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I Global Clinrate Change trntl l{cat Waves

The European heat uave of2003 was an outstanding u'cathcr event. Thc ntonths o1'Junc and August
hru e bcett nearl l '  e:r 'crYrr 'herc' in Gcrlrtanv thc u arnrcst montl ts since thc start of resistrat ions in I  90 I .
l - h e  r c g i s t c r ! ' d t r e a t t a i r s u l l l n ) e r t e m p c r a t u r c r v a s  1 9 . 6  C . t h u i s 3 . - l K h i g h c r t h a n l h c n r c a n r , a l u c .
Al August 9 ancl Attgttst i3, 2006, thc highcst t t l tr inrrrnr te nrpcri t tulL-s ever rcgisterccl in Germany,
10.2'C. havc bcert rrteasurccl in Karlsruhe and in f ireibLrrg. 1'his c\trel l te * 'cather * 'as caused by'
a blocking action o1'the rvcsterlv circulat ion due to a stal ionarv u'ave forrnir.rg a so-cal lccl Orriega-
\\ 'eather tr '1re. I{ igl i  pressure systcrms rvit l i  cloudless sky concl i t ions permitted extrcnle sun racl iat ion
and catrsec' l  rcpcatedly rccord tenrpcraturcs. In southent ( iernrany -53 hot da.vs lvi th maximunl tcrn-
Pr-r i l tures hieher than 30'C have bccn resistcred. This heat n,avc conccrnecl not only Gernrany,
hut lrrg.- regions o1- \ \ 'estcrn Europc x' i th France and Great Rritain. Othcr Europcan coultr ies l ike
Suitzr 'r lancl.  Spain, Prtrtugal and Ital l '  l t lve bccn conccrnecl, loo.

ThL 'ques t ions  arc  ( l ) ,  i l - th is  ex t renrc  event  i s  in  re la l ion  r i i th  th t -  huntan  i rnpac t  on  the  c l in ta te
srstcnt vta ihe crl ission rt f  grct 'nhousc gases ancl {21. i f  sr-rch cr.ents r, , ' i l l  br- r.noLe l ic-cluent in t l te
1 utrrr.

Basccl on a cl inlatc cltangc siurulnt ion the cl islr ibution o1't l tc niaximunr ternperatLlrcs ol-thc sunt-
t lrr ' r  1003 indicate that lhis extre ln,:  sumlncr is expcctecl to bc a nomurl one by thc encl of this ce ntury
i n { e r r t r a l  E r , r r o p e  ( B e n i s t o n 2 0 0 : l . S c h ä r e t a l . 2 0 0 - 1 . N , I c e h l  & T c b a l d i 2 0 0 - 1 : F i g .  1 ) l

This rs in goocl accorclance r" ' i th the IPCC (2001) statcnrcnts that in the future ertrcnre *eatl .rcr
cYt-nts are ierl ' l ikel l 'ancl that tuore hot days over nearly al l  l rrncl arcas Arc vr-r ' \ ' l ikclv, too.

2 f'hermal Climatc in Cities: il'hc Urban Ileat Island

Ihe most i t l ]portaut " local cl inrnte chansc" cluc: to hunran bui lding activi t ies is the so-cal lcd urban
ttcl t t  tsiant ' l  (UIl l ) .  Sincc about ht l f 'a century nranlr in1'g511*aticlns har,c slroun t l ie- iniportapce ol ' this
fhr 'nr) l l lL- l lol l  uhich is causr-d h1,t lre storlge trf  short u,ave solar energ), in the bui lcl ings cluring t l .re
drtv and i ts l iberal iou by long u'ave racl iat ion in thc evcning ancl night. The larger thc cit1, and thc

. .r r .  l :nt l l icher
lnst i tutc Lr1 ( icographl .  [ {urnbrr lc l t -L]n ivcrs i t i l t  zu Bcr l in.  Gcrruanv
t- t l l . t r i :  u i l  l  r ic t i . r :nr l l icher@ eeo.hu_ber l in .dtr

(  r i  i t l . r l l r  l ' r rh l i : l r . - ,1 rn lU( ) ( r  in CI t ina l \ . lc ' tcro lo.q ical  l ) r .cssi  \ i  \ l l ' z l r r l t , . r ; r 1 . .  f  r . / , , i , r  / . , , , / , , q r
. .r1.r.rnu..r l00S
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The heat wave 2003 in Europe:
A unique feature?

IPCC 2001:
" l-1 igher maxt mu m tem peratu res and
more hot days over nearly all land
areas are very ltkely"

1 961 -1 990
(obs)

1 961 -1 990
{mod)

i t l t  - * Need to adapt
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Average summer Tmax [.C]

I ' ig. I  ' l 'hc 
hc'at *avc 2003 irr Eurrrpe : Acttral i l 'a uuicluc l 'eature. but u rrornrai evcnt in 207 I 2100

dcltsc-r i ts btr i ld-up stmcturc t lre t .norc intcnse is l l ic ci ty"s heal islancl or heirt  archipelago. Maximunr
di l ' lerenccs of about l0 K ancl tnore betrveen city ccntcrs rnd rural arcas (,1 (max)Turr,"u -J'rur,,1) have
It lrcadl 'been rcgistered in large agglonrerations. Fig. 2 givcs an exanple of thc relat ion bctu'een thc
s izc  o f  a  c i tv  and i t s  r t rax i rnur r r  hca t  i s l lLnd .

For sure thc UIl l  is largest in the racl i l t ion r ich scasous - e.g. thc European sunrnrer nlorrths -
r.rr tr t tpical and subtropical cl imatcs (e.g. sulnnrer clrv sutrtropics of t l re lvlccl i terrunean coasts). Unti i
this point l l tere rvas only the clucstion of global änd 1ocal air tenrperature ci lLnge. 

' l 'he 
cl imatie

cnvironttretrt ,  i tou'cvcr. includes nmch more elernelts r i 'hicl t  have to be taken into account. i f  u'c l ike
to bring togethcr cl imatic concl i t ions ancl hurr ian heälth.

I 0 \ \ r .  Errd l ichcr ct  : i l

t o 3  l o a  1 0 5  1 0 6  1 0 7
population

[ i i g . 2E r ' r r ope l r nan i lNo r t l rA Inc r i ca t t I \ ' 1ax i I t t t t n l L -1 rbuHr .a t I s i l i n c l s : l c l a t i o t r bc t r r , c cn / ( l l l l x )T . . ' 1 , . � � � � � � � � � � � � �
log populat io i t  (Oke 1973):  a)  North r \ntr ica -  I  Nine QLrctrcc sct t l t -metr ts.  2 Corval l is .  . l  Palo Al to.  -1 San Jose,  5
I ler t t i l ton.6 l idr t touton.  T \ \ ' innipeg.  S Srn Fl lnc isco.9 \ rancouvcr.  10 l \ ' lontre l l :  b)  Huropc -  1 l .und.2 Uppsala.3
I lcading.  -1 Krt r lsruhc.  -5 [ ] t recht .  6 \ {a lnr i i .7 Sheft lc ld.  8 \ '1unich.9 \ ' ienna.  10 Bcr l in.  I  I  Londrrn (c iata f ron.r  l i rcrarurc
pulr l ishr- t i  bctuet 'n 192!)  and l ( )7])

. 1 0

.08

3 . o o
6)

3 . 0 +
0)
L  .02

0

K
1 2

€ 6
F:
< 4

2

Nor-ih Amerika 1 4
A

1 2

8 1 0
:
i

5
F
< 4

2

0O L

1 0 ? 1 0 3  1 o r  1 0 5  1 0 6  1 0 7  1 0 2
populallon



l l a i l1  \ \ ' i t \e \ -  L I r l .a t t  (  l i t t t l t l c  l t r t t l  F l t r t t l l tn  l l c l l l l l l

3'fhe' l 'hertnal lJ l tv i t 'otr t r tet t t

t)nr- oithc 1'u'dlrnlr-1tul issues i1hr.rptan bici l tc ' tegripgt, is thc assr'sstt . tc: l t t  lLttd forecttst of 1hc thernlal

r,Jl \ i rol l tnfut. ' Ihis is cluc to thc neecl f 'or hunrart bcirtgs to lralance thcir ht:at bt ldget to a statc vcfy

dl i)sr t() 5is/hcr t l icrgrir l  clvirelgrcut in orclcr to oyrt inr iscr his/hcr corul irr t .  pct lr-rrt t tatrce nnd health.

- l  
l r is rncrt ls to kccp hc-at procluct ion rnd lr t-at loss in a cclLri l ibr i l t t t l  i t t  ort lcr to kcL-P the bocl l '  corc

tcl i l l ) !-r . t . fc i l t  l  constlnt lcvr '1. Hcat is producecl as l  rcsult  o1't l ic rnctabol ic lrct ivi t t ' rcclt l i rcd to PCr-

ib.n uctiyi t ie-s. 
- l-5c 

bodl cuu cxchangc hc' l t  b1'cottvectiott  (sensi lr le l ieat l lu.x). conclLlct ion (contact

sit i t  sol icls). cvaporation ( l l r tent heat l lur).  racl iat ion ( long- attd short-u'a\:e). al lcl  l 'cspirat ion ( latent

ancl s. 'nsiblc ).

Thc lcat cxchalge $ctu'ee1 the hunran trodl '  and thc thermal envirortnrent (Fi-c. 3) catl  be

rlcscr- ibci l  i1 t l ic folrn of the encrey balance c(lual ion rvhich is nothing but the application of t l .re

l irst l i rndantct i tal  lar l '  of thcrt l todvtralt t ics:

NI + \ \ '  t |  Q'  (Tmn.r)  + Qu ( ' l 'a .v)  |  QLie.v)  + QSwfc.v)  *QRc(Ta.e)  *  S :  0 ( 1 r

? l l

I\1

o'
Q}-I
oL
QSW
QRe
S

N4etabolic nrte ( act ivi t) '  )

N{cehanicul pori 'er (kind of act ivi t l '1

Rlcl iat ion btulget (sl ' rort nave l t trcl  long ultvc r l t t l iat iot l  f l i t rcs)
-fLutrul, . 'nt 

l lur of se nsible l ie rt t  (col lvcct iotr)

Tur.bulct i t  l lLrr of latcnt hcat (cl i l f trsiolt  $' l t te r vaPoltr)

Trutrr lcnt l lux of l l te rt t  l tcat (s\\ 'cat cvaporl l t lon)

Rcspir.atory'  hcat f l t tx (se'nsiblc and latcl l t)

Storage

The t letcttrglogical input variablcs include air tcnrpcrature' lh. u'ater vl lpour pressurc e. r ' r ' inLl

rt l6citV \ ' .  nieun lucl ial t  tetnpcrati l rc Trrrrt  inclucl ing sl lor l-  and lottg-rvave radiät ion l l r :xes. l t- t

Fig.3 ' f l r . -  
I tumln hci t t  bt r t lgc l  ( l lavcni t i r .200l ,  in Koppc'et  a l .  l (X)- l )



\\/. Flncllichr'r t-t al

adcl i t i .n t .  urctabol ic r-atc ancl clothing insulat ion. In cq. I  t l re appropl i i i te mcteorological l .ar iatr le s

rurc i l t taclte cl to t l lc rclel 'ar l t  l lLrrcs.

It  is i l t l tortalt  to takc' into account al l  these variables 1or the courplete descript ion of the therrnrr l

coni l i t ions. thcrtt tr t l  corlrtbrt t l r  discotr l l i rr t .

Thus. cct lsccpcnl ly, i ical i trg u' i th rhe thcrnro-pht 'sio1ogical ly signi lrcant assessl l te l l t  of the the r lnal

t- l t . i ronuicnt rcr luires the application of a completc hcat budget moiiel that takes al l  ulctchatr isuts of

5r-ut erchltrge inlo account as dcscribcd in cc1. 1. Sucl i  uroclels possess the essential attr ibutcs to

be uti l iscrl  ope:rat ional lv in nrost tr ionrcteorolc-rgical appl icat ions in al l  cl inlates. reqit)ns. serlsons.

and scale:s. Fangcr's (1970) PN,IV-(l)recl ictccl Nl lean Vrtc) equation can c.g. be consiclcrccl at lrong the

aclyrr lcccl heat budget ntoclcls. 
' fhis 

lrpproach is the basis for the operational thermal assessnlent pro-

cec lu reK l ima-N{ iche l -n t6c lc l (Jcn t l r i t zkye ta l . .  1979:  JencL i tzk l ' c ta l . ,  1990)o f  theGcr rnannat iona l

*cather scf icc DWD g' i t [  thc outl tut parameter "perceived tel] lperature, P'1" ' tStaigcr et al. .  1997)

that considers a ccrtain degree of adaptation by I 'ar ious clot l l ing'

;l Tltermo-Phy'siological N'lodeling and Urbanization

The irnpgfialce 61'thc clescribccl thcntro-physiologic approach is evident. Sinrple incl ices tal i ing irrt tr

luccoul)t  onlY tcnrperaturc- ancl hurr idit l '  arc not anv longcr sufl lcient. An exatt lple: frotr i  an urban

strL,cr cl ' t \r()u sl iog,s i t  clearly (Fig.. l) :  l lacl iat ion reccived at thc hutnan body is total ly dif- fertnt ät

the sunn\. ancl shi.rdorvecl site of the street anci so arc the surface te nlPeratures of the asphalt ancl the

\\al ls. Wind speci l  is highcst in rhe rrr icldle of t l ic strect. Air telr iperature, holYever. is neluly the same

at both siclcs of the street citnyoli. Only thc modelcci Perceivecl 1'enrperature represellt the thernral

cnt ' i ron.tcnl in a correct u,ay (as rvc perceive rvhen u'e cross the strcet f l 'onr the sun to the shador'v).

In I lcr l in. the hcat loacl in August 200-l has been r.noclcled corr iparing 3 ci i f terent neigltbourhoods

tFig. -5): The opcn esplanacle: i \ lexanclcrplutz in the eastern cit l 'ccnter $' i th only a fer 'v trecs, t 'erv

shadc,cl areas äncl a large sky vie*'  factor (a). the i lensel l  bui l t-u1.r Potsdanrer Platz. in the city center

.s *cl l .  but * i t5 a st lal ler sky I ' icq, l i rctor ancl largcr shadcd surfaces (b), and the gardcn suburb

l . ' ig .  . l  I \ lc t t -Lrro i0gical  and biOuretcorological  coui l i t ions in a cross s.ct lo l l  o l  a st fcet



l , ' r r t  \ \ ' l r r  cs .  I  l t l ru t t  ( ' l i t t t t t c  un t l  i l r r r t l i n  i l c l i l th
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snaoeo areas
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I " ig.5 t {eat  loud in d i f terent  nciq l rbourhoods ol 'Bcr l in. . \uerrst  2(X)- l :  at  C' i t r  center-AIc\andc+) latz.  b)  t l i t l 'cr .nter-
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\ \ ' .  l tn i i l i chc l  c t  l l

Piexturderplatz

Polsda'ner Plalz

< 4 'C very  co ld
4-B 'C cold

B-13 "C coo l
13-18 'C s l igh t ly  coo l
1B-23'C comforlable
23-29 'C s l igh t ly  warm
29-35 "C warm
35-41 "C hot

> 41 'C very hot
Mullef 2@5 ( dala DWf)

I i i g .5  {cor r t inLr rd )

Dahlern $ i th a reduccd skv vie*'  factor duc to nulnerolrs trces (c). Thc poclel rcsults (d) shorv, that
thc Ale-xandcrPlatz rvas thc neichbourhood rvith the l i ighcst hcat loacl,  fgl loq,ecl by thc potscla' ter
Platz ancl Dahlerl i .  IJetu'een August I  l -5,2003. l2 i lal 's u, i th a motlerate to high hcat loacl ha'e
be,- 'n registcrcd at t l te ,Alcxandc-rplatz. The l)otsdanrer Plutz shtl i ,ed a lou,er hcat loacl.  becausc ol l ts
rt-cl t tcct l  skv vicvn' factof. but ä higher oue than Dahlcrn. So, clenselv bui l t-up neighbourhoocls sho$,
hi! .h hc-at l t lacls. evcn i f  thc t l i rc 'ct radiat ion is reclucccl,  r lue to the hcat stcirage in rr 'ul ls ir 'c l  scalccl
slrr l l tces n' l t ich lrre rnissing ncarl l '  conrlt letcr ly in thc gurclcn suburb.

5 Heat waves and [ruman Health: flre Futurc has Already started

Thcre are nl l l l lcrous epiclcnriological studies publ ished n'hich irnprcssivcly shorv *,orldl, icle t1e
healt l i  impact o1'citretrte thcrtnal concl i t ions such as heat u,aves. Durins thc hot st l ' 'ncr 2003 rn
Europc. in part iculnr in Au_gust. bctu'een 3-5.000 ancl -55.000 hcat rclated extra cleaths occunecl. l t
cart be assrtnicd that the urban heat islancl cftect (UIII)  has intcnsi l ied the regional hcat loarj .  I f  t l ie
calcrt l l t t iorts i l re correct - ancl there are t io doubts about, that hcat u'aves l ike thc Europctrn . 'e rn
2003 riill be in the ftttrtre rttore freclucrrt ancl pcrhaps even more intense. then rvc havc to clevel4r
cl i l - terent rvaYs of copitr l  r i . ' i th this hcat vulnerabi l i tr ' .  An irnpressive cxl.rple of t l ie alre.cly n. iv
enhltncc-r l  r t tortal i t l '  dtrr ing heat waves in Southcnr Gcrrnany is given in 1ig. 6. The f igure .shor,, ,s
t l te: clc\ ' iat ion of the total niortäl i ty rate during the t lays beforc ancl at ier the averagc of nine cxtrcpre
l. tcl l t  $avcs (1968-1997t. Thc r.rtortal i t l ,cLtne lblkrq,s closely the nroclcl led "Percei 'ecl 

Te't l terature,,
(Jcndritzkl ct al.  r ' ' rvu'.utci.de/docLrments/perceivci l_' l 'enrperrature).

5.1 The Universal Thennal Clinmte Index UT'CI

I-hc Interr lat ional Socie tv on I l iott tctcor.ologv lslS rccogniscd the issle prcsented Atr.r,e s,.re 'ears
l lgo l tr l t l  c 'st lbl ishccl a ( 'onlnl issicln "Ort the r levclopnrcut oi a Univcrsal 

' fhcr ' tal  
Cl iniate Indr:x



l . . i l  \ \ l r I e s .  I i r h l i n  ( ' l i t t l r t t c  l t r t t ]  l l t t t t t l t r t  l l c r L l t l t l7.s

F dcv la t ion  to ta l  mor ta l i t y  ra te  (MRto t )

dev ia t ion  Percc ived Tempcra ture  (PT)

Average of 9 t ime sertes
o{ the most extreme neat waves
in  SW Gernrany  1968-97
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days around the maximum of the hcat wave

chr is t ina .koppe@dwd.de

[ . ' i g .  6  l )c r i i t t ion  0 f  the  to t l r ]  n to r t l l i t v  f i r t c  t l t t r i r tg  the  t l l l ' s  l t r t l t tnd  th . ' l ) l : l \ l l l l t l n )

l in te  sc r ics  ( ) f th t  l t los t . \ t rc r t tc  I i . ' a l  $xvcs  in  Sot t t i t t vcs t  ( i r - r l l l a t l ) ' (1 ! )6 f i -19( )71 .  th '

l t r r rP t r l r tu r . . "  l i r l l o$s  c lOse l !  thc  rnor t t t l i t l , r [ ' r ia t io t t  (K t rppe r : t  l r l .  ] (10-1)

DWD 2003

o1- a helrt \\ '11\'! ' . averagt of l l lnc

cur re  o l  the  nro t lc lcd  
"Pc- rce ivcd

LrT( ' l "  rJc -ndr i tzk l ' c t  a l . .  2002:  h t t1 . r : / /nu , * , .n tc i .de) .  S incc  l (X) -5  t l i c  COST Act ion  730 (Coopcrü t io t t

ip Se iencc ancl 
- l 'ec:hnical 

I)cvt lopnrcnt)of thc E,uropcan Scicrtce Fottt tclr t t iotr ESF provicles the lrasts

t l lu t  sc ic l l t i s ts  cun jo in  t r rsc thcr  on  u  r -cgu la r  [ l r s is  i t i  o rdcr  t0  ach icYe s ign i I i can t  p rogress  in  dcr iY ing

sucl i  a1 i lclex. Aint is 11 i l trr lat ior lr l  stanclatt l  blsct l  or l  scicnti l ic Pl l()grcss in hutl lan resl)onse

rt- larecl rhcl lro-plt l ,si1l losical rrrot lcl l ing ol ' thc l l rst 30 1'errrs (Fiala et al. .  2001, 6l l5c: l t  t : t  al .  200-tr)

ipc lu r l i l g  thc  acc l i l ta t i sa t io l  i ssue.  Th is  r io r .k  * ' i l l  l i na l l y  L rc  t l tac lc  ava i lah le  in  a  WNIO ' 'Gu ide l inc

()u thL- Thell tal Enyi lglgte nt" so that cvef) '  national hc-alth scn' ice can t l tett  eirsi l i '  appl,v lhe slate-

of-t lrc-art procedure l i rr  i ts spcci l ic purposes. l-he guidcl ine rvi l l  provicic l l t l t l lerot ls eranlplcs t irr

lppl igxl i l )11. ani l  solut ions f ir t  l iancl l ing tnetcorological input clrrta.

5.2 The lrleed fttr Adaptiort

TItc nccd for aciaptat iou to thc gruuing problcms of t l te therrt i l t l  enl irotrnlent is evidcrl t .  In adcl i t i t rn

dernographic lactors l ike t l ie grclu' ing nuntber of scnior ci t iz,ens l iave to taken into accol, l l l t .  becrtt tse

cldr-r lr  people havc rnorc cl i{ t icult ics to r lcal u' i t}r  t l icrrnal stress. Tl 'rctefore the dcvelopment of snit-

r iblc l teasurcs tbr l6lpt ion is nccc-ssar.y. Tri 'o lcvels I iave to bc cl ist ingtl ishccl i tr  orclel to reciuce the

ttt- t-ran then-r-ut l  slress indrtors attcl  t t t t tdoors:

Lttrtg-l t ' rrr t  t tr t t l  shrtr l  t tntt  t t t lapti t tr t  t t t . f iLl t t t 'c Ltthtt t t t 'cd l t(dl \ l rc ' \s.

5 .2 .1  I -ong-Ternr  Adapt ion

L-crng-131'111 ntL-usurcs ncctl  a longcr iutplünrL'ntut iott  t i t r tc antl  trpplV cspccial l l '  lo t tr l t turTrlrtr trrr i tg and

l , r t  i l  l i r t  L  t l  t , . t i  g t .
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Orr t t loo ls :

r Crelt ion of grecrr and opcn spaces. e special lv n, i th trees
r Vcnti lat ion and air l l r .rrr
o Eti l l l tncclt)ent of albedo ( less hcat slol 'age bv absorption of short r iayc racl iat i6l)
r Reduction o1'unthropoeenic heut procluct ion

I ncloors:

r  Theml r l  capac i tv  o1 'b r r i l c l i l gs
o  Pos i t ion  o l -  apur t rncn ts
o C<tntrol of solar irracl iat ictn
r  P lLss ivc  coo l inq

5.2,2 Short-Te. '  Aclaptio'  'nd l leat l{carth warning systems

\ \ J .  Enr l l i ch t l  r ' t  a l

Shott-tertn aclaption lnirasures arer possible to real izc in a short run ancl apply espccial lv to the set-
tr lr  o1. 11cat I lcct l t l t  \1'ornirt ,q S'u.slcnr.r '  ( l tHWS) nhich takc into account thc actLral \ \ ,eathcr and t 'c
f t l r ccas to f  thcnex t lc$  da1 s .  I - i vc 's rvou l i lhave beensuve i l i f  ac lec lua teHeatHea l th \ \ ,a rn ingS1,s te 's
$ olr ld hal 'e bcen in action. as prortrotct l  bv the wNlo/wHO/uNEp shou'case pro.lects rn l lorre ancl
Shanghai '  Such svstetr ls arc bltsct l  otr biornetcorological l i rrecasts expecting exceecl ing ol-a. agrcecl
t lrrcshold (hcat load f irrccast).  Tlre fol lo\\ ' ing intcn'cntions (a local lv acl justecl ", ,1.r*.u.1, r.r i . . ,nr.
p lan)  l rc long t l t cn  to  thc  rcsPor ts ib i l i t r ,o l ' thc  pLrb l i c  hcra l t l r  sc r . r ' i cc .  t IHWSs nrus t te -  pepar .ec l  in
aclYartcc rvit l i  corl t l l letr 'descript ions of al l  processes (Kovats & Jenclr i tzky 2006). In aclcl i t ion scl l-
on:anizing networks rvi l l  al lor i ' to takc into account as n'ci l  outi looras indoorco.ci i t ions.

Serlsor svstcl) ls (e.g. l l f lWS) recluire a conurrlrnication inl iastmcturc capable of transp.rt ins
crlPtt lred sr-nsor ( lata (tcr l l l )cratLrrc. humicl i t l .  air pol lLrt ion. ctc.) to n ccntral clata col lcct ion alci pro-
cL-sslng cerl ter. l 'his corttnl lrnication infrastructure nrusl be lou,-cost. real- l inrc, dcnsc. antl  qul. t i ty
at laPtlblc'  No c.r ist ing tcchnologv satisl ics/optirnizes al l  rcquireurents at thc sarlc t inrr--.  Hcncc, solu-
t ions l trc nceclc'r. l  lhlrt  arc t l i loret l  lo specihc usage sccl l l lnos.' I 'hc 

Berl in RoolNet pro. jcct Iu'r i ' r i ' .berl inrool)rct.r lc] has dcrnonstratcd rhrt i t  is possiblc t9 bLri l l
i l r l  uutolton)ous uircless infornration nctu,ork in thc city oi tserl in, at a u.roclerate buclget. Nlarn
potrtts i tr  i ts clcsisn arc: 

' l 'hc 
nctuork cvolr 'cs spontancously (ad-hoc). u. i thout expl ici t  pior plan-

nlng' I t  cloe:s not rcqtl i rc a central adrr i inistrat i le authority, l ike an operator. Nodes (acces. poin,r l
col l l l l )unicatc u' i th cach othcr ani l  rvi th cl ient st l t ions ( laptops, sensoistat iols). The networkls sel l-
oruanizing: l lodcs crcatc nctrvot 'k structures autourutical lv anci cletenninc configuration pararneters
$' i thout hrtt t t l t t t  intcrvcntiort.  Inexpensive Cor.nnrercial OfrThe Shelf (C]O'I 'S) harclrvlre is usc6. such
as  IEEE 802.11g WLAN.  th i l t  opcra tes  in  the  un l i censed 2 .4GHz ISNI  banc l .  Comrr iun ica t ion  rs
clostr to rcal-t i rr le (clelav - 0.-5-l  seconcls). robust (nicsh-structure *, i th redLrnclant patls) and basei i
on t l te Internct Pro{octl l '  $ 'hich i t l lou's lbr easy integration nith exist ing applrcations ancl r, , . i th the
public lnternct (rvhcre avai lablc).

Tl ie option 01 redtrcing cost evcn furthcr ancl sirnultancouslr. increasing the covcrage area b;, .
l r l rgc l l ictor is aYailable. lr t  the cost o1'sicni l ic lnt lv increasctl  delaY t inte,s. An cxpcrintcntul te.ch-
nologl ' '  cal lccl I)TN (Dclal '  Tolerant Netrr. 'orks) uses nrobi le objccts (busses, cars. c\ ien pcciple) as
carrier.s of ir fb'r 'at ion: Sc' 's.rs c.rrture rrata ürd i lgcrcgatc thenr rocair; ' -  using srurl l-scalc * ircless
nc t r to rks '  Sc lcc tcd  b t tsses  arc  eqLt ippcd u ' i th  access  s ta t ions  tha t ,  i f thcy  cn tc r  thc  conunun ica t i ru r
range t l f  t l lc scnscu' sl l l t ion/nct\\ 'ork. retr iere al l  clata u, i thin seconds. stc,re i t ,  cirn-1. i t .  and f inal ly
dc l i l c l  i t  t c l  a  ce t l t ra l  c l l t l t  co l l cc t ion  s ta t ion .  DePcndcnt  on  bus  f r r :quenc) 'anc l  re l iab i l i t y  o f  bus
scltct l t t lcs. dclaY t i l l tcrs r i tngc bctn'ecrt lcu'hours ancl I  clav. In aclcl i i ion to carrving sensor clata.
thc DTN inlrastnrcture coLtlcl  ulst i  carr),  l l i r .ssagLr\ ol.pcol) le l i l in.u in the cor,crcd lrreas (sini i lar to
E-lnai l) .  ] ' l i is addit ionrt i  r tsc ol ' t l te prol.rosetl  cornrrrr,rnicution inl l 'astructLlr.c uralr not be attract ir ,c to



l l a . t1  \ \ l \ ( - \ .  I  r l r l t r l  ( ' l i r l l l t t c  l t t l t l  I IL t t t l l tn  I l t l t ] t l t

r l e t l 1 l l e r r i t h l l l r r ' l t r ' s ' t l l t l l l r c b r r l l t c l l l l t l l t l l r l t e r t l c t a c c L ' S S . l l t t t 1 . o t ' 1 - l t l L l r 1 l c t l 1 l l c - i t t t r l t r ' l l c t l l l c . r t . t l \ t l l t - l l l l s

l i rr  l r '  I  r ' -cr) l I l l l , l . t t '  1a xl iott  l r \ 'ai  I  i lblc to thclrt

l i r r  i r  l l t c r  iu tcs ra t i r r r  s i th  a l r ' . : l c l1 ,cx is t ing  app l ic l t l i o t rs  o f  thc  N l t jo r la l  l t le tcoro log ica l  Scn ' i ccs

i t  i s . f  s l r . t cg ic  i ' rp r t r tance t l r i t r  thc  eonrmun ica t i t t r t  iu l l ' l s t r t rc t r r re  i s  I I ' -basc t l  ' \ l i  eva l r - ra t ion  o f

i i rc behrrr iOur 0t [ l -rc net$or'k infrastructures is ulntost irnpossiblc withotrt  ucei l tr t l -r l t t l f  i t l {  I l l t )( lL] l

uN.c-:t i ! ,at ions. Lly cxl-rct ' i r trcl l t i t l  i tcl j t lstnlct l t  o1'the I let topol()gY ancl the l l r t l t t lcol sol i$'arc: i ter l t t lve

i,upr,, , :" , , , . , . , ,s in thc bcSar. iour ancl thus posit ive ct l lcts on thc qual i1' '  o1'the plal inecl cotl t t t tLtt l icat iorr

int l .rrstructurc cati  bc grt ir tct l .  T' l lc erpcncl i turc. r i l i ich has be ttr  be paid rcpeatccl l l ' f t l r  clch conr'rcte

co . l iq i r ' r t i . '  an6  ins tn l la t ion  o f  a  n ion i to r inq  sYSten l .  shoLr l t l  be  s t rong lY  rcducec l  l l v  s i r l iL r la t io [ rs

trf  thc t intc rrcl . '* , iour of srrch svstcrl ts u i t l l  corlsi t lcr lLt iotr of the d1' l ianl ic loai l  and the chlngtng

cnvirott t t tctt t l l  i r l l l t lcr lCcs ttr  cLtult  e r) l l ) l l l t l l l le l t t l t ) l l  conlPtl tCr t t f  thC lnorl i t t l l inU S'VStclt t '

I rr  or-r lcr t0 [ tc l ibk- to rct l iz-e t l i is contPlcr 1ask. a l i l rrarf '  o1' |aralt lctcr islhle nlodt ' ]  col l lponel)ts

slroit l . l  bc 1lg1,glo1tccl.  $'hiclr enables the cl l ic icnt confisrtrrt ion of the nlotr i tor i t ts s) 'stel l l  t l lodels

$ith uppropr[ i tc erpcrintcntat iort ancl eYaluati t)11 sr. l lport.  An cstabl ished approach f i l r  that is an

1111r ' r i . . .1 ' rheC)c lcnrX l ib la r l , (F isc l i c r '&Ahrer . rs  199( r :Gcrs rcnbcrger200- l ) .deve loPcd inC++for

the nroi lel l ing ancl sinrr.r l l t ion ()f  t i r t ic-discrete atrcl t i t r le-conti t tr-rous processcs'

6 Clonclttsiotl

1.hc sr.tPerPosit ion oi l i \c l ' lctors: Ir lcat wavcs. thernral stt-css. ral l ic l  urbatl izat i t l l i .  g|ou' ing tt t t t l t l -rer

,,1-clr l .-r l) ,pc.plc err l  glsbul clrnri tc chungc rxclncle sinrPlc solut iotts. NL'\ / trr thclcss l ldlptattot l  tr l tra-

sufL-s r l fe possiblc (Kirch ct al.  1006). Intel l igerrt slrort-aclul.r t iort l l rcastlres l ike l leat Health warrl ln-g

Sr stcrns clt t t  bc instal lecl alrcatlv I lou'adavs L-onl- l t laptiol l  l l lL 'ASLlrcs ttced niotc t i t t lc t t l  bc clcvcl-

()fc( l  ur( l  intro6ucc6. hgqcver. glohnl cl imate chungc and rapit l  t trbart izat i t ' r l l .  especial l ,v thc qro$it ig

, run , l . . . r  r , f  n rcg lc i t ies .  r i i l l  co r l lp l i ca te  th is  i ss t t . :  i t l  t l te  f t l t t t re  eYe l l  l l l ( ) rc '

Referenccs

l ] t t l t s t . , t t .N l . . ] ( ) ( ) . l : , I . ] r c ] ( ) ( ) . j l t e l t l r : i r . c . � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
k)Si(  i i l  ( i r l t i r  ar l t i  t l l i r t ic l  s i l l t t t l l l  io t ts  (  ieopl tvs l los l  .et tcrs I  I  '  L() l l0 l '  l  - : l

I l t  r l in  I lor i f  Net  projcct  l i r  L lunlbol t l t  L ln ivers i t l  Bt-r ' l in .  { i t tp: / /$ '$ \ \  bt ' r l i t r roolnt � t ' t l t ' '

I i l t r t g . - r . I ) , ( ) - . 197 ( ) : . l l r c r r r r a lC .o tn f i l r t .Ana l vs i sa I rdApp1 i c i t i . l l � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �
( - r rpcni l tLc n.

F i a l l i I ) . . I - t l t n l r s K . J ' a t t t l S t o l r t c r N l ' , : ' ( X ) l : [ - . o r r l p t t t e r p r e t l i c 1 i c r r l o f h u I t l a I r t h r - r ] l r o I e g [ l l a t O r � � � n � � � � � � � � � � � � � � � � d � � �
l . ! ,s | r r r l \c \  t ( )  l r  \ \ r ( le f tngr ( ) l  rnr i loDtnct l ta l  c t lnt l i t ic tns.  lnt .  'T IJ ionictcorol . .  '15 '  t4 l '  159-

I r isehtr .  J . .  Al r rcns.  t< i tüqoi :  ( )h. j r .kror ie nr icrre Prozeis i rnulat ion in C++. , \c lL l ison \ \ 'cs le1'  l ' �ubl rs l r ing Cotr ipat t l '

I r) (l ().
( icrs lcnbcrccr .  R.  ( l (x)- l t :  o l )F- \1r :  1, \cut 'Lösuugcn f i i r  c i ie Rcal is ierung Von c++- Rihl iothckcn zur Pr()zesssi l l l r ' l la

t ion.  [ ) ip lorur lbci t  lnst i tut  [ i i r  tn i i r r rnat ik ,  l i t rntbt i l i l t  L] l l ivcrs i t ' i t  z t r  Bcr l in '

J i n J r . i t z k r . ( i , . S i i n n r r r g . \ \ : - . S r t ' l I t 1 e s . I I . J ' . l ( ] 7 9 : F i i n o L l j t k t i r e s B ! ' w t t t u n ! l S \ e r f a h r o n z u r I } e s c l l r c i b u n g � � � � � � � �

' r iscStn \ l i l ieLrs ru t lcr  Sl . i l t -  n lc l  I -encischel ispl , rnu, ig t 'K l inra Nl iehel-Nlor l t l l " )  Bei t räge d ' \kad'  f  Rat tn l -

l , l tsc l t t t r tc  und l - . i1 lc l ( -sPl l l l ru l tg.  ] i l .  l l l ln t l t r rc l "  .  n . . , . . - - , . . , - . ,  r - -  t l
. l cn r l i t z k r ' .G . . ( i . \ 1c ' nz .w .S . l t t u i . l t -X "ssc ' n& I l  s c l l i r l l t c t ( 1990 ) :  1 \ l e t ho t l i k zu r r l i u r t t l i c l t cnB t \ \ e r t t l t l g t l e r t he r t u t s -

chen Konrfonen(c.  rnr  I l iok l inra t lc 's  Nlcnscirerr  {Furtgcsc}r [ ic l rcnts Kl in la-Nl ichcl- i r lodcl ] )  ' \kaclctn ic f i i r  Raul l r -

1r)rscht lns t t t t t l  I - : r t tdespl i t t lung.  l l t i t r : igc l  I  l  1 '  I l l t l t l lo ier '

l e n t l r . i t z , k r . ( i . . j \ 1 a l r r . t l u l . i - . r i . , t . . I ) ' . S 1 a i g e I . } i . . ] ( ) ( ) ] : . \ r r L - ] p t l a t t t l r l t h t - I ) e r ' e l o p l r t c t l 1 t l 1 - � d � � � � � � � � � � � � � � � � � � � � � � � �

C l i n ra t t  l n t l t r .  l 5 r r '  ( . ' on l  l J i o ruc ' t . . \ c rob io l .  r t r t t l  l ( r r l ' ICB0 I '  17  Oe t  I  Nov  1002 '  Kanses  C r t l '  ' \ \ ' l S :  1 l ( )  ' 1  l l '

K l l i k s t r ' i t t . I , . S ' & K ' l . , ' S t t r l l l c I ( l ( ] 9 . ] ) : I l r r r l l a I l � n � � � � � � � l � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

\ rJ l l r '  in tL-rnt t i ! ) t ta l  i tn l r l ie l t t io i ls  L ' i r l lc l ier t t ia -1t)  (  I  I  l :  ( )6 i )  ( ' )19

K r i l k s re i ' .  I - .S . .  . l l i ' r : r s . r t .
\ \ ' a t e 5 / \ \ ' a r - n i . s S r s l r l i :  I ) r y c l ( ) p n r r - u t l i u d ; \ p p l i c u t i o t t . s L t t l i t t t e ' t l 9 t ) ' i  

- A m e r i c a n N l c t S o c T T r T l :  1 5 1 9  1 5 2 3 '



r ls  
\ \ , .  I lnc l l ieher r : t  : r l .

Kl i lkstc ' in '  L S & J S'  ( i rcenc ( l ( )97):  . ' \n cvr i lLnt ion ol  c i i rnutc/nror ta l i t l  rc lat ionships in l r r i re ITS c iL ic-s ano rneI ) r ) ss i l ) l c i ' puc1s .1 ' c r i r r i u t L r chan ! c - I i n ' i r . , n r cn ta r  l r c , r r hp t . r r l l ee t i r . . r , r i i . i , , r +  q : t
Krreh'  \ \ "  i \1c-nr lc  l l  '  l lcr t . l l i r l i .  R. .  200(r :  f ix t rcnrc \ \ tat ] r t ' r  Evcnts and f rubl ic  ] lcal t ] r  I lcs ' .nsts.  Spr ingcr.  13er l in,.11).i pp.
Koppc" c '  S Kovats '  c  Jelr t l r i tzky & I l .  N[enne (2(x)-1) :  I lc : r t -uavcs:  r - isks anci  r r 'sponscs.  \ \ ror lc l  l rc l l th organiz; t t ion.Htul t ' lnc l  c i l .bal  [ : . r r ' i r .n^c ' rar  c ' 'angc.  Scr ies.  N' .  2.  cr ,cnharen.
Krrr l t l : '  S & c i  Jcndr i tzk l  (2(x)(r ) :  I Icar-r i 'a 'es ancl  Hulna,  I leal t i r .  In,  l \ .1"nn".  B.  & K.L.  Ebi  (cds.) :  Cl inrate c iharrgearrd Adaptut ion Stratr .g ics for  I  Iunrarr  FIe- l l t l r .  I )arnrstut l t :  6- l_97*"1:];..11;,,I,"üi;JTl;.::l'i,i'j'l'i,:::i;,.' & racobscn. I ,004): cuitrcrines on rrionrer!-o,orog' ucr Air Q.erit1,
NI' r 'h l '  Ci  Ä & Tcbal t l i .  c .  i200'1) :  Nlore Intcnsc.  Nlorc [ r |c-r1uenr.  ant l  l -ongcr Last ins i lcat  \ \ 'ur .es in thc 2lst  ( .cn_1Lr l r , .  -  ,Scic.ncc -10-5:  99.1-997.
\ l i l l l i : r '  \ ' l  (2()05):  I lLrn larrb i .k l i i 'e to lo ' ischc LI ' tc .suc 'hurrgc '  i '  Vcrgle ich I ler l in Lrnd Ulnlancl .  Dip lor 'arbeir( ic , r i ! r  aphischi .s Inst i tut ,  F lLrnrboldt-Univcrs i tnt  zu IJer l  in .
oke'  1 R i l97- l ) :  c i i t l  s ize ancl  t l rc  ur i r : rn heat  is lend.  In: ; \ tnrospher ic EnYirr rnnrent  7: j ( t ( ) - : . : , ( ) .t'""iliil'f;l^,L'iltjitlri IIass.rt' r\. (2(xi'l): DakNer - rcrhi.kinr: c.n'c*i'ir,r irr d*.ct.ping narions. crompur!rr,
Schr i r '  c 'h"  v i t la lc '  PL '  t - i i th i .  I ) . .  Frei .  ch. .  Hi iber l i .  c 'h. .  l - in igcr ,  l \ ,1. , \ .  & r \ppcnzelJer.  ch.  (2001):  . l .he 

ro le 01.incrc 'asi 'g te.rpcrature in Errr .pcnn s. ' l ) rcr  hoa111.111." . .  _ Nature -117:  132_- l i6
Str t igt - r '  I l "  Buchor '  K '  J ' -ndr i rzk l ' .  ( i . .  l9()7:  Gcl ' t i l r l te Tcnrpcratur .  I ) ie phvsio lorrsch se*chte Bcwcrtuns \ .ou\ \ ' l i rn lehcl l rs tur lg t rnd Kl i l tcstress bci tn Aulcnthal t  i rn Frc ic l l  in  dcr  Htayzatr t  ( i racl  cc lsrus.  Annalcn tL.r  l \ , lc te-oroiogt t .  I )cutschcr \ ! i : t tcr t l i tnst .  Ol ' lcnbach,  j . l :  J00 | { )7.
\ \c isc l rct '  \ \ '  & l l r rd l ichcr.  \ \ ' .  ( l (X)(- ) ) :  RcLi . .u i . 'K l inratr l .q ic. ' i r . i l  2 .  I ) ic  Al tc \ \ t l r .  IJ . r .pa.  r \ l l . ika.  r \s i r -n.  Stut tgai ,LL  i 1 ' 21  '  .  1 ' - ' "  , ' , '


