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RESUMEN

Nc"fgpukfcf"fg"rqvgpekc."nqu"rgtÝngu"xgtvkecngu"fg"xgnqekfcf"{"qvtcu"ectcevgt‡uvkecu"fgn"xkgpvq"ug"guvcdngekgtqp"
rqt"ogfkq"fg"wpc"vqttg"ogvgqtqn„ikec"fg"73"o"nqecnk¦cfc"ow{"egtec"fg"nc"n‡pgc"equvgtc"gp"gn"pqtqguvg"fg"nc"
rgp‡puwnc"fg"[wecvƒp."wdkecfc"gp"gn"iqnhq"fg"Ofizkeq0"Ug"nngx„"c"ecdq"wp"guvwfkq"eqorctcvkxq"fg"nc"fgpukfcf"fg"
rqvgpekc"fgn"xkgpvq"wvknk¦cpfq"kphqtocek„p"qdvgpkfc"fg"ugrvkgodtg"fg"4232"c"ugrvkgodtg"fg"42330"Ug"gpeqpvt„"
swg"nc"hwpek„p"fg"fgpukfcf"fg"rtqdcdknkfcf"rctc"nc"xgnqekfcf"fgn"xkgpvq"gu"dkoqfcn"c"ecwuc"fg"ncu"dtkucu"swg"
uqrncp"fg"oct"c"vkgttc."ectcevgt‡uvkec"ogpqu"gxkfgpvg"c"ogfkfc"swg"cwogpvc"nc"fkuvcpekc"xgtvkecn"cn"uwgnq0"Nc"
fkhgtgpekc"gpvtg"guvqu"fqu"tgi‡ogpgu"fg"xkgpvq"ug"wvknk¦„"rctc"clwuvct"nc"ewtxc"fg"Ygkdwnn/Ygkdwnn"wucpfq"wp"
etkvgtkq"fg"o‡pkoqu"ewcftcfqu"nkpgcngu"gp"nqu"rctƒogvtqu0"Cfkekqpcnogpvg."ncu"ukowncekqpgu"pwofitkecu"fg"
un modelo de mesoescala concuerdan con las mediciones por arriba de z = 50 m (z es la distancia vertical 
cn"uwgnq+0"Guvq"uwikgtg"swg"cniwpcu"ukowncekqpgu"fg"oguqguecnc"rwgfgp"ugtxkt"eqoq"jgttcokgpvc"rtgnkokpct"
rctc"xcnqtct"nc"gpgti‡c"fgn"xkgpvq"gp"¦qpcu"equvgtcu"eqp"gzvgpucu"ƒtgcu"dclcu0

ABSTRACT

Ykpf"rqygt"fgpukv{."xgtvkecn"xgnqekv{"rtqÝngu."cpf"qvjgt"ykpf"ejctcevgtkuvkeu"ygtg"guvcdnkujgf"wukpi"c"73"o 
ogvgqtqnqikecn"ocuv"nqecvgf"xgt{"enqug"vq"vjg"ujqtgnkpg"qp"vjg"pqtvjyguv"qh"vjg"[wecvcp"rgpkpuwnc"kp"vjg"
Iwnh"qh"Ogzkeq0"C"eqorctcvkxg"uvwf{"qh"vjg"ykpf"rqygt"fgpukv{"ycu"ecttkgf"qwv"wukpi"kphqtocvkqp"qdvckpgf"
dgvyggp"Ugrvgodgt"4232"cpf"Ugrvgodgt"42330"Vjg"ykpf"urggf"rtqdcdknkv{"fgpukv{"hwpevkqp"ycu"hqwpf"vq"
be bimodal due to sea-land breezes, a characteristic that becomes less evident as the vertical distance to the 
itqwpf"kpetgcugu0"Vjg"fkuvkpevkqp"dgvyggp"vjgug"vyq"ykpf"tgikogu"ycu"wugf"vq"Ýv"vjg"Ygkdwnn/Ygkdwnn"ewtxg"
wukpi"c"nkpgct"ngcuv/uswctgu"etkvgtkqp"kp"vjg"rctcogvgtu0"Kp"cffkvkqp."pwogtkecn"ukowncvkqpu"htqo"c"oguquecng"
oqfgn"ctg"kp"enqug"citggogpv"ykvj"ogcuwtgogpvu"cdqxg"z = 50 m (z"ku"vjg"xgtvkecn"fkuvcpeg"vq"vjg"itqwpf+0"
Vjku"tguwnv"uwiiguvu"vjcv"uqog"oguquecng"ukowncvkqpu"oc{"ugtxg"cu"c"rtgnkokpct{"ykpf"gpgti{"cuuguuogpv"
vqqn"kp"eqcuvcn"¦qpgu"ykvj"gzvgpfgf"nqy/n{kpi"ctgcu0

Keywords:"Ykpf"rqygt"fgpukv{."dkoqfcn"rtqdcdknkv{"fgpukv{"hwpevkqp."eqcuvcn"¦qpg."oguquecng"oqfgn0

1. Introduction

Ykpf"rqygt"vgejpqnqi{"jcu"dggp"gxqnxkpi"vjtqwij"
vjg" jkuvqt{" qh"ocpmkpf" hqt" cv" ngcuv" 5222" {gctu"
*Ucvj{clkvj."4228+0"Fwtkpi" vjg" ncuv"fgecfgu." kv"jcu"

gzrgtkgpegf"wprtgegfgpvgf"itqyvj"tcvgu"fwg"vq"vjg"
transition to sustainable development, triggered in 

vjg"3;92u"d{"ugxgtcn"hcevqtu<"vjg"qkn"etkuku"qh"3;95"
cpf"3;9;."vjg"fkueqxgt{"qh"vjg"q¦qpg"nc{gt"fgrngvkqp"
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ecwugf"d{"ejnqtqÞwqtqectdqp"cgtquqnu"kp"vjg"wrrgt"
cvoqurjgtg" *Oqnkpc" cpf"Tqyncpf." 3;96+" cpf" vjg"
inqdcn"yctokpi"fwg"vq"vjg"itggpjqwug"ghhgev"tgncvgf"
vq"uqog"icugqwu"gokuukqpu"nkmg"EQ2 or CH6 to the 

cvoqurjgtg"*Dtqgemgt."3;97+0"Vjku"vgpfgpe{"jcu"dggp"
tgkphqtegf"d{"vjg"fgxgnqrogpv"qh"c"itcfwcn"geqnqikecn"
consciousness and important international actions 

uwej"cu"vjg"M{qvq"Rtqvqeqn"kp"3;;9"cpf"42270"Dg-
vyggp"4226"cpf"422;"vjg"yqtnfykfg"ewowncvkxg"ykpf"
rqygt"ecrcekv{"itgy"kp"cxgtcig"49'"*TGP43."4232+0

Vjg"ghhqtvu"vq"vtcpuhqto"vjg"gpgti{"cpf"kpfwuvtkcn"
ugevqtu"vq"wug"tgpgycdng"gpgti{"jcxg"dggp"uweeguuhwn"
kp"uqog"eqwpvtkgu"nkmg"vjg"Wpkvgf"Uvcvgu"qh"Cogtkec."
Ejkpc."Igtocp{"cpf"Urckp0"Kp"fgxgnqrkpi"eqwpvtkgu"
cp"korqtvcpv"itqyvj"ku"cnuq"qdugtxgf."pqvykvjuvcpf-

kpi" vjg" geqpqokecn" fkhÝewnvkgu0"Ogzkeq" ku" pqv" cp"
gzegrvkqp"vq"vjku"vtgpf."cpf"kp"4227"cp":5"OY"ykpf"
hcto"ycu"dwknv"kp"Nc"Xgpvc."qp"vjg"Vgjwcpvgrge"Kuvj-

owu"kp"vjg"uvcvg"qh"Qczcec."Ogzkeq0"C"vqvcn"kpuvcnngf"
rqygt"qh"oqtg"vjcp"7:2OY"ku"rtqlgevgf"d{"vjg"gpf"
qh"4234"kp"vjcv"ucog"tgikqp"*UGPGT/EHG."422;+0

Eqpukfgtkpi" qvjgt" tgikqpu." vjg"ykpf" rqvgpvkcn"
kp"Ogzkeq"ku"pqv"rctvkewnctn{"cdwpfcpv"ykvj"vjg"gz-

egrvkqp"qh"uqog"rctvkewnct"nqecvkqpu"mpqyp"vq"jcxg"
uvtqpi"ykpfu"cnn"{gct"tqwpf."ceeqtfkpi"vq"fcvc"eqn-
ngevgf"d{"uvcpfctf"ogvgqtqnqikecn"uvcvkqpu"vjtqwijqwv"
vjg"eqwpvt{0"Vjgtg"ctg"hgy"uvwfkgu"vjcv"guvkocvg"vjg"
rqygt"fgpukv{"*rqygt1wpkv"qh"ctgc+."yjqug"tguwnvu"ctg"
dcugf"qp"gzrgtkogpvcn"hceknkvkgu"urgekcnk¦gf"qp"ykpf"
gpgti{"cuuguuogpv"*Ucnfc‚c"cpf"Oktcpfc."4227+0"Kp"
vjg"ecug"qh"Ukucn."[wecvcp."vjgtg"ku"c"rtgxkqwu"yqtm"
*Ucnfc‚c" cpf"Oktcpfc." 422;+."yjgtg" vjg" rqygt"
fgpukv{"ycu"guvcdnkujgf"wukpi"c"ocuv"gswkrrgf"ykvj"
ewr" cpgoqogvgtu" cv" ¦"?"42" cpf"62"o0"Ykpf"fcvc"
ycu"eqnngevgf"fwtkpi"vjg"rgtkqf"eqortkugf"dgvyggp"
Lcpwct{"4227"cpf"Ugrvgodgt"42290"Kphqtocvkqp"cdqwv"
vjg"ykpf"tqugu."Ygkdwnn"ewtxgu"cpf"vjgkt"eqttgurqpf-

kpi"rctcogvgtu."cu"ygnn"cu"ykpf"urggf"cxgtcigu"ctg"
cxckncdng"hqt"fktgev"eqorctkuqp0"Vjg"rqygt"fgpukv{"
ycu"guvkocvgf"vq"dg"F"?"444"cpf"4;:"Y1o2 at 20 and 

62"o."tgurgevkxgn{."cpf"c"rtqlgevkqp"hqt":2"o"ycu"
cnuq"qdvckpgf"wukpi"c"rqygt"ncy"Ýv"hqt"vjg"xgtvkecn"
ykpf"urggf"rtqÝng0"Vq"qwt"dguv"mpqyngfig."vjku"ku"vjg"
qpn{"rtgxkqwu"uvwf{"kp"Ukucn="jqygxgt."vjgtg"ctg"qvjgt"
rtgxkqwu"kpxguvkicvkqpu"kp"[wecvcp"*Uqngt/Dkgpv¦"et 

cn0."4233+"yjgtg"vjg"qhhujqtg"rqvgpvkcn"cpf"vgorgtc-
vwtg"rtqÝngu"ygtg"uvwfkgf."cu"ygnn"cu"vjg"ykpf"ujgct"
rcvvgtpu"qp"cp"kpncpf"ukvg"pgct"Ogtkfc."72"mo"cyc{"
htqo"Ukucn"*Uqngt/Dkgpv¦"gv"cn0."422;+0

All these contributions mention the strong in-

Þwgpeg" qh" vjg" eqcuvnkpg" qp" vjg"ygcvjgt" cpf"ykpf"
rcvvgtpu."yjkej"tguwnv"htqo"uvtqpi"vgorgtcvwtg"cpf"
jwokfkv{"itcfkgpvu."cu"ygnn"cu"vjg"uwffgp"tqwijpguu"
uvgr"hqwpf"cv" vjg"ujqtgnkpg0"Uqog"curgevu"qh" vjgug"
eqorngz"kpvgtcevkqpu."uwej"cu"vjg"eqttgev"uecnkpi"vjcv"
fguetkdg"cvoqurjgtke"uvcdknkv{"pgct"kpvgtpcn"dqwpfct{"
nc{gtu"uvknn"rtgugpv"cp"korqtvcpv"ejcnngpig"hqt"uekgp-

vkuvu"cpf"gpikpggtu."yjq"tgswktg"c"rtgekug"cuuguuogpv"
qh"vjg"ykpf"tguqwteg0

Vjg"gxcnwcvkqp"qh"vjg"ykpf"rqygt"rqvgpvkcn"ecp"
be achieved using rather standardized techniques 

*Tqjcviwk"cpf"Pgnuqp."3;;6+."yjkej"yqtm"ygnn"kp"c"
xctkgv{"qh"ukvwcvkqpu"cpf"vgttckp"ejctcevgtkuvkeu0"Vjg"
wuwcn" xkgyrqkpv" ku" vq" gxcnwcvg" vjg" rqygt" fgpukv{"
*kp"Y1o2+"d{"ogcpu"qh"vjg"ykpf"urggf"rtqdcdknkv{"
fkuvtkdwvkqp"hwpevkqp"*RFH+0"Kh"vjg"fcvc"ku"eqnngevgf"
hqt"c"nqpi"rgtkqf"qh"vkog"*nctigt"vjcp"qpg"{gct+"vjku"
RFH"ecp"dg"crrtqzkocvgf"vq"c"vjgqtgvkecn"ewtxg."nkmg"
vjg"Tc{ngkij"qt"Ygkdwnn"RFH"*Lwuvwu"gv"cn0."3;9:+0"
Jqygxgt."vjku"ku"pqv"hgcukdng"hqt"uqog"eqorngz"vgt-
tckpu."cu"ycu"fqewogpvgf"d{"Tqogtq"gv"cn0"(2003) and 

Lctcoknnq"cpf"Dqtlc"*4226+"hqt La Ventosa, located 

kp"vjg"uvcvg"qh"Qczcec."Ogzkeq0"Kv"ycu"qdugtxgf"vjcv"
vjg"RFH"ku"dkoqfcn."ykvj"jkij"ykpf"urggfu"eqokpi"
htqo"vjg"pqtvj/pqtvjyguv"cu"c"tguwnv"qh"ykpf"ejcp-

pgnkpi"htqo"vjg"Iwnh"qh"Ogzkeq"vq"vjg"RcekÝe"Qegcp"
vjtqwij"vjg"Kuvjowu"qh"Vgjwcpvgrge."ockpn{"ftkxgp"d{"
rtguuwtg"fkhhgtgpegu"dgvyggp"vjg"vyq"dcukpu0"Ykpfu"
htqo"qvjgt"fktgevkqpu."cu"ygnn"cu"nqecn"ghhgevu"*uwej"
cu"vjg"qegcp"dtgg¦g+"eqpvtkdwvg"vq"vjg"ugeqpf"rgcm"
qh"vjg"RFH"*cv"nqygt"ykpf"urggf+0

Qvjgt"v{rgu"qh"RFH"ecp"dg"Ýv"vq"dkoqfcn"fcvc."uwej"
cu"vjg"uq/ecnngf"OGR"*okpkowo"gpvtqr{"rtkpekrng+"
v{rg"fkuvtkdwvkqp"fguetkdgf"d{"Nk"cpf"Nk"*4227+"cpf"
wugf" kp"c"eqorctcvkxg"uvwf{" *Ejcpi."4232+"yjgtg"
fkhhgtgpv"RFHÓu"ygtg"vguvgf"ykvj"gzrgtkogpvcn"fcvc0"
Vjg"Ygkdwnn/Ygkdwnn" *YY+" ewtxg." cu"ygnn" cu" vjg"
OGR/v{rg" fkuvtkdwvkqpu" rtqxgf" vq" dg"ygnn" uwkvgf"
hqt"uqog"ykpf"tgikogu"hqwpf"qxgt"eqorngz"vgttckp0"
Vjg"YY"ewtxg"ycu"ejqugp"hqt"vjg"ejctcevgtk¦cvkqp"
qh"ykpf"urggf"RFH"kp"vjku"uvwf{"hqt"vyq"tgcuqpu<"cu"
cntgcf{"uvcvgf."kv"ku"ygnn"cfcrvgf"hqt"vjg"fguetkrvkqp"
qh"dkoqfcn"ykpf"tgikogu."cpf"hqt"ukornkekv{."cu"yknn"
dg"ujqyp"kp"ugevkqp"50

2. Objectives and limitations

Vjg"rtgugpv"uvwf{"ycu"oqvkxcvgf"d{"c"eqnncdqtcvkxg"
ghhqtv" dgvyggp" fkhhgtgpv" tgugctej" cpf" kpfwuvtkcn 
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rctvpgtu"*ugg"vjg"Cempqyngfiogpvu"ugevkqp+"kp"qtfgt"
vq"cuuguu"vjg"ykpf"rqygt"rqvgpvkcn"kp"vjg"pqtvjyguv"
qh" vjg"[wecvcp" rgpkpuwnc." kp" vjg"Iwnh" qh"Ogzkeq0"
Vjg"qdlgevkxg"qh"vjku"uvwf{"ku"vq"ejctcevgtk¦g"ykpf"
tguqwtegu"wukpi"uvcvkuvkecn"vqqnu"uwej"cu"vjg"rtqdcdknkv{"
fkuvtkdwvkqp"hwpevkqp"qh"ykpf"xgnqekv{0"Uqog"fkwtpcn."
oqpvjn{"cpf"ugcuqpcn"cxgtcikpi"qh"qvjgt"xctkcdngu"
*uwej"cu"ykpf"fktgevkqp+"ctg"cnuq"tgrqtvgf"cpf"wugf"
vq"kortqxg"vjg"rqygt"fgpukv{"guvkocvkqp0"C"ogvjqf-

qnqi{"hqt"Ývvkpi"vjg"ykpf"urggf"RFH"dcugf"qp"vjg"
fkwtpcn"dtgg¦g"tgikog"ku"rtqrqugf"cpf"vguvgf"ykvj"gz-

rgtkogpvcn"fcvc0"Cffkvkqpcnn{."c"eqorctkuqp"dgvyggp"
vjg" gzrgtkogpvcn" tguwnvu" cpf"pwogtkecn"oguquecng"
ukowncvkqpu" ku" rtgugpvgf0"Vjgug" ukowncvkqpu"ygtg"
ecttkgf"qwv"cv"vjg"Egpvtq"fg"Ekgpekcu"fg"nc"Cvo„uhgtc"
*EEC+"qh" vjg"Wpkxgtukfcf"Pcekqpcn"Cwv„pqoc"fg"
Ogzkeq"*WPCO+."nqecvgf"kp"Ogzkeq"Ekv{0"Vjku"tgrqtv"
yknn"pqv"eqxgt"vwtdwngpeg"ejctcevgtk¦cvkqp."yjkej"yknn"
dg" tgrqtvgf" gnugyjgtg" kp" vjg" hwvwtg0"Jqygxgt." hqt"
eqorngvgpguu."cpf"dgecwug"vjg"ecnewncvkqp"qh"uqog"
turbulent quantities require special considerations, 

uwej"cu"vjg"wug"qh"vjg"gff{"eqttgncvkqp"vgejpkswg."vjg"
most important steps in the pre-processing stage are 

eqxgtgf"kp"ugevkqp"70
Vjg"rtgugpv" fqewogpv" ku" qticpk¦gf" cu" hqnnqyu<"

Ýtuvn{." vjg"YY"RFH" ku" kpvtqfwegf" kp" ugevkqp"5" kp"
qtfgt"vq"lwuvkh{"vjg"rtqrqugf"ogvjqfqnqi{0"Pgzv."vjg"
gzrgtkogpvcn"ugvwr"yknn"dg"vtgcvgf"kp"ugevkqp"6."yjgtg"
the location, instrumentation and data acquisition are 

fguetkdgf0"Vjg"rtg/rtqeguukpi"qh" vjg" gzrgtkogpvcn"
data is discussed in section 5, and the results are 

rtgugpvgf" kp" ugevkqp"8" kp" vgtou"qh"ykpf"fktgevkqp."
ykpf"urggf"RFH."cpf"rqygt"fgpukv{="c"eqorctkuqp"
ykvj"tguwnvu"htqo"vjg"oguquecng"ukowncvkqpu"cpf"vjg"
nkvgtcvwtg" ctg" cnuq" ujqyp0"Hkpcnn{." kp" ugevkqp"9" vjg"
tguwnvu"ctg"uwooctk¦gf."cnqpi"ykvj"uqog"eqoogpvu"
cpf"rgturgevkxgu0

3. Theoretical background

Vjg"Ygkdwnn" fkuvtkdwvkqp" ku" c" vyq/rctcogvgt"RFH."
ikxgp"d{

fw(U )  = exp
k U

k – 1 k

λ λ
U
λ

–  (1)

yjgtg"k (dimensionless) and A"*o1u+"ctg"vjg"ujcrg"
cpf" uecng" rctcogvgtu." tgurgevkxgn{0"Vjg"ogcp" cpf"
uvcpfctf"fgxkcvkqp"qh"vjg"tgurgevkxg"RFH"ctg"ikxgp"
d{"Jgppguu{"*3;99+<

v = cΓ 1 +
1

k( ) (2)

and

σ = U
Γ (1 + 2/k) – Γ2 (1 + 1/k)

Γ(1 + 1/k)
 (3)

yjgtg"U"ku"vjg"ogcp"ykpf"urggf"cpf"d"ku"vjg"icooc"
hwpevkqp."fgÝpgf"cu<

Γ(t) = exp(–x)x t–1 dx

0

∞

ʃ " *6+

Vjg"YY"ewtxg"ku"fgÝpgf"ukorn{"cu"c"ygkijvgf"
uwo"qh"vyq"Ygkdwnn"ewtxgu"*g0i0."Lctcoknnq"cpf"Dqtlc."
4226."cpf"tghgtgpegu"vjgtgkp+<

fww (U )  = p exp –
k1

k1–1 k1U

  1{ }( )  1

U( ( ))  1

+ (1 – p) exp –
k2

k2–1 k2U

  2{ }( )  2

U( ( ))  2

 (5)

yjgtg"uwduetkrvu"kpfkecvg"vjg"gzkuvgpeg"qh"vyq"RFHÓu."
cpf"vjg"ygkijvkpi"hcevqtu"p and (p – 1) can be inter-

rtgvgf"cu"vjg"rtqdcdknkv{"fkuvtkdwvkqp"qh"vyq"owvwcnn{"
gzenwukxg"gxgpvu0"Vjg"gzrgevgf"rqygt"fgpukv{"F can 

dg"tgncvgf"vq"vjg"RFH"cu"hqnnqyu<

D(U) =
1

A

1

f (U)P (U)dU =

f (U)      ρU3dU

0

∞

ʃ

0

∞

ʃ 2
 (6)

yjgtg"P(U+"ku"vjg"rqygt"qh"vjg"ykpf"oqxkpi"cv"cp"
average speed U through an area A, and と is the 

eqttgurqpfkpi" ckt" fgpukv{0" Hqt" vjg" ecug" qh" c"YY"
fkuvtkdwvkqp." vjg" rqygt" fgpukv{" ku" *Lctcoknnq" cpf"
Dqtlc."4226+<

Dww (U )  = +pc3Γ1ρ
k1 + 3

k1

1 [ ( )

(1– p) c3Γ2 ]k2 + 3

k2
( )

2
 (7)
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Ngv"wu"tgoctm"vjcv"kp"eqcuvcn"¦qpgu"kv"ku"eqooqp"
vq"Ýpf"c"fckn{"rcvvgtp"qh"ugc/ncpf"dtgg¦gu="fwg"vq"vjg"
nctig"fkhhgtgpeg"kp"uwthceg"vgorgtcvwtg"cpf"tqwijpguu"
dgvyggp"ugc"cpf"ncpf."vjgtg"ku"c"fkuvkpevkxg"tgikog"
vjcv"ejctcevgtk¦gu"vjg"ykpf"eqokpi"htqo"gcej"gpxk-
tqpogpv0"Kh"vjg"fktgevkqp"qh"vjg"ykpf"ku"mpqyp."vjgp"
kv"eqwnf"dg"uvcvgf"vjcv"vjg"ygkijvkpi"hcevqt"p is also 

given (g0i0."cu"vjg"rtqdcdknkv{"vjcv"c"ikxgp"ugv"qh"fcvc"
eqogu"htqo"vjg"ugc+0"Kh"dqvj"tgikogu"ctg"ugrctcvgf"
using this distinction, and the parameters are calculat-

gf"htqo"c"wpkoqfcn"Ygkdwnn"RFH"cpf"vjgp"eqodkpgf"
vjtqwij"vjg"ygkijvkpi"hcevqt"p"ikxgp"d{"vjg"chqtg-
ogpvkqpgf"rtqdcdknkv{."vjg"YY"dkoqfcn"ewtxgu"eqwnf"
gcukn{"dg"Ývvgf"wukpi"uvcpfctf"rctcogvgt"guvkocvkqp"
ogvjqfu0"Oqtgqxgt."c"wpkoqfcn"Ygkdwnn"ewtxg"ecp"
dg"Ývvgf"wukpi"c"nkpgct"ngcuv"uswctgu"etkvgtkqp"kp"vjg"
parameters to minimize the error (Tuller and Brett, 

3;:5+0"Vjg"rctcogvgt"guvkocvkqp"rtqegfwtg"ecp"dg"
ecttkgf"qwv"ykvjqwv" vjg"pggf"qh"pqpnkpgct"ogvjqfu"
*yjkej"ctg"fgrgpfgpv"qp"c"uwkvcdng"Ýtuv"iwguu."coqpi"
qvjgt"rtqdngou+0"Kp"ugevkqp"8"kv"yknn"dg"ujqyp"vjcv"vjku"
ogvjqfqnqi{"ku"rgtvkpgpv"cv"ngcuv"hqt"vjg"rctvkewnct"
ecug"qh"Ukucn0"Yg"dgnkgxg"vjcv"kv"cnuq"crrnkgu"vq"cp{"
eqcuvcn"¦qpg"ykvj"c"ygnn/fgÝpgf"tgikog"qh"ugc/ncpf"
dtgg¦gu."gzenwfkpi"eqorngz"vgttckpu"ykvj"rtqokpgpv"
jknnu"qt"enkhhu."yjgtg"tg/ektewncvkqpu"cpf"qvjgt"rjg-
pqogpc"oc{"tgswktg"urgekcn"vtgcvogpv0

4. Experimental setup

Vjg"gzrgtkogpv"ku"nqecvgf"cv";2³"24Ó"6:ÓÓ"Y."43³"2;Ó"
75ÓÓ"P."cv"crrtqzkocvgn{"342"o"htqo"vjg"ujqtgnkpg"
kp"vjg"eqcuv"qh"[wecvcp."cu"ujqyp"kp"Hkiwtg"30"Vjg"
kpugtv"cv"vjg"nqygt"nghv"ku"cp"cgtkcn"rjqvqitcrj"qh"Ukucn."
yjkej"ku"c"uocnn"Ýujkpi"vqyp"yjqug"rqtv"wugf"vq"dg"
qh"itgcv"korqtvcpeg"wr"vq"vjg"ncvg"pkpgvggpvj"egpvwt{."
yjgp"vjg"oqtg"oqfgtp"rqtv"qh"Rtqitguq"ycu"dwknv"vq"
vjg"gcuv."qpn{"47"okpwvgu"htqo"Ofitkfc."ecrkvcn"ekv{"
qh"vjg"[wecvcp"uvcvg"*vjg"pcog"Ukucn"eqogu"htqo"c"
rncpv"qh" vjg"Cicxg"igpwu"yjqug"Ýdgtu"ctg"wugf"vq"
ocmg"vykpg"cpf"tqrg+0

C"ogvgqtqnqikecn"ocuv"ku"nqecvgf"cv"vjg"ecorwu"qh"
vjg"Wpkxgtukfcf"Pcekqpcn"Cwv„pqoc"fg"Ofizkeq"kp"
Ukucn."vq"vjg"pqtvj"qh"cp"ctvkÝekcn"ujgnvgt"jctdqt"*ugg"
vjg"cttqy"pgct" vjg"wrrgt"nghv"qh" vjg"kpugtv+0"Vq"vjg"
uqwvj"vjgtg"ku"c"octujncpf"*Þqqfgf"fwtkpi"vjg"tckp{"
ugcuqp+."hqnnqygf"d{"c"fgpug"ocpitqxg"hqtguv0"Hctvjgt"
vq"vjg"uqwvj"vjgtg"ku"c"uwdvtqrkecn"ft{"dtqcfngch"hqtguv"
vjcv"vtcpukvkqpu"itcfwcnn{"kpvq"cp"citkewnvwtcn"rcvej{"
vgttckp"wpvkn"vjg"ekv{"qh"Jwpweoc."42"mo"cyc{0

The meteorological mast is 51 m high, and 

ku" gswkrrgf"ykvj" hkxg" wnvtcuqpke" cpgoqogvgtu<"
vjtgg"qh"vjg"4F"605:4zz"hcokn{."cpf"vyq"qh"vjg"5F"
605:52zz" hcokn{" *Cfqnh"Vjkgu"IodJ" cpf"Eq0+0"
Vjgug" kpuvtwogpvu" ecp" tgrqtv" vyq" qt" vjtgg"ykpf"
xgnqekv{"eqorqpgpvu"cpf"c"ogvgqtqnqikecn"xctkcdng"
wuwcnn{"mpqyp"cu"uqpke"vgorgtcvwtg."yjkej"ku"c"iqqf"
crrtqzkocvkqp"vq"vjg"xktvwcn"rqvgpvkcn"vgorgtcvwtg"
*Mckocn" cpf"Ic{pqt." 3;;3+" gxgp" wpfgt" jwokf"
eqpfkvkqpu"pgct"vjg"ugc"ngxgn"rtqxkfgf"vjcv"qpn{"vjg"
Þwevwcvkqpu" ctg" kpxqnxgf" kp" vjg" ecnewncvkqpu0"Vjg"
ceswkukvkqp" htgswgpe{" hqt" vjg" uqpke" cpgoqogvgtu"
ku"32"J¦."yjkej"cnnqyu"hqt"vjg"cpcn{uku"qh"ugxgtcn"
micrometeorological parameters such as turbulent 

kpvgpukv{."mkpgocvke"jgcv"cpf"oqogpvwo"vwtdwngpv"
vtcpurqtv."Oqpkp/Qdwmjqx"ngpivj"cpf"htkevkqp"xg-
nqekv{0"Jqygxgt."oquv"qh"vjg"tguwnvu"kp"vjku"tgrqtv"
fq"pqv"tgswktg"jkij"htgswgpe{"ogcuwtgogpvu0"Vjg"
cpgoqogvgtu"ygtg"nqecvgf"cv"5."8."3407."47"cpf"73"o 

cdqxg"vjg"itqwpf"ngxgn."tgurgevkxgn{."fkuvtkdwvgf"cu"
ujqyp"kp"Vcdng"K0

Hki0"30"Umgvej"qh"vjg"gzrgtkogpv"nqecvkqp"cv"vjg"pqtvjyguvgtp"
vkr"qh"vjg"[wecvcp"rgpkpuwnc"kp"vjg"Iwnh"qh"Ogzkeq0

Vcdng" K0" Uqpke" cpgoqogvgt" ejctcevgtkuvkeu" cpf" jgkijvu"
cdqxg"vjg"itqwpf0

ID V{rg z (m)

0 2D 502
2 2D 802
3 3D 3407
1 2D 4702
6 3D 7302
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603"Fcvc"ceswkukvkqp"cpf"uvqtcig
Cv"vjg"dcug"qh"vjg"vqygt"c"Fcvc/Nqiigt"*FN+"PFN6:7"
*Yknogtu"Oguuvgejpkm"IodJ+." kpvgttqicvgu" vjg"
anemometers and stores the readings in its internal 

ogoqt{." ecrcdng"qh" tgvckpkpi" cdqwv" gkijv"jqwtu"qh"
jkij"htgswgpe{"fcvc"uvqtgf"kp"CUEKK"Ýng"hqtocv."gcej"
Ýng" eqpvckpkpi"qpg"jqwt"qh" gzrgtkogpvcn"fcvc0"Vjg"
FN"ku"eqppgevgf"vq"vjg"pgvyqtm"xkc"c"tcfkq/htgswgpe{"
*TH+" nkpm" *wukpi" tcfkqu" cpf" vyq"fktgevkqpcn"[ciwk"
cpvgppcu+."yjkej" kp" vwtp" ku"eqppgevgf" vq"c"pgvyqtm"
uykvej."cu"ujqyp"kp"Hkiwtg"40"Vjku"uykvej"cnnqyu"hqt"
vjg"eqoowpkecvkqp"ykvj"c"Ýng"ugtxgt."yjkej"tgvtkgxgu"
vjg"kphqtocvkqp"htqo"vjg"FN"gxgt{"vyq"jqwtu0"Gcej"Ýng"
eqpvckpgf"cp"jqwt"qh"jkij"htgswgpe{"fcvc"*cdqwv"5"OD"
qh"fcvc+."yjkej"eqwnf"qxgtnqcf"vjg"yktgnguu"eqoowpk-
ecvkqp"nkpm"kh"vjg"Ýngu"ygtg"koogfkcvgn{"fqypnqcfgf"vq"
vjg"ugtxgt0"Vjg"vyq/jqwt"fcvc"tgvtkgxcn"rgtkqf"rtqxgf"
vq"dg"tqdwuv"gpqwij"vq"cnnqy"hqt"vjg"FN"vq"rgthqto"kvu"
ceswkukvkqp"cpf"eqoowpkecvkqp"vcumu"uchgn{0"Cffkvkqp-

cnn{."c"tgoqvg"ugtxgt"kp"Ogzkeq"Ekv{"rgthqtou"vjg"ucog"
fcvc"tgvtkgxkpi"tqwvkpg"kp"qtfgt"vq"jcxg"c"dcemwr"eqr{"
kp"ecug"qh"hcknwtg"qh"vjg"ockp"eqorwvgt"*ugg"ÐTgoqvg"
uvqtcigÑ"kp"Hki0"4+0"Vjku"ugvwr"rgtokvu"vjg"eqttgev"fcvc"
tgvtkgxkpi"kp"ecug"vjcv"vjg"kpvgtpcn"pgvyqtm"ku"vgorq-

tctkn{"fqyp." cpf"cnnqyu" hqt" tgcn/vkog"ceeguu" vq" vjg"
FN0"Vyq"uqnct"rcpgnu"cpf"c"tgejctigcdng"*fggr"e{eng+"
dcvvgt{"rtqxkfg"gpgti{"vq"vjg"uqpke"cpgoqogvgtu."vjg"
FN."cpf"vjg"TH"tcfkq"vtcpuokvvgt0"Vjg"fcvc"uvqtcig"cpf"
cfokpkuvtcvkqp"vcumu"eqortkug"uvqtkpi"vjg"tcy"fcvc"Ýngu"
cpf"vjg"ockpvgpcpeg"qh"cp"qpnkpg"QrgpUqwteg"fcvcdcug"
yjgtg"cxgtcig"fcvc" ku" uvqtgf" hqt"eqnncdqtcvkqp"ykvj"

qvjgt"eqnngciwgu"cpf"kpuvkvwvkqpu0"Vjku"fcvcdcug"cnuq"
eqpvckpu"c"vcdng"ykvj"qvjgt"ogvgqtqnqikecn"xctkcdngu"
eqokpi"htqo"c"ogvgqtqnqikecn"uvcvkqp"nqecvgf"cv"vjg"
dcug"qh"vjg"vqygt"*z"?"307o+0

5. Data processing

Hktuvn{." vjg" fcvc"ycu" vtgcvgf" hqt" swcnkv{" eqpvtqn"
rwtrqugu0"C"ugv"qh"qrgtcvkqpu"vq"ugngev"cpf"vtgcv"vjg"
ukipcnu" dghqtg" cxgtcikpi" *qt" ecnewncvkpi" vwtdwngpv"
swcpvkvkgu+"ku"fkuewuugf"kp"vjku"ugevkqp0"Qpg"korqtvcpv"
rctcogvgt"vq"vcmg"kpvq"ceeqwpv"ku"vjg"cxgtcikpi"rgtkqf."
yjkej"tcpigu"htqo"52"okp"vq"3"j"kp"oketqogvgqtq-

nqikecn"uvwfkgu0"Cp"Qikxg"vguv"*Qpeng{"gv"cn0, 1990; 

Hqmgp"cpf"Ykejwtc."3;;8+"ycu"ecttkgf"qwv"kp"qtfgt"
vq"gxcnwcvg"vjku"vkog"uecng."ykvj"c"tguwnvkpi"rgtkqf"qh"
47"vq"52"okp"hqt"vjg"cxgtcikpi"vkog"wugf"vq"qdvckp"
Ýtuv"cpf"ugeqpf"oqogpvu"qh"vjg"tgngxcpv"xctkcdngu0"
Vjg"tcy"fcvc"ycu"uwdlgevgf"vq"fkhhgtgpv"xcnkfcvkqpu<

c0" Cnn" vjg" Ýngu" eqpvckpkpi" kpeqorngvg" qt" engctn{"
gttqpgqwu" fcvc"ygtg" fkuectfgf0"Chvgt" c" xkuwcn"
kpurgevkqp"ocp{"Ýngu"ygtg"cnuq"fkuectfgf0"Wp-

hqtvwpcvgn{."kv"ycu"korquukdng"vq"xkuwcnn{"kpurgev"
cnn"Ýngu"*oqtg"vjcp"8222+0

d0" Hkngu"ykvj"okuukpi"fcvc"ygtg"cnuq"fkuectfgf"*yg"
ejqug"cp"ctdkvtct{"vjtgujqnf"qh"qpg"ugeqpf+0"Uocnn-
gt"icru"ygtg"Ýnngf"wukpi"cp"kpvgtrqncvkqp"rtqegfwtg"
dcugf"qp"c"Ýnvgtgf"xgtukqp"qh"vjg"ukipcn0"Vjgtg"ygtg"
ocp{"uocnn"icru"ykvj"rgtkqfu"uocnngt"qt"gswcn"vjcp"
204"u"*48'+."dwv"vjg"vqvcn"pwodgt"qh"icru"dgvyggp"
205"u"cpf"3"u"ycu"qpn{"207'0

Meteorological
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3D
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2D

2D
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Data
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Hki0"40"Umgvej"qh"vjg"gzrgtkogpvcn"ugvwr0
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e0" C"uvcvkqpctkv{"vguv"*Hqmgp"cpf"Ykejwtc."3;;8+"ycu"
korngogpvgf"vq"swcnkh{"vjg"vkog"xctkcvkqp"qh"uvc-
vkuvkeu"cv"fkhhgtgpv"vkog"kpvgtxcnu."ykvj"c"vjtgujqnf"
qh"52'"qh"vqngtcpeg"hqt"vjg"xctkcpegu0

f0" C"vjtgg"tqvcvkqp"uejgog"qh"vjg"ykpf"xgevqt"ycu"
carried out (Kaimal and Finnigan, 1993), such as 

to obtain w = 0 , v = 0, and vw"?"20

Vjg"ykpf"xgnqekv{"fcvc"ycu"ncvgt"rtqeguugf"kp"qt-
fgt"vq"qdvckp"cxgtcigu"cpf"oqogpvu"qh"vjg"oketqog-
teorological variables at hand, and saved in order to 

rgthqto"hwtvjgt"cpcn{ugu0"Vjg"tguwnvu"vjcv"eqttgurqpf"
vq"ykpf"rqygt"fgpukv{"ctg"rtgugpvgf"kp"vjg"hqnnqykpi"
ugevkqp0"Pqvg"vjcv"kp"vjku"rctvkewnct"gzrgtkogpv"tcy"
fcvc"ku"cnuq"tgeqtfgf"fkikvcnn{."uq"cnn"rtg/"cpf"rquv/rtq-

eguukpi"ecp"dg"fqpg"cickp"kp"vjg"hwvwtg."cnnqykpi"hqt"
vjg"eqttgevkqp"cpf"vtkcn1rtqrqucn1korngogpvcvkqp"qh"
pgy"rtqeguukpi"vgejpkswgu"cpf"cpcn{ugu0

6. Results

Vjg"tguwnvu"ctg"fkxkfgf"kp"vyq"uwdugevkqpu0"Vjg"Ýtuv"
qpg"rtgugpvu"uqog"swcnkvcvkxg"fguetkrvkqp"qh"vjg"cx-

gtcig"ygcvjgt"eqpfkvkqpu"kp"Ukucn."dghqtg"tgrqtvkpi"
vjg"cxgtcig"ykpf"fktgevkqp"ykvj"tgurgev"vq"fkhhgtgpv"
rgtkqfu"qh"vkog0"Vjku"kphqtocvkqp"ku"korqtvcpv"kp"qtfgt"
vq"wpfgtuvcpf"vjg"e{engu"vjcv"ejctcevgtk¦g"vjg"ukvg"cpf"
kvu"ykpf"gpgti{"rqvgpvkcn0"Vjg"ugeqpf"uwdugevkqp"ku"
devoted to the PDF parameter estimation and the cal-

ewncvkqp"qh"vjg"ykpf"rqygt"fgpukv{"cv"fkhhgtgpv"jgkijvu"
htqo"vjg"itqwpf."yjkej"ycu"eqorctgf"ykvj"c"oguq-

uecng"pwogtkecn"oqfgn0"Vjgug"ukowncvkqpu"ygtg"fqpg"
ykvj"vjg"Ygcvjgt"Tgugctej"cpf"Hqtgecuvkpi"*YTH+"
oqfgn."yjkej" ku" c"oguquecng" pwogtkecn"ygcvjgt"
prediction model that comprises several solvers and 

applications, based on a numerical Eulerian solver 

hqt"vjg"hwnn{"eqortguukdng"pqp/j{ftquvcvke"gswcvkqpu."
ecuv"kp"Þwz/eqpugtxcvkxg"hqto."wukpi"c"ocuu"*j{ftq-

uvcvke"rtguuwtg+"xgtvkecn"eqqtfkpcvg"*Umcoctqem"gv"cn0, 
4227+0"Vjku"eqfg"ku"htggn{"cxckncdng"htqo"vjg"YTH"
oqfgn"ygdrcig" *jvvr<11yyy0yth/oqfgn0qti1kpfgz0
rjr+0"Vjg"ukowncvgf"fcvc"eqogu"htqo"c"rtqlgev"tgncvgf"
vq"ygcvjgt"hqtgecuvkpi"*cpf"qvjgt"crrnkecvkqpu."uwej"
cu"rqnnwvkqp"fkurgtukqp+"vjcv"eqxgtu"vjg"yjqng"Ogzk-
ecp"vgttkvqt{0"Vjg"dqwpfct{"eqpfkvkqpu"ctg"vcmgp"htqo"
vjg"Inqdcn"Hqtgecuv"U{uvgo."cpf"ctg"twp"nqecnn{"ykvj"
c"urcvkcn"tguqnwvkqp"qh"203:9³"kp"vjg"[wecvcp"rgpkpuwnc0

8030"Ykpf"fktgevkqp
Vjg"ygcvjgt"qh"Ukucn."[wecvcp"ku"ycto"cpf"jwokf."

ykvj"cxgtcig"vgorgtcvwtgu"vjcv"iq"htqo"44"³E"dghqtg"
uwptkug"vq"4;"³E"cv"okffc{"jqwtu0"Cxgtcig"jwokfkv{"
ku"wuwcnn{"qxgt":7'"cpf"hcnnu"cv"pqqp"vq"xcnwgu"pgct"
97'0"Cvoqurjgtke"rtguuwtg"xctkgu"htqo"{gct"vq"{gct."
ykvj"c"e{eng"vjcv"ujqyu"c"eqwrng"qh"vtqwiju"cv"5<22"
co"cpf"8<22"ro"*nqecn"vkog+"tcpikpi"htqo"323"322"
vq"323"822"Rc0"Ykpf"xgnqekvkgu"ctg"nctig"eqorctgf"
vq"pgctd{"nqecvkqpu"kp" vjg"[wecvcp"rgpkpuwnc."cpf"
ecp"dg"cu"owej"cu"72'"uvtqpigt"vjcp"vjg"ykpf"kp"
Egnguvwƒp."72"mo"cyc{"vq"vjg"uqwvjgcuv0"Fqokpcpv"
ykpfu"eqog"htqo"vjg"pqtvjgcuv"cpf"uqwvjgcuv."cpf"
vjgtg" gzkuvu" c" rcvvgtp" qh" tgrgvkvkxg"ykpvgt" gxgpvu"
*eqnf"htqpvu"mpqyp"nqecnn{"cu"Pqtvgu+"eqokpi"htqo"
vjg"pqtvj"ykvj"xkqngpv"ykpfu." tckp"cpf"ukipkÝecpv"
vgorgtcvwtg"ftqr0"Vjgtg" ku" c" tckp{" ugcuqp"fwtkpi"
vjg" uwoogt."yjgtg" vjg" cxgtcig"ykpf" urggf" hcnnu"
eqpukfgtcdn{."cu"yknn"dg"ujqyp"ujqtvn{0"Vjg"oqtg"
gpgtigvke"ykpfu" eqog" htqo" vtqrkecn" uvqtou" cpf"
jwttkecpgu" vjcv"wuwcnn{"rcuu"d{" vqyctfu" vjg"eqcuv"
qh"vjg"uvcvgu"qh"Xgtcetw¦"cpf"Vcocwnkrcu."qt"vq"vjg"
pqtvj"vqyctfu"Vgzcu"qt"Nqwkukcpc"kp"vjg"WUC0

Vjg"ykpf" urggf" cpf"fktgevkqp" ctg" rtgugpvgf" kp"
Hkiwtg"5"kp"vjg"hqto"qh"ykpf"tqugu<"vq"vjg"tkijv."vjg"
gzrgtkogpvcn"fcvc"cv"72"o"ku"rtgugpvgf0"Vjg"uwd/Ýiwtg"
vq"vjg"nghv"eqogu"htqo"cxgtcikpi"vjg"YTH"ukownc-
vkqp"fcvc0"Dqvj"tguwnvu"ctg"xgt{"ukoknct."dwv"qpg"ecp"
qdugtxg"vjcv"uqog"fkhhgtgpegu"ctkug"kp"vgtou"qh"ykpf"
urggf0"Vjg"Ýiwtg"cnuq"ujqyu"vjcv"vjg"oqtg"gpgtigvke"
ykpfu"eqog"htqo"vjg"pqtvjgcuv."yjkng"vjg"oquv"htg-
swgpv"fktgevkqp"ku"vjg"uqwvjgcuv0"Vjg"ucog"fcvc."cxgt-
cigf"ugcuqpcnn{."ku"rtgugpvgf"kp"Hkiwtg0"6="cickp."vjg"
ukowncvkqpu"ecp"tgrtqfweg"vjg"dgjcxkqt"qh"vjg"ykpf"
eqttgevn{0"Pqvg"vjcv"vjg"YTH"ykpf"tqug"hqt"vjg"ykpvgt"
ku"fkhhgtgpv"htqo"vjcv"qh"vjg"ocuv."rctvkewnctn{"hqt"vjg"
uqwvjgcuv."yjgtg"vjg"ocuv"rtgugpvu"c"nctig"htgswgp-

e{"rgcm0"Ykpfu"eqokpi"htqo"vjcv"rtgekug"fktgevkqp"
pass over the marshland and are then channeled to 

vjg"ocuv"vjtqwij"c"vgttckp"yjgtg"vjgtg"ctg"xgt{"hgy"
buildings, so it is reasonable to assume that these 

fkhhgtgpegu"kp"vjg"ykpf"tqugu"ctg"fwg"vq"vjg"eqorngz"
vgttckp"eqpÝiwtcvkqp"*pqv"vcmgp"kpvq"ceeqwpv"d{"vjg"
YTH"oqfgn+0"Eqorctkuqpu"dgvyggp"vjg"cpgoqogvgt"
at z"?"3407"o"ecp"cnuq"dg"ocfg."ukpeg"vjg"YTH"oqfgn"
ikxgu"vjg"xgnqekv{"cv"z = 10 m, and although there are 

ukoknctkvkgu."ujctr"fkhhgtgpegu"gzkuv."cu"yknn"dg"gxkfgpv"
htqo"vjg"RFHu"ujqyp"kp"Hkiwtg"80

8040"Ykpf"urggf"RFH"cpf"ykpf"rqygt"fgpukv{
Cu"cntgcf{"qwvnkpgf"kp"rtgxkqwu"ugevkqpu."vjg"ogvjqf"
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vq"Ýv"vjg"YY"fkuvtkdwvkqpu"vq"vjg"fcvc"ku"cu"hqnnqyu<"
Ýtuv."yg"guvkocvg"vjg"rtqdcdknkv{"p"qh"igvvkpi"ykpfu"
eqokpi"htqo"vjg"ugc"cu<

p = 
Nsea

Ntotal
" *:+

yjgtg"Nsea"ku"vjg"pwodgt"qh"gxgpvu"kp"yjkej"vjg"cxgt-
cig"ykpf"fktgevkqp"ecog"htqo"vjg"ugc."cpf"Ntota1 is the 

vqvcn"eqwpv"qh"gxgpvu"*cdqwv"36"222"52/okp"gxgpvu+0"
Vjg"pgzv"uvgr"ku"vq"ugrctcvg"cnn"vjg"gzrgtkogpvcn"rqkpvu"
eqokpi"htqo"vjg"ugc."cpf"Ývvkpi"c"Ygkdwnn"ewtxg"*ykvj"
a least squares criterion) to obtain its corresponding 

k1 and そ30"Vjgp."vjg"ucog"rtqeguu"ku"ecttkgf"qxgt"ykvj"
vjg"fcvc" eqokpi" htqo" ncpf." kp" qtfgt" vq" igv"k2 and 

そ20"Vjg"tguwnvu"ctg"rtgugpvgf"kp"Hkiwtg"7."yjgtg"vjg"
RFH"hqt"ykpfu"eqokpi"htqo"vjg"ugc"*ektengu+."ncpf"
*uswctgu+."cpf"cnn"fktgevkqpu"*etquugu+"ku"rtgugpvgf."hqt"
Ýxg"fkhhgtgpv"jgkijvu"cdqxg"vjg"itqwpf0"Vjg"dkoqfcn"
ejctcevgt"qh"vjg"ewtxg"ku"engct"hqt"nqy"jgkijvu"*z = 3 

cpf"8"o+."yjgtg"c"ÐjworÑ"eqokpi"htqo"vjg"nctigt"
ykpf" xgnqekvkgu" htqo"qhhujqtg" ku" crrctgpv0"Cu" vjg"
jgkijv"cdqxg"vjg"itqwpf"kpetgcugu."vjku"hgcvwtg"ku"nguu"
gxkfgpv."cu"ecp"dg"uggp"htqo"z"?"47"cpf"72"o0"Vjg"
dkoqfcn"Ýv"ku"kp"cnn"ecugu"dgvvgt"vjcp"vjg"wpkoqfcn"
qpg=" hqt"gzcorng."cv"z"?"72"o"vjg"YY"Ýv"ikxgu"c"
uwo"qh"uswctgf"gttqtu"sse"?"205598"× 10–3."yjkng"vjg"
eqttgurqpfkpi"gttqt"hqt"c"Y"Ýv"ku"sse"?"209:38"× 10–30"
Vjg"rctcogvgtu"cpf"vjgkt"eqttgurqpfkpi"eqpÝfgpeg"
kpvgtxcnu"ctg"nkuvgf"kp"Vcdng"KK0

Yjgp"eqorctgf"ykvj"vjg"RFH"htqo"vjg"YTH"og-
uquecng"oqfgn."vjg"gzrgtkogpvcn"ewtxgu"fkhhgt"eqpukfgt-

cdn{"hqt"nqy"jgkijvu."cu"ujqyp"kp"Hkiwtg"8."yjgtg"vjg"
curves corresponding to z"?"32"o"qdvckpgf"pwogtkecnn{"
(crosses) and the one corresponding to the mast at z = 

3407"o"ctg"rtgugpvgf0"Qp"vjg"qvjgt"jcpf."cdqxg"z = 50 

o"vjg"oqfgn"qdvckpgf"xgt{"tgcuqpcdng"tguwnvu."ujqyp"
kp"Hkiwtg"8d0"Vjg"tgcuqp"hqt"vjku"fkuetgrcpe{"cv"nqy"
jgkijvu"ku"vjg"rctcogvgtk¦cvkqp"qh"vjg"uwthceg"nc{gt"kp"
vjg"pwogtkecn"oqfgn="vjg"eqpfkvkqpu"qh"dqvj"qhhujqtg"
cpf"qpujqtg"ykpfu"ctg"rgtvwtdgf"d{"vjg"rtgugpeg"qh"
kpvgtpcn"dqwpfct{"nc{gtu0"Cdqxg"vjg"kpÞwgpeg"qh"vjgug"
rgtvwtdgf"rtqÝngu" vjg"pwogtkecn" rtgfkevkqp"fqgu" c"
owej"dgvvgt"hqtgecuv0"Vjg"eqorngzkv{"qh"vjg"vgttckp."
cu"ygnn"cu"ncpf/ugc"kpvgthceg"rnc{"cp"korqtvcpv"tqng"kp"
ykpf"ejctcevgtk¦cvkqp0"Vjgug"ghhgevu"ctg"pqv"vcmgp"kpvq"
ceeqwpv"kp"oguquecng"oqfgnu"dgecwug"qh"vjg"eqctug-
pguu"qh"vjg"itkf."cpf"eqwnf"dg"rctcogvgtk¦gf"wukpi"vjg"
uvcvg"qh"vjg"ctv"qh"kpvgtpcn"dqwpfct{"nc{gtu"*Ucxgn{gx"
cpf"Vc{nqt."4227+="jqygxgt."vjg"kpvtqfwevkqp"qh"uwej"
ghhgevu"ku"xgt{"nkmgn{"vq"tgswktg"c"oguj"tgÝpgogpv"*g0i0, 
cnqpi"vjg"eqcuvnkpg+."yjkej"kp"vwtp"kornkgu"pgeguuctkn{"
uqog"eqorwvcvkqpcn"equv0"Vjg"ghhgevu"qh"vqrqitcrj{"
cv"vjg"oketqogvgqtqnqikecn"uecng"ecp"dg"cuuguugf"d{"
vcmkpi" vjg"oguquecng" ukowncvkqp" cu" vjg" kprwv" hqt" c"
oketquecng" ukowncvkqp=" vjku" ku"c"xgt{"cevkxg"Ýgnf"qh"
tgugctej" *EjwtejÝgnf"gv"cn0." 4232=" Lqpmocp."4235="
Serrano gv"cn0."4236+"kp"xkgy"qh"vjg"vtcpukvkqp"vq"engcp"
gpgti{"rtqfwevkqp."yjkej"yknn"dg"korngogpvgf"fwtkpi"
vjg"Ýtuv"jcnh"qh"vjku"egpvwt{0

Rqygt"fgpukvkgu"*Y1o2+"cu"c"hwpevkqp"qh"jgkijv"z 

ctg"ujqyp"kp"Hkiwtg"9."yjgtg"etquugu"tgrtgugpv"vjg"
rqygt"fgpukv{"Fb"qdvckpgf"ykvj"c"YY"RFH"*vjku"
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uvwf{+."ektengu"tgrtgugpv"vjg"wpkoqfcn"rqygt"fgpukv{"
Fu."cpf"vjg"tguwnvu"qh"Ucnfc‚c"cpf"Oktcpfc"*422;+."
yjkej"ctg"wpkoqfcn."ctg"ujqyp"cu"uswctgu0"Vjgtg"ku"
iqqf"citggogpv"kp"vgtou"qh"vjg"rqygt"fgpukvkgu"Fb 

*vjku"uvwf{+"cpf"FuS"*Ucnfc‚c"cpf"Oktcpfc."422;+0"
The corresponding unimodal parameters k and ⁄ 

ctg"ujqyp"kp"Hkiwtg":."hqt"eqorngvgpguu0"Vjgug"rc-
tcogvgtu"ctg"ukoknct"kp"dqvj"uvwfkgu="jqygxgt."vjgtg"
ku" c" ukipkÝecpv" fkhhgtgpeg" dgvyggp" vjg" wpkoqfcn"
rqygt"fgpukvkgu"FuS and Fu0"Vjg"tguwnvu"qh""Ucnfc‚c"
cpf"Oktcpfc"*422;+"ygtg"qdvckpgf"fwtkpi"c"5/{gct"
qdugtxcvkqp"rgtkqf."yjkng"qwt"fcvc"eqxgtgf"qpn{"qpg"
{gct="qwt"dkoqfcn"guvkocvkqpu"qh"vjg"rqygt"fgpukv{"
ctg"xgt{"ukoknct"vq"vjqug"qdvckpgf"d{"vjgug"cwvjqtu."
uq" kv" ku"oqtg" nkmgn{" vjcv" qwt" dkoqfcn" guvkocvkqpu"
ctg"oqtg" rtgekug" vjcp" vjg" eqttgurqpfkpi" 3/{gct"
wpkoqfcn"xgtukqpu0"Vjg"rqkpv"eqttgurqpfkpi"vq"z = 

:2"o"kp"Hkiwtg":"ku"c"rtqlgevkqp"ecnewncvgf"kp"Ucn-
fc‚c"cpf"Oktcpfc"*422;+"d{"ogcpu"qh"c"rqygt"ncy="
jqygxgt."vjku"mkpf"qh"rtgfkevkqp"ku"jctf"vq"lwuvkh{"
kp"xkgy"qh"vjg"rtgugpeg"qh"dqwpfct{"nc{gtu"cpf"vjg"
cffkvkqpcn" eqorngzkv{" vjcv" ctkugu"yjgp"yqtmkpi"
cdqxg"vjg"uwthceg"nc{gt"*Uqngt/Dkgpv¦"gv"cn0."422;+0"
Vjg" rquukdknkv{" qh" gzvgpfkpi" vjg" ykpf" rtqhkngu"
cdqxg" vjg" uwthceg" nc{gt" jcu" dggp" cnuq" gzrnqtgf"
d{"Mgnn{." cpf"It{pkpi" *4232+." yjq" eqpukfgtgf"
cp"cfcrvcvkqp"qh"vjg"ygnn/mpqyp"Qdwmjqx"vjgqt{"
htqo"vjg"rtqdcdknkuvke"rqkpv"qh"xkgy"hqt"vjg"uwthceg"
nc{gt." kp" qtfgt" vq" qdvckp" nqpi/vgto"ykpf" rtqÝngu"
dcugf" qp" eqooqp" uwthceg" nc{gt" rctcogvgtu" cpf"
vjg"ghhgev"qh"vjg"cvoqurjgtke"dqwpfct{"nc{gt"fgrvj0 

It{pkpi"gv"cn0"(2007) considered in a more direct 

yc{"vjg"rtqdngo"qh"gzvgpfkpi"vjg"ykpf"xgnqekv{"rtq-

Ýng"vcmkpi"kpvq"ceeqwpv"vjg"rgtvkpgpv"ngpivj"uecngu"
vjcv"eqpvtqn" vjg"xgnqekv{" kp"c" vjtgg/nc{gtgf"oqfgn"
hqt" vjg"gpvktg"cvoqurjgtke"dqwpfct{" nc{gt"jgkijv0"
Vjgug"uvwfkgu"tgswktg."kp"igpgtcn."vjg"mpqyngfig"qh"
rctcogvgtu"uwej"cu"vjg"Qdwmjqx"ngpivj"L."htkevkqp"
xgnqekv{"u°."dqwpfct{"nc{gt"jgkijv"z1."gve0"Vjku"vcum"
ycu"nghv"qwv"qh"vjg"ueqrg"qh"vjg"rtgugpv"rcrgt0

7. Conclusions

Vjg"ykpf" rqygt" fgpukv{" cv" Ukucn." nqecvgf" cv" vjg"
pqtvjyguv"qh" vjg"[wecvcp"rgpkpuwnc" kp" vjg"Iwnh"qh"
Ogzkeq"ycu"guvkocvgf"htqo"c"ogvgqtqnqikecn"ocuv"
gzrgtkogpv0" Kv"ycu"qdugtxgf" vjcv" vjg"gzrgtkogpvcn"
RFH"ycu"dkoqfcn."fwg"vq"vjg"rtgugpeg"qh"vyq"fkuvkpev"
tgikogu<"ykpfu"htqo"ncpf"cpf"htqo"vjg"ugc."vjg"ncvvgt"
ujqykpi"nctigt"ykpf"xgnqekvkgu."yjkng"vjg"hqtogt"ctg"
oqtg"htgswgpv0"Hqt"uocnn"jgkijvu"cdqxg"vjg"itqwpf."
dkoqfcnkv{"ycu"gxkfgpv."cpf"cu"vjg"vqr"qh"vjg"ocuv"
is reached at z"?"72"o."RFHu"nqqm"oqtg"wpkoqfcn="
jqygxgt" vjg"swcftcvke"gttqt" ku"uvknn"uocnngt" hqt" vjg"
dkoqfcn"Ýv0"Vjg"rctcogvgtu"ygtg" guvkocvgf"wukpi"
nkpgct"ngcuv"uswctgu"qh"gcej"tgikog"ugrctcvgn{."ukpeg"
vjg" rtqdcdknkv{"p" qh" jcxkpi"ykpfu" htqo" vjg" ugc" ku"
mpqyp"htqo"vjg"ogcuwtgogpvu0"Vjku"ogvjqfqnqi{"
jcu"vjg"cfxcpvcig"qh"dgkpi"nkpgct"kp"vjg"rctcogvgtu"
uq" vjgtg" ku" pq" pggf" qh" pqpnkpgct" ugctej"ogvjqfu"
qt"cp"kpkvkcn"iwguu0"Kv"ecp"cnuq"dg"ecttkgf"qwv"wukpi"
ukorng"rtqitcou"uwej"cu"eqorwvgt"yqtmujggvu0"Vjg"
tguwnvu"ygtg"eqorctgf"ykvj"vjg"qpn{"rtgxkqwu"yqtm"
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dkoqfcn"Ýv="fqvvgf"nkpg<"wpkoqfcn"Ýv="dashed line<"Ýv"ncpf="dashed-dotted line<"Ýv"ugc0

kp"vjg"nkvgtcvwtg"hqt"Ukucn."cu"ygnn"cu"ykvj"pwogtkecn"
mesoscale simulations carried out at the CCA in 

Ogzkeq"Ekv{"ykvj"vjg"YTH"oqfgn0"Hqt"jgkijvu"cdqxg"
72"o"kv"ycu"ujqyp"vjcv"vjg"oguquecng"ukowncvkqpu"
ctg"tgoctmcdn{"ceewtcvg."uq"vjg"wug"qh"uwej"vqqnu"cu"
rtgnkokpct{" tguqwteg" cuuguuogpv" nqqmu" rtqokukpi0"
Further research is being done to validate a reliable 
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