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Nb™rac(— CHTale ~bl ence 18 a He8klop appHcaiion lor
ra8r 36 yl8maH2aiion anpg analy818 ol relro8pecMye chTale
reanaly818 anpg Earlb retole 8en8T§ pgala. Por 18 8eyeral
n18incl Fealure8 ang cerfat a8k8 an analy8M Tay preler H
o olfber Tl0018. Tbe Tealure8 Ttclwupge rlcb colleciton ol
enylrontenlfal yanable8 reagHy ayaHable “oul-ol-I'be-box’,
one-cbck 36 yl8uaH2aiion ol any ol TbeT re§argle88 ol Ibelr
8lMorage Nortal8 anpg coorpatale 8y8let8, Ng§br K Tlrepraiion
Frot Teblcb be pgala are acce88lble w naiiye K pala [ype8.
barge yolute8 ol F'be galCa are 8loreg on cotpuler cludler by
Cbrono88eryer -
Only 8tall poriion8 ol be pgala regwreg lor Yisnab2aiion

nete a18fnbulen Mle-ba8epn ra8ler italaba8e.

anp analy818 are amlotaiically geHyerea oyer be 1nlernel o
Ciitale "bl ence w near real-iite. Tbe paper 8uryey8 Ibe
pala ayaiiable Cbtale “blence, W8 Yl18nall2aiion
capabllUiie8 ang alr polluiton analy818 a8 a ca8e 8rupgy.
Ciitale bl ence 18 'ree For gotenloap al TeTeTe/wklence.org

Frotr

KeytooM3— chTa(e reanalyw; baHk reto(e $eT T § Aala;
3b TTaWlraiion; K connec(LU (y.

I LUTKOBMNCTHOM

CHrale reanaly818 anpg Earlb retole 8en8T1§ pgala are
becoTTn one ol be T08I coTpreben8lYe re8ource8 rlor
enylrontenlfal 8Muale8. Tbe pala are allraciiye [or
poteerl'ml pala a88ltllalton ang “mal™y a88wurance
lecbn™ne8 n8ep or Mbeb proguciion, §lobal coyerage ang
eyer Tcrea8T8 8paital ang Metporal re8oluiton.

Allbougb be pala are Iree, bey baye large yolute8
(be orper ol lerabyle8) 8loreq T poteerlbl bull coTplex
8cleniiiic LWe lortal'8 (1lke 6eFCBP, HEP, OTlb) Tebbln
arrerenl” coorglnale 8y8Met8. Moreoyer, no 8718le [lool
ex188 Ibal” 8eatle881ly TleSrale8 pi8Mmbules 8Morage ol
larpe LWle-ba8en pala, nmear real-I'lte acce88 o bet, 3b
Yi8nal2alton ang analy 818.

Topay, a N'lte ang elTorl” gi8rance TM8I be oyercoTe
bellore be pala conlp be aclvally n8ep lor re8earcb. ThbI8
n8unally tcinpae8 Nbe 8earcb ang gotenloag ol Le8 Tebb Mbe
re’vreq pala, peyeloptenl” ol coTtpuler prograt8
reagtp Mbe gala Frot 8clenlc e lortal8 Tebb coTplex
natTpg. Be8lge8 8upporbng large colleciion ol LLe8 on
Mbe Teork8laiion, Ibe proce88 18 I8ell labor TlenslYe,
018Mracl8 'rot 'be TMal re8earcb foal8 ang gelay8 re8ull8.

Cbrtale "“1klence blge8 I'be aclwal yolute8 ol pala
I'roT 'be n8er, Mbe nuTber ol LWe8, beb lNortal8, naTtTtyg,
coorgTale 8y8Mer8, coTpre88ion ang ofber pgelra8
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allotet8 lo concenlrale on [Ibe pala Vigelr ang 8ral
Teorkth Tebb Ibet a8 “u”ckly a8 po88lble by ea8y lo
percelye Y18ual Tean8 ang poteerlnl analyl1c Mool8 1lke K.

There are a large nutber ol 0018 Magorep lor TeorkTA
Tebb anapen cbtale reanaly818 ang Earlb retolle 8en8ing
pfala. WNoteeyer, only lete ol Mbet can be conlTaurea o
orgawre pala 8lMorage, acce88, Y18uab2al'lon ang analy818
cbaln 81tllar N'o Cbtale “L ence.

Tbe TUWKEBB3 Bbala 8eryer (Th8) [1] proylae8
mnllort pgala togel oyer Le8 ol glTerenl lortal8 ang
nebyer8 pala oyer yanow nelTeork prolocol8 1nclvglng
OPeKBAP, "M 8, ~C8, ang HTTP. Woteeyer, b foe8
nol” 8upporl” large pala yolute8 8ince pgeployesn a8 Tear
package In8lge a ToTcal or 01a88/18b Teeb 8eryer.

Oeo8eryer lreely ayagable al bl'Tp://8eo8eryer.org/ anp
1tape Exlen8lon lo cotterclal Arc018 al8o pglreclly
8upporlr  KelCBP Le8. Hoteeyer, To pale, only
Cbrono88eryer [2] proylpe8 acce88 o pmala pl8rnbuleq
oyer noge8 ol a cotpuler cludrer.

A peneral purpo8e Yl18uab2allon ool ParaYlete [3]
Teork8 Tellb local, bulm nol” retole gala. KOAA'S8 ~eal ber
ang Cbtale Toolkb (*CT) [4] ba8 only 25 Y18mab2al'lon
Tellb exporl To KMb LWe8 Tor Murlber ylete In Ooo§le
Earlb. Tbe 1nlegraleg bala Yleteer (16Y) [5] ol Ten gelay8
be exploral lon proce88 by gotenloant8 cotplele Lle8 ol
large yolute8. KA8A 0loyannl [6] 18 2B Teeb plolTin§
lool. Kone ol TbeT proylae8 1nle8rallon Tebb K.

Tbere are al8o poteerlnl cotTterclal progucl8 bke
Malbab [7] capable reagln§ Kel CEP LLe8 Mbonab 811 nol”
bayln§ 36 alobe Y18uab2al lon.

Tbe oyerall Cbtale “1klence u8age Teorkllote 18
e 8ltple. bpon [Ibe appbcallon 8arl, 'be u8er 18
pre8enlleq Mbe 878le Iree ylete Tellb ayapable pala8el8
(“bayer8” Tab, P18. 1). Tbe blerarcblcal repre8enrarion
belp8 lo ~m”ckly cbeck Tebal’8 ayapable anp locale a
re"n”rep palra8el.

118 8ulllclenl” I'o cbek 'be cbeckbox 16T Mo Mbe pala8el”
nate lo 1treglalely Ir188er U8 36 Yl18uab2allon. Clear
anpg cotpacl bTe 8bpger 8bote8 'be coTplele bTe 1nleryal
lor Teblch Mbe gala lNor Mbe 8eleclep pala8el” are ayagable. A
Ton8e parag 18 8ulliclenl” To precl8ely 8el 'be Tonl b, pale
ang bTe lor 36 Y18uab2al lon.

Tbe “Properl1e8” lab conlaTt8 ayagable Y18uab2al lon
opinon8 Tor Mbe 8elecleq mala8el. The Mort ol nate-yalue
palr8 allote8 o “n”ckly cbeck ang ag]v8l Tebal’8 ayagable.



Plaure 1. CHrale “klence T{erlace

bayers !ab, Properkes !lab ang T1Te 3Hger. Tbe 33 globe 3bo”3 butcane Kalnna !rack ang b3~ 14

3peeq 3alll generalegn3tg CP8K cUTale reanalysls (bes! yxe”eg w color).

BaTaam yBI‘IabKaTIOM

Currengy Cbrtale ~llence concenbales on §lobal
anpgep pa'a w!b bolb regular ang nre§ular gng3. CUtale
reanalysls are alreagy glsblbules w a gngges 'ort. Only
Ear!b revole 3en3wp pala o!" processwp leyel 3 are
anppepn ang, 'bus, pretgen by CHtale AL ence.

CWTale “klence Tpletenls !bree “ay3 lo yravalAre
anppen pala: tarkers, 13obnes ang 3urlaces. Thbe pgelalls
on !'bese opbons are §lyen Xuiiber w 1bl3 3ecbon.

A. CHTale Keanalyw

CHTtale "W ence Tatbln3 a 3ub3e! o yanables
laken IroT !be cHTale reanalysls M3legq v Table I.

TABbE I. CbIMATE KEANA"YS8I8 BATA
8paHal
3koH MaTe Apgency Kesobliion PenoA
NEPACAK K2 [8] ~NEP 2.5° x 2.5° 1979-cwiten!
EKA-blenT [9] ECMNeP 1.5° x 1.5° 1979-cwiten!
MEKKA [10] NASA 2/3° x 1/2° 1979-curren!
20CK [11] NOAA 2.0° x 2.0° 1869 - 2012
CP8K [12] ~NEP 0.25° x 0.25° 1979 - 2009
Tbe 3pabal resolulion 13 8lyen lor !be regnlar

lalbupge/longbuge ang. 8ote CP8K yarlables are on a
Oaunsslan gng. 1n 1bl3 case, Cbronos8eryer Tlerpolales
'be pala onlo regular 0.25° x 0.25° gnpg w3tg blcublc
3pbne Tlerpolalion belore 1 pebyers pala lo Cbrale
MU ence.

Tbe <coTTon l!etrporal resolulion lor cbrale
reanalysls yanable3 13 6 bour3. 8oTe yanables, e3peclally
In MEKKA ang CP8K, baye bte 3lep o! 1bowr.
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Cbrale "blence agrat tarker3 al !be gng noges
“bere yanable pala are localeg. 8lres ang colors o!
Tarkers are proporbonal 'o pala yalues (P18. 2). Tbe
nutber o! yl3lble Tarkers gepengs on !be root leyel o!
!be 36 plobe Tofel 'o ayolp cluller. Markers appear ang
nlsappcar Wben rooTTh w ang ou! respccbubly.

P18§ure 2. Markers ang 13obar3 !or surlace pressure on !be 13! o!
Awngns!, 2000 'rot NCEP/NCAK Keanaly313 2. Markers are sbo™n
al 20° x 20° gng. 13obar3s are plo!leg eyery 2500 Pa.

13obnes are bwb ongbe-My n3ta ne” algon!bTt [13].
Linbke ol!ber 13oMne ploita alpgorbbrs, !be proposes
Telbop represen!s 13olnes by polypgons T13!eag ol
3eparale 3eaTten!s. Tbe polypons are guaranlees closef



ang ek nuwber 18 alto8 200 HTe8 1e88 on m8mal ban
be nuTber ol 8eatenl8 lor cHTale reanaly818 ana8. ThI8
81awHcanlly reguce8 be loag on be Y181aH2aHon engTe
re8ulHng w Tucb la8ler perlortance.

LWHaMy 18HnNe8 are pgl8playes Trboul capHow. A
cHck on any ol 118 potl'8 111 place a capHon TI'b Ibe
pala yalue n8ep o bwlpg 180HnNe (“ben “cHck lor yalne”
opHon 18 enablep al” ProperHe8 Iab).

Thbe 8urlace Y1sunaH2aHon 18 al8o po88lble lor cHTale
reanaly818 pala bulr ~e peton8lrale Kk T Ibe lNollolun§
8nb8ecHon 1 orger nol” l'o ob8cure be P14, 2.

B. AlrPolluiton Earlk KeTole 8eT1lng Oala

CHtale ~Wlence Tawlaw3 [Ibe collecHon ol ak
pollvHon pala penyep [roT Tea8uretenl8 ol retole
8en8tp plalTort8 (Table II).

TABbB Il A POLXLUKXX BATA
8a(ell (e/ 8paHal
ParaTeler bIMruTeLL Kestobliion $laH Aate
8ullrur gloxlge (802 . R
NAFoen aioxiae (No2) Awura/ 0.25° x 0.25 01 Ocl.
AEN AIOXLA oM 275 x 18KT 2004
Orone (03)
Optical aero8ol
Terra/ 1.0° x 1.0° 02 Mar.
Mbickne88 (" 0.55 L) MOAI8 110 x 72 KT 2000
Orone (03
Terra/ 1.0° x 1.0° 03 Mar.
Carbon oxge (C0) MOPITT 110 x 72 KT 2000
A~nal 2.0° x 2.5° 01 lan.
Carbon gioxiae (C02) AIKS 220 x 144 kT 2004

Tbe 8paHal re8olnHon w kkoTeler8 18 approxlralely
8lyen Ior be 48° lalkmge. All pala8el8 are ayakable gaky
8T1ce “8rarl” gale” HL1 currenr.

Tbe 8ate Iype8 ol Yi8naH2aHon (tarker8, 18oHnes,
8urlace8) a8 lor cHTalle reanaly818 are appHcable lor be
collecHon ol ak polluHon pala.

A 8urlace lor a yanable on a xxy gng 18 ara”n a8 be
8el o’ xxy gnp cell8. Tbe color 18 con8lranl” bromgboul a
cell. Il 18 calculales pepenaTsn on Ibe yarlable yalue lor
Ibe ang cell ang Mbe color 8cbete bal can be an )wm8leq al”
“Color graglenl™ 8ecHon ol" ProperHe8 INab. Ong8 ol Earlb
retole 8en8tpg gala M”™venlly conlfaln cell8 "wlb T 1887 §
yalne8. CHtalle ~1lklence 111 nol pgram- bo8e cell8
Tak In" I'kek area rawparenl” (p18. 3).

Plpwure 3. TerraM 03 K aero8ol oplrcal Nblckne88 on Mbe 18I ol

Angun8r, 2005 (1.0° x 1.0°).
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Tbe 8urlace Tl erpolaHon Tay be opHonally enablep.
In b8 ca8e, be cell area 18 Hllen "wlb color8 Tlerpolalen
['roT be gala yalue8 localeq a B nelagbbonng ona noge8.

C. TerraMOP18Earlk KeTtole 8eT T Oala

Oyer 700 yanable8 'rot MOLU 8 AlTo8pbere pala8el
[14] are acce88lble 'roT CHtale "1klence. Tbey Tcluge
exllen8lYe cloupg properHe8: Top [etperalwure, pre88ure,
bel8bl, opHcal blckne88, elMTecHye eT1881yky, pba8e, ang
reHeclance. Tbe 8paHal anpg leTporal cbaraclen8kc8 ol
be pala8el” are 'be 8aTe a8 lor Terra/MOLL8 orone
(Table II).

O. TTe 8erlesOala

A 8T18le pala Hle ol cHtale reanaly818 or leyel 3
Earlb retole 8en8T8 pala 8More8 alobal gna8 Tlor a
8borlr HTe Tleryal. Tbe nutber ol LWe8 Tlor coTplele
Hte Tleryal olTen reacbe8 8eyeral [Ibou8ana. TbI8
Take8 1T1po88lble a "n”ck relrleyal ol a N'lte 8ene8 lor a
regton.

Topay, CHtal'e “1klence 18 I'be only 8y8leT capable
fo “~m*ckly proylge HTe 8ene8 Tor a 8eparale
laHIwge/longlMuge arlg cell [15]. Cbrono88eryer generale8
HTte 8ene8 T apgyance ang 8aye8 bet on a per8isrenl
8lorage lor Murlber rem8e. Approprlale 8lorage layoul 18
explokepg lo enable 1tTeplale relrtleyal ol a 81ale HTe
8ene8 lor a glyen coorparale.

Tbe ayakablUTy ol I'l1e 8ene8 lor eacb arlp cell Take8
po88lble o carry oul preci8 Tye8HpaHon ol etlone8
mub area8 cotparable o Mbe cell area, lor exatple, clHe8
or enlerprig8e Tpacl rone8.

E. Troplcal Cyclone Tracks

Tbe pala are 'rot WTrAC8 - Inlermaltonal Be8I
Track Arcblye l'or CHTal'e 8le”ara8blp [16]. Tbe pala8el
coyer8 penog 8tce I'be 18I ol 1anuary, 1848 Hll pre8enr.

Tbe KOAA bwutcane Tapper [17] al8o Yi8naH2e8
I'roplcal 8lorT lrack8, allbouab In 26. CHTtale M1klence
al8o Yi8naH2e8 auxllary pala In agalHon To lrack8. Por
exaTtple, » Ing 8peepn I'rot a cHrale reanaly818 or cloung
l'op pre88ure I'rot Earlb retolle 8en81p collecHon.

Plg. 1 8boT a ™ Ing 8peep “8Malb” peneralen by
Cbrono88eryer Tor burrlcane Kalnna (Amgn8l, 2005)
nging CP8K -wng 8pees lor 10 Teller8 aboye I'be 8urlace.
Por eacb pale pgunng TIbe bwurrlcane, Cbrono88eryer
exlmacl8 12°x12° reglon lor ea8M™arg (u) ang norlb”arg
(y) ~Ing coTtponenl8 aroung a bwurrlcane cenler,
calculale8 » Inp 8peep, u8e8 blcublc 8pHne 1nlerpolaHon Mo
fgerlye 0.25° x 0.25° grlg Frot Oawm88lan gng, oyerlay8
oblalnepn reglon8 ang 8elecl8 Tax1TuT ~ Ing 8peep lor a
ang potl atong Inler8ecHng reaoon8.

1. ANA"Y8I8

Tbe K prolecl” [17] ~ U'b U8 5000 package8 lo gale 18
n8en noglupe or 8ra18Hces, TogeHna, 8paHal ang Hte
8ene8 analy818, 8opbl8Hcales Y181aH2aHon anpg Tany
olber MNa8k8. Tbe K enykontenl ba8 8 o”n proaratring
langnage “K” anpg 8eyeral geyeloptenl enylrontenl8, e.n.



K8Ingwl. Anyone can creale a package 'or K ustg
C/C++Naya/Por'ran/K or ol'ber prograttTa language.
Tbe K Ta3 cbo3sen !o 3erye a3 analybc engte lor CTale
“pnence becanse W 13 exlenslble, !ree, popular ang bas
larpe responslye cotTunay.

The leantn anlbor o! !'bl3 paper geyelopeg K package
callen K~W ence2 lo connec! CUTale "W ence ang
K. K*1klence enable3 acce33 lo all ayagable pala w
CHrale "W ence ppgec!ly !'roT K. KM ence conyeps
Ibe relneyen tXortagon 'o nagye pala !ypes o! !'be K
language lo lacapale a3 usage 7 olber K packages.

K~LW ence package Tu3s! be t3lallen t!o K lo enable
Ibe access lo gala proylgen by CHTale “klence.

Tbe 1lollotTtg 3ubseclton3 conl!aTt 3eyeral case
3luples !ba! prctpe eylpgence o! bort K2 ence
3Tp nes !'be relneyal ang !wrlber analy3ls o! pala w
con'ras! 'o TorkTg 74b !'bomusangs o! We3 T 3tenblc
lorTals.

A. TTe xenex analyx\x

CHrale “"klence 13 able !o proylge bte 3ene3 o! a
yanable 'or a 3epara'e gng cell (recall 'be 3nb3ecgon b o!
seclton Il). 8eyeral bne3 o! K copge are 3ullTten! lo
rebleye a brte 3ene3 u3tg K*pnence anf reagsy
perlorT a3 lurlber analyses v K.

In Ibe pa3!, 'bl3 Ta3 ~w!e labor-Tlenslye becaunse !bl3
Nen™Mepn apn-boc prograts !o gerale oyer a yoluttous
colleclton o! large nutber o! LWe3 T plyerse 3tenblc
lorTal!s, coorgrale sy3leT3 ang cotplex naTTmj.

8Tce Te are able !o operale Tab a bte 3ene3 lor a
3t1ale ang cell, U 13 po33Me lo plo! !be aeros3ol opacal
Iblcknes3 oyer a cay Teasureg by TerraMOBB (Plg. 4).

1 Wbrary (K/akaence)
2 un <- WiklenceConnecb Q
3 paueryTlTteberles (1,
“"Molia3z b3 APTo03pPere.AEKO30b.bAll AbP
OCEAbl.OpPacal PepPP.Maxatut",
02 03 2000, '"04 10 2012, 41, 12, 41, 12)
4 P <- pePTlteSerle3(un, 0)
5 P_ayp <- aparepaPe(P["yalue™],
PortaP(P["hiaPe™], "%Y-%T'),
Tean, na.rT=TKEE)
6 P_ayp$iiaPe <- zep(tin(P$iaPe), Tax(P$inaPe),
lengPP = nroun(P_aygn))
7 ploP(P_ayn$naPe, P_aya$yalune, Pype="1")
Plawre 4. K cope lor re!neywp ang plo!!Ta aerosol opiical !blckness

nTe 3enes oyer Kote (Kaly) aunng 02 Mar. 2000 - 04 Oc!. 2012.

Tbe 3langarg K LWncgon “bbrary” 1loaas !be
K~ ence package (lwe 1). blnes 2-4 n3e lunclions only
Irot lbe loages K"1klence package (“blenceConnec!,
AnetryT Te8eMe3 ang ge!T1lTe8enes).

K~W ence connec!3 'o CUTale ~klence !rot K
(lwe 2). e Tblale bTe 3enes relneyal 'or bte Tleryal
02 Mar. 2000 - 04 Oc!. 2012 ang regton consls!tg o! a
3tale 1.0° x 1.0° gng cell coyenng !be crly o! KorTe,

1Ayaiiable a! b!!p://NeNeNe.r3lnglo.cot
2Ayaiiable a! b!!p://NeNeNe.Nelklence.ora/rNelklence/
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Maly (Mne 3). A! Ibl3 pot!, Cbtale "klence "wnene8
Cbrono3s8eryer !o ex!rac! 'be "e™n™en b 1e 3erles.

Tbe resnlllng ! Te 3erles 13 loagen In'o K (Hne 4). The
pueryTaTte3eraes Lnclion allo”s 3pecylng a
neoarapblcal repton !ba! coyers seyeral arlp cells. Thbls
reanl!s In 3eyeral b Te 3erles (one 'or eacb gnpg cell). Tbus,
Ibe 3econp arguten! !o pePTarte3eraes !uncllon genoles
Ibe Ingex o! 'be !171e 3ene3 7 !be resul!lng collec!lon. LU
Ibe curren! casze e baye only a 3lnale !1te 3ene3 1 /1
Inpex 0. Tbe rebleyal o!a !1Te 3erles !or any olber yarlable
13 a3 siwpgbllorTtarg: pass 13 nate, !Te Inleryal ang
bounalng reglon o 'be averyTaTte3eraes lunc!lon.

Tbe pePTate3eraes !unclion relurn3 a pala !rate -
nallye K pa'a !'ype !o lacllllale nsage o! !11e 3ene3 7 K
Iuncllons IroT olber package3. Tbe pala !raTte con!aTs
ITo colutns - pale ang yalve o! !11e 3erles lor !bal pale.

Tbe nex! par! o! coge (bne3 5-7) wnses 3langarg K
lunc!lons (no! !'rot K~™1klence) !o calculale Tonlbly
Tean3 !rot pgagy yalwes (Mne3 5-6) anpg plo! 'be Hne
cbar! o! !'be TOn!bly Teans3 (Hne 7 ang Pla. 5). Tbe
aerosol op!lcal !blcknes3 13 uw!le3s ranglng !rot -0.05
(negallye aue 'o nolse) 'o 5.0.

2000 2002 2004 2006 2008 2010 2012

Plpure 5. Mon!b1ly aero3ol op!lcal !blckness oyer KoTe, Valy.

Tbe Hne on Plg. 5 13 no! con!lnnomns 3lnce bTe 3erles
yalues are 11331npg 'or 3eyeral tlnler ton!b3 Ttalnly gue
lo clomnas (preyen! 3en3lng aero3ol !'roT 3pace).

B. Alrpoluiton nxk/or Europe

Tbl3 3eclton con'aln3 Tore coTpWcales analysls
exaTple um3lng K~1klence ang K. KAWence 13 nseg lo
acce33 fTe 3erles o! 7.5 years o! gaay ngrogen gloxlpe
(02 concenlralton3 I!ba! are ayagable lor eacb
0.25° x 0.25° gnp cell acro33 Europe. The l1Te 3enes are
lurlber processes In K !o creale 'be NO2 pollulion rilsk
Tap l!or Ewurope !ba! ba3 bo!b !be blabe3! 3pabal
resolu!lon anpg coyerage !o pale. Ketol!e 3en3lng Awura
OMI ngrogen gloxlpe palatere usep.

Tbe propo3seg risk assessten! te!bog [19] genyes Ibe
“lyplcal” plclure o! ag pollunhon oyer a glyen lerrllory. '8
neep 3topyalen by !'be 1ollotlng ob3eryallons.

Pb3!, napy 3alelble Tap3 are blgbly clulleregq gue lo
fap3 camseg talnly by clougs. 8econg, !'be nolse Inberen!
lo 3alelble Teasureten!s o! lrace pases pglslor!s Ibe
oyerall pollu!lon plclure lor a 3tale pgay. Thbirg, rare blgb
pollu!lon eyen!3s Tn3! be LWlereg on! ang no! con!rlbule lo
“lyplcal” alr pollu!lon plclure. Por!b, coTpo3lle Taps o!
3eyeral conse”™uen! pany Tap3 or 3easonal teans o! lrace
fa3 concenl!rallons go no! conslper olber perlogs o! year.



8oTebTe8 K 18 eyen 1tpo88lble 0 8elecl a penop lor
creagng arepre8enlaiiye cotpo8lfetap [19].

Tbe ak pollukon M8k 18 pel Ten a8 be probablUly ol
ob8eryta a pollulranl concenkakon w a 8lyen Tleryal
oyer be FeTlory unger wye8garion [19].

Tbe M8k 18 calculaleng Tor eacb pang cell a8
K(a, b)=8(a, b)/ T, Tebere 8(a, b) 18 be nutber ol gay8
Tekb pollvlanl concenkakon T [a.b] Tleryal ang T 18 'be
nutber ol gay8 lor Teblcb gala are nol" T 1881 4 (cloma8 or
ol ber rea8on8).

Tbe ak pollukon M8k Tap [lor nkrogen atoxlae gaHy
Aura OM1 Tea8uretenl8 belTeeen 01 Ocl. 2004 ang 20
.Tune 2012 18 8boten on Pla. 6. Tbe 0.2 b6..0.4 Bbb
(bob8on BwK) Tleryal Tea8 expentenlally 8elecles a8
“toperale ak pollukon M8k lorb 0 2[19].

Tbe bl8be8I M8k8 o' ak pollmkon by b 02 w Ewurope
are ob8eryep oyer Oertany, BelpwT, Belberlana8 ang
8oulbern parl” ol T'be Korl'b 8ea a8 Teell a8 oyer large clke8.

Tbe coTplele K cope 'bal’ n8e8 K"'kaence anpg creale8
be M8k Tap al Plg. 6 can be Tloung a biip://818-
lab.tlo/*a/c1”Tale-Te” K ence.blT1.

0.5

Plgure 6. Map ol Togerale an pobugon M8k by wlrogen aroxlae
oyer be Europe Tebb 8pagal re8oluiion 0.25°*%0.25° (~ 27,5*18 KT).

IV. CoKcCwWw 8t W AKB PUFOKE NeOKK

CHrtale M1klence can be u8epn w Ibe operakon ol
TlMelllgenl” 8y8lret8 lor brolecbno8pbere Tonkonng on Mbe
letlone8 ol any blerarcblcal 8cale (global, [eperal,
regional, local). To accoTplUb I'blg, CHTall'e ~1klence
neen8 o be trearalen tekb be geci8on 8upporl 8y8ler
engotees Terlb. pgala TT1Tpgh [wunckon8 [bal belp To
ran8fort Ttonkonnpg pala TrFo rakonal Tanagetenl
necl8lon8loreauce ang preyenl” ecoloak M8k8.

Tbe8e [wunclwon8 are 1tpletenlen [Ibrovagb [Ibe
aynatk cowkuckon ol I'be nece88ary Talbetakcal ang
8kunakonal Topel8: 8bok, Tepw T ang long-Fert
Moreca8iing ol Mbe biolecbno8pbere aynatk8, Tlrearales
a88e88tenlr ol I'be currenl anpg [oreca8l enykontenlal
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congkiow, ang [ortakon ol akernakye Tanagetenl
8cenano8 o a88e88 Nbek perlortance [20, 21].
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