on ito r ing  tool.  T he  

scan sta tist ic  can  be used  tem porally ,  spa tia lly  o r  spa tio - tem pora lly ;  this thesis  

will co n c en tra te  on  the tem pora l  form o f  the scan  statistic. T h e  use o f  the scan 

statistic specif ica lly  for the m on ito r in g  o f  health  even ts  and  specif ically  in a H IA  

env ironm en t  will be exam ined .  F u r the rm ore ,  the statistical requ irem ents  o f  m o n 

itoring a H IA  will be ou t l ined  and  an approp r ia te  m e th o d  will be suggested .

A n im portan t  stage o f  a H IA  is the m on ito r in g  and  evalua tion  phase .  How ever, 

little research  has  been done  to suggest  how  health  e f fec ts  can  be m on ito red  post 

im p lem en ta tion  o f  a policy. Indeed  there  is little em p h as is  on  the im por tance  o f  

m on ito ring  hea lth  effects .  U s ing  the scan  statistic,  hea lth  e f fec ts  cou ld  be m o n i

to red  easily, this w ou ld  m ean  that negative health  im pacts  are h igh l igh ted  quickly, 

w hile  positive hea lth  effec ts  are also recogn ised  thus h igh l igh ting  the positive im 

pact o f  a new  policy.

Health  im pact as sessm en t m e th o d o lo g y  will be exp la ined  and  ex a m p le s  o f  

w here  it has  been  app l ied  h igh ligh ted .  U s ing  these ex am p les ,  the  lack  o f  a p p ro 

priate s tatis tical m e thods  will be d iscussed .  The areas  in a H IA  w here  d iffe ren t 

statistical tools  w ou ld  be appropr ia te  to use will then  be cons idered .  In C h a p te r  

2 the scan sta tis t ic  m e th o d o lo g y  will be exp la ined  in detail and  d if fe ren t vers ions  

and  app lica tions  o f  the scan s ta tist ic  will be ex p la in e d  th rough  app l ied  exam ples .  

C h a p te r  3 and  4 will see the app l ica tion  o f  the scan  statistic as a m on ito ring  tool 

to appropria te  H IA  exam ples .  Initially, ca ses  w here  a negative  im pact on hea lth  

is obse rved  o r  expected ,  and then to w here  a posit ive im pact is expec ted  and  so 

m on ito ring  for a d ec rease  in adverse  hea lth  effec ts  is necessary . Finally, the p o w er  

o f  the scan s ta tis t ic  as a m on ito r ing  tool will be  assessed .
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1.2 Health Impact Assessment

H ealth  im pact as sessm en t is an ana lys is  that is ca rr ied  ou t to see how a policy, 

p ro g ra m  or  proposa l  m ay  im pact health , and  to then  cap ita l ise  on  f ind ings  by 

m in im is in g  any o f  the negative im pacts  and  e n h a n c in g  any posit ive im pacts  on  a 

popu la tion .  It is a c o m b in a t io n  o f  m e th o d s  w ith  the  a im  o f  assess ing  the health  

co n seq u e n ces  o f  a policy, project,  o r  p ro g ra m  that does  not no rm al ly  have health  

as its p r im ary  objective.

1,2.1 Why do a Health Impact Assessment?

G o v e rn m e n ts  are c o m p o se d  o f  m any diffe rent m inistr ies . Each m in is try  is c o n 

cerned  w ith  o ne  specific co ncern  re la t ing  to the populatiori,  be  it i inance,  e m 

p loym en t ,  agricu ltu re ,  ch ild ren  etc. This m a y  m ake  for an efficient governm ent.  

How ever,  p ro b le m s  arise w hen  the ac tions o f  o ne  m in is try  affect ano ther  ministry.

I or ex am ple ,  .supposing in the m in is try  o f  finance it w as  d cc id ed  to increa.se taxes 

on  farm ing  land, this cou ld  im pact the m in is try  o f  agricu ltu re  and perhaps  the m in 

istry o f  em p lo y m e n t .  H ealth  is one  o f  m any  issues that cu ts  across  the concerns  

o f  d iffe rent ministries .

T he  hea lth  c o n seq u e n ces  o f  p rog ress  and its co n seq u e n t  increase in exposure  

to various po llu tan ts  are o ften  o f  great interest to the public  and at the sam e time 

public  aw areness  about po ten tia l env ironm en ta l  hazards  is g row ing . Recently  

there  have been  cases  o f  ob jec tions  ra ised  to p ro p o sed  landfill sites in C ork ,  T ip 

pera ry  and  W ate rfo rd  [2], w here  the im pact on  health  and  the p ro x im ity  o f  the 

p ro posed  sites to residentia l areas  p rov ided  concern .

T here  are o the r  p roposa ls  that the genera l  health  o f  the pub lic  d oes  not influence.
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A  p lan n ed  dual ca r r ia g ew ay  rou te  from  A lh lo n e  to K innegad  w as revised, the 

ref ined  route add ress ing  . .e n g in e e r in g  co n c ern s  as well as eco n o m ic ,  en v i ro n 

m enta l  and  social ob jec t ions  . . | 3]  . H ea l th  co n c ern s  w ere  not inc luded  in the 

p lan  for the new road , yet new  roads can  lead to m ore  traffic  w h ich  cou ld  lead  to a 

h ig h e r  inc idence o f  no ise  po llu t ion ,  a ir  po llu t ion ,  traffic acc iden ts  and road rage, 

all o f  w hich  can have an im pac t on  health.

H ealth  im pact as sessm en t  a im s  to identify  poss ib le  hazards  to health , as well 

as h igh ligh ting  po ten tia l  benefits .  H IA  pu ts  hea lth  at the forefront o f  any d e c i

s ions o r  policy m ak ing ,  this ensu res  that hea lth  is co ns idered  by all sectors  and  

d ep a r tm en ts  and not ju s t  hea lth  re la ted  areas.

1.2.2 The History of Health Impact Assessment

E nv ironm en ta l  im pact as sessm en t  (El A) w as  in troduced  because  the dec is ion  tools  

used  in the p lann ing  o f  large d ev e lo p m e n ts  on ly  took  into accoun t financial cos t 

and  failed to a c c o m m o d a te  issues affec ting  the env ironm en t  o r  bio-diversity. In 

1969. the E nv ironm en ta l  P ro tec t ion  Act [4] w as  in troduced  by the  U nited  S ta tes  - 

this required  an E lA  o f  all p ro jec ts  in the U nited  S ta tes  o f  A m er ic a  and  o f  over.seas 

p ro jec ts  that w ere  funded  by the  U S A . T he  E u ro p ean  C o m m iss io n  fo llow ed  suit 

w ith  a 198.') d irec tive  |5] by  requ ir ing  that all la rge-scale  d ev e lo p m e n ts  are sub ject  

to an E lA . In 1992 the E nv ironm en ta l  P ro tect ion  A gency  [6] w as  es tab l ished  in 

Ire land to over.see E lA s  in Ireland.

T he  im por tance  o f  h u m a n  health  issues in an E IA  w as rea lized  at an early  

s tage 17]. A recogn it ion  o f  the w ide  range  o f  factors that can  im pact health , and  

the im portance  to hea lth  o f  non -hea lth  policy  areas  led to calls  for hea lthy  pub lic
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policy [8] and by im p l ica t ion  health  im pac t a s sessm en t  o f  polic ies.

H ea lth  im pact as se ssm en t  has  been  used  internationally . Its ea i iy  use  w as  

con f ined  m ostly  to a id  p ro g ra m s  in dev e lo p in g  coun tr ies .  N ow  its p re se n c e  is fell 

in m any coun tr ies  w o rld -w id e ,  including:

•  U n ited  K in g d o m  [9. 10]

•  A u stra l ia  [11, 12]

•  C a n a d a  [ 1."̂ , 14]

•  S w e d en  115],

1.2.3 The Structure of a Health Impact Assessment

T he struc tu re  o f  a H IA  is im portan t and  it insures  so m e deg ree  o f  qua l i ty  and  

com parab i l i ty  be tw een  H lA s.  P erhaps  m ore  im portan t  than the H IA  m e th o d  are 

the peop le  w h o  shou ld  be involved in a HIA.

O bv ious ly  it w ou ld  be sens ib le  to inc lude  the p roposa l  dec is ion  m a k ers  in the 

HIA. T h ey  will be fully in fo rm ed  o f  the p roposa l  and  should  be able to p ro v id e  

details  on  all aspec ts  o f  the proposa l  w h ich  w ou ld  be im portan t  for HIA . T h e re  

will also be a pub lic  hea lth  d o c to r  w h o  will be  aw are  o f  d iffe ren t hea lth  effec ts .  

It is cruc ia l that a H IA  exper t  is involved in all s tages o f  a H IA  to ensu re  that the 

correct p ro ce d u re s  are fo llow ed , this  m eans  that the H IA  is th o ro u g h  and  tha t it 

will be c o m p a ra b le  to o th e r  HI As.

As H IA s  are o f ten  ca r r ied  out at co m m u n i ty  level the inc lusion  o f  ap p ro p r ia te  

co m m u n i ty  g roups  w ill  not on ly  p rov ide  va luable  insight into the c o m m u n i ty  but 

it will a lso  g ive the c o m m u n i ty  a sense  o f  o w n ersh ip  o f  the H IA  and  p ro p o sa l .
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T his  ensures  that the H IA  is seen to be at g ro u n d  level and  not so m e th in g  ca rr ied  

out by  g o v e rn m e n t  officials w ho  m ay  be though t  ol' as so m e w h a t  rem oved  from  

the ac tua l com m unity .  With the r ight s truc tu re  in p lace  the actual fo rm at o f  a H IA  

is s tandard  ac ross  all types o f  HIA .

T h ere  are three d iffe ren t fo rm ats  e m p lo y e d  in a hea lth  im pact assessm ent;

1. P rospec tive  hea lth  im pact as se ssm en ts  a t tem pt to predic t the  o u tc o m e  o f  a 

po licy  not yet im p lem en ted  and  can  be ba.sed on  the  expe r ience  o f  s im ila r  

dec is ions  in the past

2. R e trospec tive  hea lth  im pact a s sessm en ts  look at the  effec ts  o f  po lic ies  o r  

p ro g ra m s  that have a lready  been  im p lem e n te d

3. C o n cu rren t  health  im pact a s sessm en ts  happen  at the sa m e tim e as a policy  

is im p lem e n te d  and  the co n seq u e n ces  o f  the policy  are m on ito red  as it is 

im p lem e n te d

It is accep ted  that a p rospec tive  health  im pact a s sessm en t  is the ideal form  o f  

a H IA  as any negative e ffec ts  will be  h igh ligh ted  and  ch a n g es  to a p roposa l  can  

be m ade  in suff ic ien t  lim e to reduce  ihe poss ib il i ty  o f  negative  effec ts .  W ith  a re t

rospec tive  hea lth  im pact as sessm ent,  negative im pac ts  lo hea lth  will a lready  have 

occu rred  and  it can  be  difficult  to “ u ndo"  som e po lic ies  o r  p ro g ra m s  that have 

a lready  been im p lem en ted .  In a  co n cu rren t  hea lth  im pact a s sessm en t  ap p ro p r i 

ate ad ju s tm e n ts  can  be  m ade  to the policy  lo ensu re  that nega tive  hea lth  im pacts  

are reduced . H ow ever ,  as the po licy  o r  p ro g ra m  has been  init ia l ized  a co m ple te  

reversal o f  the po licy  m ight p rove to be p rob lem atic .

N o  m a tte r  w h ich  formal o f  H IA  is se lec ted  the gene ra l  m e th o d  o r  p rocess  o f  

the H IA  will be  similar.  W h ile  d iffe ren t o rgan isa tions  have d iffe rent m a tr ice s
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and tools for con d u c t in g  H IA s, all H IA s  fo llow  a s im ila r  set o f  stages. T h e  five 

m ain  s tages to hea lth  im pact as sessm en t  are sc reen ing ,  scoping , appra isa l ,  d e c i 

sion m ak ing  and. eva lua tion  and  m onitoring .

1. Screening

Not all policies, p rog ram s o r  p ro jec ts  m ay  require  a health  im pact as sessm en t .  At 

the sc reen ing  s tage o f  a H IA  such  po lic ies  o r  p ro g ra m s  can  be f iltered out. The 

health  im pact o f  a certa in  policy m ay a lready  be w ell d o cu m en te d ;  in this  s itua tion  

it w ou ld  not be sensib le  to expend  resources  co l lec ting  ev idence  for so m e th in g  

that is well docum en ted .  D uring  the sc reen ing  phase  it m ay  also  be  d ec id ed  tha t a 

par t icu la r  proposal has a neutra l o r  neg l ig ib le  im pact on  h u m a n  health ; in su c h  a 

case  it m ay  be dec ided  that a full health  im pact a s sessm en t  is unnecessary .

S creen ing  shou ld  be co n d u c te d  sy s tem atica lly  using  a set o f  c r i te r ia  aga inst 

w hich  p roposa ls  can  be ju d g e d ,  it is useful in the sc reen ing  phase  to use a tool 

such  as 'T h e  H ealth  Q u e s t io n '  w h ich  is ou tl ined  in the app e n d ix (F ig u re  A . l  on 

page 144). A robust sc reen ing  stage will ensure  that scarce  resou rces  are ta rge ted  

tow ards  p roposa ls  that will benefit most from  a HIA. I 'or  se lec ted  p roposa ls  the 

sc reen ing  stage can  prov ide  an im portan t foundation  for the conduc t o f  further 

s tages in the HIA.

2. Scopinj*

T he second  stage in a health  im pact as sessm en t is scop ing ; here the te rm s o f  refer

ence for the H IA  are set. it cou ld  be though t o f  as an adm in is tra t ive  ‘w o rk in g -o u t '  

phase  o f  the H iA . T he  fo llow ing  item s shou ld  be add ressed  du r ing  a H iA  [ 16);
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•  E le m e n ts  o f  the p roposa l  to be  assessed  - it m ay  not be feasib le to address  

all e le m e n ts  o f  a p roposa l  so  on ly  the vital parts  shou ld  be assessed

•  the p ro p o s a l 's  n on -nego tiab le  a spec ts  - it is im portan t  to  have a list o f  'm us t  

d o s '  to e n su re  that the m ost im por tan t  and  perhaps  im pac t ing  aspec ts  are 

ad d re ssed

•  a im s  and  ob jec t ives  o f  the H IA  - w hile  this  m ay  seem  obv ious ,  it is im p o r 

tant to  know' the p u rpose  o f  the H IA

•  values u n d e rp in n in g  the H IA

•  the p o p u la t io n s  or co m m u n i t ie s  affec ted  by the p roposa l  im p lem e n ta t io n  - 

e sp ec ia l ly  any  vu lnerab le ,  m arg ina lized ,  o r  d isa d v an tag ed  g roups  w ith in  the 

affec ted  p o p u la t io n /c o m m u n i ty

•  the g eo g ra p h ica l  area cove red

•  po ten tia l  hea lth  im pacts  o f  co n c e rn

•  b ac k g ro u n d  in fo rm ation  for the H IA  (ev idence  base, H lA s  o f  s im ila r  p ro 

posa ls ,  base l ine  prolilc  o f  the p o p u la t io n /c o m m u n i ty ,  and  specific local c o n 

d i t ions  a ffec ting  proposa l  im p lem en ta t ion )

•  m e th o d s  to be  used du r ing  appra isa l  o r  r isk assessm en t

•  t im esc a le  for the  H IA  - aga in  this  is im portan t  in a p rospec tive  H IA  to e n 

su re  tha t the H IA  is c o m p le te d  befo re  im p lem e n ta t io n  o f  the p roposa l

•  m a n a g e m e n t  a r ran g e m en ts

•  w ork  p ro g ra m m e
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•  resources  available an d  requ ired  - in te rm s o f  hum an ,  f inancial and  m ateria l

•  d ec is io n -m a k in g  fo rum s that m ay be in fluenced

•  a r rangem en ts  for  the m on ito ring  and  eva lua tion  o f  the H IA  and  its o u t 

com es.

T he  scop ing  stage is ex t rem ely  im portan t  in se tting  dow n  the bo u n d ar ie s  in a 

HIA . W hile  m any o f  the  item s such  as m a n a g e m e n t  a r ran g e m en ts  and resources  

available  m ay be the sam e from  one H IA  to the next it is still vital that these  items 

are d iscussed  in the scop ing  stage.

3. Appraisal

A ppra isa l is also  re ferred  to as 'R isk  A sse s sm e n t ' ;  it is the third m a jo r  s tep  in a 

HIA . T he  aim  o f  the appra isa l s tage shou ld  be to es t im a te  the po ten tia l o f  a p ro 

posal to affect the health  o f  a popu la t ion  o n ce  it has  been  im p lem en ted .  Potential 

posit ive o r  negative hea lth  im pacts  can  be identified  here  us ing  quant i ta t ive  or 

qualita tive  m ethods.

At this s tage  the use o f  s ta tist ica l m e th o d s  is im portan t in o rd e r  to assess  p o s 

itive or  negative im pacts  on health . D ec is ion  ana lys is  and  m od e l in g  tools  can  be 

essentia l here to aid the eva lua tion  o f  hea lth  im pacts ,  these will be d isc u sse d  in 

so m e detail later in this chapter.  C lu s te r  ana lys is  m e th o d s  such  as the scan  s ta tis

tic can also  be  useful here  to investiga te  c lus te rs  o f  specific hea lth  events  resu lt ing  

from a par t icu la r  proposal.
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4. D ecision Making*

T his  fourth  s tage o f  the h e a h h  im pact a s sessm en t  involves the cons idera t ion  o f  

the appraisal and  then ch oos ing  the bes t  op t ion  from  the  g iven in form ation .  The 

best op tion  m ay  be the dec is ion  o f  no-ac t ion  o r  it m ay inc lude varia tions on the 

o r ig ina l p roposal  and  w ays  to m in im iz e  poss ib le  d isad v an tag es  and  en hance  any 

poss ib le  advan tages  to the pub lics  health .

O nce  a dec is ion  has been  m ade  it is im portan t  that a report is p repa red  and  that 

the necessary  le c o m m e n d a t io n s  are m ade .  T h e  report and  r e c o m m en d a tio n s  need  

lo be subm it ted  lo dec is ion  m akers  w ith in  the dec is ion  m akers  tim e fram e, en su r

ing that they m eet dead lines  for s c h ed u le d  m e e t in g s  abou t the proposa l .  A lthough  

the report and r e c o m m en d a t io n s  will be  p ro d u ce d  p rim arily  for the dec is ion  m a k 

ers  it is im portan t lo dis.scminatc the m a in  f indings o f  the report and r e c o m m e n d a 

tions lo all s takeholders .  It is im portan t  that the  con ten t ,  fo rm at and  p resen ta t ion  

o f  the c o m m u n ic a t io n  is d es ig n ed  ac co rd in g  to ihe needs  o f  the s takeho lders  and 

their  preferred  w ay o f  ac cess ing  in form ation .

5. Evaluation and monitorinj*

Evalua tion  or  im p lem en ta tion  ou t l ines  the p ro ce d u re  requ ired  lo im p lem en t  the 

policy  and eva lua tes  the health  im pact as sessm en t .  T h e  eva lua tion  o f  the H IA  

p rocess  is an im portan t  source  o f  learning.  It is part o f  the drive tow ards  q u a l 

ity im provem ent and is also vital in qua l i ty  assu rance .  M o n ito r in g  eva lua tes  the 

accep tance  and im p lem en ta t ion  o f  rec o m m e n d a t io n s :  w ere  re c o m m e n d a t io n s  fol

low ed th ro u g h ?  - W h y ?  or  W h y  not?  It w o u ld  be naive to a s su m e  that all rec 

o m m e n d a t io n s  in a H IA  w ere  au tom at ica l ly  im p lem en ted .  T h e  results  o f  a HIA
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are on ly  one  o f  m any  dilTercnl fac tors that will in l luencc  dec is ion  m a k ers  and  the 

result ing  p roposal.

M on ito r ing  is vitally im portan t  w h ere  ha rm fu l co n s e q u e n c e s  m a y  have been  

p red ic ted  but w here  the ir  exact natu re  is unclear. T h is  s tage will a lso  m on ito r  and 

eva lua te  ind ica to rs  and  health  o u tc o m e s  afte r  a p roposa l  has been  im plem ented .  

M on ito r ing  will also detec t any u n fo reseen  adverse  o u tcom es ,  and  m od if ica t ions  

can  be m ade  to the policy  in o rd e r  to m in im ize  all the  adverse  consequences .  

M on ito r ing  o f  health  effects  can  be  f raught with  difficulty as o f ten  the  pred ic ted  

health  effects  canno t be m on ito red  u s in g  rou tine  data. In ca ses  w h ere  the hea lth  

effec ts  can  be m on ito red  then  p ro p e r  m on ito r in g  char ts  need  to be  available. An 

appropria te  m on ito ring  m e thod  us ing  the scan  statistic will be d isc u sse d  in this 

thesis.

All o f  the ex a m p le s  o f  hea lth  im pact as sessm en t that w ere  e x a m in e d  use d iffe rent 

too ls  and d iffe ren t m atr ices  117. 15, 13. 18. 19. 12]. Tw o e x a m p le s  o f  these tools 

are il lustrated in A p pend ix  A. H ow ever ,  they all follow a s im ila r  m e th o d  based 

on  the five s tages  p rev iously  d iscussed .  T hey  all begin  with  a sc reen ing  phase 

w h ere  a policy is ex a m in e d  and  it is d ec id ed  if a health  im pact as se ssm en t  will be 

ca rr ied  out. T h ey  do this  e i the r  by us ing  a series  o f  set qu es t io n s  o r  by m eeting  

with  s takeho lders  and d iscuss ing  the  issues. T hey  then p rog ress  to  the scop ing  

s tage w here  they dec ide  w hat data  are needed , w hat resou rces  w ill  be needed , 

w ha t areas shou ld  be s tud ied  and  w ho  shou ld  im plem ent the study. T h e  various 

hea lth  im pacts  are then ex a m in e d  and  so m e h o w  a dec is ion  is m a d e  as to w he the r  

the im pacts  are posit ive or  negative  and how  m uch  they will affect the popu la tion  

in ques tion .  It is at this stage that the d iffe ren t health  im pact as.sessment m e thods  

differ. In som e si tuations there are no c lea r  gu ide l ines  as to h o w  any dec is ion



shou ld  be m ade  regard ing  im pacts .  W h a t  is done  if there is a s trong  negative  

health  im pact?  W ha t  is co n s id e red  a s trong hea lth  im pac t?  D oes it m ean  dea th s?  

D oes  the new  policy  need  to im pact a ce r ta in  p ropo rt ion  o f  p eo p le?  W h a t  abou t a 

slight inconven iencing  hea lth  im pac t?  In o th e r  cases  there are c lea r  gu ide lines  set 

do w n  as to w hat shou ld  be done .

1.2.4 Where should Health Impact Assessment be used?

T here  are m any  top ics  that can  be  subject to a health  im pact analysis .  It co u ld  

be d ec id ed  to im p lem en t  hea lth  im pact a s se ssm en t  for ce r ta in  po lic ies ,  o r  for all 

po lic ies  - exc lud ing  unsu itab le  po lic ies  in the sc reen ing  phase.  E x am p les  o f  w here  

health  im pact assessm en t has b een  used include:

•  E xpansion  o f  g a m b lin g  |20 ]

•  A rea  renewal housing  s tra tegy  [21]

•  G ro u n d in g  o f  an oil tanker  |2 2 |

•  N ew  roads, bypasses  or  f reew ays  [23, 24]

•  Landfill  site [25]

•  D eve lopm en t  o f  an airport. [26]

Prioritization

H ealth  im pact assessm ent cou ld  a lso  be used  as a p r io ri t iza tion  tool.  At the C o p e n 

h agen  C o n sen su s  [27] a n u m b e r  o f  the w o r ld 's  p ro b lem s  w ere  d iscussed ,  so lu t ions
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to the w o r ld 's  p rob lem s such as hunger ,  d isease ,  trade barr iers  and w a te r  w ere  a n 

alyzed  and a cos t benefit ana lys is  w a s  carried  out to assess  the profitab il ity  o r  

the 'best value for m o n e y ’ o f  each  p ro p o sed  opportun ity .  E ach  o f  these so lu t ions 

w as  then ranked  by nine lead ing  ec o n o m is ts  from  around  the w orld ,  and  a p r io r i

t ized  list w as  d raw n  up  o f  the top  ten p ro b le m s  and  so lu t ions  that shou ld  be g iven 

f inancing. T h e  list w as pr iori t ized  acco rd ing  to the cost benef i t  ana lys is  and  it is 

sh o w n  in Table 1.1

R ank ing C h a llen g e O pportun ity

1 Di.sea.ses C ontro l  o f  H lV /A ID S

2 M alnutr i t ion P rov id ing  m icro  nu tr ien ts

3 S ubs id ie s  and T rade  B arrie rs T rade L ibera liza tion

4 D iseases C ontro l  o f  M ala r ia

5 M alnu tr i t ion D eve lopm en t  o f  new  ag r ic u l
tural technologies .

6 Sanita t ion  and W ater S m all -sca le  w ate r  techno logy  
for l ivelihoods.

7 Sanita t ion  and  W ater C o m m u n i ty -m a n a g e d  w ater  
supp ly  and sanita tion .

8 Sanita t ion  and  W ater R esea rch  on w a te r  p ro d u c t iv 
ity in food  p roduction .

9 G o v ern m e n t  and corrLiption L ow er ing  the cost o f  start ing  
a new business.

10 P opu la tion  M igra t ion L ow er ing  barr iers  to m ig ra 
tion for sk il led  workers .

11 M alnu tr i t ion Im prov ing  infant and child  
nutrition.

12 M alnu tr i t ion R e duc ing  the p reva lence  o f  
low birth  weight.

13 D iseases S ca led -u p  basic  hea lth  ser
vices.

Table 1.1: E x p e r t 's  P rioritiza tion  List

13



R unn ing  parallel  to the C o p e n h a g e n  C o n s e n su s  was a Youth F o ru m ' ,  rep re 

sen ting  postg radua te  s tuden ts  from  80 coun tr ies  a round  the world .  T h e  Youth 

F o rum  w as cha rged  w ith  the sa m e task as the exper ts ,  they w ere  to p r iori tize  the 

w o r ld ’s ch a l le n g es  and opportun it ies .  T h e  Youth F o rum  w as  m ade  up o f  p o s t

gradua te  .students from  m any  d isc ip lines  inc lud ing  social sc iences ,  polit ics ,  law, 

business  and the  health  sc iences.  T h e  s tu d e n ts '  p r io ri tized  list is in Table 1.2.

R ank ing C h a llen g e O pportun ity

1 M alnu tr i t ion Investm ent in techno logy  in 
deve lop ing  coun try  ag r ic u l
ture.

2 D isease Scaled  up basic  hea lth  ser
vices.

3 G o v ern an c e  and C orrup tion G rass roo ts  m on ito ring  and 
se rv ice  delivery.

4 E duca tion H olis t ic  educa t ion  model.

5 Conflic t In ternational pea ce  fimd.

6 Sanita t ion  and W ater C o m m u n ity  m a n a g e d  low 
cos t w ate r  suppK .

7 Financial Instability C h a n g e  g o vernance  structure 
o f  W orld  Bank.

8 S ubs id ie s  and  T rade  Barriers A ba lanced  D o h a  R ound.

9 C l im a te  C hange K yoto  A greem en t.

10 P opu la tion  M igra t ion A ctive im m ig ra t ion  policies.

Table 1.2: Youth F orum  P rioritiza tion  List

As is ev ident from the tab les  the prio ri t ized  lists are very d iffe ren t.  The 

ec o n o m is ts— being  eco n o m is ts— prio ri t ized  acco rd ing  to the cost benefit  an a ly 

sis, and  their  p rio ri t ized  list show s so lu t ions that will g ive the ‘best value for

'The author was sclectcd to represent the Kuropean Union at the Copenhagen Consensus Youth 
Horum
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m o n e y ' .  T h e  Youth F o rum  ex p re ssed  d ifficu lty  w ith  the pr iori t iza tion  process ,  in

d eed  there w as m uch cons te rna t ion  w ith in  the p roceed ings .  M an y  o f  the delega tes  

at the Youth F o rum  argued  that the cost benefit  pr io ri t iza tion  d id  not co n s id e r  

"happiness" o r  "value o f  l ife '.  T h is  very d if fe ren t  at ti tude o f  the Youth F orum  is 

ref lec ted  in the ir  p r io ri tized  list.

It has  been  argued  by P ro fesso r  B jorn  L om borg .  o rgan ize r  o f  the C o p e n h ag e n  

C o nsensus ,  that p rio ri tiza tion  is a tool by  w h ich  to co m p a re  and  contrast p ro b 

lems. C os t-benef i t  analysis  is as g o o d  a tool as any o th e r  to use for this p r io ri t iza

tion p rocess  and  P rofessor  L o m b o rg  has argued  quite  correc tly  that "we c a n ' t  do  

every th ing ,  so w hat shou ld  w e do f irs t '.  However, health  im pact ana lys is  cou ld  

be u til ized here. Instead o f  p r io ri tiz ing  by cost efficiency, p riori tization  cou ld  be 

done  by, for exam ple :  n u m b e r  o f  lives saved  o r  inc idence  o f  d isease  reduced. In

deed  it is poss ib le  that o the r  pa ra m e te rs  such  as h app iness  or qual i ty  o f  life cou ld  

be incorpora ted  and  a tool such  as o ne  o f  the H IA  m atr ices  ou tl ined  in A p pend ix  A 

cou ld  be util ized.

T he  idea o f  health  im pact fits perfec tly  with  the con c ep t  o f  p rio ri tiza tion .  The 

pu rp o se  o f  health  im pact a s sessm en t  is exac t ly  repre.sented by  the quo te  at the 

beg inn ing  o f  the next section  w h ich  is s im ila r  to the goal o f  the C o p e n h a g e n  C o n 

sensus ;  both are ideas with  the aim  o f  e rad ica t ing  inequali ty  in the  world .  All 

o f  the c h a l le n g es  addressed  at the C o p e n h a g e n  C o n s e n su s  have a d irect im pact 

on  health  so it m akes  sense that a hea lth  im pact as sessm en t  be used  to priori tize 

the ch a l le n g es  and  solutions. F u rthe rm ore ,  not all o f  the ch a l le n g es  could  be rep 

resen ted  m ean ing fu lly  by a cost benef i t  ana lysis .  For  e x a m p le  the ch a l lenge  o f  

g loba l w arm in g  is a long te rm  prob lem , an  expensive  p ro b lem  to tack le  and  the 

returns are not great but it is so m e th in g  that im pacts  health . S im ila r ly  all o f  the



oilier cha l lenges  cou ld  easily  be pr io ri t ized  in te rm s  o f  health.

1.2.5 Health Impact Assessment in Ireland

[HIA] is d es ig n ed  to en su re  that all po licy  m akers ,  e spec ia l ly  those  

m ore  indirectly  involved in the hea lth  sy s tem , co n s id e r  the  im pact 

that their  dec is ions  m ight have, both  d irec tly  and indirectly, on  the 

health  o f  the popu la tion .

-Irish N ational  H ealth  S tra tegy  [28]

O ne  o f  the goals  o f  the Irish N ational  H ea lth  S tra tegy  [28] is to ensure  that the 

health  o f  the popu la tion  is at the  cen tre  o f  pub lic  policy. H ealth  im pact as sessm en t 

is a relatively new concep t in Ireland, but it is so m e th in g  that is receiv ing  keen  in 

terest and  will be in prac tice  shortly. It has  a lready  been  im p lem en ted  in N orthern  

Ire land on a n u m b e r  o f  p ro jec ts  129]. T he  A ll- Ire land  Institute o f  Public  H ealth  

has pub lished  a n u m b e r  o f  in troduc to ry  reports  and  held  a n u m b e r  o f  w o rkshops  

on health  im pact assessm en t [30, 31. 3 2 | .  T he  response  to H IA  in Ire land has 

been en thusias t ic ;  the on ly  qu es t io n s  a n u m b e r  o f  peop le  have about it are “w hen  

can 1 do  on e? "  or  “w here  can  1 try this o u t? ” .

In Ireland there a ie  n u m e ro u s  s i tuations w here  HIA  could  have been applied. 

T here  has been  d iscuss ion  o f  p ro p o sa ls  for a  new  runw ay  in D ublin  airport;  this is 

so m e th in g  that cou ld  be su itab le  for a HIA . A s im ila r  as sessm en t  w as  ca rr ied  out 

p rev iously  in M a n ch e s te r  w h en  the airport w as  ex tended  [26]. T here  are m any  

issues that w ou ld  need  to be cons idered :  for e x a m p le  the no ise  level for local 

residents,  traffic d is rup tions  that c o u ld  lead to excess ive  stress on c o m m u te rs .  A 

full hea lth  im pact as sessm en t  w o u ld  h igh ligh t  all poss ib le  im pacts  o f  a  new airport
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on  the liealili o f  ilie public , and  it w ou ld  also be im portan t  to co n s id e r  the hea lth  

im pact w hile  cons truc tion  w ork  w as  in p rogress .

A m ore  topical and  con trovers ia l  issue is that o f  w aste d isposal .  T h ere  have 

been  n u m e ro u s  ca.ses in the last yea r  o f  res iden ts  ob jec ting  lo  p ro p o sed  landfill 

s ites in W aterford ,  T ipperary ,  G a lw a y  and  L ao is  [2] a m o n g  others .  O ne  study  o f  

a p ro p o sed  landfill site in G a lw a y  e x a m in e d  the fo llow ing  areas  before  re jecting  

the site: landscape,  land use, ecology, a rchaeo logy ,  g eo logy  and  hydrogeo logy , 

traffic,  road access ,  haul d is tance  and  dev e lo p m e n t  cos ts  [33]; the hea lth  o f  local 

res iden ts  w as no ticeab ly  absent.

In G a lw a y  there has  been con troversy  o v er  a halting  site for Travellers,  w hich  

is located  close to a c losed  landfill site at C a rro w b ro w n e ,  Co. G a lw a y  [34]. H ad  

G a lw a y  C orpo ra tion  ca rr ied  out a hea lth  im pact as sessm en t  on the location  o f  the 

halting  site then perhaps  a d if fe ren t  location o r  op tion  for the halting  site cou ld  

have been  chosen  and the su b se q u en t  H igh C ourt  ca.se avoided.

T h ere  have been hea ted  deba tes  about the propo.sed inc inera to r  for C o rk  H ar

bour. w ith  m any  ob jec tions  from local res iden ts .  If a H IA  is carried  out,  it m ay 

help  to ease som e o f  the fears that the res iden ts  have. If  they are aw are  o f  all the 

p rocedu res  in p lace  to m in im ise  hea lth  im pacts ,  and  are reassu red  that the ir  health  

will be m on ito red  c losely  to ensu re  that there are no negative  im pacts,  th is  m ay 

help  to allay any concerns .

In the ca,se o f  landfill sites and  inc inera to rs  a HI A is n ecessa iy  pr ior  to  the final 

p roposal,  as it shou ld  h igh ligh t  any hea lth  issues that m ay  ari.se from  the location  

o f  the site. If the as sessm en t is ca rr ied  out in the initial s tages  o f  the p roposal  a 

m ore  su itab le  location for the landfill site can  be found, if  necessary .  This  w ould  

he lp  to reassure  co n c e rn ed  res iden ts  that all p recau tions  with  respect to hea lth  are
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guaran teed .

In o rder  for health  im pact as sessm en t  to be e ffec tive  it shou ld  be  a m u lt id is 

c ip linary  process ,  w ith in  w h ich  a range  o f  ev idence  about the health  effec ts  o f  a 

p roposal  o r  po licy  is cons idered ,  w ith in  a s truc tu red  fram ew ork . T he  potentia l 

health  im pacts  o f  a p roposa l  can  be ana ly sed  and  used  to in f luence  the dec is ion  

m ak in g  process  |35].

1.3 Statistics in Health Impact Assessment 

1.3.1 Possible Benefit of Statistical Tools

in the ir  assessm en t o f  the health  im pact o f  the S ea  E m press  oil spill,  Lyons et al. 

carried  out a sm vey o f  res iden ts  living in u rban  locations near  to the site o f  the 

oil spill 122). T he  res iden ts  w ere  ask ed  for any sy m p to m s  they felt af ter  the oil 

spill and these results  w ere  c o m p a re d  to a s im ila r  town that w as  not near  the oil 

spill location. T hey  found that there w a s  an increase  in repo r ted  preva lence  o f  

headaches ,  sore throats and sore eyes. H o w ev er  in this study  the d is tance  from the 

oil spill w as not investigated, i.e. if ind iv iduals  liv ing further aw ay  suffe red  fewer 

sym ptom s.  Lyons et al. [22] s ta ted  that little w as  know n  about long- te rm  health  

effects  o f  the oil spill,  and there  d oes  not seem  to  have been a follow up to this 

study. In this study  there w as  an o b v io u s  lack o f  the m on ito r ing  o f  hea lth  im pacts  

even though  c o n c e rn s  over long  te rm  im pac ts  had  been  stressed.

A rapid  H IA  o f  foot and m ou th  d ise ase  w as  carried  out in D evon [36]. E n g 

land. The study g roup  looked  at various issues such  as ec o n o m ic  and. policy  and 

social issues; the  m ain  hea lth  effec ts  s tud ied  w ere  m en ta l  health  and  resp ira tory
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prob lem s due  to the pyres. T he  s tudy  g roup  ca r r ied  out qualita tive  research  and 

found  that the re  was a r isk o f  increased  su ic ide  am o n g  fa rm ing  groups ,  espec ia lly  

g iven the ev idence  |37]  to suggest that fa rm ers  rank fourth  a m o n g  occupat iona l 

g roups  with  respect to  suic ide .  T h ey  found  no s ign ifican t im pact on  health  ser

v ices  due  to the pyres  and  inc reased  resp ira to ry  p rob lem s.  G as t ro - in tes t ina l  illness 

w as  h igh ligh ted  as a potentia l result o f  the c o n tam in a te d  w ate r  supplies  associa ted  

w ith  the pyres.

T he  g roup  d id  re c o m m e n d  that general p rac ti t ioners  (G P s)  m o n ito r  health  se r

vice u til iza tion  in se lec ted  areas. H o w ev er  the g ro u p  d id  not r e c o m m e n d  how  the 

various health  effects  should  be m onito red .  T hey  also r e c o m m e n d e d  that a further 

health  im pact as sessm en t  sh o u ld  be ca rr ied  out one y ea r  af te r  the foot and m outh  

ou tb reak .  If an eff icient m on ito r ing  sys tem  w ere  in p lace  any unusual c lus te r

ing o f  d isease  o r  sy n d ro m es  cou ld  be de tec ted  at the earlies t m om en t .  I f  there 

w as  a c lu s te r ing  o f  m ental hea lth  p ro b lem s then ex tra  resources  cou ld  be prov ided  

to help  the co m m im it ie s  cope  w'ith the a f te rm ath  o f  the foot and m o u th  disease . 

W h i le  it is sugges ted  that G P s  m o n ito r  the ir  service  util iza tion , this will not give 

an indication  o f  se rv ice  u til iza tion  in the w ho le  area.

A H IA  w as carried  out to look at c r im e p revention  [38]. C r im e  and burglary  

can have a  de tr im en ta l  effect on  the  physica l  and m ental hea lth  o f  the victim. 

T he  first c r im e prevention  s tra tegy  involved secur ing  hou seh o ld s  w ith  ex tra  locks, 

alarm  sys tem s  and new  w in d o w s  and  doors .  T h e  H IA  w as  assessed  by qualita tive 

m eans .  The health  im pacts  w ere  found  to  be m ost ly  positive. H o w ev er  there 

w ere  som e negative im pacts  repor ted  in o the r  areas d u e  to fear  that c r im ina ls  

w o u ld  choose  ano ther  perhaps  eas ie r  target. A m on ito ring  sy s tem  co u ld  have 

been incorpora ted  with the qual i ta t ive  as sessm en t  w hich  w ou ld  m on ito r  n u m bers
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o f  hurglai'ies and the initiative cou ld  then be ju d g e d  successfu l  if  there w as a 

sign ifican t d ip  in c r im e levels. If  the m on ito r in g  sy s tem  inco rpo ra ted  a spatial 

aspec t a shift in the target a rea  o f  c r im ina ls  co u ld  be de tec ted  in go o d  t im e and 

new  strategies  put in place.

'I 'hesc e x a m p le s  show  w here  a  HI A co u ld  have  benefi ted  from  so m e sound  

quanti ta t ive  ana lysis  o r  a fo llow -up  m on ito r ing  sys tem . W hile  these e x a m p le s  

show  w here  H IA s m ay  have been  lack ing  in ce r ta in  aspects ,  the re  has been  som e 

use o f  sta tis t ics in HIA.

1.3.2 Statistics in HIA

A n u m b e r  o f  quant i ta t ive  ap p ro a ch es  to health  im pact as sessm en t  have been  d e 

veloped; these are m athem atica l  m ode ls  for im pact analysis .  T hese  quantita tive 

m ode ls  inc lude P R E V E N T  |39 ) .  P O H E M  [40 |.  G lobal  B urden  o f  D isease  141], 

and  A R M A D A  |4 2 ,4 3 1 .

PRKVKNT

P R E V E N T  is a m a them atica l  m ode l w h ich  w as d eve loped  by G u n n in g -S c h ep e rs  

in 1988. It is a ce ll-based  s im u la t ion  m ode l that can  be used to es t im a te  the health  

benefits  for a popu la tion  w hen  there are cer ta in  ch a n g es  in risk fac tor  prevalence 

due to trends and  in terventions o v er  a m a x im u m  per iod  o f  50  years.  T h e  m odel 

can be app l ied  in te rm s o f  p roportional  ch a n g e s  in d isease  specif ic  inc idence  and 

in te rm s o f  abso lu te  ch a n g es  in such  p a ra m e te rs  as d isease  specif ic  and  total m o r 

tality.

T he  P R E V E N T  m odel w as used  to  assess  the hea lth  im pact o f  increased  physi-
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cal activity on  c o to n a ry  heart d isease  in E ng la n d  and  W ales  [39], F o r  the pu rposes  

o f  the P R E V E N T  m ode l the au tho rs  a s su m ed  that there w as  an  inverse g raded  re 

la tionsh ip  be tw e en  co rona ry  heart d isease  risk and  physical  ac tivity; the h y p o th 

esis  that had been  p roposed  by S h ap e r  |44 ] .  T w o strategies  w ere  m odelled : the 

first w as  a 25 per  cent increase  in the p ropo rt ion  o f  adults  w h o  w ere  m odera te ly  

active, the se cond  w as  a s im ila r  increase in the p ropo rt ion  that was v igorously  a c 

tive. T h e  m ode ll ing  ind icated  relatively sm all reduc t ions  in co ro n a ry  heart d isease  

dea th  rales. H ow ever  the health  im pact w as  g rea te r  for  the p roposa l  o f  inc reas

ing m odera te  activity: a 0 .15  reduction  in co ionaj 'y  heart d isease  dea ths  over  25 

years. T h e  m odel cou ld  also show  that ta rge ting  b eh a v io u r  ch a n g e  in m ales  over 

45 yea rs  o f  age w h o  already took som e fo rm  o f  physica l  ac tivity  w o u ld  prov ide  

the grea test popu la tion  benefit.

T he  P R E V E N T  m ode l is l im ited to app l ica t ions  involving hea lth  p rom otion  

in terven tions  and as such  is fairly l im ited  in its app l ica tion  to  HIA.

I’O H E M

P O H E M  |40] is a longitudinal m ic ros im u la t ion  m ode l w h ich  w as d es ig n ed  by the 

H ea lth  A nalys is  and M od e lin g  G ro u p  o f  S ta tis tics  C a n a d a  to s im ulate  the health  

s ta tus  o f  the C a n ad ian  popula tion .  A m o n g  the data  it inco rpora tes  are da ta  on  risk 

factors, d isease  onse t and p rogress ion ,  and  hea lth  o u tcom es .  It curren tly  m ode ls  

b reast cancer,  lung cancer,  co ronary  d isease ,  a r th ritis  and  d em en tia .

T he  P O H E M  m odel c rea tes  syn the tic  popu la t ions  at birth and p rov ides  them 

w ith  d e m o g ra p h ic  and  labour force charac te r is t ics ,  such  as age  at m arr iage ,  n u m 

ber  o f  o ffspring ,  em p lo y m e n t  incom e and  divorce .  By us ing  s im u la t ion  techn iques  

P O H E M  ages  these individuals  w hile  ex p os ing  them  to risk factors and  diseases .
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It can  therefore  be used to rep roduce  individual cha rac ter is t ics  fo r  a popu la tion  

and  gene ra te  longitudinal da ta  for  a represen ta t ive  sam p le  o f  a generation .  PO- 

H E M  can be used to eva lua te  the im pact o f  d if fe ren t  r isk factors , to assess  d ia g 

nostic  and  therapeutic  o p t io n s  for lung  c a n ce r  and  to eva lua te  the cos ts  o f  care for 

this d isease .  Various cost pa ra m e te rs  can also  be es tim ated .

T he  model w as  used  to es t im a te  the d irect m edica l  cos ts  o f  curren t  p rac tice  and 

new  trea tm en ts  assoc ia ted  w ith  lung ca n ce r  in C a n a d a  [45]. T hey  found  that the 

d irect m edica l cos t o f  lung c a n c e r  and  trea tm en t w as  ju s t  over  C A N $ 5 2 8  million. 

T hey  also es tim ated  that the cos t  per  y e a r  o f  life ga ined  as a result o f  trea tm ent 

o f  the d isease  w as ap p ro x im ate ly  C A N $  19,450. T h e  au thors  co n c lu d e d  that the 

trea tm en t o f  ca n ce r  w as  affective from  a purely  ec o n o m ic  v iewpoint.

T H E  P O H E M  m odel co u ld  be app lied  in H IA  and  could  be a successfu l  p re 

d ic tion  m odel for HIA. How ever, at p resen t the P O H E M  m odel is l im ited  by C a n a 

d ian  data, but it is a go o d  bas is  for a m ore g lobal  H IA  s im ula t ion  package .

G lobal Burden o f Disease

T he  G lobal B urden  o f  D isease  (G B D )  [41 ] has been  dev e lo p e d  by W H O  over  the 

past decade .  T h e  concep t  o f  d isease  burden  can  be thought o f  as ‘‘a  sys tem atic  

and  internally  cons is ten t  quan t if ica t ion  o f  hea lth  p ro b lem s o f  a de f ined  p o p u la 

tion. p referab ly  using  a s u m m a ry  m easu re  o f  popu la t ion  hea lth  that in tegrates 

m orta lity  and m orb id ity  in fo rm ation” [4 1 1. R esearch  on the burden  o f  d isease  can 

p rov ide  a sensib le  basis for im p lem e n ta t io n  and policy d ev e lopm en t ,  so it se em s  

logical that s tudies  on  the b u rden  o f  d isease  form the bas is  o f  health  im pac t as

sessm ent research .  T he  p r im ary  activ ity  o f  the G B D  has been  the d ev e lo p m e n t  o f  

com parab le ,  valid, and  reliable  ep idem io log ica l  in fo rm ation  on  a w ide  range o f
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d iseases ,  injuries and  risk factors.

De H o lla n d e r  el al. |46]  app l ied  the G B D  ap p roach  in the N e the r lands  and 

idenlified  a n u m b e r  o f  env ironm en ta l  hazards  for w h ich  there w as  reasonab le  data  

re la ting  to pub lic  health  o u tcom es .  T h e  n u m b e r  o f  ca ses  o f  each  d isease  w as  

identif ied  and these w ere  conver ted  to d isab i l i ty -ad ju s ted  life yea is  (DALY) by 

es t im ates  o f  severity  and  duration .  T he  resu lts  p rov ide  a sense  o f  relative im pact 

for d iffe rent env ironm enta l  factors such  as w ate r  supp ly  and hygiene,  o c c u p a 

tional env ironm en t  and  pes tic ides.  T he  hea lth  loss at tr ibu tab le  to env ironm en ta l  

exposu res  w as  found  to be relatively small in the  N ethe r lands .  G iven  that the total 

annua l bu rden  o f  d isease  is e s t im a ted  to be app rox im ate ly  2.5 m il lion  D A LY s, in 

the N e the r lands  [47] less than  5%  o f  this d isease  burden  cou ld  be a t tr ibu tab le  to 

onvironm cnta!  ex p o su res  (exc lud ing  accidents) .  H ow ever  th is  figure rises to 12% 

w h en  acc iden ts  are included.

I’his m ethod  is confined  to  I IIA ’s look ing  specif ically  at d isease ,  so it is l im ited  

as a quanti ta t ive  HIA  m ethod .  Any H IA s d ea l in g  with  d isease  inc idence  w ou ld  

benefit from inc lud ing  this m e th o d  am o n g  their  tools in ihe IIIA.

A R M A D A

A R M A D A  [42, 43] is the on ly  one  o f  these  four m athem atica l  m ode ls  that has 

been  specif ically  deve loped  for hea lth  im pact as.sessment. T h e  m odel is b ased  on 

peop le  m ov ing  be tw een  d iffe ren t hea lth  states until they die. For a g iven p o p u 

la tion  the m odel uses m orta l i ty  and  m orb id ity  sta tis t ics  to ca lcu la te  base line  age 

and  sex hazard  functions. T h e  relative risks, o f  d if fe ren t levels  o f  ex p o su re  to 

env ironm en ta l  changes ,  are incorpora ted  into the m ode l and  health  status o f  the 

p o pu la t ion  in the p resence  o f  the env ironm en ta l  dev e lo p m en t  is ca lcu la ted .
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T he  A R M A D A  m odel w as  app l ied  to a scena r io  w here  a new  inc inera to r  w as 

p ro p o sed  for  a tow n on the sou th  coas t  o f  E n g la n d  [43]. T h e  popu la tion  in c lose  

p rox im ity  to the inc inera to r  w as  ap p ro x im ate ly  10 000. U s ing  da ta  d raw n  from 

the env ironm enta l  s ta tem en t  on  ex p e c ted  levels o f  em iss io n s  and traffic, and also  

d a ta  on  the w in d -p lu m e  popu la t ion  for air  and  ch e m ic a l  exposu re ,  and  the city  

popu la tion  for  traffic exposu re ,  the ex tra  d isease  for  the inc inera to r  w as  e s t im a ted  

to  be ‘0 .15 o f  a p e r so n ’ in 30 years. I 'his figure con tra s ts  w ith  a total m orta lity  

o ver  the w ho le  per iod  o f  p e rh ap s  60  0 0 0  people .  It is the re fo re  a low ex tra  level 

o f  death.

T h ere  are p rob lem s with  .some o f  the m ode ls  ou t l ined  above .  For  e x a m 

ple there is little u n d ers tand ing  o f  the im p lica tion  o f  ex t rapo la t ing  risks be tw een  

difl 'erent popula tions .  M c C ar th y  and  U tley  [43] stress that the es t im a tes  o f  air 

po llu tion  used in the A R M A D A  m odel are based  on US da ta  du r ing  the 1970s- 

1990s. Also, im pacts  m ay  vary g rea tly  be tw een  d if fe ren t  social g roups  and  this 

is not accoun ted  for in the above m odels .  A ny o the r  health  im pacts ,  as ide  from 

d isease ,  cannot be ac c o m m o d a te d  by the above m odels .

H ow ever,  even  given the l im ita tions o f  the m ode ls  that have been  d iscussed , 

a rough quantita tive  es t im ate  o f  a hea lth  im pact is intuitively m ore appea l ing  to 

policy m akers  than  a qual i ta t ive  app roach ,  w h ich  co u ld  perhaps  be  cons idered  

'w ish y -w a sh y ' .  Q uanti ta t ive  m easu res  o f  health  im pact as sessm en t  p rov ide  a 

m eans  by w hich  different p ro p o sa ls  can  be  c o m p a re d  effec tive ly  and  eff iciently  

using  bo ttom  line nu m b e rs  such  as n u m b e r  o f  dea th s  o r  d isease .  It is this type o f  

ev idence  that appeals  to policy  and  dec is ion  m akers .

All o f  the m ode ls  d iscussed  above  will aid the  dec is ion  m ak ing  p rocess  and 

help  in identify ing the best p roposa l  in te rm s o f  hea lth  im pacts.  H ow ever,  m on-
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i toring tools  are vita! o nce  a p roposa l  lias been  im p lem e n te d  to ensu re  that the 

health  im pacts  rem ain  positive.

1.3.3 Discussion of Lack of Statistical Evidence

Parry  and  S tevens 148] assessed  so m e o f  the p ro b lem s  that co u ld  be  assoc ia ted  

w ith  the curren t  health  im pact as sessm en t  s t ruc tu re  as ou tl ined  in section  1.2.3. 

T hey  h igh ligh ted  the issue o f  ineffectual li terature rev iew s and  a n u m b e r  o f  HI As 

that have been  carried  out d id  not give an explic i t  desc r ip tion  o f  the review  process ,  

w h ich  cou ld  m ean  that m ost H IA s  have not been  in fo rm ed  by a sys tem atic  review  

o f  ev idence .  A cc o rd in g  to Perry and S tevens these  f law ed  lev iew s are likely to 

result in ..  b iased and  inaccura te  e ffec t e s t im a te s” 148).

T he  next vital part o f  the health  im pact as sessm en t  is consu l ta t ion  w ith  .stake

holders ,  Parry and Stevens |48]  s tressed  the im p o r ta n ce  and benefits  o f  this step, 

but they adv ised  cau tion  in the ana lys is  and  co l lec t ion  o f  such  data. Any co n s u l

ta tions that are carried  out need  to be p e r fo rm ed  w ith  ex t rem e  s tr ingency  in o rder  

to achieve a b a lan c ed  view.

W ith the above issues in m ind  Parry and S tevens  e m p h as ised  the need  for 

em p ir ica l  tests o f  the pred ic tive  process.  A n u m b e r  o f  H IA s  that have  been e x 

ec u te d  have been prospec tive ,  indeed it is r e c o m m e n d e d  that if  at all poss ib le  a 

H IA  should  be prospective . How ever, this requ ires  som e sort o f  follow up. As 

s ta ted  by Isson [49] ‘"the m on ito ring  o f  hea lth  t ren d s  and  o u tc o m e s  will p robab ly  

be co n d u c te d  by off icers  in an o rgan iza tion  or p a r tne rsh ip  and  inco rpo ra ted  into 

ex is t ing  sy s tem s  for da ta  co l lec tion  and  m o n i to r in g ” .

It is ev iden t from all the resource  articles and  w eb  sites d ed ica ted  to H IA  that

25



the focus has been  very m uch  on the po licy  and  polit ica l aspec t o f  health  im pact 

assessm ent.  C u rren t  literature goes  far in inventing and  desc r ib in g  new  m ode ls  

to  carry  out health  im pact as sessm en t .  H ow ever,  these m o d e ls  are all s im ila r  in 

nature and  they ap p e ar  to m ost ly  ou tl ine  the ro les  o f  d if fe ren t  peop le  involved in 

a health  im pact as sessm ent,  how  m uch  l im e and  m oney  it shou ld  cos t,  and  w hat 

po lic ies  o r  p ro g ra m s require a HIA.

An e n h a n ce m e n t  w h ich  has  not been  used  in health  im pact as sessm en t to date 

but w hich  was sugges ted  by M cIn ty re  and  Petticrew  [50 | is a m e th o d  to c o m 

pare  quantita tive ly  the d iffe ren t effec ts  o f  polic ies.  D ec is ion  ana lys is  and  sy s 

tem s for w e igh t ing  ev idence  have been  p ro p o sed  for env ironm enta l  im pact a s sess 

m ent [51 ], but it has  not been  looked  at in re la tion  to hea lth  im pact assessm ent.

T he  V iza y ak u m ar  and M o h a p a tra  as sessm en t |5  1 ] ex a m in e d  the conseq u e n ces  

o f  the unchecked  use o f  po ten tia lly  harm fu l techno logy  using  a m e thod  know n  as 

c ross  im pact s im ulat ion .  T hey  looked  at how  d ifferen t variables , such as po l lu 

tion, a ffec ted  popu la tion ,  social p ressure ,  level o f  use o f  technology , health  care, 

po llu tion  contro l po llu tion  taxes  and  additiona l expend itu re  im pac ted  ea ch  other. 

T hey  deve loped  a m atr ix  w h ich  sh o w ed  the posil ive o r  negative im pact that the 

variables had on each  other. U s ing  this they then s im u la ted  various m ode ls  us

ing a p rog ram  in F o r tran?? .  F o r  e x a m p le  for a  very basic m ode l they took  the 

case  w here  the unaba ted  use o f  po ten tia l ly  ha rm fu l techno logy  is d u m p in g  po l lu 

tants  into the env ironm ent.  It w as  obv io u s  from the s im ula t ion  that this  scenario  

increased  the affec ted  popu la tion .  T hey  also  looked  at the o the r  variab les  and 

ex am in ed  how  changes  in the.se variab les  w ou ld  affect the m odel.

A sim ilar  m e th o d  app lied  in the health  im pact as sessm en t  s ituation  co u ld  be 

very useful. It w ou ld  m ean  that a lot m ore  op tions ,  w ith  respect to the  policy  that
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is under  ana lysis ,  cou ld  be tested  with  little effort  required . It w o u ld  also  m ean  

that the best poss ib le  op tion  co u ld  be chosen .

In short, current m ode ls  o f  hea lth  im pact as sessm en t  tell us w hat it is, w h o  

shou ld  be involved, how long and  at w hat cost.  H o w ev er  there has not been 

e n o u g h  w o rk  focused  on how  any ana lys is  shou ld  be carried  out. It w o u ld  be 

poss ib le  to ga ther  all the right s takeho lders  and  have the necessa ry  resources  and 

still not know  the best app roach  to ana lyz ing  the data.

It is c lea r  that a set o f  ana lys is  tools  is n eeded  in o rd e r  for hea lth  im pact a s 

sessm en t to ach ieve it 's  m a x im u m  potentia l.  Any m e th o d s  that are used w ou ld  

need  to inc luded  a tem poral aspec t,  as this has  a heavy  bear ing  on health ; ca rry ing  

out a health  im pact assessm ent based  on a single po in t in tim e does  not m ake  a 

lot o f  sense in m ost situations. I 'h e  hea lth  o f  all ind iv iduals  ch a n g es  over  time 

and  it is usua lly  a cum ula t ive  effect over  t im e that will im pact a pe rsons  hea lth ,  so 

cons tan t  m on ito ring  o f  approp r ia te  hea lth  factors is required.

A n o th e r  sign ifican t aspect to be co n s id e red  is a spatial impact.  W h e n  c a r ry 

ing out a hea lth  im pact as sessm en t  it is usua lly  in o rd e r  to identify  the im pact 

o f  som e th ing  such as a landfill site o r  new road on the ind iv iduals  living in the 

su r ro u n d in g  areas, so obv iously  spatial ana lys is  is im portan t.  H ow  far away from 

residen tia l zones  d o es  a landfill site need  to be located  in o rd e r  not to im pact on 

hea lth?  O r  w hat is the best route for a new  road  to take so that it m a x im ises  a 

c o m m u te rs '  co m fo r t  and  m in im ise s  the local res iden ts '  hea lth  risks.

F igure 1.1 ou t l ines  the health  im pact as sessm en t  p ro ce d u re  as exp la ined  p rev i

ously. It a lso  suggests  w here  statistical tools shou ld  be used  and  how they shou ld  

be used at each  stage. In the sc reen ing  phase ,  dec is ion  ana lys is  tools  co u ld  be used 

as an aid to dec ide  if a health  im pact a s sessm en t  is necessary . D ec is ion  ana lysis
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F igure  1.1: P roposed  S lalistical r equ irem en ts  in a H ea lth  Im pact A ssessm en t

tools, such  as those  d iscussed  in section  1..3.2 cou ld  be used  again  in the dec is ion  

ana lys is  pha.se - at this stage d ec is io n s  have to be  m ade  as to w hat ex ten t a new 

policy  shou ld  be im plem ented .  D ec is ion  ana lys is  tools, such  as linear  p r o g ra m 

m ing  m e thods ,  w ou ld  help  in w e igh t ing  the im portan t  aspec ts  o f  the policy, thus 

en su r in g  a m in im u m  o f  negative im pacts  on  health.

In the appraisal phase  o f  a H IA  d a ta  ana lys is  tools  w o u ld  need  to in c o rp o 

rate  spatia l,  tem pora l  and  spa tia l- tem pora l  aspects .  In som e c i rc u m sta n ce s  w hen  

the hea lth  im pact as sessm en t  is p rospec tive ,  then  p red ic tive  aspec ts  o f  the ciata 

ana ly s is  tools w o u ld  be im portant.
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A recurring point at the 5th Annual UK and Ireland HIA conference [52] was 

the lack o f  a monitoring and evaluation phase in health impact assessments, and 

the importance o f  the monitoring and evaluation phase. The monitoring and eval

uation stage has two different interpretations:

M onitor the Progress o f  the health impact assessment process and after a health 

impact assessment has been implemented evaluate how well it was imple

mented, or

M onitor the H ealth t^ffects to observe positive or negative impact o f  the change.

The W H O  defines monitoring as: .. the periodic oversight o f  a process, or the

implementation o f  an activity so that timely action can be taken to correct the

deficiencies detected.” [53] This definition of  monitoring is rarely implemented in 

a HIA. The monitoring phase o f  a HIA is essential to ensuring that any ill-effects 

are highlighted immediately and positive health effects are likewise emphasized.

The scan statistic ]54] would be u.seful and could be applied in a health impact 

assessment. It involves scanning the data with a moving window and attempts to 

detect a tendency of events (e.g. deaths) to cluster. A simple image o f  the scan 

statistic is that o f  a person sitting on a train looking out the window, the train is 

moving and so the window has a constantly changing view, if the person is a 

farmer they may be iiuerestcd in the largest number o f  cows in a field - the largest 

num ber of  cows the individual sees from the window at any one time could be 

considered a cluster o f  cows. In the case o f  the scan statistic a rather arbitrary 

window is moved over a time series o f  data, the largest cluster o f  cases is o f  

interest and indicates a tendency of the events to cluster. The scan statistic will be 

discussed in more technical detail in C hapter  2.
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T here  has been so m e dev e lo p m en t  o f  the  scan  sta tist ic  as a tool for de tec ting  

c lu s te r ing  in space  and time. U s ing  these  d ev e lo p m e n ts  the scan  statistic cou ld  be 

im p lem en ted  in the appra isa l  phase. T he  scan  sta tis t ic  is very flexible  and  will be 

useful in re trospective  s i tuations,  but it can  also be used  as a pred ic tive  tool and 

the re fo re  it w ou ld  be essentia l in p rospec tive  o r  co ncu rren t  H IAs. T h e  scan  s ta tis

tic is adap tab le  as a m on ito ring  tool; m on ito r in g  o f  hea lth  events  cou ld  be carried  

out in the appraisal s tage - if the hea lth  im pact a s sessm en t  w as re trospec tive  a 

re trospective  scan could  be used.

1.4 Aims and Objectives of the thesis

T he aim  o f  th is  thesis is to eva lua te  and  assess  the  scan statistic as a m on ito r ing  

tool in health  im pact assessm ent.  T h e  ob jec tives  are:

•  to investigate the feasibili ty  o f  a m o n ito r in g  tool in health  im pact a s se ss 

ment;

•  to test the tem pora l  scan  statistic u nder  d if fe ren t  scenarios ;

•  to assess  the use o f  the scan sta tis t ic  as a m on ito r ing  tool;

•  to co m p are  d iffe rent versions o f  the scan  statistic;

•  to investigate  the use o f  the scan s ta tis t ic  for de tec ting  d ip s  in events  

Specif ic  Test A p p lica tions

•  to assess  the im pact the penalty  point sy s tem  is hav ing  on  road  fatalities;
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•  to  assess  if  the b i tu m in o u s  coal ban  had  a posit ive im pact on  resp ira tory  

dea ths;

•  to investigate  if  there is any ev id en c e  o f  copyca t  su ic ides  in Ireland;

•  to m on ito r  the im pact o f  a new  tram  sys tem  on a c i ty ’s popu la tion ;

•  to investigate m on ito r ing  o f  c a n ce r  cases  in the v icinity  o f  an incinerator.

1.5 Conclusion

T he m e thod  o f  health  im pact as sessm en t  has been  d iscussed  in detail .  T he  need  for 

statistical m ethods ,  specif ically  m on ito r in g  tools ,  has  been  h igh ligh ted ;  this  has 

been co n f irm e d  with  so m e e x a m p le s  o f  HI As w h ere  m on ito ring  tools o r  statistical 

tools cou ld  have helped  the health  im pact as sessm en t by p rov id ing  ev idence  o f  

health  benefits  o r  negative im plica tion .

G iven  the lack o f  ev idence  o f  any m on ito r ing  being under taken  as part o f  a 

health im pact assessm ent,  it seem s that w ork  is requ ired  in this area. T he  next 

chap te r  will ou tl ine  the requ irem en ts  o f  a statis t ica l m on ito r ing  tool, and the te ch 

nical aspec ts  o f  the scan s ta tis t ic  will be d iscussed . In fo llow ing  chap te rs  the 

ap p rop r ia teness  o f  the tem pora l  scan s ta tis t ic  as a m on ito r ing  tool, e spec ia l ly  for 

use in a health  im pact a s sessm en t  will be co n s id e red  and  illustrated.
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Chapter 2 

The Scan Statistic

2.1 Introduction

C h a p te r  1 exp la ined  w here  health  im pact a s se ssm en ts  lactced vital s tatis tical in

put. T h is  chap te r  will look at d iffe ren t m eans  o f  filling the  g ap s  in hea lth  impact 

assessm en t by using appropr ia te  statistical tools. A s  m on ito r ing  too ls  have been  

largely neglec ted ,  this thesis  will focus on their  use in a  health  im pact assessm ent.

2.2 Statistical Methodology for Health Impact

Assessment

H IA s  are usually  im p lem en ted  by pub lic  hea lth  p rac ti t ione rs  o r  by local c o m m u 

nity groups.  T here fo re  in o rd e r  to en c o u rag e  the  use o f  s tatis tical m e th o d s  they 

need  to be easy  to  im plem ent and easy  to unders tand .

A s HI A covers  a very b road  spec trum  o f  p ro b lem s,  it w'ill c o n seq u e n tly  lead  to 

a b road  spec trum  o f  data types, and w ith  that issues w ith  da ta  quality. It is impor-
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lant that the m on ito ring  tool is Hexible and  d oes  not p lace  n u m e ro u s  cons tra in ts  

and assu m p tio n s  on  its use. so that it can  be app l ied  in d if fe ren t  s i tuations w here  

there are d is t inct data  p rob lem s.  In the m on ito r in g  phase  o f  a p rospec tive  H IA , 

the tool shou ld  have the capab i l i ty  to alert to inc reases  or dec reases  in the  o c c u r 

rence o f  events.  In a re trospective  H IA . w h ere  a pa r t icu la r  p ro g ra m m e  has  had  an 

im pact on  health , then the pa r t icu la r  tool will need  to be co m p e te n t  al as sessm en t  

o f  c luste rs  retrospectively.

T he  purpose  o f  m on ito ring  for hea lth  effec ts  is to alert to an  increase in health  

im pacts  in a t im ely  m anner. It is im portan t ,  the re fore ,  that the se lec ted  m e thod  is 

t im e eff ic ien t and alerts to increases  o r  decrea.ses quickly.

If a certa in  p lanned  p ro g ra m m e  is though t to  have a posit ive im pact on  health  

then it m ay be o f  interest to m on ito r  for a d ec rease  in hea lth  events. By show ing  

that a par t icu lar  p ro g ra m m e reduces  cer ta in  health  events, and by having  statistical 

ev idence  o f  such a decrease ,  it lends c re d en ce  to the p ro g ra m m e  w hich  cou ld  then 

be im p lem en ted  e lsew here .  It a lso  lends c re d en ce  to the H IA  m e thod  - this will 

help  with  future funding  for H IA s and ease  the im p lem en ta t ion  o f  fu ture H IAs.

2.3 Monitoring Tools

A n im portan t aspec t o f  m on ito ring  is that the tool can  take accoun t o f  over lapp ing  

t im e periods. F o r  exa m p le  suppose  that o v er  a 5 -y ea r  pe r iod  1991 to 1995 there 

are 19 reported  cases  o f  cancer.  W ith in  this  five year  per iod  suppo.se that eight 

o f  the cases  fall w ith in  a one  y ea r  per iod  (13*^' April 1993 to 13^^ April  1994), it 

m ight be o f  interest to know  if  this c lus te r  is unusual:  in o th e r  w ords  g iven that 19 

cases  occurred  in 5 years, how  unusual  is 8 cases  in one yea r?
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A traditional w ay  o f  so lv ing  this  p ro b lem  m igh t be to d iv ide  the five years  up 

into five disjo in t o n e-y e ar  pe r iods ,  and look at the d is tr ibu t ion  o f  the m a x im u m  

n u m b e r  o f  cases  falling in any one  year. H o w ev er  the c lus te r  will not be de tec ted  

using  this m e thod  as the e igh t ca ses  fall b e tw e en  tw o d is jo in t  years. T h e  trad i

tional m e thod  o f  clus te r  ana lys is  uses  d is jo in t t im e per iods  as found  in a calendar. 

T he  scan statistic m oves  aw ay  from  ca le n d a r  t im e per iods  and  ana lyzes  the data  

as one c o n t in u o u s  time per iod  ra the r  than the  specif ied  yea rs  o r  m onths .

2.4 Scan Statistic

T he scan statistic is a m e thod  that is used  to exa m in e  c lus te ring  o f  events  over 

lim e, space  or  both  t im e and  space .  T he  m e thod  involves the sc an n in g  o f  data  

with  a w indow , in search  o f  e i the r  the largest n u m b e r  o f  events  in that w indow, 

o r  the data  m ay be scanned  look ing  for the sm allest w in d o w  that co n ta in s  a p re 

specif ied  n u m b e r  o f  events.

If a large c lus te r  o f  events  w ere  o b se rved  o v er  a pe r iod  o f  tim e it w o u ld  be 

o f  interest to know  w h e th e r  the c lus te r  w as  unusual  o r  due to random  factors. 

C lus te rs  do  o ccu r  naturally  and  not every  c lus te r  will be s ign ifican t  o r  due  to  som e 

external reason. T he  scan  s ta tist ic  is a m ethod  that can  be used  to test w h e th e r  a 

c lus te r  is unusual  by looking  at the rela tive f requency  o f  large c luste rs  as su m in g  

that the events  are random ly  independen t ly  d istributed.

The fo llow ing  exa m p le  c learly  illustrates the scan  statistic. E ach  po in t on the 

line represen ts  a case  o f  S p in a  B if ida  in the pe r iod  1997-1999 . T he  shaded  area 

w ith in  the box  represen ts  a  w indow  sc an n in g  the data .  As the w indow  m oves 

ac ross  the tim e line the n u m b e r  o f  ca ses  o f  S p ina  B ifida  w ith in  each  w in d o w  is
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counted. The m axim um  num ber of cases is then assessed using one of the methods 

to be discussed in the following sections.

  4! • — • -

20/8/97 8/3/S8 24/9/98 12/4/99

Figure 2.1: Spina Bifida Cases in Ireland, 1997 - 1999 

2.4.1 Where has the Scan Statistic been used?

The scan statistic has been utilized in a wide variety o f areas that include digi

tal screening f55] and genetics [56], public health, epidem iology and veterinary 

m edicine [57]. The scan statistic has also been used in other fields such as ac

tuary studies, w here it was used to exam ine occurrences of clusters o f threshold 

exceedances by the individual claims [58]. It has been used in physics to ex

amine gam m a rays and cosmic ray data [59]. The US Departm ent o f Justice 

has researched the possibilities for using the scan statistic to look at clusters o f 

crim e [60]. The use o f the scan techniques generally falls under one of the fol

lowing headings; tem poral, spatial and spatio-tem poral.

In a tem poral setting the scan statistic has been utilized as a surveillance tool 

in a poison control centre, where clustering o f carbon m onoxide cases were found
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using  a  tem pora l  scan  m e th o d  [61]. T h is  w as  the on ly  ev idence  o f  the use o f  the 

tem pora l  scan  s ta tis t ic  that cou ld  be found.

A spatial scan  sta tis t ic  based  on  the B ernou ll i  m ode l w as  used  to investi

gate  if there w as  c lu s te r in g  o f  bov ine  tube rcu lo s is  in A rgen tina  [57]. It w as 

also used to investiga te  spatia l d if fe rences  in breast c a n c e r  inc idence  in C o n n e c t i 

cut ,  U S A  |62) .  C lu s te r in g  o f  ch i ld h o o d  a s tro c y to m a  in S w e d en  w as  investigated  

and  w h ile  an increase in inc idence w as  o b se rved  there w as  no s ign ifican t  c lus te r

ing [63]. A n investiga tion  o f  the d is t r ibu t ion  o f  BSE  in S w itze r land  w as carried  

out w ith  the use o f  a  spa tia l scan statistic: c lus te rs  o f  B S E  w ere  located in easte rn  

and  w estern  S w itze r lan d  [64 |.

A sp a t io - tem pora l  m e th o d  w as used  to investiga te  c lus te ring ,  over  tim e and 

space  s im ultaneously ,  o f  acu te  resp ira to ry  d isease  in N o rw e g ian  cattle  herds  [65]. 

A space - t im e  scan s ta tis t ic  w hich  adju.sted for co n fo u n d in g  factors w as used  to 

ex a m in e  c lus te ring  o f  B low fly  str ikes in sheep  flocks in A u stra l ia  [66], To assess 

w h e th e r  an o b se rv e d  excess  o f  brain  c a n ce r  in Los A lam os ,  M e x ico  w as a real 

cluster, c o n fo u n d in g  fac tors  such as p rese lec tion  b ias  and  m ultip le  tes ting  cou ld  

be ac coun ted  for by us ing  a space - t im e  scan  sta tist ic  [67].

C lus te r ing  o f  su ic ide  in the US M a rin e s  w as  investigated . C lus te r ing  over  

t im e and  space w as found  to be am b ig u o u s  w hile  overa ll  su ic ide  rates were  lower 

than expected ,  and the re  w as c lu s te r ing  o f  su ic ide  a m o n g  ethn ic  m ale  g ro u p s  [68]. 

R e sea rch  w as ca rr ied  out to investigate if  there w as  any c lu s te r ing  o f  .symptomatic 

h u m a n  pes tic ide ex p o su re s  and s ign ifican t  spatial and  tem pora l  c lu s te r ing  was 

revealed  [69[. Turnbull ex a m in e d  spatia l and  tem pora l  c lu s te r in g  o f  le ukaem ia  in 

N ew  York [70] using  the  scan statistic.

W hile  there have been  m any app l ica t ions  o f  the scan  s ta tis t ic  in a  spatial and
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spa t ia l- tem pora l  env ironm en t  as a tem pora l  m on ito r ing  tool it has  yet to be thor

o ugh ly  assessed.  T h e  health  im pact a s sessm en t  env ironm en t  is a ch a l len g in g  op- 

portim ity  to investigate  the ap p rop r ia teness  o f  the scan  s ta tist ic  as a tem pora l  m o n 

itoring tool.  T here  are m any  opp o r tu n i t ie s  for  m on ito r ing  in HIAs; the scan s ta 

tis tic cou ld  be used to m on ito r  d isease ,  su ic ide  and  road  acc iden ts  am o n g  m any 

o th e r  im portan t  health  impacts.

T he  scan  statistic is a relatively innovative tool,  it has been  deve loped  and 

util ized, par t icu la r ly  in recent years. H ow ever,  the  scan  s ta tist ic  has not been  

u ti l ized  to any great ex ten t as a m on ito r ing  tool. As w as ou tl ined  in C hap te r  

1, there is no  ev idence  o f  m on ito r ing  o f  health  effec ts  in H IA , even though  it 

is pu rpo rted  to be one  o f  the m ost necessary  s tages  in a HIA . T h e  scan  statistic 

w ou ld  appear  to be an eff ic ien t m on ito r ing  tool,  specif ically  b ecause  it is quite a 

versa tile  tool.

2.5 Methodology

T h ere  are different vers ions o f  the scan s tatistic,  and dep e n d in g  on the da ta  ava il

able .  e i ther  the b inom ial scan  statistic, the scan  statistic on  the circ le ,  the Poi.sson 

scan  statistic o r  the ratchet scan  sta tis t ic  m ay be used.

To eff ic ien tly  exp la in  and  illustrate each  exam ple .  S p ina  B if ida  da ta  will he 

u.sed. S p ina  B ifida  is a congen ita l  an o m aly ;  it is the m edica l nam e g iven to a 

birth  defec t  in w h ich  the spinal c o lu m n  fails to form proper ly  w hile  the baby  is 

deve lop ing  in the w om b. It is the m ost c o m m o n  o f  the 'neu ra l  tube d e fe c ts ’. T he  

ca u se s  o f  S p ina  B ifida  are though t  to be  env ironm en ta l  and  genetic .  Lack  o f  folic 

ac id ,  and  inc inerators  have been  l inked to S p ina  Bifida. It is the re fo re  a useful
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i llustrative exam ple .  I'lie da ta  are I'roni the pe r iod  1997 - 1999 (see figure 2.4, 

page  35).

In all o f  the ex a m p le s  in this ch a p te r  a sc an n in g  w indow  o f  91 d ay s  o r  three 

m on ths  will be used. A sc an n in g  w indow  o f  this  length  is useful to detec t seasona l 

clustering . In order  to co m p a re  the d if fe ren t  scan  sta tis t ic  too ls  the window' size 

will rem ain  the same. Selec tion  o f  app rop r ia te  w indow  size  is an im portan t aspect 

o f  scan  sta tis t ics  that is d iscussed  later in this chapter.

2.5.1 The Binomial Scan Statistic

T he classic  m ethod  for the scan statistic involves  co u n t in g  the n u m b e r  o f  events  

in each  tim e interval. T he  m a x im u m  n u m b e r  o f  even ts  found  could  be co ns idered  

a c lus te r  and is ca lled  the scan statistic.  U sing  the classica l m e thod  the p robabil i ty  

o f  a large n u m b e r  o f  events  in a g iven interval is ca lcu la ted  and  a dec is ion  can  then 

be m ade  as to w h e th e r  the clus te r  is unusual.  N e f f  and  N aus [71, 72] pub lished  

tables o f  the p robab il i ty  o f  a cluster. T hese  tab les  eva lua te  the c lu s te r  up to a total 

sam p le  size (.V) o f  25.

W allenste in  and N e f f  |73 ]  further  d eve loped  the ap p ro x im a tio n  for the d is 

tr ibution o f  the scan statistic so that large values  o f  A", total sa m p le  size, cou ld  

be ana lysed.  S u p p o se  A’ is the total n u m b e r  o f  events  in an interval o f  length 

T.  Let ;■ deno te  the ra tio  o f  the w id th  u' o f  the  w in d o w  to the  total t im e frame. 

T .  V — ji ,  and  set P { n . . \ . f )  — Pr{n>i^, >  ri) is the p robab il i ty  o f  ge t t ing  the 

m ax im u m  value ri in any w indow  o f  w id th  r.  g iven that there is A' events  in total.

>  n)  p robabil i ty  u n d e r  the null hypo thes is  o f  f inding a value ni  in 

a w indow  o f  w id th  ir that is b igge r  than the c lu s te r  ri.
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There are many approximations available for the computation of  P (r/;  A",; ). 

A simple sum o f binomial and cumulative binomial probabilities can be utilized [73] 

Equation 2.1 shows the Binomial Distribution, b, this represents the probability of 

n successes in a total o f  .V events, where the probability o f  success is r. The 

window width as a proportion o f  the total lime period is represented by r.

h[r}-. X . r )  -  -  ?•)■''' " (2.1)

The cumulative sum o f  probabilities G{, can then be calculated using equation 2.2, 

where again r; represents the num ber o f  successes, .V is the total number of  events 

and T represents the window width as a proportion of  total time.

, \

(7 , ( n : .V . r )  _  (2.2)
I - r t

Using the.se equations Wallenstein and N eff |73] approximated P (n :  .V. r)  as can 

be seen in equation 2.5. This approximation o f  P[i)\  .V. r)  is exact for n > N / 2 ,

It' < 0.-5, and gives accurate results in other cases.

P(ri: X .  r) % (.V -  n -  \ )b{n -  1: .V. r )  (2.3)

— (.V — ri — \ )h{n: A’, r) +  2Gh(ru: X .  r)  (2.4)

P ( r i : X .  r) — ( n r   ̂ — X  — \)h{n: X . i ' )  + '2Gh{ny-X. r )  (2.5)

This approximation is easy to implement and a resuh is relatively easy to obtain

using any spreadsheet package such as Excel.
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To illustrate this method the Spina Bifida data, described on page 38 will be 

used. To see if there is evidence of seasonal clustering of Spina Bifida cases a 

window of 91 days will be used to scan the data. Figure 2.2 illustrates visually 

the use of a 91 day scanning window. In the diagram the scanning window has 

been centred on the largest cluster. This cluster occurred in 1998, 27*̂ * February 

to 27*  ̂ March. There were nine cases of Spina Bifida in this period; in the two 

years shown below there was a total of 22 cases of Spina Bifida.

Figure 2.2: Spina Bifida Cases in Ireland, 1997 - 1999, scanned with a 91 day 
window

Applying the Binomial Scan statistic it is possible to see if a cluster of 9 cases 

in a 91 day period is significant. In this example total number of events N  =  22, 

maximum cluster n = 9, window size '>' = ^  = 0.125.

P(9; 22,0.125) =  (9 x 0.125“ ' -  22 -  1)5(9; 22, 0.125)

+2Gfc(9, 22,0.125)

=  0.0332

This cluster is significant at p = 0.033. This could indicate a tendency for Spina 

Bifida cases to cluster seasonally.

2Q /a '97' 2& 11 /97  8«'3/9e 1 6 /8 /9 8  2</9/B 8 2 /1 /9 6 1 2 /V 9 9  2 1 / 7 / ^  29 /10 /99
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2.5.2 The Scan Statistic on the Circle

Often data can be thought o f as circular. Events that occur at around the same 

time every year could be called cyclical, for exam ple there are many incidents of 

sunburn in the sum m er months, not so many in the rest o f the year. If one is inter

ested in seasonality then the circle scan statistic should be used. Figure 2.3 shows 

a pictorial representation o f a circular graph, the blue points represent events on a 

daily basis; in the graph there is a higher density of blue dots in the w inter months, 

so perhaps the graph represents cases of respiratory disease. This higher density 

begins approxim ately at the end of N ovem ber and lasts until approxim ately mid- 

February.

Jan

Nov
Mar

Oct Apr

MaySep

JunAug
Jul

Figure 2.3: A pictorial representation of data on a circle.

A circular scan statistic scans the data on a circle rather than a line, which 

means that seasonality can be detected. W allenstein et al. [74] proposed a good 

approxim ation to the circular scan statistic. The circular scan statistic, 5,., is the
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maximum number of  events in any arc o f  lengtii r . The probability o f  SV >  n  

is then evaluated (where n is the num ber o f  points in r).  conditional on the total 

number of  points, .V, being uniformly distributed on the circle.

Wallenstein, Weinberg and Gould  [74] give the following simple approxim a

tion for small probabilities:

l)(n: X .  ii’) l k  — X w )
P{S, .  > r > ) - P c { r r .  X .  w ) == ^ ^  (2.6)

w(] -  w)

where b{ri: X .  ir) is calculated as outlined in equation 2.1. As with the Binomial 

Scan, this method can be applied in Excel. However a loss o f  precision and ac

curacy could be expected and a computationally more sophisticated package such 

as M athematica will give a higher degree o f  accuracy.

In order to illustrate the use o f  the circular scan statistic the Spina Bifida data 

w ill be employed once again. To prepare the data for the circular scan statistic, 

the data for the two years must be pooled for each day. This means simply that 

the ninnber of  Spina Bifida cases on 1 January 1998 is added to the num ber o f  

cases that occurred on 1 .January 1999, similarly the num ber that occurred on 2'“ ' 

January 1998 is added to the num ber o f  cases that occurred on 2’“' January 1999, 

and so on for every day of the year. Once the data have been pooled a scanning 

window can be selected and the data are scanned. The pooled data and scanning 

window are plotted in Figure 2.4. Tn this figure the shaded area represents the 

scanning window' w'hich has been centred on the maximum cluster.

The maximum value found was 14 cases, found between February and June. 

There was a total o f  22 cases o f  Spina Bifida for the two years. A scanning 

window of 91 days was used. This cluster was found to be significant as follows.
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F ig u re  2.4: S can n in g  the S p ina  B ifida  data , u sing  a c irc u la r  scan  sta tistic , 

w h ere  n  =  14, A'' =  22 and  w  =  0 .249:

(?D (0 '249)“ {0.751)«{14-22x0.249)
2 2 ,0 .2 4 9 )  «   0.249(0.751)---------------

< 0.0000

2.5.3 Ratchet Scan Statistic

T h e p rev ious tw o versions o f  the scan  sta tistic  are ap p ro p ria te  to use  w hen  data  

are ava ilab le on a d aily  level. H ow ever in m any cases o rig ina l raw  data  are not 

ava ilab le , but m ay be ava ilab le  as m on th ly  to ta ls. T h is can  cau se  p ro b lem s as 

the n um ber o f  days p e r m onth  varies from  28 to  31. It is still p o ss ib le  to use the 

scan  sta tistic  to  d e tec t c lu ste rin g  w hen data  are  ag g reg ated  to  m on th  level. To do 

th is  the  ra tch e t scan sta tistic  is used. T he ra tch e t scan s ta tis tic  is ava ilab le  in a 

lin ea r form  and  in a c ircu la r fo rm  m uch  like the c irc u la r scan  sta tis tic  d iscu ssed  in 

sec tion  2 .5.2.

Circular Ratchet Scan Statistic

W allenste in  e t al. [74] p roposed  the  ra tch e t scan  s ta tis tic  on th e  c irc le  fo r large 

values. W allenste in , W einberg  and  G ou ld  [74] o u tlin ed  a m e th o d  fo r s im u la ting



data to estimate tiie ratchet scan statistic for large numbers. Let r?i. • • •. i'>i2 

be the number o f  events in each month o f  the year and N  is the sum o f  all events 

(.V — consecutive months, assuming that A is the chosen

scanning window, for example suppose a scanning window o f  3 months was used 

S'f is the sum of events occurring in January, February and March, similarly S 2 is 

the sum of events in the months February to April. The ratchet scan statistic, 

is the maximum value of  S - ‘.

To estimate the asymptotic distribution o f  the ratchet scan statistic, the method 

outlined by Wallenstein el al. |74 |  will be used; the multinormal distribution, with 

a mean of 0 and variance of  1 is used. The correlation matrices for scan windows 

o f  one. two and three months are given below as suggested by Wallenstein et 

al .[74].

Corr(r ' f .  r f )

C o r r { i - l r ] )

IT  V / / , ;

0.1 I? — ,/l — lorj/ — j |  — 11 

—0.2 otherwise

ji [/ — ./I — lor|/' — j |  — 12

1, I' — — 2or|/ — /I — 11

otherwise

(2.7)

(2 .8)

(2.9)

(2 . 10)

For a scan window of one month. 200 000 simulations were conducted us

ing the above correlation matrix and a mean value of 1. These simulations re-
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sillied ill vectors ( Z / . Z 2 ..........^h)< ^ 1 2  estimated using tlie formula ZI 2 —

— ^ 1 '  Z /  . Similarly, for a window of size two months, 200 000 vectors o f  

the form { Z \ . Z \ .......... Z^,) were simulated, Z'\^ and Zifj were estimated using

 Z;, ) were simulated for a scanning window of three months, where Z^^^ —

M athemalica [75] was used to implement the simulation. For example, given 

that 2000 events occur in a year, the number o f  events that could occur in each 

month was simulated. For each o f  six different values o f  the total sample size, 

.V, a multinomial distribution for the twelve months of  the year, was simulated 

10 000 times. The values o f  ,V chosen were 2000. 1000. 500. 250. 100 and 50. 

These values were selected in order to give a good spectrum o f  different sample 

sizes, so that differences between large sample sizes and smaller sample sizes can 

be ilustrated.

A maximum value for each o f  the 200.000 multinormal vectors was obtained, 

the percentile o f  the maximum values corresponded to the maximum 

cluster scan statistic. T'^{X),  the maxim um  cluster size, can then be estimated 

using equation 2.11. as outlined by Wallenstein et al. |74],

To test the adequacy of the asymptotic distribution, at n — 0,05. data were 

simulated using a multinomial distribution, for .V — 2000. 1000. 500, 250, 100 

and 50. The maximum clusters were then obtained using windows o f  size k — 

1. 2. 3 months. The exact 0.0-') critical value was obtained by interpolation o f  the

^fo+j ~  ~  0  — 1- ^ • Finally, 200 000 vectors o f  the form (Z f .  Z'^.

( 2 . 1 1 )
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Iwo cliisler sizes liiat straddled the critical value. Table 2.1 gives the results of the

simulation study.

k N

Asymptotic Theory Simulation

7),. (0.05) 7';t.(0.05)
.V n P(Tt  > n) V + T

1 50 9.320 0.186 10 0.083 0.028 0.212 10.608
1 100 15.621 0.156 16 0.097 0.045 0.169 16.910
1 250 32.356 0.129 33 0,076 0.042 0.135 33.770
1 500 57.962 0.116 59 0.055 0.038 0.119 59.282

1 1000 106.379 0.106 107 0.061 0.045 0.108 107.687
1 2000 199.258 0.099 200 0.056 0.045 0.100 200.509

2 50 15.215 0.304 16 0.067 0.027 0.329 16.433
2 100 26.399 0.264 27 0.077 0.039 0.277 27.712
2 250 57.055 0.228 58 0.056 0.037 0.233 58.335
2 500 105.096 0.210 106 0.0610 0.044 0.213 106.653
2 1000 197.443 0.197 198 0.058 0.047 0.199 198.740
2 2000 376.858 0.188 377 0.056 0.049 0.189 377.903

3 50 20.432 0.409 21 0.065 0.029 0.428 21.422
3 100 36.218 0.362 37 0.056 0.030 0.372 37.223
3 250 80.237 0.321 80 0.072 0.050 0.324 80.995
3 500 150.084 0.300 151 0.05 1 0.038 0.302 151.093
3 1000 285.475 0.286 286 0.055 0.044 0.287 286.450
3 2000 550.169 0.275 551 0.050 0.044 0.276 551.019

Table 2.1: Results of asymptotic simulations, compared with simulations for 
different values of N.

Table 2.1 shows that the value of 7), obtained using asymptotic theory is sim

ilar to the value of T  estimated using the simulations. However the values do 

differ by a factor of approximately 1 across all values of .V. To accommodate this
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difference a correction o f  +1 is made to tiie test statistic. Based on this evidence 

Wallenstein et al. mapped the ratchet scan onto a statistic whose P-value could be 

obtained from graphs using the following equation:

where /?'' is the test statistic. The corresponding p-values can be obtained using 

Figures 2.5, 2.6 and 2.7 which were constructed using the simulated data.

The data were smoothed using cubic splines. Figure 2.5 shows the ratchet scan 

statistic for a window of one month, values o f  .V >  500 closely approximate the 

asymptotic distribution, and so the asymptotic distribution curve is u.sed to esti

mate the p — r n l ik in these situations. W hen .V <  500 the asymptotic distribution 

is not as good an estimate, when .V — 50 the simulated curve provides a better 

estimate of  the p-value than the asymptotic curve.

For a window o f  size A' — 2 months, the asymptotic distribution seems to 

be a good estimate o f  the p-value for values o f  .V >  500. W hen A' <  500 the 

asymptotic distribution is not as good an estimate, when .V — 50 the simulated 

curve provides a better estimate of  the p-value than the asymptotic curve.

W hen the w'indow' size is 3 months, the asymptotic distribution could be used 

to read the p-value for all values o f  .V; it is especially accurate for / ? ’ >  2.7.

A pplication o f the C ircular R atchet Scan Statistic To illustrate the ratchet 

scan statistic the Spina Bifida data will be aggregated to month level. Each of 

the monthly totals w ill then be pooled for the two years, as shown in Table 2.2. 

Once again a three months scanning window will be used. The largest cluster is
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highlighted in Table 2.2: it consist.s o f  13 cases of  Spina Bifida, from March - 

May.

Month 1998 1999 Pooled Spina Bifida Cases

Jan 1 0 1

Feb 1 1 2

M ar 3 1 4

Apr 2 0 2

May 4 3 7

Jun 1 2 3

Jul 1 0 1

Aug 1 0 1

Sep 0 0 0

Oct 0 0 0

Nov 0 1 1

Dec 0 0 0

Table 2.2: Spina Bifida data pooled by month.

To evaluate the significance of  the cluster, equation 2.12 will be used, where 

7^ — 13. -V — 22 and

13 -  1 -  22 X 0.2') ^ ^
/?■* -   =  ( 2 . 13)

v /22 (0 .25 )( l  -  0.25)

Using Figure 2.7 this figure is significant at approximately 0.0008. With the use 

o f  a program  in M athematica the significance was calculated as being between 

0.00078 and 0.00084. so the estimate found using the graph is reasonably accu

rate. Obviously a higher degree o f  precision can be obtained using Mathematica.
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Linear Ratchet Scan Statistic

Tlie linear ratchet scan statistic is derived in the same fashion as the circidar ratchet 

scan statistic, outlined in the previous section. The difference between the linear 

and the circular is that the circular ratchet pools data from a num ber of  years, the 

linear ratchet does not pool the data, so it is similar to the Binomial scan statistic.

Using Spina Bifida data from 1998 a cluster o f  nine cases was found with a 3 

month scanning window, see Table 2.3. In 1998 there was a total o f  14 cases. The 

test statistic. R \  is found using equation 2.12 as follows:

- 2 . 7 8  ,2 .14,
V l- l(0 .25)(l  -  0.25)

Figure 2.7 indicates that /?■'’ — 2.78 is significant at approximately 0.035. Using 

Mathematica the more accurate estimate is between 0.019 and 0.021. The graph 

and simulated estimate are again suflicicntly accuraic I'or the linear scan statistic; 

even though the Spina Bifida ligurcs arc small the asymptotic distribution gives 

a relatively accurate reading. Once the graphs are available the ratchet scan can 

be calculated using a calculator. However, as discussed previously the graphs 

are used for simplicity sake at the expense of  precision. Automated computer 

programs would be more precise, time eflicienl and easier to use.

2.5.4 Poisson Scan Statistic

The versions of  the scan statistic that have been looked at so far are all conditional 

cases, in that the value o f  .V is know n and assumed to be lixcd. In many cases 

the total value in a specific time frame may be known and assimied random, thus
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year Month Spina Bifida Cases

1998 Jan 1

1998 Feb 1

1998 Mar 3

1998 Apr 2

1998 May 4

1998 Jun 1

1998 Jul 1

1998 Aug 1

1998 Sep 0

1998 Oct 0

1998 Nov 0

1998 Dec 0

Table 2.3: Spina Bifida data aggregated to month for the year 1998.

giving more llexibiliiy. Using ihe Poisson disiribulion instead o f  the Binomial 

distribution to estimate the probability o f  a cluster o f  events will provide a simple 

model o f  chance variation in time. The conditional probability o f  a cluster is 

denoted by and the unconditional probability, based on the Poisson

distribution will be denoted by P*{k: X .  it’).

There are many approximations for the unconditional probability loosely based 

on the Poisson process. A number of  these will be outlined, as discussed in Glaz 

et al |54]. Newell |76) and Ikeda |77] derived the asymptotic formula in equa

tion 2.15. This version of  the Poisson scan is by far the easiest to implement, and 

can be calculated with just a calculator, so for a quick approximation it is very 

useful. This formula is useful for ca.ses were P* is small as the asymptotic con

vergence is very slow. In the following equation A is the average num ber o f  events
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in any unit interval, /, is the cluster size. u< is the w indow width and T  is the total 

lime.

P * { h  AT. w / T )  % 1 -  (2 .15)

Using the Spina Bifida data from 1988 - 1997 the average number o f  Spina  

Bifida cases was estimated to be 0.0G7 per day. With this information and using 

equation 2.15 the probability o f  a cluster o f  13 cases in 91 days out o f  a total o f  

730 days will be estimated:

r „ 3 :  . 8 . 9 , , 0 . , 2 5 ,  .  , -  - 7 3 0  ̂ ^

A  more accurate approximation to the scan statistic, using the Poisson distrib

ution was derived by Naus [78 |.  This approxiinalion can be seen in equation 2.17,  

W hile it appears quite com plex,  this approximation can still be em ployed, with a 

small amount o f  effort, in a package such as Excel.

P*{k: ' i i L A / D  % 1 -  Q I ( Q ; / Q I ) ‘- ^ (2 .17)

where 'I' — \ t r  and L — T/ u ' .  A lso  — Q*(A': 2'^. 1 / 2 )  and Q.^ — 0*( k :  3'I^ 1 / 3 ) ,  

the formulas for Q*(l". 2'P. 1 / 2 )  and Q*(l",  3'P. 1 / 3 )  are respectively;

Q *(^:2'P . 1 /2 )  -  { F ^ { k - \ - . ' i ' ) f - { k - \ ) p ( k : ' < V ) p { k - 2 : ' ^ )

- ( / ,•  -  1 -  <if)p(k: '^V)Fp{k -  3: ^')

0*(A-: 3'P. 1 /3)  -  {F„{k -  1; 'I'))-' -  .1, +  . I 2 +  .1:, -  .1,
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w here:

.4i -  2 p{k :< l ' )F jA k  -  \ : ' ^ ) { { k  -  l ) F , , { k

. I 2 -  { i ) . r y p ( k : ^ i y ) ^ ( k  -  1)(^- -  2)F^(A- -  3; 'P ) -  2 { k  -  2)<[iFp(k -  1: vp)

+  '^ ' ^Fp{k  -  4; \P) +  -^ ' ^Fp(k -  5; vl/ )}

- I 3 -  J2t-[pm--r-. '<V){F„(k-\:^V)f

^  E r .2^ H 2 A - -  ;•: ' l>)p{r: 'P ){ ( / '  -  l ) F ^ ( r  -  2: 'I')

U s in g  the ab ove  m eth o d  in M a th em a lic a  the probability  o f  13 c a se s  o f  Sp in a  

B if id a  fa l l ing  in a 91 d ay  period in any g iv e n  2 years is 0 .2 8 9 9 ,  w h ich  is not  

sign if ican t.

T h e  result contrasts  w ith  that found u s in g  the B in o m ia l  S can  statistic and the 

ratchet scan statistic.

2.6 Computational Requirements

In the vers ion s  o f  the scan  statistic that w er e  ou t l in ed  in this chapter  it is p o s s ib le  to 

im p lem en t  an ap p ro x im a tio n  o f  each  type  in E x c e l ,  and in so m e  c a se s  a ca lcu la tor  

w ill  su f f ic e .  H ow ever ,  for optim al results, m ore accurate, p ow erfu l co m p u t in g  

m eth o d s  are required. For each  o f  the B in o m ia l  Scan , R atchet S can , C ircular  

S can  and the P o isso n  S ca n  there are M a th em a t ica  [75] program s available .  If  

M a th em a tica  is availab le  then usin g  these  p rogram s w o u ld  be preferable and le s s  

tim e c o n s u m in g  than im p le m e n t in g  the scan  statis tic  in a p a c k a g e  such  as E xce l .  

T here are al.so a n u m b er  o f  w e b s ite s  w h ic h  d o  certain  scan  stati.stic ca lcu la t io n s .

55



K u lld o r f 's  Salscan  [79] being  o n e  o f  tiie m o re  w ell  k n o w n  sites.

2.7 What Window Size?

In the ex a m p le s  s tud ied  in this chap te r  a th ree  m o n th  sc an n in g  w in d o w  w as used  

in all s ituations.  H ow ever  as there is no prese t w indow  size, any size w indow  

cou ld  have been  used. T he  size o f  w indow  shou ld  be ch o sen  based  on  the da ta  o r  

type o f  situation  that is to be m onito red :  a w in d o w  too sm all m ay  not be capab le  

o f  de tec ting  c lus te rs  in som e cases ,  and  in o th e r  cases  w in d o w s  m ay be too big 

and  there m ay be m ult ip le  c lus te rs  inside a sc an n in g  w in d o w  - aga in  m a k in g  the 

de tec tion  o f  a single c lus te r  im possib le .

T here  are ca ses  w here very small w in d o w s  are required .  H ry horczuk  et al. [61 ] 

used  a w indow  o f  3 d ay s  w hen  they im p lem en ted  the scan  sta tis t ic  to de tec t  c lu s 

te ring  o f  ca rbon  m o n o x id e  po isoning .  T h is  is because  ca rbon  m o n o x id e  o u tb reaks  

are typically  acu te  and  usually  l im ited  to one or a few days .

E v idence  su gges ts  that copycat su ic ides  usually  take p lace  w ith in  70  d ays  o f  

the initial event. T here fo re  if scann ing  for copy -ca t  su ic ides  a w in d o w  o f  at least 

70  d ays  w ou ld  be used  in o rd e r  to de tec t  c lu s te r ing  o f  th is  type o f  suicide.

T he  w in d o w  size to be used  for de tec t ion  o f  c lu s te rs  is to tally  based  on the 

s ituation  being s tudied, in the above ex a m p le s  the  even ts  d ic ta ted  the w indow  

size, ca rbon  m o n o x id e  po ison ing  happens  w ith in  2-3 d ay s  so a w in d o w  size any 

la rger  w ou ld  be futile and w o u ld  possib ly  on ly  detec t m ult ip le  c lus te rs  o f  carbon  

m o n o x id e  ou tb reaks ,  hence  the de tec tion  o f  s ing le  ou tb rea k s  w o u ld  b e c o m e  im 

poss ib le  as ea ch  ou tb rea k  w ou ld  b ec o m e  b lu rred  with  o th e r  ou tb rea k s  occu rr ing  

w ith in  the window .
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In general it would be prudent to investigate the data and situation thoroughly 

to determine if an appropriate window size is suggested by data. Thus in the 

carbon monoxide example, determining window size would require investigation 

o f  the length o f  carbon monoxide clusters, ie. deciding on the time frame within 

which a carbon monoxide cluster occurs, and then setting the window size to an 

informed 2 or 3 days.

It is more likely that no optimum window size is known from the data. In 

this situation it can be a case o f  ’best educated guess ' window size. This would 

mean not choosing a very short window size for a rare event, or a long window 

for something that occurs rather frequently. To help inform the decision making it 

is important to examine the frequency o f  events in the population o f  interest and 

basing the window size on the frequency.

A good base would be to set the window size as 3 months, as this is a nice 

proportion o f  a year. Then examine the frequency o f  events, if there is likely to be 

a large num ber o f  events occurring in a three month period (200+) then perhaps a 

smaller w indow  should be used, if there is only a small frequency in that window 

size ( <  2) then perhaps a larger window should be used.

There will also be situations when the window size is dictated by the research 

question being asked. For example suppose it is o f  interest to detect if a particular 

event is seasonal, in this case it does not matter what the frequency of events is, 

seasonality is the determining factor and so a window size o f  3 months should be 

used. In other situations it might be of  interest to detect clustering o f  events at 

weekends - use a 2 day window, or clustering over a 1 year period - use a 1 year 

window.

It is possible to apply a variable window width; in this way a fixed window
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w id th  does  not have to be specif ied .  O n e  issue w ith  this m e th o d  is the p rob lem  o f  

m u h ip le  testing. H o w ev er  this  can  be ca te red  for by using the approp r ia te  stalistic 

to accoun t for the m ult ip le  tes t ing  or  by M onte  C arlo  s im ulat ion .

2.8 Conclusion

T he scan  statistic appears  to be a v iab le  resource  to m on ito r  health  iinpacts.  T here  

are a  n u m b e r  o f  vers ions so if the d a ta  are c o n t in u o u s  and  .V (the total sam p le  size) 

know n  and  a s su m e d  lo be  fixed, the B inom ia l S can  statistic can  be  u.sed. H .V is 

kn o w n  but a s su m ed  lo be ra n d o m  then  the Poisson  Scan  sta tis t ic  can  be used. 

W h e n  looking  at seasonal even ts  the c ircu la r  scan statistic is ideal.  A ggrega ted  

da ta  can be m an ipu la ted  using  the ratchet versions o f  the scan statistic.

W hile  m any  diffe rent d a ta  types  are  dea lt  w ilh  using  the d if fe ren t  vers ions  o f  

the scan statistic, the scan statistic is rela tively  easy  lo im plem ent.  For  each  o f  the 

versions it is poss ib le  to get an app ro x im atio n  using  a sp readshee t p ac k ag e  such  

as Excel.  For op tim al results  a com p u ta t io n a l ly  m ore  pow erfu l  and m ore accurate  

o p tion  w ou ld  be M alhem atica .

In the fo llow ing  chapte rs  the vers ions  o f  the scan stalistic d isc u sse d  here will 

be applied  in very  d iffe rent situations.  T he  app lica tions  o f  the scan  statistic will 

illustrate its use in real, app l ied  s i tuations and any p ro b lem s can  be h igh ligh ted  

and  alternatives  suggested .
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Chapter 3

Negative Health Impacts

O ne o f  ihe m ost im portant aspec ts  o f  hea lth  im pact as sessm en t  is to  alert to a 

poss ib le  negative im pact tiiat a p roposed  policy  m ay  have on  the h e a h h  o f  the 

popula tion .  W hile  the role o f  H lA s  is to m in im ise  negative health  im pacts  resu l t 

ing from a new policy, so m e tim es  the unforeseen  can  happen . T here  are m any  

industries  and  techno log ies  such  as m obile  ph o n e  m asts ,  pharm aceu tica l  indus

tries, gene tica l ly  m odif ied  crops ,  and, as yet, there is little ev idence  o f  the health  

im pacts  that such  industries m ay  have in the long  term.

T h ere  are som e instances w here  there is pub lic  uneas iness  regard ing  a new 

policy - for exam ple ,  sit ing a p ro p o sed  incinerator,  and, a l though  em iss io n s  from 

inc inerators  have been reduced  and  the level o f  d iox in s  em it te d  is now  though t to 

be m in im al ,  there is still deba te  and  a lack o f  ev idence  on  the long term hea lth  

im pacts  o f  even low levels o f  d iox ins .  In th is  s ituation  the pub lic  shou ld  be reas 

sured  that health  effec ts  will be c lose ly  m o n ito red  and  any negative effec ts  will 

m ean  that a tho rough  investigation  and  en q u iry  will be launched.

A new  transport .system m igh t be  ex p e c ted  to perhaps  increase the hea lth  o f
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c i ty 's  iniiabitants. People  will no  longer  have to sit in traffic j a m s  in the ir  cars, 

they m ay  get to w ork  faster and  this will lead to a s tress-free  life as they  get 

to sp e n d  m ore  tim e w ith  the ir  families .  H ow ever ,  a new  transport sy s tem  m ay 

inc rease  acc iden ts  and in troduce new  varie ties o f  acc iden ts  and  thus increase  the 

f requency  and  severity  o f  injuries.

By m on ito r in g  for cer ta in  hea lth  events, un fo reseen  hea lth  im pacts  can  be a d 

d ressed  in a t im ely  m a n n e r  and  m easu res  put in p lace  to correc t  the occu rrence  

o f  these health  events. In the  case  o f  su ic ide ,  there  m ay be copycat  su ic ides  ' o r  

su ic ide  co n tag io n s  - sp read  th rough  the press. It is not poss ib le  o r  eth ical to carry 

out a hea lth  im pact as sessm en t  o f  the im pact o f  a m e d ia  report o f  a su ic ide ,  and 

w h e th e r  this m ed ia  cove rage  will lead to furthe r  su ic ides .  H ow ever,  perhaps ,  if 

su ic ides  w ere  cons tan t ly  m on ito red  then  a re trospective  health  im pact m ight be 

o b se rv e d  and  the necessary  health  serv ices  and p rov is ions  put in place.

T h is  ch a p te r  will look at m on ito r ing  suic ides,  t ram  incidents, and ca n ce r  cases  

nea r  an incinerator.  T here  is an  inc inera to r  p roposed  for R ingask iddy . Co. Cork.  

M on ito r ing  techn iques  that cou ld  be used  to m o n ito r  c a n ce r  ca ses  in R ingask iddy  

will be  exam ined .  A new  tram  started in D ublin  in Ju ly  2004 . w ith  a second  line 

due  to begin  O c to b e r  2004. T h e  feasib ili ty  o f  the m on ito r ing  o f  tram  re la ted  inc i

den ts  will be d iscussed  and illustrated. For each  o f  the e x a m p le s  in this chapter,  

the f ram ew ork  o f  health  im pact as sessm en t will be applied ,  as ou t l ined  in section  

1.2.3, page 5.

'T h e  te rm  c o p y ca t  refers  U) the ten d en cy  o f  h u m a n s  to du p l ica te  the b eh a v io u r  o f  o thers .  C o p y 
cat su ic ides  are  de l in ed  as  d u p l ica t io n s  or  cop ie s  o l 'a  su ic ide  du e  to  rep ea ted  a c c o u n ts  o r  d ep ic t ions  
o f  the initial su ic ide  in the media .  | 8 0 |

■A su ic ide  co n tag io n  re fe rs  to  the ten d en cy  o f  on e  o r  m o re  p e r s o n ’s su ic idal  b e h a v io u r  to  
influence an o th e r  person  to a t tem pt  o r  co m p le te  su ic idc .  [81 ]
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3.1 Monitoring Suicide in Ireland

riie  scan  stalislic is beneficia l for o the r  public  healtJi s ituations. W h i le  m on ito r ing  

even ts  in a H IA  is im portan t there  is also  a need  for public  hea lth  m on ito r in g  in 

m any  areas. T he  m on ito r ing  o f  su ic ide  will be ex a m in e d  and  the  use o f  the scan 

sta tist ic  as a pub lic  hea lth  m on ito r ing  tool i l lustrated. W h i le  this  is not specif ically  

a ‘H IA ’ exam ple ,  it is a usefu l exa m p le  o f  us ing  the scan statistic as a m on ito r ing  

tool.

S uic ide  is de f ined  by the C e n tre  for S u ic ide  P reven tion  [82] as “ in tentional,  

se lf- in flic ted  d e a th ” . E xper ts  in the field suggest that a su ic idal person  is feeling  

so m uch  pain  that they can see  no o th e r  op tion .  T h ey  feel that they are a bu rden  to 

o thers ,  and  in despera tion  see  dea th  as a w ay  to escape  the ir  o v erw h e lm in g  pain  

and  anguish .  T h e  suic idal s la te  o f  m ind  has been d esc r ib ed  as cons tr ic ted ,  filled 

with  a sense  o f  se lf-ha tred ,  rejection ,  and  hope lessness .  T h e  fo llow ing  w ere  found  

to be the most c o m m o n  p red ic to rs  o f  su ic ide  183]:

•  P rev ious su ic ide  a ttem pt

•  M ental health  - par t icu la r ly  m o o d  d iso rders  such  as dep ress ion

•  C o m b in e d  m ental hea lth  and  su bs tance  abuse issues

•  Fam ily  h is to ry  o f  su ic ide

•  H o p e le ssness /H elp lessness

•  Im pulsive  and /o r  aggressive  tendenc ies

•  Barriers  to access in g  m en ta l  health  se rv ices

61



•  Loss (re lalionsliips,  lieallli, identity  status)

•  S tressful Life event

•  A ccess ib il i ty  lo lethal m e thods ,  e spec ia l ly  guns

•  U nw il l ingness  to seek  help  because  o f  s t ig m a  a t tached  lo m ental hea lth  is

sues  and suic idal though ts

•  E xposu re  to suic ide  (family, peers ,  s ign ifican t  o thers)

•  Physica l,  em o tio n a l  and sexual abuse

•  Legal issues /a rres ts / incarcera tion

•  Sexual identity  conflict

O n e  o f  the ind icators  o r  p red ic to rs  for su ic ide  is exposu re  to su ic ide ,  so the 

su ic ide  o f  family m em bers ,  peers  o r  s ign ifican t o the rs  is a negative hea lth  impact.  

T here  are reports,  that in the w ake  o f  the su ic ide  o f  Kiu't C o ba in ,  ap p ro x im ate ly  

60 - 80 o f  his  fans a round  the w orld  also  c o m m it te d  su ic ide  184],

T here  is no m on ito ring  o f  su ic ides  in Ireland, a sys tem a tic  m on ito r in g  s y s 

tem  cou ld  alert to a sudden  inc rease  in the n u m b e r  o f  su ic ides  and  p erh ap s  m ore 

p reventive s trategies  put in p lace  to  reduce  the  n u m b e rs  o f  su ic ides.  If  there is ev i

d ence  o f  c lus te r ing  o f  su ic ide  it cou ld  be indicative o f  copycat  su ic ides  o r  sea.sonal 

suicides.

A know n  p red ic to r  o f  su ic ide  is ex p o su re  to suic ide ,  so m e d ia  report ing  or 

k n o w ledge  o f  a su ic ide  m ay  lead to further  suic ides. O th er  health  im pacts  o f  

su ic ide  cou ld  be the im pact a su ic ide  m ay have on  family and  friends o f  the victim. 

T he  ana lysis  o f  the im pact o f  su ic ide  on  fam ily  m e m b e rs  is beyond  the scope
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o f  this thesis. F o r  th is  ilkistrative exa m p le  on ly  c lus te ring  o f  su ic ides  will be 

cons idered .

3.1.1 What is the background to suicide in Ireland?

in 2001 a N ational  S tudy  on  Suic ide  in Ire land w as  co m p le ted .  It w as  pub lished  

by the D ep a r tm en ts  o f  Public  H ealth  on b eh a lf  o f  the C h ie f  E xecutive  O ff icers  

o f  the H ealth  Boards .  In fo rm ation  w as ga th e red  on  all su ic ides  that occu rred  in 

Ireland in 1997. and  for som e reg ions o f  I re land  the study  w as ex tended  to 1998.

T he  study  found  high rates o f  su ic ide  am o n g  m ales , w ho  w ere  found  to he 

five tim es  m ore likely to co m m it  su ic ide  than  fem ales . Young m ales  under  the 

age o f  30 years  w ere  found  to be particu larly  at risk. M enta l  hea lth  d iso rders  and 

dep ress ion  w ere  found  to be the h ighest r isk factors for any suic ide; m any  o f  the 

v ic tim s had visited general p rac ti t ioners  w ith  co m p la in ts  re la ting  to p sycho log ica l  

sy m p to m s  pr ior  to c o m m itt in g  suic ide .

U n em p lo y m en t  w as found to be a high risk fac tor  for su ic ide ,  as well as 

s ignificant life events  such  as re la tionsh ip  p rob lem s.  M isuse  o f  a lcohol p rio r  to 

c o m m itt in g  suic ide  w as a co m m o n  trait am o n g  vic tims. It should  be re m e m b e re d  

that su ic ide  is m ore  prevalen t am o n g  y o u n g  peop le  in the popu la tion  w h o  perhaps  

are m ore  likely to m isuse  a lcohol.

D ata  from  the per iod  1995-1996  will be used to investigate c lu s te r ing  o f  su i

cides. I’hc  da ta  used  w as m orta l i ty  da ta  o b ta in ed  from the C entra l S ta t is t ics  O fiice 

in Ireland. In that per iod  a  total o f  810 ind iv iduals  th roughou t  the R epub lic  o f  Ire

land took the ir  ow n lives. O v er  o f  these  w ere  u nder  30  years  o f  age. S09f 

w ere  male.
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Is there evidence o f  a clustering o f  su icides in Ireland? A clustering of  sui

cides could be an indicator o f  an impact on health. For example a closure o f  a 

num ber o f  industrial plants could lead to unemployment and depression which 

are risk factors for suicide. Clustering o f  suicides could be indicative o f  copycat 

suicides; media coverage o f  suicides, as well as com m unity  coping mechanisms, 

would then need to be reviewed.

To investigate clustering o f  suicide in Ireland a window o f  size 91 days, equat

ing to approximately three months, was used. A window of this size will delect 

any seasonal clustering o f  suicide. The largest number o f  suicides in a 91 day 

period during the years 1995-1996 was 135. This cluster occurred between the

June 1996 and the September 1996.

The Binomial Scan statistic, as outlined in section 2.5.1 was used to examine 

if this cluster was significant. The Binomial scan statistic was chosen in this 

instance as it accommodates retrospective situations appropriately: we know the 

total num ber o f  suicides in the two year period and can assume that this total is 

lixcd. Applying the Binomial Scan statistic (equation 2.5 page 39 it was found 

that the cluster o f  135 cases of  suicide was significant.

P(13. ' ) :S10.0.124) -  ( 1 3 5 x 0 . 1 2 1 - 1 - 8 1 0 -  1)6(135:810,0.121)

+ 2 C b ( 1 5 3 . 8 1 0 . 0 . r2 4 )  

r (  135: 810. 0.124) ^  0.0247

The above cluster incorporated the entire population. The population will now be 

examined stratified by sex and age to investigate if there are certain groups in the 

population that cluster significantly.
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T he  d a ta  w ere  split into the fo llow ing  age  groups:  <  20. 20 -29 ,  30-39 ,  40-49 ,  

50 -64  and  65 years  and over. T hese  age g ro u p s  w ere  se lec ted  as it w as felt that 

they rep resen ted  the d iffe ren t cyc les  in an ind iv idual 's  life. T he  da ta  w ere  also 

strat il icd  by sex.

T he  w indow  size w as  again  se lec ted  to be  91 d ays  for cons is tency  in the an a ly 

sis. Tables  3.1 and 3.2 show  for m ales  and  fem ales  the m a x im u m  c lus te r  size, 

total n u m b e r  o f  su ic ides and p robab il i ty  for each  age s tra tum . T here  w as  on ly  one 

s ign ifican t  cluster, m a les  aged  20-29  had  a s ign if ican t  c lus te r  o f  su ic ides  from  31®' 

M ay  1996 to A ugust  1996.

A g e  g roup C lu s te r  Size Total Size % P robability

< 2 0 15 63 23.81 >  0.1000

20-29 44 189 23.28 0 .0026

30-39 26 143 18.18 >  0 .1000

40-49 21 115 18.26 >  0 .1000

50-64 16 87 18.39 >  0 .1000

65+ 14 67 20.90 >  0 .1000

le 3.1: C lus ter ing  o f  su ic ides am o n g  m ales  in d iffe ren t age groi

A ge group C lu s te r  Size Total Size 'X Probability

<  20 4 16 25.00 >  0 .1000

20-29 9 28 32.14 >  0 .1000

30-39 8 32 25.00 >  0 .1000

40-49 8 30 26.67 >  0 .1000

50-64 7 31 22.58 >  0 .1000

65-^ 3 9 33.33 >  0 .1000

Table 3.2: C lus ter ing  o f  su ic ides  a m o n g  fem ales  in d iffe ren t age groups.
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Is there evidence of seasonal clustering o f  suicides? Seasonal clustering of 

suicides has been found in many countries. If seasonal clustering o f  suicides is 

apparent, additional mental health resources could be initiated in seasons where 

higher suicide rates were expected. Evidence o f  seasonal clustering would be 

helpful in describing the clustering o f  suicides revealed by section 3.1.1.

In order to investigate seasonal clustering the ratchet scan statistic in sec

tion 2.5.3 or the circular scan statistic in section 2.5.2 could be used. Data on 

a daily basis are available, so the circular scan statistic will be used. The number 

o f  suicides that happened on each day in 1995 and 1996 were pooled; the nimiber 

o f  suicides occurring on the I "*' January 1995 was added to the count for the I®' 

•January 1996 and so forth. The year 1996 is a leap year, so data for the 29* '̂ o f  

February was omitted for this calculation.

As seasonality is usually considered in terms of a three month period a window 

size o f  91 days was u.sed to find the maximum cluster. The maximum num ber of 

suicides occurring in any 91 day period was 235. out o f  a possible 810. Using 

equation 2.6 this cluster proved to be non-significant. There is no evidence o f  

seasonality o f  suicides among the population of Ireland in the years 1995-1996.

in order to test if there was seasonality among a particular group the data 

were divided into the same age and sex strata as before. Tables 3.3 and 3.1.1 

show the results, the only group to be significant at a 10% signilicance level were 

males aged 20-29 years, this is the same group that had a significant cluster using 

the non-seasonal method. However, when using the binomial scan method a 91 

day window was used which would equate to a three month or seasonal scanning 

window.
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Age group Cluster Size Total Size Probahility

< 2 0 24 63 >0.1000

20-29 66 189 0.0572

30-39 45 142 >0.1000

40-49 39 113 >0.1000

50-64 30 86 >0.1000

65+ 21 66 >0 .1000

Table 3.3: Seasonal clustering o f  suicides among males in different age groups.

Age group Cluster Size Total Size Probability

< 2 0 7 16 >0.1000

20-29 1 1 28 > 0.1000

30-39 14 32 >0 .1000

40-49 12 30 >0.1000

50-64 12 31 >0.1000

65+ 4 9 >0.1000

Table 3.4: Seasonal clustering o f  suicides among females in different age groups.
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Is there evidence o f copycat su icides? There has been much discussion on 

media coverage o f  suicide and how it can lead lo contagion or copycat suicides, 

hicreases in suicides rale following media coverage o f  a suicide have been de

scribed in both Britain and the USA [85, 86]. It is reported [87] in Britain that 

following a widely publicised political suicide, a wom an burnt herself to death, 

and there was an excess o f  60 suicides by burning in the following 12 months.

Past research tends to indicate that copycat suicide means that the same method 

o f termination is used or copied by a num ber o f  different individuals in a short pe

riod of  time. The effects o f  copycat suicides could be witnessed for a period o f  up 

to 70 days after the initial event [88].

In order to investigate copycat clustering the method used to commit suicide 

would need to be known. The type o f  suicide is available in the form of ICD 

codes. The ICD code to identify poisoning by solids or motor vehicle exhaust 

fumes are respectively E950 and E952. the ICD code for suicide by cutting is 

E956, for jum ping  it is E937. drowning is E954, for suicide by firearms the ICD 

code is E955 and the ICD code is E953 for suicide by hanging or strangulation. 

As suicide is a rare event, when cases are subdivided by group it gives fewer cases 

so it can be difficult to delect clu.stering.

To investigate if there is any evidence o f  copycat suicides in Ireland, clustering 

o f  different methods o f  suicide was examined, and the data were scanned using a 

window o f  70 days. Table 3.5 shows the methods used to commit suicide. H ang

ing was the most frequent method used to commit suicide, followed by drowning 

and poisoning.

Using the Binomial scan statistic clustering o f  hanging was significant; all 

ages, sexes and areas were included in ihis cluster. W hen the data were stratified
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M ethod C lus te r Total p-va lue

C u tt ing 4 8 > 0 .1 0 0 0

D row ning 28 195 > 0 .1 0 0 0

.lumping from h igh  place 4 18 > 0 .1 0 0 0

Poi.soning by o the r  gas  - ca r  fum es 12 65 > 0 .1 0 0 0

P o ison ing  by solids o r  liquids 17 100 > 0 .1 0 0 0

F irearm s and Explos ives 13 71 > 0 .1 0 0 0

H ang ing ,  S trangu la tion ,  S u ffoca t ion 57 330 <  0.05

Table 3.5: C o p y c a t  suicides.

by age and sex no c lu s te r ing  w as observed .  How ever, by  stra t ify ing  the d a ta  by 

sex, age and m e th o d  o f  su ic ide ,  the values o f  .V b ec o m e  small and this  leads to 

a p o w er  p rob lem  as d iscussed  in section  5.3 on p age  125, so that in o rd e r  for a 

c lus te r  to be d e tec ted  as a  significant c lu s te r  it needs to rep resen t a large proportion  

o f  the total sam ple .

A suic ide  con tag ion  is the ex p o su re  o f  su ic ide  in o n e 's  family, ne tw ork  or  

th rough  m ed ia  g roups ,  w h ich  leads to though ts  o f  su ic ide  o f  su ic idal behaviours .  

E xposure  to su ic ide  is a r isk factor  for su ic ide ,  and  so  suic ide  c lus te rs  occur, e s p e 

cially  am o n g  y o u n g  adults .  A con tag ion  m ay not necessar i ly  be a co p y c a t  suic ide , 

h ence  the ana lysis  o f  c lu s te r ing  o f  su ic ides  in section  3.1.1 co u ld  indicate that 

there is ev idence  o f  con tag ion  su ic ide  am o n g  m ales  aged  20-29 , w h ile  the  c lus te r  

o f  su ic ides  by hang ing  cou ld  be co n s id e red  a c lu s te r  o f  copycat  su ic ides .

3.1.2 Decision Analysis— Who is most at risk?

M ales  aged 2 0 -29  seem  to be m ost at r isk o f  su ic ide  by exposu re  to su ic ide  th rough 

m ed ia ,  family o r  peers.  T h is  is the on ly  g roup  that show ed  sign if ican t c luste ring .
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M ales  aged  20 -29  will be used lo  illustrale  a m on ito r in g  m e th o d  that cou ld  be 

used  to m o n ito r  suic ides.

3.1.3 Monitoring & Evaluation

In o rd e r  lo  m on ito r  su ic ides  the P o isson  scan statistic will be used. U s ing  da ta  

from 1992-1994 for m ales  aged  20-29 ,  the average  n u m b e r  o f  su ic ides  p e r  day 

w as  found  to be 0.22. U sing  this value the P o isson  scan sta tis t ic  can  be used  to set 

up a m on ito r ing  chart.

A w indow  o f  91 d ays  will be used  as seasona l c lu s te r ing  w as  found  to be 

significant.  U sing  the Poi.sson Scan  sta tis t ic ,  as  ou tl ined  in section  2 .5 .4 , thirty 

su ic ides  a m o n g  m ales  aged  2 0 -2 9  w o u ld  not be s ign ifican t  (p=0 .34).  A ny clus te r  

g rea ter  than  35 su ic ides w o u ld  be a s ign ifican t  c lu s te r  (p =  0 .04).  U sing  the  value 

o f  35 a  m on ito r ing  chart can  be  set u p - a s  in F igure  3 . 1 -any  c lus te r  o v er  35 in this 

g raph  is sign ifican t.  In A ugust  1996 there  is an out o f  contro l value w hich  indi

ca tes  a s ign ifican t  c lus te r  w h ich  co u ld  be indicative o f  copyca t  su ic ides,  su ic ide  

con tag ion  o r  o f  som e o ther  social reason  such as the c losu re  o f  a large co m p a n y  

and  a d o w n tu rn  in the econom y.

3.1.4 Conclusion

T here  is ev idence  o f  c lus te ring  o f  su ic ides  in Ireland. T here  has been  no  p ub l ished  

ev idence  o f  copycat su ic ides  in Ireland. T h e  ana lysis  co n d u c te d  here sugges ts  that 

there is ev idence  o f  copycat  su ic ides,  and  further w ork  is n eeded  to  investigate 

this cluster. T h e  Poisson  scan  statistic p roved  to be an effec tive m on ito r ing  tool 

for suic ides.
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M o n i to r in g  S u i c i d e  o f  M ale s  20-29

50

4 0

3 5

>1

2 9 / 1 2 / 9 5  2 7 / 5 / 9 6  2 4 / 1  0 / 9 65 / 1 0 / 9 4 4 / 3 / 9 5 1 / 8 / 9 5

Figure 3.1: M onitoring suicide o f males 20-29.

However, it should be rem em bered that this is only an initial enquiry and only 

suggests some evidence o f possible copy cat suicides. Further work would need to 

uncover whether there was a highly publicised suicide that resulted in the copycat 

cluster. The evidence produced here is not enough to suggest a definite copycat 

suicide cluster, each case in the cluster would need to be investigated, it could 

be that hanging is a som ewhat more ‘accessible’ method o f com m itting suicide. 

However, the scan statistic does give enough evidence to suggest further study.
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3.2 Health Impact Assessment of an Incinerator in 

Ringaskiddy

3.2.1 Screening

A n inc inerator  cou ld  have an im pact on  pub lic  hea lth  so a H IA  is im perative .  As 

the p roposed  inc inera to r  in R ingask iddy  is so con trovers ia l ,  a H IA  m ay help  to 

ease  c o n c e rn s  o f  w orr ied  locals.

3.2.2 Scoping

Incinera tors  have caused  con trove rsy  w hereve r  they have been  p roposed . T here  

is no  ag reem en t  on the ex ten t o f  the  risks a t tr ibu tab le  to  inc inerators  and  it is this 

that w orr ies  residents living in the sh a d o w  o f  inc inerators .

Incinera tors  have been know n  to cause  soft t issue sa rc o m as  [89]. adverse  res 

p ira tory  effec ts  |90 ] .  low sex ratio b ir ths [91] and  congen i ta l  an om alies  such as 

S p ina  B ifida  and heart defec ts  |92] .  H ow ever,  all o f  these  s tud ies  have involved 

o ld  inc inera tors  and  inc inerators  w ith in  very  industr ia l  zones.  T here  is no ev i

d ence  o f  a health  risk to res iden ts  near  m odern  inc inera to rs  with  low levels o f  

d iox in  em iss ions .  As there is no  ev idence  o f  a r isk n ea r  m o d e rn  inc inerators  this 

is essen tia l ly  an illustraive ex a m p le  o f  us ing  the scan  statistic as a m on ito r in g  tool 

in HIA. It shou ld  be re m e m b e re d  that even though  there  is no  ev idence  o f  a r isk 

f rom m odern  inc inerators  it d o e s  that m ean  that there is abso lu te ly  no risk.

T he inc inera to r  in R ingask iddy  is not as  yet opera tiona l ,  so essen tia l ly  th is  is 

a p rospec tive  health  im pact as sessm en t .  A s  the ev id en c e  o f  health  risks  posed  

by inc inerators  is so m e w h a t  co n trad ic to ry  it is vital that m on ito r in g  o f  the vari-
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OLis siispec led  hea lth  occ u rre n ces  ui the p rox im ity  o f  inc inera to rs  are m onitored .  

To illustrate a m on ito ring  sy s tem  for  this s i tuation  lung ca n ce r  w ill  be chosen  

because  it has been  show n  that it is a risk fac tor  fo r  inhabitan ts  nea r  o lde r  inc iner

a to rs  |90] ,  the  P oisson  scan  statistic will be used to  set up  the m on ito r in g  system . 

To im plem ent the P o isson  scan  statistic the ex p e c ted  inc idence  o f  lung c a n c e r  in 

R ingask iddy  at p resen t is required ;  the inc idence  o f  lung  ca n ce r  in Ire land w ill be 

used  to derive  the R ingask iddy  incidence.

3.2.3 Appraisal

Ringa.skiddy Area and Population

R ingask iddy  is s ituated  on  C o rk  H arbour.  C o .  C ork ,  ap p ro x im ate ly  13 k i lom etres  

from C ork  city, as the crow  Hies, o r  18.7 k i lom etres  by road. R ingask iddy  w as 

fo rm erly  a fish ing village but since the bu ild ing  o f  a ferry term inal has becom e 

an im portan t industrial cen tre .  It has  a t trac ted  h igh  profile  p h a rm aceu tica l  indus

tr ies such  as P fizer  P h arm aceu t ica ls  as well as som e chem ica l  industries  such  as 

C h e m ic a l  C a rb o n  G ro u p  Ltd..  am o n g  a list o f  o the r  m a n u fa c tu r in g  com pan ies .  

A p p ro x im ate ly  1200 peop le  live in the vic in ity  o f  R ingask iddy  and the p roposed  

incinerator.

Proposal for Kingaskiddy

Indaver  l. td. is p ropos ing  to build  an in teg ra ted  w aste  m a n a g e m e n t  facility [93] 

in R ingaskiddy. A cco rd ing  to  their  plans, w h ich  are public ly  ava ilab le  on  their  

w ebs i te  and  in hard  cop ies  direct from  the com pany ,  it will inc lude a recycling  

park , a w aste  transfer  sta tion  and a w as te - to -energy  plant. T h e  recycling  park  is
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an area where the community can bring tiieir recyclable household waste. The 

waste transfer station is a place where industrial hazardous and non-hazardous 

waste can be sorted and repacked where necessary, and material not suitable for 

incineration on site sent to appropriate sites elsewhere.

The waste-to-energy or incineration plant is causing controversy locally and 

nationally. The proposal will mean burning waste at high temperatures, in a con

trolled environment, using the heat to generate electricity. This will reduce the 

waste to an ash which will be approximately one tenth o f  the original volume of 

waste, and one quarter o f  its original weight.

The waste that they propose to incinerate, initially in phase 1, consists o f  haz

ardous and non-hazardous waste. Hazardous waste will include soKents produced 

by pharmaceutical and chemical plants. iNon-hazardous waste from local industry 

such as shops, factories, agriculture, hotels and restaurants will be handled in the 

plant.

Incineration of  waste produces dioxins, which are harmful substances, even 

in small quantities. The proposed incinerator for Ringaskiddy will incorporate a 

two stage dioxin removal system. This should ensure that dioxins are reduced to 

a level below the limit set by F.uropean Union legislation.

According to the I'livironmoiital Protection A gcncy’s (l i l’A) figures, Ireland 

produced 220,000 tonnes o f  reported industrial hazardous waste in 1998, and ()2% 

o f  this total was produced in County Cork. The amount o f  hazardous waste ex

ported for incineration in 1999 was 61,266 tonnes. The EPA's National Hazardous 

Waste Management Plan states that the quantity o f  hazardous waste exported for 

incineration justifies the construction o f  a thermal treatment facility for hazardous 

waste in Ireland. The Ringaskiddy facility will eliminate the need to export the
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Figure 3.2: Proposed site o f the Ringaskiddy incinerator.

majority o f industrial hazardous waste, such as solvents, for incineration.

The proposed site for the Ringaskiddy waste managem ent facility is identified 

in Figure 3.2 [93]. It will be located in the north-eastern corner o f the Ringaskiddy 

peninsula. The site will occupy an area of approxim ately 12 hectares. The road 

from  Ringaskiddy village will form the northern boundary, cliffs along the shore 

will form the eastern boundary and on southern and western boundaries there is 

agricultural land.
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3.2.4 Decision Analysis

There is no evidence to suggest that the incinerator will be harmful to the resi

dents o f  Ringaskiddy. as the incinerator is to be located downwind from the town, 

and with constant monitoring of  dioxin emissions, the health risk is presum ed to 

be minimal. However as the long-term effect o f  exposure to minute amounts o f  

dioxin is unknown, the health o f  the inhabitants o f  the town should be monitored.

Another possible health risk for the residents o f  the town will be the increased 

tral'lic. I’herc will be a substantial increase in the num ber o f  trucks which will 

cause air pollution, noise pollution as well as extra traffic and it’s associated 

risks. Many o f  these trucks will also be transporting toxic waste which could 

pose another health risk. As data for these health risks is dillicuit to obtain, for 

the purposes of  this illustrative example incidence o f  cancer will be monitored as 

a possible health effect o f  the dioxin emissions.

3.2.5 Monitoring & Evaluation

The incidence o f  mortality from lung cancer in Cork was 32.69 per 100,000 in 

the year 1999. In Ringaskiddy the incidence would be expected to be 0.39 occur

rences per year. This means that every 10 years four people would be expected to 

die from lung cancer in Ringaskiddy. under normal conditions. Similarly. 2 cases 

o f  N on-H odgkin 's  Lymphoma could be expected every 100 years, and 5 cases of  

soft tissue sarcomas could be expected every 100 years.

Given that the current incidence o f  lung cancer in Ringaskiddy can be esti

mated, as has been done, a monitoring chart could be set up using the Poisson 

scan statistic as in section 3.1.3. In order to illustrate the monitoring tool in the
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contex t o f  the h ic inerator  ex a m p le  s im u la ted  da ta  will need  to be em p loyed .  As 

the rate o f  lung  ca n ce r  in the v ic in ity  o f  the inc inerator  co u ld  be ex p e c ted  to in

crease ,  the n o n -h o m o g e n o u s  P o isson  p rocess  (N H P P )  will be used  to s im ula te  the 

data. N H P P  al low s for a ch a n g e  in rate o v er  tim e, an a log ri thm  used  to s im ulate  

the N H P P  is g iven in the A ppend ix ,  page  148.

To s im ula te  the da ta  correc tly  an es t im a te  o f  the expec ted  increase  in lung 

ca n ce r  inc idence is required .  B iggeri et al. [94] found an excess  o f  lung cance r  

cases ,  w ith  a  relative risk o f  6.7 , c lose  to  the sou rce  o f  an incinerator.  T h is  relative 

risk d id  derive from a study  in a h ighly  industria l  zone  with  m any  ex p o su res  so 

the figure will on ly  be used to illustrate  this ex a m p le  o f  a m on ito r ing  chart.  U sing  

this relative risk a poss ib le  .scenario can be illu.strated. U.sing this  value o f  relative 

risk, the rnoita lity  due  to lung ca n ce r  w as  s im u la ted  using a N H P P  for 20  years  

af te r  the p roposed  initial opera t ion  o f  the inc inera to r  on  1 Janua r y  2007.

As lung ca n ce r  cases  are not frequent,  a  slightly  longer w in d o w  than has been 

used, so far in this thesis ,  will be em p lo y ed .  A w indow  o f  ha lf  a  yea r  o r  183 days  

will be used to scan the data. In R ingask iddy  0 . 19.‘i8  m orta lit ies  d ue  to lung cance r  

should  o cc u r  in this period. U s ing  the P oisson  Scan statistic as o u tl ined  in C h a p te r  

2, section  2..5.4, a critical value o f  three dea th s  in lung ca n ce r  p e r  183 d ays  cou ld  

be used, as the P o isson  scan statistic found  that th ree  cases  o f  lung ca n ce r  in a 6 

m onth  per iod  w as s ignificant.

F igure 3.3 sh o w s  the s im u la ted  data,  su m m e d  o v er  183 days .  T he  first out o f  

contro l po in ted  is noted  at S e p te m b e r  2008 ,  this is app rox im ate ly  1.5 years  post 

opera t ion  o f  the plant,  so using  a w in d o w  o f  this size  and the Poisson  scan statistic 

an increase in c a n ce r  cases  is h igh l igh ted  quickly.

T he w in d o w  size  for this e x a m p le  w as se lec ted  ra ther  arbitrarily. If  a w in d o w
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Figure 3.3: M onitoring of sim ulated lung cancer cases using a 183 day window.

size of 365 days were used (as in Figure 3.4), the critical value would rem ain at 3, 

and the first alert would be at the start o f O ctober 2008, approxim ately the same 

time as the 183 day window.

L
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Figure 3.4: M onitoring of sim ulated lung cancer cases using a 365 day window.
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If the inc inerator  d o es  ca u se  an increase  in lung cance r  then the increase  will 

be spotted  qu ick ly  us ing  the scan  statistic as a m on ito r ing  tool. T he  m on ito r ing  

m e th o d  used above is eff icient.  It sh o u ld  be rem e m b ere d  that the s im ula t ion  used 

here as sum es  that the p ro p o sed  inc inera to r  in R ingask iddy  will increase  the inc i

d en c e  o f  lung ca n c e r  by a relative risk o f  6.7, and  it also assu m es  that the increased  

risk will o ccu r  im m edia te ly .  It is qu ite  likely that if  there is an effect it will be  a 

cum ula t ive  effect and any im pact will not be o b se rved  for m any  years. H ow ever ,  if 

the m on ito ring  sy s tem  is in p lace ,  any im pact will be o b se rved  in a t im ely  manner.
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3.3 Health Impact Assessment of a Tram System

A tram  sys tem . L U A S . began  opera t ion  in D ub lin  on the 1®* Ju ly  2004 , w ith  a s e c 

o n d  t ram  line go ing  into o p era t ion  in O c to b e r  2004 . T h ere  is little da ta  available 

on  the inc idence  o f  acc iden ts  o r  inc iden ts  involving the L U A S  tram s. H ow ever,  

there  have been  a n u m b e r  o f  m e d ia  repor ts  o f  m ino r  collis ions.

T h e re  is no  exac t  da ta  ava ilab le  on  the L U A S  incidents, to i llustrate how  a 

tram -inc iden t m on ito r ing  chart cou ld  be useful a t ram line  in H ouston ,  Texas will 

be u.sed. D ata  are ava ilab le  on  the various acc iden ts  and  inc idents  involving the 

tram  s ince  it began  opera tion  in Jan u ary  2004 . T h is  t ram  will be investigated  if it 

is poss ib le  to m on ito r  tram  acc iden ts  and  if  there  are any benefits  from  d o ing  so.

3.3.1 Screening

A health  im pact assessm en t has  been ca rr ied  out on  a t ram line  in M erseys ide  |9 5 | .  

H ow ever  as t ram lines  vary co n s iderab ly  this HIA  cou ld  not be used as a bas is  for 

a  H IA  on ano ther  tram line.  T he  M e rse y s id e  tram  has not yet been  built o r  begun  

o pera tion  so no m on ito r in g  o f  hea lth  has taken place.

It is difficult  to co m p a re  light rail sys tem s,  as they tend  to vary en o rm o u s ly  

acco rd ing  to the ir  length and  con f igu ra t ion .  For  ex a m p le  so m e  tram lines  are s e p 

arated  from road  traffic, w h ile  in o th e r  ci ties  tram s  and  ca rs  share the sa m e lanes. 

To get an ex p e c ted  accident rate for the t ram line  in H ouston , a s im ila r  tram line  

in S ac ra m en to  will be used. T he  tram line  in S ac ra m en to  has  the sam e length  o f  

o n -ro ad  track as H ouston  so it d o es  serve as a so m e w h a t  useful ex a m p le  o f  w hat 

m ay be ex p e c ted  in te rm s o f  acc iden t rate in H ouston .
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3.3.2 Scoping

A new  tram sys tem  will im prove  the  pub lic  transpor ta tion  in a c i ty  and  the re fore  

im prove access  to facilities such  as schoo ls ,  universi ties and hosp ita ls .  The.se will 

obv ious ly  all have posit ive im pacts  on  health . H o w ev er  a tram  sys tem  can  also  be 

at the  cen tre  o f  acc iden ts  and  in juries for  passengers ,  pedes tr ians  and  o the r  road 

users.

A study  under taken  in G o th e n b u rg  |9 6 ]  found  that tram  in juries  w ere  an im 

portant cause  o f  traffic in juries and  fata lit ies am o n g  passengers .  M ost tram  in

ju r ie s  w ere  found  to have occu rred  at o r  near  a tram stop, so it co u ld  be poss ib le  

to em p loy  ex tra  safe ty  m easu res  at these  h igh  risk locations.

3.3.3 Appraisal

S ac ra m en to  has on  average 4 acc iden ts  per  7.3 m iles  o f  tram line every y ea r  ac 

co rd ing  to the N ational T ranspor ta t ion  D atabase  |97] .  T h is  average co u ld  be used  

in o rder  to m on ito r  the n u m b e r  o f  acc iden ts  on  the H o u s to n  M etro .  The H ous ton  

tram line is app rox im ate ly  7.5 m iles  long, so 4 acc iden ts  co u ld  be ex p e c ted  in a 

one  year  period ,  acco rd in g  to the S a c ra m e n to  figure. U sing  the P o isso n  scan  s ta 

tistic. w ith  a w in d o w  size o f  a m onth ,  a s ign if ican t  c lu s te r  is four  tram  acc iden ts  

in 1 month .

3.3.4 Decision Analysis

T he new  tram  sys tem  shou ld  go  ahead ,  w ith  m on ito ring  o f  incidents.  If  there are 

m ore inc iden ts  than  expec ted  then  a th o ro u g h  investiga tion  o f  safe ty  sh o u ld  be 

initiated.
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3.3.5 Monitoring and Evaluation

A cluster o f tram incidents are indicative that the necessary safety measures are 

not in place. Initially a small scanning window should be used to catch a cluster. 

A window size o f 30 days will be used in this case. The data were obtained from 

the Action Am erica [98] website with the perm ission of the site owner. It indicates 

that within the first month, a significant cluster was observed. Figure 3.5 shows 

that while there are many significant clusters, there are periods when the num ber 

o f accidents in a 30 day period drops. In the last m onth o f  m onitoring (August) 

there have been no significant clusters, which could be indicative o f a solving of 

teething problems.
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Figure 3.5: M onitoring o f tram incidents.

82



3.3.6 Conclusion of Tramline Example

T he  m on ilo r ing  chart for the H o u s to n  T ram  illustrates how  effec tive an ap p ro p r i 

ate H IA  w ith  p ro p er  m on ito r in g  sys tem  can  be. If th is  m on ito r ing  char t  h ad  been 

util ized  by the light rail co m p a n y  in H ous ton ,  safe ty  m easu res  cou ld  have been 

put in p lace  q u ic k e r  o r  an investigation  o f  the rate o f  acc iden ts  m ay  have been 

launched  sooner.

3.4 Conclusion of Negative Health Impacts

T he  three exa m p le  in this chap te r  w ere  qu ite  d iffe ren t from each  other. H ow ever,  

they w ere  all e x a m p le s  o f  a health  im pact a s sessm en t  w here  a nega tive  im pact on 

the health  o f  the public  is expected .  T h e  m on ito r in g  chart in each  case  sh o w ed  the 

effec tiveness  o f  con t inuous ly  m on ito r in g  hea lth  events,  even after a H IA  has been 

carried  out.

T he  public  health  m on ito r in g  o f  su ic ide  is im portan t,  e spec ia l ly  the de tec tion  

o f  seasonal clusters.  A seasonal c lus te r  o f  su ic ides  w as  found  in m ales  aged  20- 

29. this sugges ts  that ex tra  support  serv ices  sh o u ld  be ava ilab le  in the high lisk 

m on ths  and ta rge ted  tow ards  y o u n g  m en. A c lu s te r  o f  su ic ides  by hang ing  cou ld  

be indicative o f  a copycat su ic ide  p rob lem . H o w e v e r  further  in -depth  investigation  

is requ ired  to conf irm  this c lus te r  as copyca t  su ic ides.

W hile  the inc inerator  ex a m p le  w as  essen tia l ly  illustrative o f  a m on ito r ing  sy s 

tem  for H IA , it d id  show  that the P o isson  scan  statistic is approp r ia te  to use as a 

m on ilo r in g  tool. A n im portan t  aspect o f  this ex a m p le  w as the rarity o f  the ca n ce r  

events, h w as  nol sens ib le  lo use a short w in d o w  o f  less than 3 m on ths  and  so 

to ac co m m o d a te  the rare events  a w in d o w  o f  at least h a l f  a y ea r  w as  used. This
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sliows that even  lo r  rare events  the scan  sta tis t ic  is appropria te ,  it also em p h as ise s  

the im por tance  o f  ch o o s in g  an approp r ia te  w indow  w id th ,  as ou tl ined  in C h a p 

ter  2. A sm a lle r  w in d o w  w o u ld  have been  futile in th is  e x a m p le  and  w o u ld  have 

resu lted  in a use less  m on ito r ing  chart.

In the Iram exam ple ,  the scan  s ta tis t ic  w as  se tup  to m o n ito r  t ram  acc iden ts  

us ing  ‘rea l- l i fe ’ data. This i l lustrated  the bcnciit  o f  a I IIA  on  .something appa ren tly  

unrela ted  to hea lth  - such  as a new  transport sys tem . T he  m on ito r in g  w ith in  the 

H IA  detec ted  c lus te r ing  o f  acc iden ts ,  w h ile  not all acc iden ts  will result in injuries 

to peop le  all acc iden ts  have the potentia l to be harm ful.  T h is  e x a m p le  illustrates 

how m on ito r in g  L U A S  data  w ou ld  be useful.
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Chapter 4

Positive Health Impacts

N ot all heallh  im pacts  will be negative . T h e  advan tage  o f  ca r ry ing  out a  health  im 

pact as sessm en t  on all relevant p roposed  po lic ies  is to m ake  approp r ia te  changes ,  

so that any negative health  im pacts  can  be an t ic ipa ted  and  ad ju s tm en ts  m ade. On 

the o the r  hand  if there are no suspec ted  negative health  im pac ts  p e rh ap s  a change  

can be m ade  so that posit ive im pacts  on  hea lth  can  be ach ieved . Just as suspec ted  

negative health  im pacts  are m on ito red ,  it is im portan t that posit ive health  im pacts  

are m on ito red  to ensu re  that the expec ted  p luses  do  occur.

Positive hea lth  im pacts  w o u ld  be ex p e c ted  w h en  a new  hospital is opened ,  a 

pedestr ian  bridge is built ac ross  a busy  m o to rw ay  o r  a sc h e m e  is put in p lace  to 

reduce  A ID S cases .  In this chap te r  tw o  cases  w here  posit ive health  im pac ts  m ight 

be ex p e c ted  will be exam ined .  T h e  first is e x a m in in g  the e ffec t o f  the sm okey  coal 

ban in 1990 in various cities a round  Ire land. T he  second  is e x a m in in g  the effect 

o f  the penalty  po in ts  in troduction  for sp e ed in g  in Ireland.
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4.1 HIA of the Bituminous Coal Ban in Dublin

4.1.1 Screening

B itum inous fuel can result in a sm og that is a m ixture o f sm oke em itted when 

bitum inous coal is burned. B itum inous fuel along w ith exhaust fum es from  m otor 

vehicles are the main sources o f  sm og [99]. In Ireland, 1987 figures for sm oke 

em issions by fuel show ed that 93.58% o f  coal sm oke cam e from  dom estic heating 

system s, 4.48%  from pow er generation and 1.94%) from  industrial coal burning. 

This indicates that dom estic fuel sm oke is one o f  the biggest source o f  sm oke 

em issions.

The ban on the sale, m aiketing and distribution o f sm okey coal should have a 

positive health impact. As the ban w ill be extended to many other areas a health 

impact assessm ent is im perative. G iven that the Solid Fuel Trade G roup had prob

lems with the ban. evidence o f  positive health im pacts could lead the way for a 

nation-w ide ban.

4.1.2 Scoping

Even at low concentrations sm og pollution can result in annoyance, m inor eye 

irritations, “chestiness” and aggravation o f sym ptom s for asthm atics and people 

w ith sinusitis, bronchitis, colds, flu or o ther respiratory disorders. At higher levels 

sm og can be fatal. This is dem onstrated by the increase in deaths am ong people 

with respiratory disease during periods o f  increased sm og levels.

In London in the w inter o f  1952 the “Great Sm og” resulted in many casual

ties. From D ecem ber through 9‘ '̂ D ecem ber 1952 a heavy, m otionless layer
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o f  sm okey, dus ty  fum es  from  the r e g io n 's  m ilh o n  o r  m ore  coal s toves and  local 

factories se ttled  in the L o n d o n  basin. T h e  under takers  and  florists  w ere  the first to 

be  aw are  o f  a hea lth  p rob lem  in the c ity: they ran out o f  caske ts  and f low ers  [100],

H ealth  o ff ic ia ls  at the tim e d id  not apprec ia te  the m ag n itu d e  or  severity  o f  the 

p rob lem , hav ing  p rev iously  w ea thered  m any  d ense  “ p ea -so u p e r” fogs and  sm ogs.  

H ospita l  adm iss ions ,  p n e u m o n ia  reports ,  app l ica tions  for  em erg en c y  bed  service,  

and  m orta lity  fo llow ed the peak  o f  a ir  po llu tion .  M orta l i ty  rem a in ed  e leva ted  for 

a coup le  o f  m on ths  afte r  the fog 1100]. At least 4 0 0 0  dea th s  have been  a t tr ibu ted  

to the “G rea t  S m o g  o f  L o n d o n ” .

In the 1980s, in Dublin ,  there  w as  a sw itch  from  oil to the c h e a p e r  and  m ore 

w idely  available solid fuel, m a in ly  b itu m in o u s  coal,  and  so the air  quality  in 

D ublin  de te r io ra ted  [101]. Periods  o f  h igh  air po llu t ion  w ere  assoc ia ted  with  in

creased  in-hospita l resp ira tory  d ea th s  1102). A study  by C lancy  el al [ 103] found  

that b lack  sm oke  co n cen tra t io n s  in D ub lin  dec lined  by 7()9i af te r  the b itum inous  

coal ban  and that this led to a !■')/( d ec rease  in resp ira tory  dea ths .

R egu la t ions  w ere  m ade  in 1990 to ban the m arke ting ,  sale and  d is t ribu t ion  o f  

b itum inous  coal in the D ub lin  area  |104 ] .  T h is  in te rvention  m ean t an im m e d i

ate reduc tion  in average  m onth ly  part icu la te  concen tra t ions  [lO.S], T h e  ban  w as 

ex tended  to C ork  in 199.5 and  ex tended  to five addi tiona l areas in 1998 (Arklow , 

D rogheda .  D unda lk ,  L im erick  and  W exford) .  F u r the r  ex tens ion  o f  the ban  to  five 

new  areas (C elb ridge .  G alw ay ,  Leixlip , N aas  and  W ate rfo rd )  took  p lace  in O c to 

ber. 2000.

The So lid  Fuel T rade G ro u p ,  w h ich  represen ts  traders  o f  so lid  fuel,  d isag reed  

w ith  the G o v ern m e n ts  p ro p o sa ls  for a na t ionw ide  ban o f  b i tu m in o u s  fuel. A n eg o 

tiated ag reem en t  w as s igned  by the D ep a r tm en t  o f  the E n v iro n m en t  and  the Solid
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Fuel T rade G ro u p  in 2002  w h ich  con ta in e d  a reduc tion  in the su lp h u r  con ten t  o f  

b i tu m in o u s  coal and  pe tcoke  and the  ex tens ion  o f  the ban  on  the m arke ting ,  sale 

and  d is tr ibu t ion  o f  so lid  fuels. A m o n g s t  the principal fea tures  o f  the negot ia ted  

ag re em e n t  are:

•  P hased  inc reas ing  pene tra t ion  o f  (m in im u m  25 %  o f  total sa les)  o f  sm oke le ss  

fuels in 8 areas (A th lone ,  Bray, C arlow . C lo n m el ,  Ennis ,  K ilkenny, Sligo, 

T ra lee)  from  1 O c to b e r  2002.

•  O utr igh t ban on the sale o f  b i t im iinous  coal in Bray, K ilkenny, S l igo  and 

Tra lee  from  1 O c to b e r  200.1.

•  Penetra t ion  o f  sm oke le ss  fuel in the rem a in ing  tow ns  (A lh ione ,  Carlow, 

C lo n m el  and  E nnis)  to inc rease  to by 1 O c to b e r  2004.

4.1.3 Appraisal

A posit ive hea lth  im pact on  resp ira to ry  dea ths  ar is ing  from  the ban on  sm okey  

coal in D ub lin  will be investigated. S m o g  affec ts  the lungs  and  there is ev idence  

to suggest  that it increases  the n u m b e r  o f  resp ira tory  dea ths .  R esp ira to ry  d isease  

d a ta  are ex trem ely  seasonal.  M uch  w o rk  has been  co n d u c te d  abou t the fact that 

the re  is excess  w in te r  m orta l i ty  - in the case  o f  resp ira to ry  d isease  the e ffec ts  o f  

w in te r  exace rba te  the resp ira tory  dea ths.

A ppend ix  C  show s a report de ta i l ing  the p ro b lem  o f  excess  w in te r  m orta l i ty  in 

Ire land and it a lso  ou tl ines  various m o d e ls  w h ich  w ere  used  to m ode l the excess  

w in te r  mortality.
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A s  th e r e  is a  la rg e r  p r o p o r t io n  o f  p e o p le  u s in g  c o a l  in th e  w in te r ,  d u e  to  c o ld e r  

c l im a te ,  th is  m a y  b e  o n e  c a u s e  o f  m o r e  p e o p le  d y in g  f r o m  re s p i r a to ry  d is e a s e s .  

A  re su l t  o f  th is  m a y  b e  th a t  w h e n  th e  h e a l th  im p a c t  o f  s m o k e y  c o a l  is lo o k e d  at, 

o n ly  a  p o s i t iv e  im p a c t  in the  w in t e r  m o n t h s  m a y  b e  f o u n d  w i th  no  im p a c t  in th e  

s u m m e r  m o n th s .  P e o p le  w h o  d ie  o f  r e s p i r a to ry  d i s e a s e  in s u m m e r  a re  l ike ly  to  b e  

d y in g  as  a  re su l t  o f  s o m e th i n g  o th e r  th a n  s m o k e y  c o a l  a n d  s m o g .

Seasonal Data

O n e  o f  th e  m a in  a s s u m p t i o n s  o f  th e  s c a n  s t a t i s t i c  is a  c o n s t a n t  p o p u la t i o n  at r i sk  

a n d  a  c o n s t a n t  d e te c t io n  ra te  o f  ca.ses. In th e  c a s e  o f  h e a l th  e v e n t s  th is  is o f t e n  no t  

th e  c a se ,  a n d  it is im p o r ta n t  to  be a b le  to  o v e r c o m e  th i s  re s t r ic t iv e  a s s u m p t io n .

A l th o u g h  th e  ra tc h e t  s c a n  h a s  b e e n  u se d  to  s c a n  s e a s o n a l  d a ta  in p re v io u s  

s e c t io n s ,  it is n o t  a p p r o p r ia t e  to  use  w h e n  th e  s e a s o n a l i t y  is a  d o m i n a n t  so u r c e  o f  

v a r i a t io n  in the  d a ta .

T h e r e  are  a  n u m b e r  o f  w a y s  to  a d d r e s s  s e a s o n a l  d a ta .  T w o  o f  the  m e t h o d s  o f  

a s s e s s i n g  th e  d a ta  fo r  a c lu s te r  w il l  b e  lo o k e d  at h e re .  I 'hc  first m e t h o d  that w ill  bo 

e x a m i n e d  is p o s s ib ly  the  s i m p l e r  o f  the  tw o  m e t h o d s  a n d  in v o lv e s  d e s e a s o n a l i s in g  

the  d a ta  a n d  th en  s c a n n i n g  it a s  o u t l in e d  in C h a p t e r  2 . T h e  s e c o n d  a p p r o a c h  u.ses 

a  m e t h o d  o u t l in e d  b y  K u l ld o r f  [ 1061 w h ic h  in v o lv e s  f i t t ing  an  a p p r o p r i a t e  m o d e l  

to  the  d a t a  a n d  u s in g  a  g e n e r a l i z e d  l i k e l ih o o d  ra t io  to  tes t  th e  nu ll  h y p o th e s i s  th a t  

th e r e  is no  c lu s te r in g  o f  e v en ts .  In  o r d e r  to  a s s e s s  t h e s e  m e t h o d s  th ey  w il l  in i t ia l ly  

be  u se d  to  lo ok  fo r  a  c lu s te r  o f  e v e n ts ,  as  in C h a p te r  3 . T h e n  a  d ip  in e v e n ts  w ill  

be  m o n i to r e d .
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D eseasonalised Data M ethod One way o f  coping with data that has a strong 

seasonal element is to deseasonalise the data. This can be achieved using the clas

sical moving average method. The method involves the following simple steps:

1. Com pute a simple moving average. For example if data are available on a 

daily basis, to compute a 365 day moving average, the average o f  the first 

365 days is calculated and then moved on one day, and again the average is 

computed over the next 365 days and so on.

2. if the moving average in step 1 was not centred, in this step centie the mov

ing average by calculating a moving average using groups of  2.

3. Compute the seasonal error component. This can be achieved by dividing 

the observed value by the centred moving average, calculated in step 2.

4. Calculate the unadjusted seasonal index. This is the average of  the seasonal 

error component for each sea,son.

5. Compute the adjusting factor by dividing the unit time by the sum of all 

calculated unadjusted sea.sonal indexes.

6. The adjusted seasonal index is computed by multiplying the unadjusted sea

sonal index by the adjusting factor.

7. Deseasonalised data are calculated by dividing the original observed data 

by the adjusted seasonal index.

These steps are illustrated using the monthly totals o f  respiratory mortality 

data for the years 1991-1992. Data are aggregated at a month level, so moving 

average will be calculated over 12 values. The first value for moving average is
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the average of  the first twelve months, the second value is the average o f  the 12 

month period from February 1990 to January 1991. The centred moving average 

is calculated as the average in groups o f  two. The percent moving average is 

Observed  divided by 7c Moving Average A). For these first few stages see 

Table 4.1

Once the M  A has been calculated then the seasonal index can be calculated. 

In this example only two years are being used, normally at this stage the average 

V tM A  would be calculated for each month, but since there is only one value of  

% M A  for each month in this situation the average is not calculated. The adjusting 

factor is calculated by dividing the total num ber o f  lime units (12 months) by the 

sum o f  the average (12.036). The adjusted seasonal index is computed

by multiplying the adjusting factor by 7 tM A .  The final stage is to divide the 

observed data by the adjusted seasonal index to give the deseasonalised data in 

Table 4.3.

Figure 4.1 shows the daily data that has been deseasonalised using the method 

outlied above, and then sum m ed for a three-month scanning window. As there is 

a lot o f  variation between the seasons even the deseasonalised data are still som e

what seasonal. There does seem to have been a shift downwards in the number o f  

I'espiratory deaths in 1987.

Using the Binomial Scan statistic to investigate any clusters, in this time pe

riod. prior to the ban on smokey fuel, the largest cluster in a 91 day window was 

368 respiratory deaths, which occurred between February and April 1986. The 

binomial scan statistic suggests that this is significant.
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Respiratory Moving Centred Moving % Moving 

Deaths Average (M A) Average (CMA) Average (%MA) 

136 

83 

75 
66

64

53 69.833

59 67.250 68.542 0.861

53 67.667 67.458 0.786

52 67.583 67.625 0.769

51 66.750 67.167 0.759

61 67.167 66.958 0.91 1

85 67.583 67.375 1.262

105 67.500 67.542 1.555

88 66.583 67.042 1.313

74 67.167 66.875 1.107

56 67.250 67.208 0.833

69 68.167 67.708 1.019

58 66.250 67.208 0.863

58 
42

59 

52 
72

62__________________________________

Table 4.1: Moving Average Calculation
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mm %MA Adjusting Factor Adjusted Seasonal Index

1 1.555 0.997 1.550

2 1.313 0.997 1.308

3 1.107 0.997 1.103

4 0.833 0.997 0.830

5 1.019 0.997 1.016

6 0.863 0.997 0.860

7 0.861 0.997 0.858

8 0.786 0.997 0.783

9 0.769 0.997 0.766

10 0.759 0.997 0.757

11 0.911 0.997 0.908

12 1.262

12.036

0.997 1.257

Table 4.2: Seasonal index computation

600  1

■S 500 -

“•400

observed
d«seasonaiis»do 300

200  -

Time

Figure 4.1: Deseasonalized daily respiratory data.
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yy m m R espira tory

D eaths

A d jus ted  Seasonal 

Index

D eseasona l ised

da ta

90 1 136 1.550 88

90 2 83 1.308 63

90 3 75 1.103 68

90 4 66 0.830 79

90 5 64 1.016 63

90 6 53 0.860 62

90 7 59 0.858 69

90 8 53 0.783 68

90 9 52 0.766 68

90 10 51 0.757 67

90 11 61 0.908 67

90 12 85 1.257 68

91 1 105 1.550 68

91 2 88 1.308 67

91 3 74 1.103 67

91 4 56 0.830 67

91 5 69 1.016 68

91 6 58 0.860 67

91 7 58 0.858 68

91 8 42 0.783 54

91 9 59 0.766 77

91 10 52 0.757 69

91 1 1 72 0.908 79

91 12 62 1.257 49

Table 4.3: D eseasona l ized  data  co m p u ta t io n

A n  O p tim al Test K ulldo rff  and  N a g a rw a lla  1106] ou tl ine  an op tim al test s ta 

tistic. Lei 0 <  1. 1  <  t -2 < ■ ■ ■ ■ <  t \  <  T  be  the o rd e ie d  tim es  o f  the observa tions.
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The generalised ratio test for testing the null hypothesis against the alternative 

rejects for large values o f  S — m ax , - 1  v E\Y[^{w)],tj < T ~ w.

Using equation 4.1 the occurrence of respiratory deaths was simulated ac

cording to a nonhomogeneous Poisson process. Using these simulated values as 

'observed' values, the likelihood ratio test could be calculated and the probability 

o f  a maximum test statistic calculated. The simulation was repealed 2000 times 

using VBA Excel and the code as outlined in the appendix.

For the example o f  respiratory deaths, a seasonal model as outlined in appen

dix C was Lised. This particular model incorporates individuals who are over 33 

years o f  age, died o f  respiratory illness (ICD code 480-519), in Dublin between 

the years 1980-1989. This period o f  time was used to estimate the parameters of  

the model as a ten-year period of  time should ensure a good estimate of  the sea

sonality. This period of  time is also ten years prior to the introduction o f  the ban 

on smokey fuel. The model for these data is:

Respiratory deaths over a two year (730 day) period were simulated and this sim

ulation was repealed 2000 times.

For each of the simulations a window o f  three months was used as a scanning

where

L\0.  E]
0 \ n { 0 / E )  + (.V -  0 ) ln [ ( .V  -  ( ) ) / {X -  E)], O > E

nihcru'isf.
(4.1)

V) — 2.81 -I- 1.09 cos( /-) + 0.69 .s in (  -   ̂ ^ /,)
365.25 365.25

(4.2)
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w indow . O n ce  Uiese values w ere  ca lcu la ted  then equa t ion  4.1 w as used  to  es t im ate  

the m a x im u m  test s tatistic for each  s im ula t ion .  T h e  level at w h ich  the  test statistic 

b ec am e  sign if ican t cou ld  then be e s t im a ted  as the test s ta tis t ic  g rea ter  than  o r  equa l  

to  •')/{ o f  all the m a x im u m  values in the s im ula t ion .  T h e  s im ula t ion  found  that the 

test s tatistic w as s ign ifican t  for .s' >  6 .36, w h ere  .s' is the m a x im u m  value found  

us ing  equa t ion  4.1 . U sing  this  in fo rm ation  the resp ira to ry  da ta  can be scanned  

for  any s ign if ican t clusters.

T h e  tw o -y ea r  per iod  p r io r  to the sm o k e y  coal ban will be sc an n e d  for any 

s ign ifican t  c luste ring .  T h is  m ean s  that for each  3 m on th  per iod  the test statistic 

(as g iven in equa t ion  4 .1)  is ca lcu la ted .  If  the lest s ta tis t ic  e x c ee d s  6 .36  then a 

s ign ifican t  c lu s te r  has been  found. T he  lest s tatistic is p lo tted  against time in 

F igure  4.2. w here  a red  line rep resen ts  the s ign if ican t  value.

F igure  4.2 show s that there is a s ign ifican t  c lu s te r  o f  resp ira to ry  dea th s  at the 

end  o f  1989. T h is  co r resp o n d s  to a pe r iod  in D e c e m b e r  1989 w hen  the sm o g  levels 

in D ublin  w ere  up to four  t im es  the .safety lim its  set by the E u ropean  C om m unity .  

It w as this increase in sm o g  levels w hich  sparked  g o v ernm en ta l  deb a te  in the 

u pper  house  o f  the pa r l iam en t (S e an a d  E ireann)  w h ich  led to the b i tu m in o u s  coal 

ban the fo llow ing  S ep te m b er  [107].

Decrease Since Smokey Coal Ban Introduction?

To investigate i f  there has been a reduc tion  in resp ira to ry  dea ths ,  s ince  the ban 

on  sm o k e y  fuel. Kulldorffs  m e thod  as ou tl ined  in equa t ion  4.1 on  page  95 can be 

em p lo y ed .  N ow  if an  o b se rv e d  value is s ign ifican t ly  less than an ex p e c ted  value 

this w ou ld  indicate a significant d ip  o r  dccrca,sc in the  occurrc iice  o f  events. I'he
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Figure 4.2: Using the optimal test for seasonality, 

same test statistic can be used.

0 1 n ( 0 /E )  +  (.V -  O) ln[(iV -  0 ) / { N -  E)], O < E
L[0,E\  =

0 otherwise
(4.3)

To illustrate that the above test statistic will be optimal at detecting dips a 

simple scenario will be created. Suppose that in scenario 1 the observed value 

is 150, the expected value is 80 and total value is 550. In the second scenario 

the observed and expected values have been switched, so the observed value is 

80 and the expected value is 150, the total remaining the same. The test statistic 

value is approximately the same for the two scenarios. This means that the test
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stalislic is equally eriicienl when delecting clusters or dips. Using this method a 

good approximation of  the significance o f  a dip in the num ber o f  events could be 

estimated.

M onitoring for a Dip in R espiratory D eaths

It is o f  interest to see if the smokey coal ban has resulted in a decrease in respira

tory deaths. I'o investigate this possible health benefit a monitoring system will be 

devi.sed using Kulldorfs optimal statistic 1106]. The smokey coal ban was intro

duced in September 1990, so a dip should be seen soon after that. The simulations 

that were carried out in section 4.1 can be used to pinpoint the value at which the 

test statistic is significant. This value can then be used as a type o f  control limit for 

the monitoring graph, l or a significance level o f  0.05, the appropriate test statistic 

is 5.28. this means that oV( o f  all simulated values were greater than or equal to 

5.28. This is the value that is shown as the control line in Figure 4.3, values falling 

above this line indicate a decrease in respiratory deaths.

Figure 4.3 shows the test statistic plotted against dale. A three months scan

ning window was used, scanning for a minimum in this instance rather than a 

maximum cluster. The blue dots in the graph represent the time since the ban on 

smokey coal was introduced.

In Figure 4.3 any points above the horizontal critical line indicate a significant 

decrease in respiratory deaths from the expected. It is obvious in the graph that 

there appears to be a significant decrease in respiratory deaths even before the ban 

on bituminous coal. The other significant decreases appear in April o f  1989 and 

April - July 1990. The reason for the decrease in deaths at this point is that the 

model that was used overestimated mortality in the sum m er months. This method
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Figure 4.3; Using the optim al test for seasonality to detect a dip in respiratory 
mortality.

is heavily dependent on an accurate model.

It is clear from the graph that the w inter of 1991 is the first w inter period to 

show a significant decrease in respiratory deaths. Hence it can be stated with some 

certainty that the ban on bitum inous coal had a positive benefit on health.

4.1.4 Conclusion

The respiratory data had a strong seasonal com ponent which meant that some 

adjustm ent had to be made prior to scanning the data. D eseasonalising the data 

is one approach to taking away a strong seasonal element. Using this method 

elim inated the need to specify w inter m onths w hich is the traditional m ethod of
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look ing  al excess  w in te r  morla lily , as o u t l in ed  in the A ppend ix .

T he  o the r  ap p roach  taken w as to m ode l the data. T h e n  us ing  this  m ode l and 

an approp r ia te  crit ical value w h ich  had  to he es t im ated ,  a  m on ito r ing  chart co u ld  

be se tup. T h is  m ethod  also e l im ina te s  the need  to spec ify  w in te r  m onths .  This  

a p p ro a ch  w o rk e d  rea so n ab ly  well.  H ow ever ,  an e x t re m e ly  good-fi t t ing  m ode l is 

requ ired  in o rd e r  for the  m e thod  to function  optim ally . In reality, it will be near  

im poss ib le  to fit an accura te  m ode l to ‘r e a l ’ data ,  thus app ly ing  K u lldorfs  O ptim al 

m ode l will se ld o m  be a go o d  app roach  to c o p in g  with  seasona l data. Real data  

canno t be m o d e l le d  accu ra te ly  from  y ea r  to y ea r  as there  are so m any  factors 

im pact ing  on  seasonality ,  it w ou ld  the re fo re  be m ore  p ruden t to d eseasona l ise  the 

d a ta  as d iscussed  in section  4.1.3.

I’hc  f indings o f  this ana lys is  ag ree  with  the  study  co n d u c te d  by  C lan c y  et 

al 1103). H ow ever,  w h ile  both  s tud ies  cou ld  detec t a d ec rease  in resp ira tory  

dea ths,  by us ing  the scan statistic the m om en t  that resp ira to ry  dea ths  s ta rted  to 

decrea.se is know n. By correc tly  se tting  up the scan  statistic as a m on ito ring  

chart inn iied ia te  benefits  are seen, ra ther  than  w ail ing  for a n u m b e r  o f  years  to 

gel en o u g h  da ta  to pub lish  results.
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4.2 Health Impact Assessment of the Penalty Point 

Introduction in Ireland

T h e  coverage  o f  road acc iden ts  in the m e d ia  is an ahnos t  daily  o cc u rre n ce .  H e a d 

lines such  as “Seven  peop le  d ie  in w ee k en d  ac c id en ts” , “ Five d ie o v er  w ee k en d  

from  road  ac c id en ts” and  “N ot en o u g h  done  to end  road  c a rn a g e ” h av e  b ecom e 

c o m m o n p la c e  am o n g s t  all the daily  new spapers .

4.2.1 Screening

As part o f  a new road  safety  initiative in Ireland, penalty  po in ts  for sp e ed in g  w ere  

in troduced  from the 31'^ O c to b e r  2002 . T h is  new  initiative m ean t  that any ind i

vidual caugh t speed ing  cou ld  be aw a rd e d  up to  four pena lty  points.  P enal ty  po in ts  

rem ain  on a d r iv e r 's  licence for a per iod  o f  three years ,  and  an ac cu m u la t io n  o f  12 

pena lty  points in a th ree -year  per iod  will lead to au tom atic  di.squalificalion from 

d riv ing  for 6 m onths .  In a p ress  re lease  at the tim e the M ins te r  for T ransport ,  

S am u s  B rennan  T D , s ta ted  “ Excess ive  speed  is recogn ised  as the m ost s ign ifican t 

con tr ibu tion  to road acc iden ts  . . . I  am  con f iden t  that it [penalty  po in ts ]  will a s 

sist in reduc ing  the level o f  road  dea th s  and  se rious  in juries  by inst il l ing  g rea te r  

cau tion  in drivers.” [108]

Penalty  po in ts  have been in troduced  subsequen t ly  for d r iv ing  w ithou t  insur

ance. As o f  1®' June  2003 drivers  co n v ic te d  o f  d r iv ing  w ithou t insu rance  will 

incur live pena lty  po in ts  in add i t ion  to a fine im posed  by the court.  O n  25'^' A u 

gust 2003 penalty  po in ts  for seat belt o f fences  w ere  in troduced . Penalty  po in ts  for 

ca re less  d r iv ing  w as effec tive  from  l'^ June  2004.

101



4.2.2 Scoping

T he  N ationa l  R o a d s  A iithoiity  [ 109) p ub l ished  a report in N o v e m b e r  2003. T hey  

revealed  that single veh icle  co l l is ions  w ere  reported  in 30%  o f  all road  fatalities. 

S ing le  vehicle  co l l is ions are l inked w ith  speed ing  and  dr iv ing  un d er  the in fluence 

o f  a lcohol.  D rivers w ere  c i ted  by the po lice  as the m ain  con tr ibu t ing  fac tor  in 86%  

o f  acc iden ts  in 2002. T h is  ev idence  sugges ts  that pena lty  po in ts  m ay help  change  

d r ive r  a t ti tude and reduce the ca rn ag e  on  the  roads.

S ince  the in troduc tion  o f  pena lty  points ,  m ore  recen t press co v e rag e  has h in ted  

at a leve ll ing -o ff  o f  the effect o f  pena lty  po in ts  in the reduc tion  o f  road  fatalities. 

T h e  scan  statistic will be used  to h ivestiga te  if there w as  any c lu s te r ing  o f  road 

fatalities prior  to the pena lty  point in troduction .  It will then be im p lem en ted  as 

a m on ito ring  tool to investigate  if there  was a posit ive or negative im pact on  the 

n u m b e r  o f  road fatalities.

4.2.3 Appraisal

T h e  N ational  R oad  Safety  A uthori ty  (N R S A )  co m p ile s  an annual statistical report 

on road fatalities and acc iden ts ,  based  on d a ta  supp lied  by the G a rd a  S iochana. 

In the last y ea r  the m e thod  by w hich  the N R S A  w ere  in fo rm ed  o f  non-fa ta l road  

acc iden ts  changed .  T here  are tee th ing  p rob lem s  with  the new  sys tem  with  the 

result that the da ta  are not a lw ays  en te red  into the da tabase .  A na lys is  on  the non- 

fatal road accident data  are not poss ib le  because  the d a ta  are unreliable .  R oad  

fatality da ta  are available  on  the G a rd a  S iochana  w ebsite .  T h e  da ta  are aggregated  

by m o n th  - fu rther  con tac t  w ith  the R oad  Traffic  B ureau  revealed  that the d a ta  are 

not available on a daily  basis. T he  R oad  Traffic  B ureau  d id  reveal that the daily
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rale ave raged  out ai one fatality per  day.

D ata  on  m onth ly  totals o f  road fatalities w ere  o b ta ined  from  the G a rd a  w ebsite. 

Table 4 .4  show s the average n u m b e r  o f  fata lities per  m on th  for the yea rs  1998 

to the in troduction  o f  penalty  po in ts  (N o v e m b e r  2002). Available on the G a rd a  

w eb p a g e  are co ll is ion  sta tis t ics  for the years  1968-2002. T h e  probab il i ty  o f  be ing  

in jured  o r  k illed  in a se rious accident,  be tw e en  1998-2001, before the in troduc tion  

o f  pena lty  points ,  w as 0 .003 ,  g iven that an individual w as involved in a se rious 

acc iden t the p robabil i ty  o f  being  k illed  in the acc iden t w as 0 .035 . Prior to  the 

in troduc tion  o f  penalty  points ,  the p robab il i ty  o f  an individual being killed in a 

traffic  acc iden t w as  0.0001.

year Average

1998 38

1999 34

2000 35

2001 34

2002 33

Table 4.4: Average m on th ly  n u m b e r  o f  road  fatalities p r io r  to pena lty  points.

It is o f  interest to know  if the in troduc tion  o f  pena lty  po in ts  for sp e ed in g  had  an 

im pact on  the n u m b e r  o f  fatalities. T he  data  are g ro u p ed  by  m on th  so the ratchet 

scan  statistic is an obv ious  cho ice  to  investigate  this health  im pact.  H ow ever,  the 

quan ti t ie s  o f  road fatalities are large. T h is  results  in a large .V, annual figure, 

thus the asym pto tic  d is tr ibu t ion  o f  the  ratchet scan  (section  2.5 .3, page  43) will be 

used. A th ree -m on th  scann ing  w in d o w  will be used.

In the y ea r  that pena lty  po in ts  w ere  in troduced  there w as  a total o f  376  (.V) 

fatalities on the road. T he  d is t r ibu t ion  o f  these road  dea ths  is in Table 4.5. A
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M o n th F a ta l i ty  F r e q u e n c y

J a n u a r y 35

F e b ru a r y 33

M a r c h 34

A pri l 32

M a y 20

J u n e 34

Ju ly 4 2

A u g u s t 35

S e p t e m b e r 3 6

O c to b e r 31

N o v e m b e r 23

D e c e m b e r 21

T a b le  4 .5 :  D i s l i i b u l io n  o f  R o a d  F a ta l i t ie s  in 2 0 0 2 .

t l i r e e -m o n lh  sc a n  o f  th e  d a ta ,  l o o k in g  fo r  the  m a x i m u m  c lu s te r ,  g iv e s  a c lu s te r  

( T ’’ ) o f  113 d e a th s .  T h i s  m a x i m u m  c lu s te r  o f  d e a th s  o c c u r r e d  b e tw e e n  Ju ly  a n d  

S e p t e m b e r  o f  2 0 0 2 .  T h e  ra tc h e t  s c a n  s t a t i s t i c  w a s  c a lc u la te d  u s in g  e q u a t i o n  2 .1 2  

(p a g e  4 7 ) ;

113 -  1 -  37G(0.2.'))
- -  ^ '  -  2 .1 1 3 8  (4 .4 )

\ / 3 7 G ( 0 . 2 5 ) ( l  -  0.2.'))

U s in g  th e  v a lu e  o f  /?  * o b ta i n e d  in 4 .2 .3  th e  p ro b a b i l i ty  o f  a  c lu s t e r  c a n  be  

e s t im a te d ,  u s in g  F ig u r e  2 .7 .  F r o m  tiie g r a p h  th e  p r o b a b i l i ty  o f  a  c lu s te r  o f  113 

fa ta l i t i e s  in the  y e a r  2 0 0 2  w a s  a p p r o x i m a t e ly  0 .1 2 .  T h i s  w a s  n o t  a  s ig n i f i c a n t ly  

la rg e  n u m b e r  o f  ro a d  fa ta l i t i e s  p r io r  to  the  in t ro d u c t io n  o f  p e n a l ty  p o in t s .  A s  a 

th r e e  m o n th  s c a n n i n g  w in d o w  w a s  u se d ,  it a lso  in d i c a te s  th a t  th e r e  w a s  n o  s e a 

so n a l i ty  a s s o c ia te d  w i th  ro a d  fa ta lies .
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4.2.4 Decision Analysis

T h ere  is no ev idence  o f  s ignificant seasona l c lu s te ring  o f  road  acc iden ts .  A s  w as 

found  in the scop ing  phase  o f  this H IA , m any  acc iden ts  are ca u se d  by  speed ing .  

T h e  in troduc tion  o f  pena lly  po in ts  sh o u ld  reduce  the n u m b e r  o f  fatal ro ad  acc i

dents.  R oad  acc iden ts  sh o u ld  be m on ito red  to ensu re  that th is  e x p e c ted  hea lth  

im provem en t  happens .  To do th is  the data  for the y ea r  2002  will be s c a n n e d  lo o k 

ing for  a d ip  in traffic  accident fatalities. If  the pena lty  po in ts  w ere  a success  then 

a s ign if ican t  dip, pos t  pena lty  point in troduction ,  shou ld  be expected .

4.2.5 Monitoring and Evaluation

In o rd e r  to use the scan  statistic to find a d ip  in the n u m b e r  o f  road  fata lit ies,  the 

ratchet scan  statistic m ust first be ad jus ted  so that it will scan  for "dips' ra ther 

than clusters.  Just as there can  be a c lu s te r  o f  events,  w here  an increase in events  

is obse rved ,  there can  also be a "dip" in the n u m b e r  o f  occ u rre n ces  o f  an event.  A 

d ip  w ou ld  be recogn ised  as being  an unusua lly  sm all  n u m b e r  o f  events  occurr ing .  

As a c lus te r  m ight indicate  an inc rease  in so m e th in g  such  as c a n c e r  ca se s ,  a d ip  

w ou ld  be a useful ind icator  in the success  o f  a new  hea lth  initiative.

Dip in Occurrence of Events

To investigate the possib ili t ies  o f  d ip s  in frequent events ,  .some o f  the th e o ry  a l

ready d iscussed  in section  2.,5.3 will be applied .  U sing  the m u lt in o rm al  vec tors  

that w ere  c rea ted  to es t im ate  the  ratchet scan sta tis t ic  in section  2 .5 .3 . the  m in i

m u m  value from ea ch  ( Z f . . . . . .  Z f j  , Zf^) vec tor  w as  se lec ted  ins tead  o f  the

m a x im u m  that w as  used  before.
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Let be the oth peicentile o f minimum Z f ,  then applying the theoiy in 

Wallenstein et al [74], the fo llow ing should hold true, where U is the minimum 

dip in a given time period:

+ (4 .5)

To evaluate the adequacy o f this asymptotic result at o — .05, the value o f 

for each o f the multinomial vectors was used. The results are given in Table 4.6. 

The asymptotic estimates o f t ’o q-, are good approximations o f the simulated f  'o.or, 

values.

This finding is somewhat unexpected when Table 2.1 is considered. It shows 

the scan statistic values for clusters, in table 2.1 there was a difference o f approx

imately 1. Using this evidence the P-value can be mapped onto the ratchet scan 

statistic usinc the following:

,4 6 ,
syxii'iA 1 -  u'l,)

Figure 4.4 shows the ratchet statistic for a dip, over a one-month period. The 

asymptotic distribution does not approximate the simulated N curves accurately. 

P'Values for .V — 250-1000 are sim ilar to each other. However the p-values for 

an .V — 100 are quite different. For a window size o f 2 months (see Figure 4..‘5), 

the asymptotic distribution is a better estimator o f p-values for A' >  250. Again 

i f  .V <  250 then perhaps the curve for .V — 100 should be used, or another
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Asymplolic Theory Simulation

k N fv,(0.05) -\ n P{U,  > n) P{Uk >  n +  1) -’ X t '0 . 0 5

1 50 -0.9806 -0.0196 0 0.1377 - -

1 100 1.0541 0.0105 2 0.0835 0.0179 0.0149 1.4893

1 250 9.3238 0.0373 10 0.0536 0.0226 0.0395 9.8839

1 500 25.3897 0.0508 27 0.0791 0.0458 0.0523 26.1261

1 1000 60.3142 0.0603 62 0.0678 0.0462 0.0612 61.1759

1 2000 134.1128 0.0671 135 0.0509 0.0389 0.0675 134.9250

2 50 1.4434 0.0289 2 0.0709 0.0138 0.0327 1.6340
2 100 6.9228 0.0692 8 0.0953 0.0385 0.0720 7.2025

2 250 26.2603 0.1050 27 0.065 1 0.0368 0.1059 26.4664
7 500 61.5455 0.1231 62 0.0536 0.0363 0.1236 61.7919
2 1000 135.8540 0.1359 137 0.0619 0.0477 0.1362 136.1620

2 2000 289.7376 0.1449 291 0.0593 0.0491 0.1450 290.0882

3 50 4.5589 0.0912 5 0.0666 0.0205 0.0928 4.6399

3 100 13.7696 0.1377 14 0.0539 0.0263 0.1386 13.8587

3 250 44.7431 0.1790 45 0.0505 0.0332 0.1799 44.9711

3 500 99.8880 0.1998 100 0.0512 0.0385 0.1998 99.9055

3 1000 214.4863 0.2145 216 0.0611 0.0491 0.2151 215.0750

3 2000 449.7760 0.2249 451 0.0558 0.0480 0.2251 450.2564

Table 4.6: Result.s of asymptotic simulations, compared with simulations for 
different values of N.
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curve sketched in. As was also found for clusters in Chapter 2, the graph for a 

window of 3 months (Figure 4.6) shows that the asymptotic distribution is a good 

approximation for N  > 100.
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H
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— N s  1000 .
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•4 •3.8 •3.6 •3.4 -3 .2 3 2.8 2.6 •2.4 - 2 .2 2
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Figure 4.4: Scan statistic tor a dip in events, with a window ol' 1 month.

To see if there is a reduction in fatalities, the three-month window incorpo

rating November 2002 (the first month of penalty points) is investigated to see if 

it indicates a significant dip in road fatalities. The number of fatalities between 

September and November 2002 was 90, which is not significant. This is probably 

because there are two months in which there were no penalty points included.

Moving on another month, the twelve month monitoring lime period is now 

January to December 2002. There was a total of 376 fatalities, and the penalty
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Figure 4.5: Scan statistic for a dip in events, w ith  a w indow o f 2 months.

point poMcy had been enforced fo r two months. Using a 3 month w indow and 

the most recent time period, October - December, there were 75 fatalities in this 

w indow  but this was not significant at p=0.1125.

M oving on another month, the twelve-month period w ill now be from  Febru

ary 2002 - January 2003, the total number o f fatalities in this time span is 361. The 

3 month w indow that w ill  be looked at is the w indow  from  November 2002 - Jan

uary 2003. This is the firs t time point at which a three month w indow which only 

includes penalty point months can be examined, in other words all the months in 

this w indow are months when penalty points have been enforced.

The three months from  November 2002 - January 2003 had a total o f  64 fata li-
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Figure 4.6: Scan statistic for a dip in events, with a window o f 3 months.

ties. Using the ratchet scan statistic, it was found that this value shows a significant 

dip (p= 0.0125) in this 3~month period. As these 3 months are the only 3 months 

in this time period with penalty points, this is initial evidence that penalty points 

seem to be having a positive im pact on health.

After three m onths o f m onitoring the road traffic fatalities there is evidence 

to suggest that penalty points are a success. However it is im portant to continue 

m onitoring road fatalities, so that any further positive im pact can be reported, 

thereby generating further support for the policy. It may be the case that the 

num ber of road fatalities begins to increase; the effect seen after 3 m onths could 

be an initial effect, as people becom e used to the policy and perhaps see little
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ev idence o f  speed  cam eras, garda checkpo in ts etc. T he in itial effec t m ay w ear o ff 

and people m ay start speed ing  again , or fo rget the new  policy  - it w ill have been 

given a h igh  pub lic  p rofile  in the early  m onths.

I f  con tinued  m on ito ring  fo r peaks and troughs is ca rried  out then con tinued  

success or fa ilu re  can be repo rted  and necessary  ad ju stm en ts to the po licy  pu t in 

p lace . F or exam ple  if  road  deaths con tinue to decrease, perhaps speed ing  law s can 

be changed . I f  there are c luste rs  then perhaps m ore speed  cam eras can  be pu t in 

p lace  and m ore v isib ility  o f  po lice ca rry ing  out speed  checks.

F igure  4 .7  show s (the ra tchet scan dip sta tistic  fo r a th ree m onth  w indow ) 

ca lcu la ted  fo r a num ber o f  m onths and p lo tted  on a graph. In this w ay it is possib le  

to  im plem ent the ra tche t scan sta tistic  as a m on ito ring  tool. A s ign ificance level o f  

<  n )  =  0 .10 w as chosen; th is co rresponds to a D-s value o f  approx im ate ly  

-2.36. So the shaded  area in the graph w ould  rep resen t an ‘a le r t’ zone, or in this 

case a tim e period  w hen a sign ifican t reduction  in road  acciden ts w as observed.
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Figure 4.7: M on ito ring  fo r a dip in road  deaths afte r penalty  po in t in troduction
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In the graph, D 3 is p lotted  on  the y -a x i s .  and has b een  ca lcu la te d  as per e q u a 

tion 4 .2 .5 .  T im e  is p lotted  on  the x -a x is .  S o  the va lue at D e c  2 0 0 2  for e x a m p le ,  

m ean s  the va lue o f  Do, ca lcu la ted  for the w in d o w  from O ctob er  to D e c e m b e r  2 0 0 2 ,  

u sin g  a total t im e per iod  o f  January to D e c e m b e r  2 0 0 2 .  T h e  va lue  at January 2 0 0 3  

w o u ld  m ean  the va lue  o f  D;j ca lcu la ted  for the 3 -m o n th  w in d o w  from  N o v e m b e r  

2 0 0 2  - January 2 0 0 3 ,  for the total t im e  per iod  February 2 0 0 2  - January 2 0 0 3 .

T h ere  are tw o  points  in the alert z o n e ,  w h ic h  m e a n s  there w ere  tw o  o c c a s io n s  

w h en  a s ig n if ican t  dip  in road fatalit ies w a s  ob served .  T h e  first s ign if ican t  d ip  

w a s  b e tw een  N o v e m b e r  2 0 0 2 -  January 2 0 0 3  and it occurred  during the first three  

m on th s o f  the penalty  points  for s p e e d in g  policy . T h e  se c o n d  dip o ccu r s  during  

the next three m on th s  (D e c e m b e r  2 0 0 2  - February 2 0 0 3 ) .  T here  are no further  

d ips  in the data, this im p lie s  that there has b een  no  m ore d ecre a se s  in the acc ident  

mortality  rate w h ich  m ea n s  that the acc id en t mortality  rate has lev e le d  o f f  or that 

it has increased  o n c e  again.

T he  ca lcu la tion  o f  (he ratchet .scan statistic  in v o lv e s  the total n u m b er  o f  fa ta li

ties in the m ost  recent three m onth  period  and the total n iunber o f  fatalit ies  in the 

m ost recent 12 m onth s .  T h is  m ean s  that the ratchet scan  statistic for January 2 0 0 3  

in v o lv es  3 m on th s  o f  very low  fatalit ies and 9  m o n th s  o f  h igh  fatalit ies - there are 

m any m ore  high fatality m onths ,  so  a three m onth  lo w  pei iod w il l  certa in ly  m ake  

a b ig  impact.

B y  the tim e the m on itor in g  is at M arch 2 0 0 3 ,  there are 5 penalty  point m onths  

( lo w  fatality m o n th s)  and there are 7 n on -p en a lty  point m o n th s  (h igh  fatality  

m on th s) .  T h e  on ly  p o ss ib i l i ty  for ob ta in in g  a s ign if ica nt  dip  at this s tage  is for 

road fatalit ies to  con t in u e  d e c ie a s in g ,  in other  w ord s for the m ost  recent 3 m on ths  

to be co n t in u a lly  g ett ing  sm aller.
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So from this stage on (March 2003), the graph can used to identify a continuing 

significant decrease in road fatalities. A continuing decrease will be alerted by the 

values falling in the red zone. A graph monitoring for clusters can also be used 

to check that there are no significant clusters of road accidents - which would be 

an indication that road fatalities were increasing. If there are no significant dips 

or significant increases it means that the road fatalities have decreased and are 

stabilized at a lower level and perhaps further changes need to be implemented to 

ensure further decreases in deaths on the road.

In Figure 4.8 R3, the test statistic for a significant cluster was calculated and 

plotted on the y-axis, time is on the x-axis and is interpreted as described for the 

monitoring for a decrease graph. There is a significant increase in May - July 

2003, this seems to indicate that the incidence of road fatalities has increased 

again. The initial effect of the introduction of penalty points has worn off.
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Figure 4.8: Monitoring for an increase in road deaths after penalty point introduc
tion
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Penalty  po in ts  w ere  in t roduced  in Ju n e  2003  for  hav ing  no valid  insurance. 

If there is a real fear  o f  pena lty  po in ts  ano ther  reduc tion  in the n u m b e r  o f  road 

fatalities shou ld  have been  o b se rv e d  - how ever  as can be seen  from  the graph. 

F igure  4.7, there has been  no s ign if ican t  reduction  in fatalities.

W earing  o f  seal belts  saves lives. W ith  this in m ind, on  25'^ A u g u s t  2003  the 

M in is te r  for T ranspo r t  in troduced  pena lty  po in ts  fo r  not w ea r in g  seat. If a person  

w as  found  not w ea r ing  a seal belt they co u ld  incur up to 4 po in ts  on the ir  d r ive r 's  

license, and  the driver  o f  a veh ic le  will a lso  incur po in ts  if there are  any individuals  

u nder  the age o f  17 years  not w ea r in g  a seat belt o r  restraint.  H ow ever,  looking  

at F igure  4.7, ihis  life sav ing  m easu re  has not red u ced  the n u m b e r  o f  lives lost on 

the roads o f  Ireland.

T he  third set o f  pena lty  po in ts  w ere  in troduced  on the 4th June  2004  for c a re 

less driv ing. H ow ever  it is too  soon  to tell w h e th e r  this policy  will affect the 

n u m b e r  o f  road fatalities.

4.2.6 Conclusion

T he m on ito ring  o f  road  fatalities in Ire land was poss ib le  using  the ratchet scan 

statistic. A s a d ec rease  in road fatalities w as  expec ted  af ter  the in troduction  of  

penally  po in ts  it w as necessary  to m on ito r  for this decrease .  The m on ito ring  in this 

e x a m p le  proved  w orthw hile .  It show ed  that an initial d ec rease  in road  fatalities 

w as  fo llow ed by an increase in road fatalities,  and  this  ind icates  that the penalty  

po in t sys tem  is not w o rk in g  in Ireland.
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4.3 Conclusion

In the tw o e x a m p le s  ex a m in e d  in this  ch a p te r  it w as seen  how  necessary  it is to 

m o n ito r  for posit ive health  im pacts.  E v idence  o f  a posit ive hea lth  im pact in the 

case  o f  the resp ira tory  dea ths  g ives  the requ ired  ev idence  to en fo rce  a na t ionw ide  

ban on  sm okey  fuel. In the case  o f  the road  fatalities it show s that an expec ted  

posit ive hea lth  im pact m eans  that the hea lth  events  shou ld  still be m onito red .  In 

this case  the m on ito r ing  sh o w ed  that the  hea lth  benefits  w ere  short-lived.



Chapter 5

Power Analysis of the Scan Statistic

T he  scan stalislic has  been  used  in the last tw o  chap te rs  to c la r ify  if  c lus te rs  o r  d ips  

in even ts  w ere  idenliliable . In som e o f  the s i tuations it w as  poss ib le  to use m ore  

than  one  type o f  scan  statistic. In o the r  ca ses  such  as the pena lty  po in t exam ple ,  

the available da ta  restric ted  the poss ib le  m e thods  that cou ld  be  used.

In appl ica tion  o f  the scan  s ta tis t ic  to  H IA s  there will be cases  w here  the data 

ava ilab le  restrict the op tions  for analysis .  In such  s i tuations the fo llow ing  q ues t ion  

m ay be asked: “A m  1 losing im portan t  in fo rm ation  by hav ing  to  use a particulai' 

m e th o d ? ” This  chap te r  w ill ex a m in e  the im pact that any such  restr ic tion  will have 

on  the findings o f  the ana lysis .

T here  will l ikewise be s i tuations w h en  the da ta  a llow m ore  than  one  cho ice  

o f  statistic. In this  s ituation  an appropr ia te  ques tion  m ight b e - “W h ic h  m e thod  is 

bes t to u se?” T h e  second  part o f  this  ch a p te r  will ex a m in e  w h ich  m ethod  has the 

m ost  p o w er  to detec t c lusters.  T h e  last sec tion  will exa m in e  the d if fe rence  that the 

rela tive si/.e o f  a c lus te r  can  have on  m arg ina l  significance.
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5.1 Aggregate the data?

O ften  da ta  a ie  on ly  available on an aggrega ted  basis ,  so m e tim es  weekly , s o m e 

tim es  m onthly .  In the e x a m p le s  that have been  d isc u sse d  here , the da ta  w ere  

ava ilab le  on  a daily  basis  in m ost  s ituations.  H ow ever,  there w ere  instances such  

as the road  dea ths ,  w here  the d a ta  w ere  on ly  ava ilab le  on  a m onth ly  basis. A n 

im portan t  cons idera t ion  m ight be - w ha t  effect d o es  this  agg regation  have on the 

ana lys is?  Is im portan t  in fo rm ation  being  lost? It is not poss ib le  to de te rm in e  w hat 

in fo rm ation  has been  lost due to agg rega t ion  o f  for exam ple ,  road  dea ths.  H o w 

ever. w hen  daily  da ta  exist these  can be agg rega ted  and  the effec ts  o f  aggregation  

in this s ituation  investigated.

It is still poss ib le  to im plem ent the scan statistic on  agg rega ted  data ;  the ratchet 

scan statistic was deve loped  for this pu rpose .  H o w ev er  does  the  ratchet scan lose 

pow er?  P erhaps  further insight into the d a ta  can be ga ined  by agg regating  them , 

in w hich  case  dai ly  data  could  rou tine ly  be aggregated .

5.1.1 Suicide Data

S u p p o s in g  that the su ic ide  da ta  in C h a p te r  2 w ere  not available  on  a dai ly  basis  

but the da ta  w ere  on ly  ava ilab le  as m onth ly  totals.

T he  ratchet scan as ou tl ined  in C h a p te r  2, section  2.5..3 will be used for c lus te r  

de tec tion  and  a w indow  o f  three m o n th s  will be used  to scan  the data. T h e  largest 

c lu s te r  is l.'^l su ic ides  and this c lu s te r  occ u rre d  be tw een  June  and  S eptem ber .  

U s ing  equa tion  2.12 in C h a p te r  2 the test .stati.stic can  be ca lcu la ted  as fo llows:

131 -  1 -  810(0.2.5)
/?•* -  ^  ^   ̂ -  3.0.',.-) ( 5 .1)

v/810(0.2.',)(l -  0.2.5)
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This statistic can be used to find the p-vakie with the help o f  Figure 2.7 on page 50. 

From the graph it is possible to estimate the significance at 0.017.

By aggregating the data to a monthly level in this situation information was 

not lost, it was still possible to tell that there was a significant cluster o f  suicides 

between June and September o f  1996. However, using the daily data m ay provide 

more accurate information as to the exact lime period of  the cluster which was 

between June 1996 and 3''^ September 1996.

5.1.2 Respiratory Mortality Data

if the respiratory deaths data had been available only at a monthly level, the first 

step may have been to deseasonalise the data as outlined in section 4.1.3.

The twelve months prior to the ban on smokey coal will be examined. S ep 

tember 1989 - August 1990. In that twelve months there was a cluster o f  270 

respiratory deaths between December and February. This corresponds to the c lus

ter discussed in section 4.1.3, page 94 which was due to a heavy smog. There 

were 894 deaths in the 12 months in question. Using equation 2.12, page 47, the 

ratchet scan statistic for clusters, /?/, can be estimated as follows:

270 - 1 -  890(0.2.')),________  =   ̂ -  3..')1 (3.2)
v/891(0.2.'))(l -  0.25)

From Figure 2.7 this corre.sponds to a p-value o f  approximately 0.005. This indi

cates a significant cluster, which can be explained by a heavy smog in Dublin city 

at that time, as discus.sed in section 4.1.3. page 96.

Continuing with a 3 month window, a dip after implementation o f  the smokey 

coal ban will be inve.stigaled. The w indow that contains the first month o f  the ban
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revealed 216 deaths. Using equation 4.2.5, page 106 to estimate D.s, the ratchet 

scan test stati.stic for a dip in the data.

_  2 1 6 - 8 9 6 ( 0 . 2 ^ )  ^

v/89G(0.2.'))(l -  0.2.'))

Figure 4.6, page 110 tells us that -0.96 is not significant, which is not surprising 

as this window contains data from August and July when the ban was not in place.

Moving the scanning window on a little further, so that it incorporates the 

months September, October and November, the number o f  respiratory deaths in 

this period was 187 and there was a total o f  883 deaths in the 12 month period 

December 1989 - November 1990. Evaluating Dy.

187 -  883(0.2.5)
-  - '7  -------- ■ -  - 2 . 7 0  (5.4)

v/883(0.2.'))(l -  0.2.3)

A i  — —2.70 corresponds to a p-vakie o f  approximately O.Oo, (Figure 4.6. page 110). 

This suggests that there was a significant decrease in respiratory deaths post im

plementation of the smokey coal ban.

The 12 month period after the implementation o f  the smokey coal ban was 

analysed to investigate an increase in the respiratory deaths. An increase in res

piratory deaths might indicate that people were not obeying the ban and smokey 

coal was in use. or it could mean that the decrease in deaths after the ban was a 

fluke. It could also mean that people who would normally die in the winter from 

respiratory died at a later point in the year.

The maximum number of  deaths in a three month period after the ban on 

smokey fuel was 211 which happened between .January and March 1991. In the
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tw elve  m on ths  fo llow ing  the ban 809  peop le  d ied  o f  resp ira to ry  d isease .  T h is  is 

not a s ign ifican t cluster, so it appears  that the ban w as obeyed ,  it a lso  ind icates  

that the resp ira to ry  dea th s  in w in te r  are not so m e  k ind  o f  'cu l l in g  o f  the w e a k e s t ’, 

an individual w h o  avo ids  dy in g  o f  resp ira tory  d isease  d u e  to sm o g  in w in te r  is 

un like ly  to d ie  the fo llow ing  sum m er.

5.1.3 Conclusion

In this ca se  using  m on th ly  tota ls  d id  not lose any im portan t in fo rm ation ,  but it 

m ade  the  ana lysis  so m e w h a t  m ore  straightforw 'ard. T h e  resp ira to ry  d a ta  w ere  

very variable, w h ich  im plies  that there w as  a  lot o f  w h ite  no ise  in the daily  data. 

T h u s  by using  the m onth ly  tota ls  the day  to day  variability  could  be factored out. 

By d o ing  this there  w as  no loss o f  im portan t inform ation.

W h e n  a sc an n in g  w indow  o f  m ore  than a m onth  is used  it is rea sonab le  to 

a s su m e  that any c lusters  w ill be o b se rved  w h e th e r  data  are agg rega ted  at a m onth ly  

level o r  are  ava ilab le  at a h ighe r  defin ition  .such as dai ly  data. In the  tw o  e x a m p le s  

a sc an n in g  w indow  o f  three m o n th s  w as  used, w h ich  is large en o u g h  not to h ide 

cluste rs .  In som e cases  such as the inc idence  o f  ca rbon  m o n o x id e  po ison ing , 

the c lu s te ring  occu rs  in a sm all t im e fram e, w ith in  2-3 days ,  hi such  a s ituation  

m onth ly  tota ls  w ou ld  be useless.
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5.2 Power Analysis

In the previous ciiapiers differenl versions o f  the scan slalislic have been used in 

different situations. A variety of different data types were used and a version o f  

the scan statistic was able to analyse each data set for cluster detection. However 

as all the examples were real examples the data were somewhat constraining so 

every version of  the scan statistic could not be applied to every situation. For 

example in the case of  accident fatality data which was only available at a monthly 

level the Binomial scan statistic could not be applied. As a result comparing the 

performance o f  the Binomial Scan statistic with the ratchet scan statistic could not 

be accomplished.

To compare the different scan statistics against each other and find where they 

perform best, a simple power analysis was undertaken. Artificial scenarios were 

developed and each form of the scan statistic applied to each situation. Using a

multinomial di.stribution 1000 simulations o f   } was carried out

for each o f  the scenarios outlined below, where n is the nimiber of events on any 

particular day.

I'hrcc dilTcront scenarios were formulated. I'hc first scenario imitated a situa

tion where there was a peak lasting one month. The second scenario simulated a 

situation where there was a peak that lasted a period of  approximately 4 months. 

The last scenario simulated a situation where there were two peaks in a year, the 

two peaks being more than three months apart. By simulating these three sce

narios data were created that could be used to check the power of each o f  the 

scan statistics. Each of  the scenarios is shown below, in each case P{ ( ,) is the 

probability o f  an event occuring.
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S cenar io  1: A peak  o f  one-m ontli  duration .

0.213G Jti]x)
P [ < x ) -  j

0.0711 o t h t r w L s c  

S cenar io  2: A peak  lasting four m onths .

0.4861 Jl ive. .  J u l y

 ̂ A u g u s t .  S(.pte.tnh(.!■

0.1485  oiJu ru' isf-

S cena r io  3: Two peaks  in the year, m ore  than  three m on ths  apart.

0.1G-')2 M d r c f i .  J i m c  

0B-')9 niJu rir/.'iiI"
For each  o f  the scena rio s  total sa m p le  s izes  A' — 10. oO. oOO w ere  em p loyed .  

A long  with  the above  scena r io s  the null da ta  set w as  s im ula ted  for 365 days  in 

o rd e r  to es t im ate  the crit ical value. T he  results  o f  the p o w e r  ana lys is  are show n  in 

the tables below.

In each  o f  the tables the value show n  is the p robabil i ty  o f  d e tec t ing  a cluster. 

So g iven that 1000 s im u la t ions  w ere  p e r fo rm ed  the value rep resen ts  the proportion  

o f  ca ses  w here  a  clus te r  w as  de tec ted ,  g iven that the c lus te r  w as s ignificant a c c 

o rd in g  to the crit ical value ca lcu la ted  for the null hypothesis .  A s  the table show s 

proportions ,  any value w ith  a p o w er  equal to one has a perfec t c lus te r  de tec tion  

rate. A pow er  score  c lose  to zero  indicates p o o r  power, and  a high failure rate.
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N = 10

Binomial Poisson Circular Ratchet 

Scan Scan Scan Scan

Scenario 1 0.18 0.18 0.18 0.60

Scenario 2 0,32 0.32 0.32 0.70

Scenario 3 0.15 0.15 0.15 0.60

_______________________________________________ N = 50

Scenario 1 0.71 0.46 0.71 0.75

Scenario 2 0.91 0.79 0.91 0.91

Scenario 3 0.51 0.23 0.51 0.74

______________________________________________N = 500

Scenario 1 1.00 1.00 1.00 1.00

Scenario 2 1,00 1,00 1,00 1,00

Scenario 3 1,00 1,00 1,00 1,00

Table 5,1: Power analysis o f  the scan stati.stics at n =  0.05 significance
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N =  10

Binomial Poisson Circular Ratchet

Scan Scan Scan Scan

Scenario 1 0.18 0.01 0.18 0.60

Scenario 2 0.32 0.07 0.32 0.70

Scenario 3 0.15 0.01 0.15 0.60

N = 50

Scenario 1 0.71 0.13 0.46 0.52

Scenario 2 0.91 0.53 0.79 0.79

Scenario 3 0.51 0.03 0.23 0.17

N = 500

Scenario 1 1.00 1.00 1.00 1.00

Scenario 2 1.00 1.00 1.00 1.00

Scenario 3 1.00 1.00 1.00 1.00

Table 5.2: Power analysis o f  the scan statistics at q  — 0.01 significance
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W hen .V is very small, the ratchet scan statistic appears to he the strongest 

o f  all the versions o f  scan. In each of the different scenarios, for .Y — 10 the 

ratchet scan statistic appears to be the most powerful, even at a significance level 

o f o  -  0.01.

W hen .V — 50 the scan methods seem to perform more equally, with the 

exception o f  the Poisson scan which performs poorly with all scenarios except 

scenario 2. The Binomial scan is equally powerful at n — O.Oo and a  — 0.01. The 

Circular and ratchet scan statistic do not have the same capability at a  =  0.01. If 

.V is large, all the statistics have a perfect score of  1.

5.2.1 Conclusion

Based on this power analysis the Binomial Scan statistic seems to be the most 

consistent o f  all the tools. Howevei' if .V is very small (equal to 10). aggregating 

the data to monthly totals and applying the ratchet scan statistic seems to be the 

best choice.

5.3 Relative Cluster Size Affect

An important consideration o f  this analysis is the power o f  the scan statistic. How 

big must a cluster be in order for the scan statistic to detect it? Looking at Ta

bles 3.1 and 3.2 the 9i column gives the ciu.ster size as a percentage o f  the total 

in each age group. In the case o f  the male suicide table, males aged 20-29 years 

were found to have a signilicatU cluster. However looking at the percentages, the 

cluster for this groups represents the same proportion o f  the total as the cluster for 

the group o f  males aged less than 20 years. Indeed, looking at the female suicide
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table the clusters here represent much higher proportions of  the total num ber of  

suicides in each group. Could it be that a smaller total size is less powerful at 

detecting a cluster? W hat size o f  cluster would be required in order for the scan 

statistic to be significiant?

Using the Binomial Scan statistic, the power o f  the scan statistic to detect a 

cluster was assessed for different values of the total size The values of  .V 

chosen ranged from 10 to 200, to rellcct a broad spectrum o f  sample sizes. Using 

arbitrarily selected cluster sizes, n, the level at which the scan statistic detect a 

cluster was calculated. Figure 5.1 shows the results o f  this analysis; the smaller 

values of  .V require that the cluster be a high proportion o f  the total sample size, 

whereas for larger .V relatively smaller clusters can be detected. From the graph, 

the scan statistic appears to lose power at smaller .V. W hen .V — 10 a cluster will 

only be detected if it is at least approximately o f  the total: when .V — 200 a 

cluster that is only 209i o f  the total will be detected by the .scan stati.stic.

5.3.1 Conclusion of Relative Cluster Size

Based on this analysis o f  the relationship between cluster size, total size (.V) and 

significance wc can conclude that if a sample is very Uirge then a cluster that is 

perhaps only 20‘X o f  the total size will be signilicant.

However if the total sample size is small, less than 10, then an apparent cluster 

o f  less than 20'X o f  the total will not he a signilicant cluster. In order for a cluster 

to be significant the cluster must represent at least 60‘X o f  the total num ber of  

cases in the study.
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Figure 5.1: Power o f the Scan Statistic to Detect different C luster Sizes.

5.4 Overall Conclusion of Power Analysis

Within this chapter, three separate analysis were carried out. Each analysis was 

assessing some form o f the ‘pow er’ o f  the scan statistic. If  data are available on 

a daily basis it is best to analyse the data in this format, unless the data are quite 

seasonal then aggregating it and applying the ratchet scans statistic would be more 

successful than fitting a model to the daily data.

The binom ial scan statistic would appear to be the best o f all the versions of the 

scan statistic examined in this thesis. Not only is it the sim plest o f all the methods 

to apply, but if the num bers are large then it is the most efficient at detecting 

clusters.

The other elem ent to im pact on the use o f the scan statistic is the relative size 

o f the cluster com pared to the overall size o f the study. For a very large study 

then a cluster need only represent 20% of the total sam ple size to be significant.
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H o w ev er  w hen  the sam ple  size is sm a lle r  (say  <  10) then the c lu s te r  will need  to 

be a m uch  larger  p e rcen tage  o f  the total ( >  60% ).
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Chapter 6 

Discussion and Conclusions

6.1 Important findings and original aspects of the

work

T he a im  o f  the study  w as to assess  the scan s ta tist ic  as a su itab le  m on ito r ing  tool in 

hea lth  im pact as sessm ent.  M o n ito r ing  tools have not been im p lem en ted  in H IA s 

to date, so an im portan t aspec t o f  this research  was to investigate the possib il i ty  o f  

m on ito r ing  in the con tex t  o f  a H IA . A lthough  the scan  statistic has  been  sugges ted  

as an app rop r ia te  m on ito r ing  tool it had  not been util ized  o r  tested r igo rous ly  in 

practice.

6.1.1 Monitoring in Health Impact Assessment

Suicide

C lu s te r in g  o f  su ic ides  w as  found  using  the scan  statistic. T he  scan  statistic w as  

found to be an im portan t  tool in re trospec tive ly  ana lyz ing  the data,  a l though  there
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w as  no  addi tiona l in fo rm ation  to suggest  w hat ca used  the c lus te r  o f  su ic ides.  A 

report w as  recently  w ritten  abou t su ic ide  a m o n g  y o u n g  m ales  in I re land  [110]. 

T h is  report sugges ted  that the su ic ides  w ere  being  c a u se d  by an increase  in a lcohol 

c o n su m p tio n .  T h is  report w as  p ub l ished  in 2004. H ad  a m on ito r ing  tool been  in 

p lace ,  such  as that in .section 3.1, the inc rease  w o u ld  have been de tec ted  earlier, 

h en c e  ea r l ie r  p rov is ions  m ade  to deal w ith  the p rob lem . A s it is the p rob lem  has 

been  iden tif ied  and  it is on ly  now  that so lu t ions  are being  di.scussed, nearly  10 

years  later.

A n im portan t aspec t  o f  this section  w as  the iden tif ica tion  o f  a c lus te r  o f  su i 

c ides  by hanging .  T h is  is an im portan t f ind ing  as there has  been  no  pub lished  

ev idence  o f  copyca t  su ic ides  in Ire land to date. W hile  this c lus te r  alone is not 

defin itive ev idence  o f  copycat su ic ides,  it is en o u g h  w arran t  further exp lo ra tion  oi 

the da ta  and  d iscuss ion  o f  the possib ili ty  o f  cop y c a t  su ic ides in Ireland.

Incinerator Kxample

T h ere  is public  concern  about inc inerators  and the ir  im pact on  hea lth ,  and  there 

is con trad ic to ry  ev idence  to sugges t  that m odern  inc inera to rs  em it such small 

a m o u n ts  o f  d iox in s  into the a tm o sp h e re  that there is no threat to  health . T h e  in

c inera to r  p roposed  for R ingask iddy  is a m odern  des ign ; p la n n in g  perm iss ion  has 

been  g ran ted  with  cons truc tion  set to beg in  in January  2007 . T h e re  is no  ev idence  

to sugges t  that long- te rm  ex p o su re  to even  sm all a m o u n ts  o f  d iox in  is safe. For 

this  reason suspec ted  health  fac tors  sh o u ld  be m on ito red  as ou t l ined  on in se c 

tion 3.3. This  is easy  to im p lem en t  and  it m e an s  that any negative im pacts  will 

be iden tif ied  quickly, ra ther  than  w ait ing  for a large, perhaps  no ticeab le  c lus te r  

to o ccu r  with  undes irab le  public  hea lth  co n seq u en ces .  U s ing  the m on ito r ing  tool
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it w as  poss ib le  to predic t that any increase  in lung  ca n ce r  will be de tec ted  early  

en o u g h  to ensure  that approp r ia te  safe ty  m easu res  are put in place.

lYam Example

T h ere  w as no H IA  carr ied  ou t on  a new tram  in H ous ton ,  Texas. A s  a tram  is 

a new  road  user, peop le  have to adjust to trave lling  in the city in new  w ays,  and 

they need  to bec o m e  ac cu s to m ed  to sha ring  the road  with  a large, s ilent train. The 

H o u s to n  tram has deve loped  a bad  repu ta tion  for acc iden ts  and  it is now  know n  

as the 'W h a m -B a m  T ra m ',  if there had  been  a cons tan t m on ito r in g  o f  accidents ,  

approp r ia te  safe ty  m easu res  cou ld  have been  put in p lace  before  a bad  reputa tion  

w as  ea rned . T he  con t inu ing  inc reas ing  accident rate in H ous ton  co u ld  have been 

hailed , en su ring  a safer  road for all users.

In this exa m p le  the benefit  o f  a m on ito r in g  sy s tem  is clear. H ad this  m o n ito r 

ing sys tem  been in p lace for the H ous ton  tram it is qu ite  likely that be t te r  safety 

m easu res  w ou ld  have been  put in p lace  sooner. If  there is no m on ito ring  sy s tem  

there is no  cut o f f  per iod  to help  ind iv iduals  dec ide  w hen  there has  been one  too 

m any  accidents.

Sniokey Coal

T h ere  w ere  issues with  the in troduc tion  o f  the ban  on b i tum inous  coal,  and  the 

Fuel T rade G roup  w as o p p o se d  to the ban. By m on ito ring  the n u m b e r  o f  resp ira 

tory dea th s  a defin ite  dec rease  in resp ira to ry  dea ths  w'as o b se rved  quickly. O nce  

the ev idence  o f  the benefits  is there, it w o u ld  be uneth ica l  not to en fo rce  the ban 

in the rest o f  the country.
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Penalty Points

Penal ly  po in ts  w ere  hai led  as the  an sw e r  to the ca rn ag e  on  the roads. B y  m on ito r 

ing road  fata lit ies a d ec rease  post im p lem en ta t io n  o f  the ban  w as  obse rved ,  w h ich  

sh o w ed  that the penally  po in ts  d id  save lives. How ever,  fu rthe r  m on ito r in g  has  

sh o w n  that the dea th  toll on  the  roads has risen again. N ow  tw o  yea rs  af te r  the 

pena lty  point in troduc tion  p eo p le  are rea lis ing  that pena lty  po in ts  are not w ork ing .  

U s ing  the m on ito r ing  m e th o d  this w o u ld  have been  es tab l ished  in a sho r te r  time 

fram e, and perhaps  m ore  ch e ck p o in ts  co u ld  have been  in troduced .

6.1.2 Scan Statistic as a Monitoring Tool

T he scan  statistic has  not been  Lised e l sew h e re  to any great ex ten t as a m on ito r in g  

tool. T he  five e x a m p le s  w h ere  it has been app l ied  as a m on ito r in g  tool in this 

thesis  w ere  all very d ifferent.  In so m e  cases  the scan statistic w as  requ ired  to 

detec t c lu s te r ing  o f  events; in o the r  ca ses  a d rop  in the n u m b e r  o f  events  w as m ore 

im portan t.  In each case  the scan  statistic w as  proved  to be adap tab le  and  cou ld  be 

app l ied  with  little effort . So how  did the scan sta tist ic  cope  as a m o n ito r in g  tool?

The Scan Statistic Looking at Suicide Data

In the case  o f  the suic ide  data ,  the use o f  the scan  statistic w as  fairly s tra igh tfo r 

ward. T h e  b in o m ia l  and c i rcu la r  scan  s ta tist ic  w ere  e m p lo y e d  to test for c lu s te r ing  

retrospectively . U sing  the P o isson  scan statistic enab led  the  e s tab l ish m en t  o f  a 

m on ito ring  chart,  and  the P o isson  scan  gave a crit ical value that a l low ed  the .set

ting up o f  a crit ical line on a contro l chart.  If  the n u m b e r  o f  su ic ides  in a p a r t icu la r  

t im e fram e ex c ee d ed  the crit ica l line then it ind ica ted  a c lu s te r  o f  su ic ides .
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The suicide data were aggregated to a monthly level to examine the possibility 

that the ratchet scan statistic would be more informative. It was found that the 

suspected cluster still proved significant and no information was lost by aggregat

ing the data. However, by using the Binomial scan statistic on the daily data the 

exact time of the cluster could be identified.

Usinj« the Poisson scan statistic to m onitor events

Incinerator data In the case o f  the incinerator proposed for Ringaskiddy, a 

prospective situation, the incinerator is proposed and there is no data on cancer 

incidence in close proximity to the incinerator. However, using evidence from 

previous studies, the relative risk o f  cancer around an incinerator could be estab

lished. As the cancer rale in Co. Cork was known ihe expected cancer rale in 

Ringaskiddy could be estimated. As there was no information available on the 

total number o f  cancer cases the Poisson scan statistic had to be used. Using the 

relative risk of  cancer around an incinerator, a Poisson scan critical value was 

computed and a monitoring chart set up. in order to check the monitoring chart, 

data were simulated, using a nonhom ogeneous Poisson process, to approximate 

what the real life cancer rale would be if the incinerator resulted in the claimed 

increase in cancer.

The scan statistic could be adapted to cope with the rare events in this example. 

By using a longer scanning window o f  6 months or more a monitoring chart could 

be set-up that functioned properly.

'lYamline data Tramlines differ greatly, and an important factor in the expected 

niunber o f  incidents for a tram is the amount o f  shared road. Monitoring a new
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t ram line  for acc iden ts  is a p ro spec tive  o r  concu rren t  hea lth  im pact assessm ent.  

A s  the tram  has not been opera ting ,  there  are no  da ta  ava ilab le  on  the  expec ted  

n u m b e r  o f  incidents.  In the case  o f  the tram  in H o u s to n  Texas, a s im ila r  tram  line 

w ith  the sam e d is tance o f  on  road use as H o u s to n  w as used  to es tab lish  the e x 

pec ted  n u m b e r  o f  incidents.  W ith  th is  in fo rm ation  a m on ito r in g  char t  w ith  P o isson  

crit ica l limits w as es tab l ished  and  w as  effective at de tec ting  an increase in tram  

incidents.

In m any  o f  the cases  w here  daily  da ta  w ere  ava ilab le  the  P o isson  scan  statistic 

cou ld  be used to es tab l ish  crit ica l l im its  for a m on ito r ing  chart.  T h e  m on ito r ing  

chart deve loped  using the  P o isson  crit ica l lim its  functioned  very w ell in all o f  the 

e x a m p le s  c i ted  above.

6.1.3 The scan statistic adjusted to monitor for expected dips

Pen alty  point  data  T he pena lty  point da ta  w ere  the on ly  da ta  that w ere  a g g re 

gated  to a m onth ly  level, w h ich  m eant that the ratchet scan sta tis t ic  had to be used. 

A n o th e r  p rob lem  w'ith these da ta  w as  m on ito ring  for a d ip  in events  ra the r  than a 

cluster. To m on ito r  for a d ip  in events  the ra tchet scan statistic w as ad jus ted ,  and 

new  graphs  were  c rea ted  to es t im a te  p -va lues  o f  s ign if icance .  U sing  the ad jus ted  

ratchet scan  statistic,  a m on ito r ing  chart w'as set up and successfu l ly  m on ito red  

the road dea th  data.

In ca ses  w here  da ta  w ere  on ly  ava ilab le  on  a m on th ly  basis the ratchet scan 

sta tist ic  still p e r fo rm ed  well as a m on ito r in g  tool, the on ly  d raw  back  being  that 

the every  m onth  a new  ratchet scan  statistic had to be ca lcu la ted  and  then a crit ical 

value com pu ted .
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Sm okcy coal exam ple - copinj» w ith seasonality  in the scan statistic The

smokey coal ban provided the most problems for the scan statistic. The data for 

respiratory deaths were very seasonal, and an assumption of  the scan statistic is 

that there is a constant population at risk. To use the scan statistic here, the sea

sonality had to be resolved. A num ber o f  different methods were used to cope 

with the seasonal tiend. The most straightforward method is probably to desea- 

sonalise the data. However this can be time consuming. There are a couple o f  

other strategies that involve the estimation o f  an appropriate model.

Using Kulldorfs method the data were first modelled and then the model was 

used to create simulations, and then a critical value was estimated. This method 

requires an accurate model, and a knowledge o f  simulations, as for each new data 

set a new model would need to be derived and simulated. W hile the method may 

be effective with an accurate model getting a model accurate enough would be 

near impossible. The need for an accurate model is very limiting especially when 

dealing w ith data that is rarely predictable or compliant enoLigh to be modelled.

Even though the respiratory death data were available on a daily basis, when 

aggregated to a monthly level the scan statistic performed more reliably. This is 

possibly because at a daily level there is a lot o f  day to day variation and fitting 

an accurate model in this circumstance is difficult. At a monthly level the luting 

o f  a more accurate model is easier. Calculating deseasonalised data are also less 

time consuming. At a monthly level the ratchet scan statistic can be used to scan 

the data for dips. Another advantage o f  aggregating to a monthly level in this case 

is that a model does not need to be fitted and then simulated; the deseasonali.sed 

data can be .scanned using the ratchet scan statistic.
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6.1.4 Which of the scan statistics performs best?

To investigate w h ich  o f  the scan sta tist ic  m e th o d s  p e r fo rm ed  op tim ally  a p o w er  

ana lys is  w as under taken  in C h a p te r  3 (sec tion  5.2). T h e  b inom ia l,  c ircular ,  Pois- 

son and  ra tchet scan  s ta tis t ics have never  been  c o m p a re d  to  each  other. If  there is 

the op tion  o f  us ing  any o f  the scan s ta tis t ics ,  w h ich  one  shou ld  be c h o sen ?

T h e  p o w er  ana lys is  show ed  that, generally ,  under  all the scenarios  the b in o 

mial scan statistic p e r fo rm ed  best and  w as m ost likely to detec t  a  real cluster.

6.2 Limitations

T h e  scan statistic coped  w ith  the var ious  tasks co n s id e red  in this  thesis. T h e  on ly  

lim ita tion  w as that w hen  the da ta  w ere  h igh ly  seasonal,  such  as in the case  o f  the 

resp ira tory  dea ths  for  the sm okey  coal exam ple ,  the scan statistic co u ld  not be 

im p lem en ted  d irec tly  in such  an instance. H o w ev er  ad ju s tm e n ts  can  be  m ade  to 

d eseasona l ise  the data and  then p roceed  as norm al.

A n o th e r  l im ita tion  m ay  be that an inc reas ing  trend  in the da ta  m a y  not be 

detec ted .  However, trends  can  be a c c o m m o d a te d  by us ing  K uildorfs  m e th o d  o u t 

lined in section  4.1.3. If a trend  is very s light then m on ito r in g  over  short t im e 

per iod  m ay a lso  o v e rc o m e  this p rob lem . T rends  can  be rem oved  from  da ta  using  

tim e series m ethods .

T h e  b iggest l im ita tion  in m on ito r in g  health  events  in a H IA  or us ing  the scan 

statistic is the quality  o f  data. T h e  l im ita tions a lready  d iscussed  here  raise d if 

ferent data  p rob lem s,  but overall the  qual i ty  o f  data  are very im por tan t  for the 

accura te  m on ito r ing  o f  hea lth  events. U n fo r tuna te ly  w h en  dea ling  w ith  any type 

o f  hea lth  da ta  the qual i ty  o f  da ta  is not go in g  to be op tim al.  H ow ever,  as  long  as
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the  lim ita t ions  o f  the data  are kn o w n  then they can  be ad d re ssed  to so m e  extent,  

this  w as add ressed  in ch a p te rs  3 and  4.

6.3 Recent Developments in Scan

6.3.1 Syndromic Surveillance

S y n d ro m ic  surve il lance  is a topic o f  m uch  in terest at the presen t tim e. T h e  scan 

s ta tist ic  is be ing  ex a m in e d  for  its benef i ts  in sy n d ro m ic  surveil lance .  T he  scan 

is be ing  ex a m in e d  w ith  regard  to im p ro v in g  its w indow  m on ito r in g  shape  so that 

m on ito r ing  a long  a par t icu la r  s treet o r  river co u ld  be incorpora ted .  T h is  w o u ld  not 

be poss ib le  cu rren tly  due  to the res tr ic t ions  o f  the c i rcu la r  o r  square  w indow s.

6.3.2 Tree Method

A presen ta t ion  by K ulldo rff  [111]  ou tl ined  poss ib le  benefits  o f  a t ree -based  scan 

statistic. This  m e thod  cou ld  be used  to  look at w h e th e r  ce r ta in  o c c u p a t io n s  are 

m ore  at r isk to certa in  d iseases .  T h e  m e th o d  involves scann ing  a tree and  c o n s id 

er ing  all poss ib le  cu ts  on any branch . T h e  l ike lihood  for each  cu t is ca lcu la ted ,  

and  the cut w ith  the m a x im u m  like lihood  is the m ost likely cluster.

6.4 Further Work

T h is  thesis  has ou tl ined  the use o f  the tem pora l  scan statistic as a  m o n ito r in g  tool 

in hea lth  im pact as sessm ent.  In so m e  cases  a spatial e lem en t  to  the m on ito ring  

p rocess  is required . T h e  next stage in this  w ork  shou ld  be to  investigate  the  incor-
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pora lion  o f  spatial e lem e n ts  into H IA  m on ito ring .  T h e  tem pora l  scan s ta tis t ic  has 

been  show n to be flexible  and  ad ap tab le  - it w as  app lied  to  five d if fe ren t situations. 

H o w ev er  the spatial scan has not been  app l ied  as a m on ito r ing  tool in a H IA , and  

te s t ing  o f  the spatial scan statistic needs  to be d o n e  so tha t spatial e lem e n ts  can 

be inco rpo ra ted  into  a H IA . It w o u ld  be  in te res t ing  to  co m p a re  the p e r fo rm a n c e  

o f  the  spatial and  tem pora l  scan sta tis t ics  in these  c i rcum stances .  T h e  spatia l scan 

statistic will add  ex tra  in fo rm ation  to so m e o f  the s ituations that have been d is 

cussed .  For ex a m p le  in the case  o f  road  fata lit ies  are there  a reas  o f  the  coun try  

tha t are  benef it ing  from  in troduc tion  o f  pena lty  po in ts?  A re there  ce r ta in  roads 

w h ere  the n u m b e r  o f  acc iden ts  has  d ro p p ed  - pe rhaps  these  are roads  w h e re  there 

a re  speed  cam eras .

T h e  quant i ta t ive  m on ito r ing  o f  H IA  has been  show n to be an im portan t c o m 

po n en t  o f  H IA s. Ind iv iduals  using  a H IA  f ra m ew o rk  shou ld  not ignore  this vital 

step. T h e  benefits  have been  ind ica ted  in the ex a m p le s  exp la ined  in this  w ork ,  and 

now  it is t im e to ensu re  that the m e thod  is utilized.

A n im portan t s tep  in en su r in g  the use o f  the scan statistic as a pub lic  health  

m on ito r in g  tool and the use o f  m on ito r in g  tools  in H IA  is pub lica t ion  and  d is 

e m in a t io n  o f  the lessons learnt here. W hile  som e o f  the resu lts  p resen ted  here 

have been  p resen ted  at H IA  and  pub lic  hea lth  con fe rences ,  p resen ting  the results  

o f  the case  s tud ies  at sm alle r  public  hea lth  co n fe re n ces  cou ld  have d o u b le  b e n e 

fits. T h e  case  stud ies  are o f  general in terest to peop le  w o rk in g  in p ub lic  health , 

and  the scan statistic m e th o d o lo g y  used  in each  case  w ou ld  also  be d issem ina ted .  

T h is  w ou ld  enab le  the con c ep t  o f  pub lic  hea lth  su rve il lance  to flow th ro u g h o u t  the 

hea lth  boards.

A vital aspec t  o f  the d ev e lo p m e n t  o f  the scan statistic is the  d e v e lo p m e n t  o f
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too ls  to en a b le  its use. F o r  a m on ito r in g  too ls  to be successfu l ,  au to m a ted  m o n 

itoring  o f  hea lth  events  is needed . In an ideal set up, an au tom ated  m on ito ring  

sy s tem  w ou ld  in fo rm  the appropr ia te  hea lth  official, by e-m ail ,  o f  an out o f  c o n 

trol chart.  W ith  a se t-up  like this  the re  w ou ld  be little restr ic tion  on  the  n u m b e r  o f  

m on ito r ing  cha r ts  in opera tion .

F u rthe r  w ork  needs to be done  in deve lop ing  quant i ta t ive  tools  fo r  hea lth  im 

pac t  as sessm en t ,  w h ile  th is  thesis  has  focused  on the m on ito r ing  stage, the o ther  

s tages o f  the HI A process  do  require  quan ti ta t ive  attention .

6.5 Conclusion

T his  thesis  has show n the efficiency and  the prac tica lity  o f  the use o f  the scan 

statistic in hea lth  im pact as sessm en ts .  W h ile  the general focus  has been  on the 

appl ica tion  as a m on ito ring  tool, the benef i ts  o f  using  the scan statistic to scan for 

c luste rs  re trospective ly  has been  h igh ligh ted .

T he  tem pora l  scan statistic had  not been  tested  or  used  as m on ito r ing  tool, the 

ex a m p le s  used in this thesis  r igou rous ly  tested  the scan statistic and show ed  it to 

be an effective public  hea lth  m on ito r in g  tool.

We have show n that there  is ev idence  o f  c lu s te r ing  in su ic ides  in Ireland, p a r 

ticularly  am ongs t  you n g  men. T h e  scan statistic w as useful in the de tec tion  o f  a 

clus te r  o f  suspec ted  cop y c a t  suic ides. Even  w hen  the hea lth  im pact as sessm en t 

is prospec tive ,  as w as  the case  with  the  R in g ask id d y  inc inera to r  and  the Houston  

tram line ,  it is still poss ib le  to use the scan statistic to  support  an effec tive  m o n i

to ring  system .

T h e  em p h as is  in a hea lth  im pac t a s sessm en t  is to reduce  negative  hea lth  im-
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pacts.  H ow ever  it is a lso  im por tan t  to  m on ito r  posit ive hea lth  im pacts  to  ensure  

that the ex p e c ted  benef its  will not be short-lived. In m on ito r in g  the  resp ira tory  

data  post  im p lem en ta t ion  o f  the b itu m in o u s  coal ban , a def in i te  benef i t  w as  o b 

served: there w as  a  d ec rease  in resp ira to ry  dea ths.  M o n ito r in g  road  fatalities 

post  im p lem e n ta t io n  o f  pena lty  po in ts  show ed  a short- lived  benef it  and it a lso  

h igh l igh ted  the  failure o f  the in troduc tion  o f  fu rthe r  pena lty  po in ts  fo r  d ange rous  

d r iv ing  and  no seatbelts .

A p o w er  ana lys is  o f  the tem pora l  scan statistic had not been  ca rr ied  ou t prior  

to the co m ple t ion  o f  this thesis. T h e  p o w er  ana lys is  co m p le ted  in ch a p te r  5 not 

on ly  il lustrated  w ha t hap p e n ed  w hen  only  agg regated  da ta  w ere  ava ilab le  but it 

c o m p a re d  the various vers ions  o f  the scan statistic un d er  d if fe ren t cond it ions ,  such 

as with  d iffe rent total s izes and  d iffe ren t poss ib le  c lus te r  types. T h is  ch a p te r  also  

d e m o n s tra te d  the effect tha t the  total sa m p le  size has on w h e th e r  a c lus te r  will be 

s ignificant o r  not.

For  ease  o f  app l ica tion  and  accu racy  the b inom ia l  scan statistic w as  found  to 

be the p re ferab le  vers ion  o f  the scan statistic. It is the easiest o f  all the  m e th o d s  to 

app ly  and so it shou ld  appeal to  those  w ithou t  .sophisticated s tatistical packages .  

It w as a lso  h igh ly  accura te  at de tec ting  c lus te rs  in the p o w er  ana lys is  chapter. 

H ow ever,  it did  lose som e pow'er fo r  very  rare  events  and  in such  s i tuations the 

da ta  shou ld  be agg rega ted  and  the ra tchet scan statistic shou ld  be used.

T h e  w ide  range  o f  top ics  that have been  illustrated  in this thesis  d em o n s tra te  

not on ly  the  f lexibly o f  hea lth  im pact a s sessm en t  but also  the adap tab il i ty  o f  the 

scan statistic to any s ituation. T h is  m akes  the  scan .statistic ideal for im p le m e n ta 

tion in a  hea lth  im pact a s se ssm en t  env ironm ent.
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Appendix A

Health Impact Assessment Tools

A.l The Swedish Model

T h e  S w ed ish  m odel 115| d eve loped  for  hea lth  im pact as sessm en t  focuses  on a s 

sessing  the im pacts  o f  those  su ffe ring  from  health  inequali ties.  T h is  tool m e a 

sures the im pact o f  po lices  on m inor ity  g roups ,  and  a policy  m ay  be seen as m ore  

favourab le  if it has  m ore  benefic ia l hea lth  im pacts  for  a m arg ina l ised  group . A 

key ques tion  asked  in the health  im pac t ana lys is  is: "H o w  is the hea lth  o f  d iffe ren t 

g roups  affec ted  by the p roposed  po licy  dec is ion  in qu es t io n ? "

In the S w ed ish  m odel for health  im pact ana lys is  there are th ree  too ls  util ized, 

‘the health  q u e s t io n ’, ‘the hea lth  m a tr ix ’ and  ‘hea lth  im pac t an a ly s is ' .  D ep e n d in g  

on the com plex i t ie s  o f  the p roposed  dec is ion  the m ost approp r ia te  in s trum ent can 

be applied.

‘T he  health  q u es t io n '  115| can  be  used  as a policy  audi t tool o r  as a sc reen ing  

tool and a start ing  point for scoping . It cons is ts  o f  a list o f  hea lth  im pacts  (see 

F igure  A . l ), the use o f  w h ich  is suppo rted  by  the fo llow ing  key d e te rm inan ts  o f
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health:

1. d e m o c rac y /o p p o r tu n i ty  to  exert in tl i ience/equality ,

2. f inancial security.

3. em p lo y m e n t /m e a n in g fu l  pu rsu its /education ,

4. social network ,

5. access  to hea lth  ca re  and  w elfa re  services ,

6. b e l ie f  in the fu ture /life  goals  and  m ean ing ,

7. physica l  e n v iro n m en t  and

8. L iv ing  habits.

T h e  health  m a tr ix '  115] helps  to identify  the co n seq u e n ces  o f  a po licy  p ro 

posa l on the health  de te rm in a n ts  lis ted above. Health  im pac ts  are ju d g e d  and 

m ark ed  acco rd in g  to the ir  severity  by o ne  o r  m ore  p luses  or  m inuses  in the table 

show n in F igure  A . I .  a ‘0 ’ is used to  ind icate  no  impact.

H ealth  im pact ana lys is  asks  key qu es t io n s  that p rov ide  a foundation  for  health  

im pac t as sessm en t  p r io r  to dec is ion  m aking .  T h ere  are seven ques t ions  (as in 

F igure  A. 1) and  they .serve as a useful check l is t  to ensure  that eve ry th ing  has been  

ad d re ssed  and  all op tions  co n s id e red  in the cou rse  o f  the hea lth  im pac t analysis .

A.2 The Ten-Step Model

In Bielefe ld . G erm a n y  a ten -s tep  m ode l | I 71 w as deve loped  for env ironm en ta l  

hea lth  im pact as sessm ent.  T h e  m odel is show n in F igure  A.4. P ro jec t  ana lys is  is
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I he H ealth  Q uestion

This sim ple option can  be adopted  p rio r to  consideration  o f  an individual po licy  proposal. 
It can  also  be used before co llec tive  dec isions are  m ade at m eetings o f  local 
boards/com m ittees.

W ill the proposal prom ote health  deve lopm ent fo r various g roups/the popu la tion  in 
relation  to  the social env ironm en t {e.g. opportun ity  to exert influence, m utual w ork 
and support)?

Yes c  No c

W ill the proposal prom ote health  deve lopm ent for various g roups/the popula tion  
w ith regard  to  certain  risk factors (e.g. the physical env ironm ent o r living habits)?

Yes c  No c

Is the proposal consisten t w ith  overall m unicipa lity /coun ty  health  targets  and 
objectives?

Yes c  No c

C om m ents/justitlcation :

A lternative proposal:

O ur assessm ent is that:

Figure A. 1: The Health Question
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Tlie HeaMi M atiis

P r io r i t i z e d  qroup Ent i re  po Aulation
Long te rm S hort te rm Long te rm S hort te rm

D e m ocracy /opportun ity  to exert 
in f l uence/equalitv
Financial se cu rity
E m p loy me nt /  mea n i ngf u 1 
pursu its /educa tion
Social network
Access to health care and w e lfa re  
services
B e lie f in the fu tu r e / l i fe  goals and 
meaning
Physical envi ronment
L iv in g  habits

Is tlie pa-opsal m accoitlmice tl\e o'/ei'all tai'gets of the mmucii»litycouiity coui\cil? 
Yes □  No □

Coimnents/j ustific atoii

Alteniati^’e puposal

Dm asse ssme nt k  tl\a t

Figure A .2: The Health Matrix

144



He alUi Impact Analysis

Heed til Imi»ct analysis is giudedbya luutiber of key questions, Tliey iviay, for exaniple,
be aj^QiJiiate to laKe jjiior to m ialy^sof stiategic jxilicydecLsioiis.

G e i ie i^  que& iioits
la  Wliat cbes tlie b ca l Public HealtliRejxiil show regaitliiig tlie liealtli coiiditioiis of 

djfTerent gioujK imtiiin tlie mmucijMlitycoiuit;/' Are tlwie graups wluirh are 
IMrticulaily'Ailiieiable ot already exjnsed to inimei'OiL  ̂liealth mks, or are tliere 
gmuijs mtli e'^'ideiit liealth-tieiid paublenis''

lb Are tliere defined liealtti-pohcy targets"

QiiistiDiis iD L lied  to Uie matter at iL i i id
Are tliere pailiculai lieaWi nslis winch can be exjKCted Id cleciea;* or mcrease a 
result o f tlie pnposal? WiU impac ts become appeii'enf in tlie short teim (witlmi 5 
/̂tfivs) or ill die long teiiu

3. For the distiibution of lU-liealtli witlun a ppulatiDii, it is o f decKiv'e iiTijxiilance 
winch giDujB are subjected to decreasecUincleased health iisks, and vdietlier any 
decision will affect tliese graups' cai»city eitliei to deal witli chfficulties or, by  
contrast, mcrease tlieu ■■.vulnerability.

4. In wlmt way will tlie social emirciuiient in tlie local conuumiitybe alTectedby the 
pi'oposal'’

5. Is tlieie a iisk tliat a pioiDsal niay liave a “daiible” mipact on ceilam gioujjs. I.e tliat 
botli tlieii liealth iisks inci'ease and tlieu social emiiamnent deteiroiates''

6. Aie tliere alteiiiatK-e jxlicies wluch might result uibetter healtli for exposed groups 
and tlie pi^ila tion as a wdiole"

7 Simunaiy

Figure A . 3: T h e  Health  Matrix
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ob v io u s ly  an inquiry  o f  w ha tever  p ro jec t  o r  policy  is to  be assessed ,  independen tly  

o f  the  p ro jec t  ana lys is  a reg ional and  p o pu la t ion  ana lys is  are ca rr ied  out. R egional 

ana ly s is  refers to the p h ys iogeog raphy ,  m eteoro logy , natural fea tu res  and  land 

use, the env ironm en ta l  a spec t  o f  the ana lys is  can  be  seen c lea rly  here. P opu la tion  

ana lys is  desc r ibes  the general d em ography ,  the  hea lth  s ta tus and  the behavioural  

patterns .

C o m b in in g  the regional ana lys is  and  the p ro jec t  ana lysis ,  p red ic tions  abou t 

fu ture po llu t ion  is m ade  and this in fo rm ation  is then  c o m b in e d  w ith  any b a c k 

g ro u n d  k n o w ledge  and  the popu la t ion  in fo rm ation  to p red ic t  the hea lth  impact.  

R e c o m m e n d a t io n s  and  eva lua tions  can  then  be m a d e  based  on the investigation.

T h e  ten-.step m odel w as  app l ied  to  the en la rg em e n t  o f  an ex is t ing  w aste  d is 

posal facility  in L ow er  Saxony. T h e  m odel w as  a lso  app l ied  to a p lanned  new 

h ighway. E ach  case  inc luded  the ana lys is  o f  a l ternat ive  op tions ,  in the w aste 

d isposa l  case  the a l ternative be ing  no ex tens ion ,  and  in the  h ighw ay  s ituation  a l

ternative locations w ere  assessed .  In bo th  o f  these f ield  app l ica tions  it w as found 

that the ten -s tep  model w as a success ,  local health  d ep a r tm en ts  that w ere  involved 

had  posit ive responses  abou t it, and it w as  subsequen tly  fo rm a lly  app roved  by the 

G erm a n  C o n fe re n ce  o f  S tate  H ealth  M inisters .
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5. PiiDgi'iosis o f futme 
pollution

9 Conmiwucation

S Reconuiiendai3Qiis

3, Rjegioiml

6. Piogiioas o f lie alth mipact

7. S raimi.tuy assessment of impac ts

F igure A .4: T h e  Health  Matrix
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Appendix B

Algorithms & Programs

B. 1 Simulation of Non-Homogenous Poisson Process

The non-homogenous Poisson process (NHPP) can be simply explained as being 

a Poisson process with a variable intensity defined by the deterministic intensity 

I'unction A(/). where / is time and A is the rate o f  occurence, in other words the rate 

varies over time. The Poisson process assumes stationary increments, the nonho- 

mogeneous Poisson process relaxes that assumption so the arrival rate need not be 

constant but it can vary w ith time. A N H PP can model situations where event oc

currence is subject to changes due to seasonality or trends. Hence it will be useful 

to simulate different possible scenarios that could occur due to the presence o f  an 

incinerator.

Simulation o f  the different scenarios using non-hom ogenous Poisson Process 

was done in VBA for Excel; the code is based on an algorithm developed by 

Ross [I I2 |. The method used to simulate the N H PP is known as the thinning 

or rejection method. The steps of  the algorithm as outlined by Ross 1112| for the
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thinning method applied over each subinterval are given below, where I represents 

the present time, J  the present interval, /  the number of events so far and 5(1), 

. . . ,  5 ( / )  the event times. The algorithm was implemented using VBA for Excel, 

and the code is given in Appendix B.2.

Step 1 t  =  0,  J  =  1 , 1  0.

Step 2 Generate a random number U  and set ^  log(^7)

Step 3 If / +  >  t j ,  go to Step 8.

Step 4 I =  I +  X

Step 5 Generate a random number U

Step 6 If <  ^ , s e t  /  = /  + 1

Step 7 Go to Step 2

Step 8 If ./ =  /, +  1, stop.

Step 9 A' =  (A' — /,/ ^  /)A,/A,/+i, / =  t j ,  .7 =  ./ +  1

Step 10 Go to Step 3

B.2 VBA Excel Programs

The following program, written in VBA Excel, was used to simulate the non- 

homogeneous Poisson process.

Option Explicit

Public Function lambdat(tPresTime)

If 0 <= tPresTime And tPresTime < 731 Then 

lambdat = 2.8411
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+ 1.0864 * Cos((2 * (22 

+ 0.6949 * Sin(

Else: lambdat 

End I f

End Function 

Public Functi 

If 0 <= jPres 

lambdaj = 2.

+ 1 .

+ 0 .
Else: lambda 

End If

End Function 

Public Funct 

StepTwoX = (

End Function 

Sub MixedPoi 

Static tP 

S = 0 

tPresTime 

jPresInt 

INumEvnts 

Dim X 

Do 

X =

/ 7) / 365.25) * tPresTime) 

/ 7) / 365.25) * tPresTime)

)

731 Then

/ 7) / 365.25) * jPresInt) 

/ 7) / 365.25) * jPresInt)

(2 * (22

=  100

on lambdaj{jPresInt 

Int And jPresInt <

8411

0864 * Cos((2 * (22 

6949 * Sin ( (2 * (22 

j = 100

ion StepTwoX(lambdaj 

-1 / lambdaj) * Log(Rnd)

ssonProcess()

resTime, jPresInt, INumEvnts, EventTime, S

=  0 

=  1 

=  0

StepTwoX(lambdaj(jPresInt))
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If tPresTime + X > jPresInt Then 

X = (StepTwoX(lambdaj(jPresInt)) - jPresInt + tPresTime) 

* lambdaj(jPresInt) * lambdaj(jPresInt + 1)

tPresTime = jPresInt 

jPresInt = jPresInt -f 1

Else

tPresTime = tPresTime + X 

If Rnd <= lambdat(tPresTime) / lambdaj(jPresInt)

Then

INumEvnts = INumEvnts + 1 

S = tPresTime 

End If

With Worksheets("Sheet 1") .Range("al")

. Of f set (INumEvnts, 0) = INum.Evnts 

End With 

End If

Loop Until tPresTime = 731 

End Sub
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B.3 Mathematica Programs

The fo llow in g  programs are available from Dr. Alan Kelly, S A H R U , for the ca l

culation o f  the various scan statistics outlined in Chapter 2.

B.3.1 Poisson Scan Statistic

Needs["Statistics 'DiscreteDistributions'"]

fp[x_,psi_]:=NSum[PDF[PoissonDistribution[psi],i],{i,0,x}]

poisPDF[x_,psi_]:=PDF[PoissonDistribution[psi],x]

al[x_,psi_]:=

2*poisPDF[x,psi]*fp[x-l,psi]*((x-1)*fp[x-2,psi]

- (psi*fp[x-3,psi]) )

a2[x_,psi_]:=

(0.5*(poisPDF[x,psi])"2)

* ( ( (x-1)* (x-2)* (fp[x-3,psi] ) )

- ( (2* (x-2)*psi*fp[x-4,psi] )

+ (psi*psi*fp[x-5,psi] ) ) )

a3[x_,psi_]:=NSum[(poisPDF[2*x-r,psi])

* (fp[r-1,psi]^2), {r,1,x-1}]
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a4[x_,psi_] : =

NSum[ (poisPDF [2*x-r,psi]*

poisPDF[r,psi])* ( ( (r-1)*fp[r-2,psi])

- (psi*fp[r-3,psi])) , {r,2,x-1}]

q2star[x_,

psi_] : = (fp [x-1, psi] "'2 ) - ( (x-1)

*poisPDF[x,psi]*poisPDF[x-2,psi])

- ( (x-1-psi)*poisPDF [x,psi]*fp[x-3,psi])

q3star[x_,psi_,al_,a2_,a3_,a4_]:={fp[x-l,psi]"3)

-al+a2+a3-a4

q4star[x_,psi_,1_,q3star_,q2star_]:=(q3star/q2star)'1

poiscan[k_,psiL_,linv_]:=

Module[{p,aone,atwo,athree,afour,qtwo,qthree,qfour,psi,1},

l=l/linv;

psi=psiL/l; x=]<:; Print [ "Number of cases= ",!<];

Print["Average number of cases expected= ",N[psi]];

Print["Period length= ",1]; 

aone=al[x,psi];Print["al= ",aone]; 

atwo=a2[x,psi];Print["a2= ",atwo]; 

athree=a3[x,psi];Print["a3= ",athree]; 

afour=a4[x,psi];Print["a4= ",afour]; 

qtwo=q2star[x,psi];Print["q2= ",qtwo];
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qthree=q3star[x,psi,aone,atwo,athree, afour] ;

Print["q3= ",qthree],•

qfour=q4star[x,psi,1,qthree,qtwo];Print["q4= ",qfour]]
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B.3.2 Binomial Scan Statistic

Needs["Statistics 'DiscreteDistributions'"]; 

binscan[x_, y_, z_] :=

Module[{w, n, k, bindist, cdist, p}, k = x; n = 

bindist = PDF[BinomialDistribution[n, w], k]; 

cdist = 1 - CDF[BinomialDistribution[n, w], k 

p = ((k*(l/w) - (n - l))*bindist) + (2*cdist);

y; W = z;

- 1] ;

Print[p]]
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B.3.3 Ratchet Scan - Linear

<< Statistics 'DiscreteDistributions';

<< Statistics 'MultiDiscreteDistributions' 

fractmonth =

{31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}/365. 

NB For m < c - land c 2 m  

binpdf[xl_, nl_, pl_] :=

N[PDF[BinomialDistribution[nl, pi], xl]]; 

bintail[x2_, n2_, p2_] :=

N[1 - CDF[BinomialDistribution[n2, p2], x2]

+ binpdf[x2, n2, p2]]; 

trinom[s3_, n3_, p3_, q3_] :=

-v[E:=:;f e S  -  (/x3) -
ratlingen [window_, size__, xval_, totval_, period_List] 

Module[{m = window, c = size, x = xval, n = totval, 

f = period, r, s, si, s2, qij}.

Print[m, " ", c, " ", x, " ", n];

Do[qij[i, j] = 0  , {i, 1, c}, {j, 1, c}];

Do\qij[i.:i\ = /[|.|]. /l|.'ll
{/, 1, r - 2;/; + 1}. { j .  i + /;;,r -/?? + !}];

Do\

qij[i. i +  (/] =  Siin}[hutpdJ [.s. n. /[ [ '’]]

t r iuom X  —  ,S',
,, _  ,  e :.-,' ’ /[['■]] /[['■]]

/[['■II ’ /[[H I
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{s. 0, ,r - 1}] + InulaU [x.Erl"+,.‘ “ ̂ 1’

{i, 1, c — ni + 1 — «} :

•s'l =  Suni[hi i i iai l[x .  n, X]r=T~' /[['']] • ~ + 1} !

s2 = Sum[qij[i, j], {j, 2, c - m + 1}, {i, 1,

upr = M i n [1,

si - M a x [Table[Sum[qij[i, j],

{ i, 1, j - 1} ] , { j, 1, c - m + 1} ] ] ] ;

Print["Upper bound = ", upr]; 

k = 1 + Floor[2 s2/sl];

Iwr = 2 (k si - s2)/(k (k + 1));

Print["Lower bound = ", Iwr]

]

j - 1}];

157



B.3.4 Ratchet Scan - Circular

<< Statistics 'DiscreteDistributions' ;

<< Statistics 'MultiDiscreteDistributions' 

fractmonth =

{31, 28, 31, 30, 31, 30, 31, 31, 30, 31, 30, 31}/365.

NB For m < c - land c 2 m  

binpdf[xl_, nl_, pl_] :=

N[PDF[BinomialDistribution[nl, pi], xl]]; 

bintail[x2_, n2_, p2_] :=

N[1 - CDF[BinomialDistribution[n2, p2], x2]

+ binpdf[x2, n2, p2]]; 

trinom[s3_, n3_, p3_, q3_] :=

E S  7wi^(y>3)‘(93)-̂ (l - (p3) - (r/3))"̂ -̂'-̂] 

mod2[z_, z_] = z; mod2[z_, y_] = Mod[z, y]; 

ratcircgen[window_, size_, xval_, totval_, period_List] 

Module[{m = window, c = size, x = xval, n = totval,

f = period, r, rl, si, s2, qi j} ,

Do[qij[i, j] = 0 , {i, 1, c}, {j, 1, c}];

^^o[qij[i,j] = Ir inom lx. n. r]]]. E'.si',"”’ f[[rinxl2[r.c]

{;, 1. f — ni}. {j ,  i  +  I I I .  Miii[i. + c — in. c]}];

Dol

qij[i. i + ».] = Suni[binpdf  s. n, Ert”+,/ f[[»iod2[i\ c

158



I r inoi ii
/[[>».orf2[r,c]]l • f[bnod2[r4]]

{,s. 0, J- - 1}] + bin ta i l  x .  n. Y lU i+ u  f[[»^od2[r, r]]] , {it, 1. m  -  1}, 

{?.!,(•- «} ;

•s'l =  Suiu\biii f .ail[x.  n, f [[mod2[r, c]] . {i, 1, c} ;

s2 = Sum[qij[i, j], {j, 2, c}, {i, 1, j - 1}];

upr = Min[l, si - Max[Table[Sum[qij[i, j],

{i, 1, j - 1 } ]  -qij[j, j], {j, 1, c}]]];

Print ["Upper bound = " , upr]; 

k = 1 + Floor[2 s2/sl];

Iwr = 2 (k si - s2)/(k (k + 1));

Print ["Lower bound = ", Iwr]

]
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Appendix C

Report on Excess Winter Mortality

T h e  p h e n o m e n o n  o f  excess  w in te r  m orta l i ty  is not a m odern  c i rcu m stan ce ,  as early  

as 1847 Farr  11 13] desc r ibed  the d iagnos t ic  co m p o s i t io n  o f  dea th s  in that year. 

T h a t  m ore peop le  die du r ing  the w in te r  pe r iod  than  any o ther  t im e o f  the y ea r  is 

a w e l l -d o c u m e n te d  fact, excess  w in te r  m orta l i ty  has  been  s tud ied  in Italy 11 14|, 

E u ro p e  11 15|,  N orw ay  and Ire land 11 16. 1 17|.

it has been reported  that p oo r  h o u s in g  cond i t ions  and fuel pover ty  are the  main 

con tr ibu to rs  to excess  w in te r  mortality . A study  by C linch  and  H ealy  11 161 c o m 

pared  excess  w in te r  m orta lity  in Ire land and  N orw ay, it found  that the excess  was 

h ig h e r  in Ire land due  to the p o o re r  h o u s in g  cond it ions .  D ep riva tion  and  rural- 

ity shou ld  be logical con tr ibu t ing  fac to rs  to excess  w in te r  mortality . H ow ever  a 

n u m b e r  o f  s tudies  co n d u c te d  in the U nited  K in g d o m  have d isp roved  this th in k 

ing | 1 18. 119.1201
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C.l Methodologies

In G e rm a n y  1121] mortality  da ta  w ere  ana lysed  for the  per iod  1946-1995 , it was 

fo u n d  tha t the extent of excess  w in te r  m orta l i ty  had dec lined , this w as  a t tr ibu ted  to 

im p ro v e m e n t  in central hea ting  o f  hom es  and  an im p ro v ed  pub lic  hea lth  service. 

In G re a t  Brita in  |122 | it w as  show n  that a lack o f  cen tra l hea ting  in the h o m e  was 

a sso c ia te d  with  higher excess  w in te r  mortality.

A s tudy  conducted  by the E u ro w in te r  g ro u p  [115] ex a m in e d  so m e con tr ibu ting  

fac to rs  to excess  w inter m orta li ty  in E u ro p e an  countries .  T h e  E u ro w in te r  G roup  

e s t im a ted  the percentage increases  in dea th s  per  day  per  1 ° C  fall in te m p e ra 

ture  be low  1 8 °C, by genera lised  linear  m ode ll ing .  C a u se  specif ic  data,  such  as 

h igh  m ean  winter tem perature ,  low liv ing-room  te m pera tu re  and  p roportion  o f  

p eo p le  w earing  hats, scarves or  g loves,  from  a n u m b e r  o f  E u ropean  coun tr ies  was 

a n a ly se d  using m jl t ip le  regression .  It w as found  that percen tage  inc reases  in m o r 

tality  w ith  fall in tem perature  w ere  g rea ter  in coun tr ies  w ith  m ild  w inters,  these 

resu lts  concurred  with the obse rva tion  that pro tec tive  m easu res  aga inst  a g iven 

d eg re e  o f  cold were few er in coun tr ies  w ith  m ild  w inters .  Ind iv iduals  living in 

co u n tr ie s  with mild c l im ates  do  not d ress  for  the weather.

S tud ies  on excess w in te r  m orta li ty  have been  dev ised  us ing  a range  o f  d iffe rent 

m e thods .  A report on w in ter  m orta l i ty  p ub lished  by tw o  s ta tis t icians  at the O ffice  

o f  P opu la tion  Censuses and  S u rveys  m ade  the fo llow ing  point.  ’T h e r e  are var i

o us  w ay s  to divide the y ea r  so as to study  pa t te rns  o f  seasonal m orta l i ty  and  in 

pa r t icu la r  to define w inter d e a th s”

In S w eden  1123| ;i w eigh ted  regress ion  ana lys is  using  se cond -deg ree  p o ly n o 

m ia ls  w as  used tc analyse the data. T he  regional varia tion  in co rona ry  morta lity
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and the relation to cold exposure in the 284 Swedish municipalities during a ten- 

year period was studied. One weather station in each municipality was chosen and 

the temperature recorded five times a day. A cold index was calculated as a loga

rithm o f  the number of  times the temperature was recorded below a cut-off point 

in the ten-year period. Other data collected included social factors, butter sales, 

antihypertensive drug sales, smoking prevalence and drinking water parameters.

in Emilia-Romagna, Italy, mortality data from the year 1997 was analysed by 

Cordioli et al 1114], specifically to look at mortality from ischaemic heart dis

ease, hypertension, cerebrovascular and respiratory disease in 50-89 year-olds. 

Data were collected from the “ Ufficio Risorse Informative” and “Servizio Me- 

terologico” . The number of deaths in the following age groups 50-59, 60-69, VO- 

79 and 80-89 was recorded for the following ICD codes; IHD 410.0-414.9; HY 

401.0-405.9; CV 430.0-438.9, 490.0-493.9. Student's  t test was used to analy.se 

the data. It was found that cause-specific deaths were responsible for one third of 

all deaths and that they increased with age and cold in ER. the maxim um  number 

of  deaths being in January.

Moran et al 1124| examined excess winter mortality in Ireland. The relation

ship between meteorological conditions and seasonal morbidity and mortality pat

terns in the elderly (>  65 years) was examined over a four year period. Climate 

data were obtained from Met Eireann for four meteorological stations Dublin, 

Cork, Shannon and Clones. The first three stations were chosen because they 

are all near large population centres. Average monthly figures for temperature, 

rainfall, humidity and wind speed for 1994-1997 were calculated. Regional sum 

mer/winter temperature and mortality ratios were calculated using January and 

August data.
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Healy and Clinch looked at housing standards and excess winter mortality 

in Ireland. They expressed winter as the period between D ecember and March, 

and they compared these months with the non-winter months (between April and 

November). They found that excess winter mortality from cardiovascular disease 

was twice as high in Ireland as Norway 1116|.

C.2 Methodologies Applied to Irish Data

Seasonal variation in mortality in M oscow [ I2 5 |  was examined by inspecting 

crude, smoothed, and deseasonalised trends. Auto-correlation functions were esti

mated and deaths were regressed against temperature. In order to estimate the ex

cess winter mortality the additional deaths from October to M arch were compared 

to April to September and expressed as a percentage o f  the non-winter deaths. 

Using their method for calculating excess winter mortality, the Irish excess was 

calculated and is shown in table C. I .

Winter period 

(Oct-Mar) Respiratory Circulatory

All Cause 

Mortality

89 45.51 19.12 17.52

90 57.34 18.43 17.83

91 40.41 22.11 18.81

92 48.13 15.19 14.99

93 45.12 12.51 14.57

Table C. I: Excess winter mortality for Ireland, 1989-1993. Calculated using the 
O ct-M ar method.

Figure C .l  shows the months that were included as ‘w in ter’ months in the 

M oscow calculation, these months are represented by blue dots on the graph.
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The graph illustrates that the months used were not always the highest mortal

ity months for the year, there are many months with mortality counts higher than 

the stated ‘winter’ months.

8 0 0 -

7 0 0 -

6 0 0 -

5 0 0 -

3 0 0 -

1 0 0 -

0 0 0 -

1 — I— [— I— I— I— I— i— \— r  
6 12 18 24  30  36  42  48  54  60  66 

T i m e  ( m o n t h )

Figure C .l: Actual monthly mortality occurrence in Ireland 1989-1993.

In Finland [126], seasonal variation over time was examined by looking at the 

smoothed daily counts over a period of 35 years. To calculate the excess winter 

mortality the cold months, September to March, were compared to the month 

with lowest mortality. This method was applied to the Irish context. The results 

calculated using data from 1989-1993 are in table C.l. Using this method in the 

Irish situation means that the estimate of excess winter mortality could be weaker 

than the reality. The mortality rates seem to peak over 2-3 months, using a 7- 

month winter period means that the excess will appear smaller than the reality. 

Figure C.2 shows the monthly data for the period 1989-93; the mortality rates for 

months September to March are highlighted in blue. From the graph it seems that
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ihe selected winter m onths are slightly im balanced, there are many m onths not 

included in the winter calculation that have a higher mortality than m onths that 

have been included as winter months.

Winter period  

(Sep-M ar) Respiratory Circulatory

A ll Cause 

Mortality

89 70.71 22 .74 20.58

90 79.43 25 .36 22.38

91 71.24 20.33 21.14

92 54.93 18.50 18.00

93 62.97 17.65 16.74

Table C.2: E xcess winter mortahty for Ireland, 1989-1993. Calculated using the 
N ayha method
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T i m e  ( m o n t h )

Figure C.2: Actual m onthly mortality occurrence in Ireland 1989-1993. 

Seasonal variations in Norway and Ireland [117] were compared; the excess
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winter mortality was expressed as the difference between the August and January 

mortality values. This method makes the assumption the January will have the 

peak o f  mortalities and August will be the month o f  lowest mortality rate. The 

estimates are obtained using the Irish data, they are presented in Table C.3, and 

are very different from the estimates previously obtained. The percentage excess 

varies hugely from year to year, and while the respiratory mortality case is excep

tional the excess differs by as much as 200% in some years.

Winter period 

(Jan) Respiratory Circulatory

All Cause 

Mortality

89 66.39 15.81 16.38

90 252.56 61.31 61.99

91 113.42 40.99 39.06

92 101.63 27.85 30.41

93 57.99 30.85 23.53

Table C.3: Excess winter mortality for Ireland. 1989-1993. Calculated using the 
Jan versus Aug method

Figure C.3 highlights the peak month and the trough month according to the 

method stated by Eng and Mercer 1117|. Looking at the 5 year period, 1989-93, 

the peak in each year occurs in January (blue dot) three out o f  five times, the 

trough occurs in August (red dot) in just one o f  the years. This method does not 

seem appropriate to use in this situation.

The Office of  National Statistics in the United Kingdom has published figures 

on the excess winter mortality for the years 1999-2002 1127, 128|. They define 

excess winter as deaths occurring in Decem ber-M arch minus the average o f  the 

deaths occurring in the proceeding August to Novem ber and the following April
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Figure C.3; Actual m onthly mortality occurrence in Ireland 1989-1993.

to July. This method was applied to Irish data, the results obtained are shown 

in table C.4. This inethod uses a tighter definition of w inter and so the excess 

w inter m ortality values are larger than previous estimates. It is apparent from the 

graph (Figure C.4 that this method has captured most o f the peaks in the data. 

However, there was a peak in m ortalities in N ovem ber 1993, and while the excess 

for the w inter of this period was not calculated, an estimate based on the Dec- 

M ar m ethodology would not pick up on that peak and so the excess would be 

underestim ated.

A m ore sophisticated method for estim ating excess w inter mortality was em 

ployed in Bangladesh |129]; trigonom etric models were fit to m onthly data for 

the years 1982-1990. Using sim ilar models the Irish data was examined. The first 

model fitted was a simple linear model, as can be expected this model did not 

approxim ate the data very well, it did not model for the seasonality o f the data, a
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Wmter period 

(Dec-Mar) Respiratory Circulatory

All Cause 

Mortality

89/90 109.02 31.20 32.80

90/91 55.13 29.62 23.71

91/92 58.40 19.36 19.22

92/93 29.98 10.23 11.67

Table C.4: Excess winter mortality for Ireland, 1989-1993. Calculated using the 
Dec-Mar methodology.

9 0 0 -  

8 0 0 - 

I  7 0 0 - 

£ 6 0 0 -  
>
-2 5 0 0 -  

« 4 0 0 -
V
i_

3 0 0 - 

2 0 0 -

0 6 12 18 24 30 36 42 48 54 60 66
time (month)

Figure C.4; Actual monthly mortality occurrence in Ireland 1989-1993.

similar result was found in the Bangladesh situation.

Model II used trigonometric techniques. Model II was devised using the fol-

I M i l  t l i n i l t  M i l  n i l  M M  M (  I t  I I  M  II  I I  n i l  I I I  n i l  M i l  l l [ l l l l l  I I I !  I l l  l [IMirr|  I l f  I'
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lowing expression:

Vf —  fi +  i3()t + 3iXif +  32X2t (C.l)

(C.2)

\'i =  mortality at time (month) t

2 i t
■rn =  c o h ( — /)

27T
X i ,  =  — 0

(C.3)

(C.4)

(C.5)

Figure C.5 shows model II fitted to the circulatory mortality data, grouped by 

month for the years 1989-1993. The solid black line gives the estimated data. 

From the graph it can be seen that this model estimates the data with some ac

curacy, there are a number of outlier points that have not been predicted well. A 

similar situation occurred in the Bangladesh case and the model was adapted to 

account for a peak in the data.

To model for the unusual peak that occurred in the winter of 1989 /1990 the fol

lowing model w'as fitted, following the procedure used by Becker and Weng 1129|.

(C.6)

where;

i f i  < Vlandi > 13
• i’ u  =

0 of h er w ise

. s in (^ /)  i f t  < l2(iu(U > 13
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Figure C.5: Actual and predicted monthly circulatory mortality occurrence in Ire
land 1989-1993 using Model II

2 co s(fff)  i f l 2 < t < \ 3  

0 otherivise

sin (ffO  j / 1 2 < f < 1 3
X 4 t  =  ■

0 otherwise

Equation C.6 provides a much better fit of the data, as seen in figure C.6, the 

error of the model is also greatly reduced. Model III proved to be a better fit for 

the respiratory and all cause mortality data also as can be seen in figures C.7 and 

C.8. There are other winter periods in the 5-year period chosen that have not been 

predicted well, this is clear in the three graphs. The respiratory mortality data 

were estimated most accurately by model III, compared to the other two data sets.
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it had the largest R-square value and the lowest error rate, and the graph o f  the 

respiratory data justifies this finding.
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Figure C.6: Actual and predicted m onthly circulatory m ortality occurrence in Ire
land 1989-1993 using equation C.6

To estim ate the excess w inter m ortality the amplitude is calculated, this is 

equal lo . where 30.5 is the m idpoint o f the time interval in m onths. The

calculated excess w inter m ortality is a ratio o f the mean number of deaths per 

m onth, the calculated value o f the excess is shown in tab le‘C.5. The excess w inter 

m ortality for respiratory diseases is over double the figures for circulatory and all 

cause mortality.

A nother form o f trigonom etric m odeling was adapted by Gemmell et a l‘[130]. 

The Poisson form  o f the generalized linear model was used, the offset term used 

the expected values, which were com puted using simple linear model, and the log
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Figure C.7: Actual and predicted montiily all cause mortality occurrence in Ire
land 1989-1993 using equation C.6
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Figure C.8; Actual and predicted m onthly respiratory m ortality occurrence in Ire
land 1989-1993 using equation C.6

M ortality % W inter Excess

Respiratory M ortality 73.79

Circulatory M ortality 29.59

All cause mortality 28.34

Table C.5: Excess w inter mortality for Ireland, 1989-1993. 

link took the following form:

lii(yt) =  acos{ujf)  + Psin{ujt)  (C.7)

where a; =  | | ,  given data are aggregated to a week level.

The excess w inter m ortality could then be calculated as A =  \/a '^  + the 

inclusion of the offset term m eans that A represents the am plitude o f the seasonal
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c u r v e  e x p r e s s e d  as  a  r a t io  o f  th e  m e a n  n u m b e r  o f  w e e k ly  d e a th s .  T h e  a m p l i t u d e  

is eq u a l  to  th e  h e ig h t  o f  th e  p e a k  a n d  the  d e p th  o f  th e  t r o u g h  o f  a  w a v e  fu n c t io n ,  

a  line  c a n  b e  v i s u a l i s e d  c u t t in g  th r o u g h  the  m o d e l  s o  th a t  e a c h  t r o u g h  is a lm o s t  a  

r e f le c t io n  o f  the  p e a k ,  th e  d i s t a n c e  f r o m  th e  l ine  to  th e  v e ry  tip  o f  t h e  p e a k  is the  

a m p l i t u d e ,  a n d  in th i s  s i tu a t io n  it r e p r e s e n t s  th e  e x c e s s  w in t e r  m o r ta l i ty .

T h e  a b o v e  m e t h o d o lo g y  w a s  a p p l i e d  to  m o n t h ly  Ir ish  d a ta ;  th e  v a lu e  o f  w  a d 

ju s t e d  a c c o rd in g ly .  T h e  m o d e l  f i t t ed  th e  d a t a  r e a s o n a b ly  s a t i s f a c to r i ly ;  th e  g ra p h  

o f  th e  f i t t ed  a n d  a c tu a l  v a lu e s  c a n  b e  s e e n  in f ig u re  C .9 .  T h e r e  is stil l th e  p r o b 

le m  o f  th e  p e a k  in th e  w in t e r  o f  1 9 8 9 /1 9 9 0 .  th i s  w a s  a d ju s t e d  fo r  u s in g  a  s im i la r  

m e t h o d o lo g y  th a t  w a s  a p p l i e d  in th e  l in e a r  r e g r e s s io n  t e c h n iq u e ,  th i s  m o d e l  is 

o u t l in e d  in M o d e l  V. T h e  re s u l t s  o f  th e  im p ro v e d  fi t a re  s e e n  in f i g u re  C .9 .  T h e s e  

tw o  g r a p h s  s h o w  th e  all c a u s e  m o r ta l i t y  s i tu a t io n ,  a  s i m i l a r  s i tu a t io n  w a s  f o u n d  

w i th  th e  r e s p i r a to ry  a n d  c i r c u la to ry  m o r ta l i t i e s .

hi(/y,) =  a . c i ,  +  . ir2i  +  O.v- m +  " .r .4, ( C . 8 )

w h e re :

c o . s ( |2 / )  j j f  <; ^ S a n d t  >  58

s i n ( ^ / )  i f t  <  AS a iu U >  58
—  <

0 o t f i e r u ’i s c
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Figure C.9: Actual and predicted m onthly all cause m ortality rate in Ireland 1989- 
1993, using equation C.7 and equation C.8

Looking at the graph o f equation C.8 the peak only fits two extra points, the 

rest of the data are not affected by model. As the calculation for excess w inter 

mortality only includes the param eters o f the sin and cos. For the non-peak por

tion o f the data there is little difference in using equation C.7 or equation C.8 to 

calculate the excess. Table C.6 shows the excess w inter m ortality calculated using 

equation C.7, the sim pler model. The excess w inter m ortality estim ates are lower 

than previous methods, but the respiratory com putation is still over twice as high 

as the other two excess estimates.



Mortality % Winter Excess

Respiratory Mortality 32.99

Circulatory Mortality 13.44

All cause mortality 12.94

Table C.6: Excess winter mortality for Ireland, 1989-1993. Calculated using equa
tion C.7

If the data are modeled by week there is a lot more variation to account for, 

hence the fitted model will not be as accurate. Figure C. 10 shows the respira

tory data by week of year with the predicted values, which were calculated using 

equation C.7, adju.sted for weekly data. For the purposes of  this analysis week 1 

refer to the first seven days o f  the year 1989, week 2 refers to the next seven days 

and so on. From the graph it can be seen that there is a large peak evident, when 

the previous model for peak was fitted it did not predict the mortality rate in the 

winter o f  1989/1990 very accurately. Table C.7 shows the excess winter mortality 

calculated using the weekly model. These results are similar to those obtained 

using the data aggregated by month; no extra information could be gathered by 

modeling the data by week.

Mortality % Winter Excess

Respiratory Mortality 34.41

Circulatory Mortality 14.64

All cau.se mortality 12.94

Table C.7: Excess winter mortality for Ireland. 1989-1993. Calculated using equa
tion C.7 on weekly data

176



300  -

-^250  -  

8
^ 200  -  

c

I  150 -

| i o o -

50 -

Figure C.IO: Actual and predicted weekly all cause mortality rate in Ireland 1989- 
1993, using equation C.7

C.3 Discussion and Conclusion

This report has shown a num ber o f different methods that can be used to esti

mate excess w inter mortality. The m ethod used depends very much on the data 

available and how well it can be modelled. The methods that predefine w inter to 

specific months were a bit too restrictive and were shown to predict the w inter 

months badly. However, in some countries the w inter period m ight occur in set 

months every year, in such instances it would be appropriate to use a m ethod that 

predefines winter months.

M odelling the data using a trignom etric or a Poisson model seem ed to work 

more successfully. A sim ilar estim ate o f excess w inter m ortality was obtained us

ing daily, weekly and monthly data, from this it can be assum ed that the aggrega-

I
0 30 60 90 120 150 180 210 240 270

time (week)
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tion of  data in this case does not affect the result. It should be noted that mortality 

from respiratory and circulatory disease is com m on, so the baseline numbers are 

large. If the event is rare then the aggregation level may affect the final result.

Excess winter mortality is a well known phenom enon, the exact extent o f  it 

is questionable. However, using one o f  the m odelling methods that have been 

discussed ensures a nonbiased estimate, and provides a reliable method by which 

to compare the excess winter mortality for different areas and different times.

Table C.8 shows the excess winter mortality for each county in Ireland, this 

was calculated using model C.7. R oscom m on has the lowest level o f  excess winter 

mortality while Wicklow has the highest level.
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County % Winter Excess

Roscommon 14.9

Cavan 22.8

Wexford 26.6

Galway 27.2

Longford 27.8

Sligo 28.3

Waterford 28.6

Westmeath 28.8

Louth 31.8

Clare 31.9

Leitrim 32.6

Kilkenny 32.8

Kerry 34.0

Tipperary 34.1

Carlow 34.8

Limerick 34.8

Laois 35.5

Dublin 36.9

Mayo 37.2

Cork 37.5

Kildare 37.5

Meath 38.6

Monaghan 40.5

Offaly 43,4

Donegal 43.6

Wicklow 46.7

Table C.8; Excess winter mortality for each county in Ireland, 1989-1993. Calcu
lated using equation C.7 on weekly data
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