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RESUMEN

Gn"wuq"fg"fcvqu"fgn"Þwlq"fg"gpgti‡c"rctc"xcnkfct"oqfgnqu"fg"uwrgtÝekg"tgswkgtg"swg"ug"ucvkuhcic"gn"ekgttg"
fgn"dcncpeg"fg"gpgti‡c="ukp"godctiq."guvc"eqpfkek„p"pq"uwgng"xgtkÝectug"ewcpfq"nc"gpgti‡c"fkurqpkdng"gu"
oc{qt"swg"nc"uwoc"fg"nqu"Þwlqu"vwtdwngpvqu"xgtvkecngu0"Guvg"vtcdclq"rtgugpvc"wpc"gxcnwcek„p"fg"nqu"rtq-
dngocu"tgncekqpcfqu"eqp"gn"ekgttg"fgn"dcncpeg"fg"gpgti‡c0"Nqu"fcvqu"gxcnwcfqu"eqttgurqpfgp"c"wpc"dcug"
fg"fcvqu"fg"4234"fg"Nkxtcic."Kvcnkc."qdvgpkfqu"gp"wpc"guvcek„p"oketqogvgqtqn„ikec"fg"eqxctkcp¦c"gff{"
nqecnk¦cfc"gp"wp"ecorq"fg"oc‡¦"fgn"xcnng"fgn"Rq0"Gn"ekgttg"fgn"dcncpeg"fg"gpgti‡c"ug"ecnewnc"ogfkcpvg"
nc"tgitguk„p"guvcf‡uvkec"fg"Þwlqu"vwtdwngpvqu"fg"gpgti‡c"{"Þwlqu"fg"ecnqt"gp"gn"uwgnq0"Rqt"nq"igpgtcn."nqu"
tguwnvcfqu"kpfkecp"cwugpekc"fg"ekgttg"eqp"wp"fgugswknkdtkq"ogfkq"fgn"qtfgp"fg"42'0"Ncu"eqpfkekqpgu"fgn"
cnocegpclg"uqp"nc"tc¦„p"hwpfcogpvcn"fg"nc"cwugpekc"fg"ekgttg"fgn"dcncpeg."rgtq"ncu"eqpfkekqpgu"fg"og¦enc"fg"
Þwlqu"vwtdwngpvqu"vcodkfip"fgugorg‚cp"wp"rcrgn"korqtvcpvg"gp"ncu"guvkocekqpgu"eqpÝcdngu"fg"guvqu"Þwlqu0"
Tgekgpvgogpvg"ug"jc"kpvtqfwekfq"gp"nc"nkvgtcvwtc"gn"guvwfkq"fgn"dcncpeg"fg"gpgti‡c."eqoq"wp"rtqdngoc"fg"
guecnc0"Csw‡"ug"jc"cpcnk¦cfq"wp"ƒtgc"fg"qtkigp"tgrtgugpvcvkxc"rctc"ecfc"Þwlq"fg"gpgti‡c"swg"kpvgtxkgpg"gp"
gn"dcncpeg."{"gn"ekgttg"ug"jc"tgcnk¦cfq"gp"hwpek„p"fg"ncu"ƒtgcu"eqp"jwgnncu"fg"Þwlqu"vwtdwngpvqu0"Vcodkfip"
ug"jcp"guvwfkcfq"nqu"ghgevqu"fg"nc"jgvgtqigpgkfcf"fg"nc"uwrgtÝekg"{"nc"guvcekqpcnkfcf"rctc"eqortgpfgt"nc"
kpÞwgpekc"fgn"etgekokgpvq"fg"nc"ewdkgtvc"xgigvcn"gp"gn"ekgttg"fgn"dcncpeg"fg"gpgti‡c0"Ug"jcp"wvknk¦cfq"fcvqu"
fg"cnvc"htgewgpekc"rctc"ecnewnct"hwpekqpgu"eqgurgevtcngu"{"fg"qlkxc."nqu"ewcngu"uwikgtgp"swg"wp"rgtkqfq"ogfkq"
fg"52"okp"rwgfg"rgtfgt"ncu"guecncu"vgorqtcngu"swg"eqpvtkdw{gp"c"nc"gzkuvgpekc"fg"Þwlqu"vwtdwngpvqu0"Rqt"
¿nvkoq."ug"ecnewncp"ncu"guvkocekqpgu"fg"gttqtgu"cngcvqtkqu"fg"ecnqt"ugpukdng"rctc"rtqrqtekqpct"kphqtocek„p"
uqdtg"fgÝekgpekcu"gp"gn"ukuvgoc"fg"ogfkek„p"{"gn"vtcpurqtvg"vwtdwngpvq0"

CDUVTCEV

Vjg"wug"qh"gpgti{"Þwzgu"fcvc"vq"xcnkfcvg"ncpf"uwthceg"oqfgnu"tgswktgu"vjcv"gpgti{"dcncpeg"enquwtg"eqpugt-
xcvkqp"ku"ucvkuÝgf."dwv"wuwcnn{"vjku"eqpfkvkqp"ku"pqv"xgtkÝgf"yjgp"vjg"cxckncdng"gpgti{"ku"dkiigt"vjcp"vjg"uwo"
qh"vwtdwngpv"xgtvkecn"Þwzgu0"Kp"vjku"yqtm."c"eqortgjgpukxg"gxcnwcvkqp"qh"gpgti{"dcncpeg"enquwtg"rtqdngou"ku"
rgthqtogf"qp"c"4234"fcvc"ugv"htqo"Nkxtcic"qdvckpgf"d{"c"oketqogvgqtqnqikecn"gff{"eqxctkcpeg"uvcvkqp"nqecvgf"
kp"c"ock¦g"Ýgnf"kp"vjg"Rq"Xcnng{0"Gpgti{"dcncpeg"enquwtg"ku"ecnewncvgf"d{"uvcvkuvkecn"tgitguukqp"qh"vwtdwngpv"
gpgti{"Þwzgu"cpf"uqkn"jgcv"Þwz"cickpuv"cxckncdng"gpgti{0"Igpgtcnn{."vjg"tguwnvu"kpfkecvg"c"ncem"qh"enquwtg"ykvj"
c"ogcp"kodcncpeg"kp"vjg"qtfgt"qh"42'0"Uvqtcig"vgtou"ctg"vjg"ockp"tgcuqp"hqt"vjg"wpenqugf"gpgti{"dcncpeg"dwv"
cnuq"vjg"vwtdwngpv"okzkpi"eqpfkvkqpu"rnc{"c"hwpfcogpvcn"tqng"kp"tgnkcdng"vwtdwngpv"Þwz"guvkocvkqpu0"Tgegpvn{"
introduced in literature, the energy balance problem has been studied as a scale problem. A representative 
uqwteg"ctgc"hqt"gcej"Þwz"qh"vjg"gpgti{"dcncpeg"jcu"dggp"cpcn{¦gf"cpf"vjg"enquwtg"jcu"dggp"rgthqtogf"kp"
hwpevkqp"qh"vwtdwngpv"Þwz"hqqvrtkpv"ctgcu0"Uwthceg"jgvgtqigpgkv{"cpf"ugcuqpcnkv{"ghhgevu"jcxg"dggp"uvwfkgf"vq"
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wpfgtuvcpf"vjg"kpÞwgpeg"qh"ecpqr{"itqyvj"qp"vjg"gpgti{"dcncpeg"enquwtg0"Jkij"htgswgpe{"fcvc"jcxg"dggp"
wugf"vq"ecnewncvg"eq/urgevtcn"cpf"qikxg"hwpevkqpu."yjkej"uwiiguv"vjcv"cp"cxgtcikpi"rgtkqf"qh"52"okp"oc{"okuu"
vgorqtcn"uecngu"vjcv"eqpvtkdwvg"vq"vjg"vwtdwngpv"Þwzgu0"Hkpcnn{."ncvgpv"cpf"ugpukdng"jgcv"tcpfqo"gttqt"guvkoc-
vkqpu"ctg"eqorwvgf"vq"ikxg"kphqtocvkqp"cdqwv"vjg"ogcuwtgogpv"u{uvgo"cpf"vwtdwngpeg"vtcpurqtv"fgÝekgpekgu0

Keywords:"Gff{"eqxctkcpeg"vgejpkswg."gpgti{"dcncpeg"enquwtg."Rq"Xcnng{"gzrgtkogpvcn"ukvg0

1. Introduction 

Uwthceg"gpgti{"Þwzgu"ctg"korqtvcpv"hqt"c"jwig"tcpig"
qh" crrnkecvkqpu"qxgt" fkhhgtgpv" urcvkcn" cpf" vgorqtcn"
uecngu<"htqo"Þcuj"Þqqf"ukowncvkqpu"cv"c"dcukp"uecng"
vq"ycvgt"ocpcigogpv"kp"citkewnvwtcn"ctgcu0"Vjwu."kv"ku"
korqtvcpv"vq"wpfgtuvcpf"vjg"swcnkv{"qh"ogcuwtgf"Þwzgu"
dghqtg"wukpi"vjgo"hqt"ncpf/cvoqurjgtg"ukowncvkqpu0"

Vjg" swcnkv{" qh" gff{" eqxctkcpeg"ogcuwtgogpvu"
ku" kpÞwgpegf"pqv"qpn{"d{"rquukdng"fgxkcvkqpu"htqo"
the theoretical assumptions but also by problems 

qh" ugpuqt" eqpÝiwtcvkqpu" cpf"ogvgqtqnqikecn" eqp-

fkvkqpu"*Hqmgp"cpf"Ykejwtc."3;;8+0"Jqygxgt."kv"ku"
fkhÝewnv"vq"kuqncvg"vjg"ecwugu"qh"ogcuwtgogpv"gttqtu0"
Kpuvtwogpvcn" gttqtu." wpeqttgevgf" ugpuqt" eqpÝiwtc-

vkqpu." rtqdngou"qh" jgvgtqigpgkvkgu" kp" vjg" ctgc" cpf"
atmospheric conditions are the main problems that 

chhgev"fcvc"swcnkv{"*Yknuqp"et al.."4224="Hqmgp"et al., 

4228="Hqmgp."422:c="Lceqdu"et al.."422:+0"Vjg"gff{"
eqxctkcpeg"ogvjqf"rtqfwegu" tgnkcdng" tguwnvu"yjgp"
vjg"vjgqtgvkecn"cuuworvkqpu"kp"vjg"uwthceg"nc{gt"ctg"
ucvkuÝgf"*Hqmgp"cpf"Ykejwtc."3;;8="Dcnfqeejk"et al., 

4223="Hkujgt"et al.."4229+0"Kp"rctvkewnct."vjgqtgvkecn"
tgswktgogpvu"uwej"cu"uvgcf{/uvcvg"eqpfkvkqpu."jqtk-
¦qpvcn"jqoqigpgkv{"qh"vjg"Ýgnf."xcnkfkv{"qh"vjg"ocuu"
eqpugtxcvkqp" gswcvkqp." pginkikdng" xgtvkecn" fgpukv{"
Þwz."vwtdwngpv"Þwzgu"eqpuvcpv"ykvj"jgkijv."cpf"Þcv"
vqrqitcrj{."ujqwnf"dg"ucvkuÝgf0"Oqtgqxgt."vjg"ugp-

uqtu"eqpÝiwtcvkqp"ujqwnf"dg"cpcn{¦gf"kp"tgncvkqp"vq"
vjg"ucornkpi"fwtcvkqp"cpf"htgswgpe{."ugrctcvkqp"qh"
vjg"uqpke"cpgoqogvgt"cpf"icu"cpcn{¦gt."cpf"ugpuqt"
rncegogpv"ykvjkp"vjg"eqpuvcpv"Þwz"nc{gt"*dwv"qwv"qh"
vjg"tqwijpguu"uwd/nc{gt+0"Ogvgqtqnqikecn"eqpfkvkqpu"
uwej" cu" rtgekrkvcvkqp" gxgpvu" cpf" nqy" vwtdwngpeg."
gurgekcnn{"cv"pkijvvkog."ecp"ngcf"vq"gttqtu"kp"Þwzgu"
measurements.

Vjg" wpdcncpeg" qh" vjg" gpgti{" dwfigv" jcu" dggp"
ykfgn{"uvwfkgf"kp"vjg"ncuv"fgecfg"fwg"vq"vjg"hcev"vjcv"
vjg"wug"qh"gpgti{"Þwzgu"vq"xcnkfcvg"ncpf"uwthceg"oqf-

gnu"tgswktgu"vjg"enquwtg"qh"vjg"gpgti{"dcncpeg"vq"dg"
ucvkuÝgf0"Vjg"gpgti{"dwfigv"ku"v{rkecnn{"pqv"enqugf"
yjgp"gpgti{"Þwzgu"ctg"ogcuwtgf"ykvj"cp"gff{"eqxc-

tkcpeg"*GE+"uvcvkqp"cpf"vjg"cxckncdng"gpgti{"ku"dkiigt"

vjcp"vjg"uwo"qh"vwtdwngpv"xgtvkecn"jgcv"Þwzgu"ykvjkp"
c"tcvkq"qh"92/;2'"*Yknuqp"et al., 4224="Hqmgp"et al., 

4228="Lceqdu"et al., 2008; Ma et al., 422;+0"Vjwu."kv"ku"
korqtvcpv"vq"wpfgtuvcpf"vjg"fkhhgtgpv"hcevqtu"vjcv"ecp"
ngcf"vq"cp"kortqxgogpv"qh"vjg"gpgti{"dcncpeg"enquwtg0

Vjg" Ýtuv" ecwug" qh" vjg" ncem" qh" gpgti{" dcncpeg"
enquwtg"ku"nkpmgf"vq"cp"kpeqttgev"korngogpvcvkqp"qh"
c"eqorngvg"ugv"qh"kpuvtwogpvcn"cpf"Þwz"eqttgevkqpu"
as described in Aubinet et al."*4222+0"Czku"tqvcvkqp."
urkmg"tgoqxcn."vkog"nci"eqorgpucvkqp"cpf"fgvtgpf-

kpi"ctg"vjg"rtgnkokpct{"eqttgevkqp"rtqeguugu"yjkej"
ujqwnf"dg"crrnkgf"qp"jkij"htgswgpe{"tcy"fcvc"ugvu"
ogcuwtgf"d{"c"uqpke"cpgoqogvgt"cpf"c"icu"cpcn{¦gt0"
Uwdugswgpvn{."urgevtcn"kphqtocvkqp"nquugu."ckt"fgpukv{"
Þwevwcvkqpu"cpf"jwokfkv{"ghhgevu"jcxg"vq"dg"vcmgp"kpvq"
ceeqwpv"vq"qdvckp"tgnkcdng"Þwzgu"qh"ncvgpv"cpf"ugpukdng"
jgcv"*Ygdd"et al., 3;:2="Oqpetkghh"et al., 3;;9="Xcp"
Fklm"et al., 4225+0"

Jqygxgt." ncvgt" uvwfkgu" fkuewuu" vjg" wpdcncpeg"
rtqdngo"cu"cp"ghhgev"qh" vjg" htcevkqpcn" eqxgtcig"qh"
xgigvcvkqp"cpf"vjg"kpÞwgpeg"qh"uqkn"uvqtcig"*Hqmgp."
422:d+0"Cffkvkqpcn"uvqtcig"vgtou."nkmg"vjg"qpgu"nkpmgf"
to photosynthesis processes or vegetation canopy, 

give a relevant improvement in energy balance clo-

uwtg"*Og{gtu"cpf"Jqnnkpigt."4226+0"
Fkhhgtgpv"vkog"ciitgicvkqp"eqwnf"tgfweg"vjg"gh-

hgev"qh"uvqtcig"vgtou"dgecwug"vjg{"jcxg"cp"qrrqukvg"
dgjcxkqt" fwtkpi"fc{vkog" cpf"pkijvvkog" *Rcrcng"et 

al., 4228+0"Uqog"tgegpv"yqtmu"*Qpeng{"et al., 3;;5="
Hkppkicp"et al., 4225+"uwiiguv"vjcv"vjg"cxgtcigf"vkog"
*igpgtcnn{"52"okp+"ejqugp"vq"ecnewncvg"eqxctkcpegu"
eqwnf"dg"kpcfgswcvg"hqt"cuuguukpi"vwtdwngpv"Þwzgu0"
Cp"qikxg"hwpevkqp"hqt"gcej"jcnh"jqwt"fcvc"ugv"ecp"dg"
c"iqqf"kpfkecvqt"qh"ogcuwtgogpv"gttqtu"cuuqekcvgf"vq"
such energy balance problems (Oncley et al., 3;;5+0"

Moreover, the energy balance closure can be seen 

as a scale problem, because the representativeness 

qh" c"ogcuwtgf"Þwz" ku" c" uecng" hwpevkqp" *Ocuugtqpk"
et al.,"4234+0"Wuwcnn{." hqt"jqoqigpgqwu"ctgcu." vjg"
cuuworvkqp" vjcv" uqwteg" ctgcu" ctg" vjg" ucog" hqt" cnn"
Þwzgu"ku"eqpukfgtgf"xcnkf0"Jqygxgt."vjgug"ctgcu"ecp"
dg"ukipkÝecpvn{"fkhhgtgpv"kh"vjg"hqqvrtkpv"qh"vwtdwngpv"
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Þwzgu"ku"eqorctgf"vq"vjg"uqwteg"ctgc"qh"itqwpf"jgcv"
Þwz0" Uq." c" rqtvkqp" qh" vjg" gttqt" kp" gpgti{" dcncpeg"
enquwtg"ecp"dg"tgncvgf"vq"vjg"fkhÝewnv{"qh"ocvejkpi"
vjg" hqqvrtkpv" ctgc" qh" gff{" eqxctkcpeg"Þwzgu"ykvj"
vjg"uqwteg"ctgcu"qh"vjg"kpuvtwogpvu"vjcv"ogcuwtg"pgv"
tcfkcvkqp"cpf"itqwpf"jgcv"Þwz"*Uejokf."3;;9="Jukgj"
et al., 4222="Yknuqp"et al., 4224+0"

Gff{"Þwz"ogcuwtgogpvu"ecp"dg"wpfgtguvkocvgf"
fwtkpi"rgtkqfu"ykvj"nqy"vwtdwngpeg"cpf"ckt"okzkpi0"
Vjku"wpfgtguvkocvkqp"cevu"cu"c"ugngevkxg"u{uvgocvke"
error and it generally occurs during nighttime. 

Ocuuocp"cpf"Ngg"*4224+"nkuvgf"vjg"rquukdng"ecwugu"
qh" vjku"pkijvvkog"Þwz"gttqt0"Vjgtg" ku"pqy"c" nctig"
eqpugpuwu"tgeqipk¦kpi"vjcv"vjg"oquv"rtqdcdng"ecwug"
qh"gttqt"ku"vjg"rtgugpeg"qh"uocnn/uecng"oqxgogpvu"
cuuqekcvgf"ykvj"ftckpcig"Þqyu"qt"ncpf"dtgg¦gu"vjcv"
vcmg" rnceg" kp" nqy" vwtdwngpeg" eqpfkvkqpu" cpf" rtq-

xqmg"c"fgeqwrnkpi"dgvyggp"vjg"uqkn"uwthceg"cpf"vjg"
canopy top. In these conditions, advection becomes 

cp"korqtvcpv"vgto"kp"vjg"Þwz"dcncpeg"cpf"ecppqv"dg"
neglected anymore. It has been recently suggested 

*Hkppkicp"et al., 4228+"vjcv."eqpvtct{"vq"yjcv"ycu"
vjqwijv" dghqtg." cfxgevkqp" rtqdcdn{" chhgevu"oquv"
qh"vjg"ukvgu."kpenwfkpi"Þcv"cpf"jqoqigpgqwu"qpgu0"
Fktgev"cfxgevkqp"Þwzgu"ctg"fkhÝewnv"vq"ogcuwtg"cu"
vjg{"tgswktg"ugxgtcn"ogcuwtgogpv"vqygtu"cv"vjg"ucog"
ukvg0"Pqvcdng"cvvgorvu"ygtg"ocfg"d{"Cwdkpgv"et al. 

*4225+." Hgkigpykpvgt" et al." *4226+." Uvcgdngt" cpf"
Hkv¦lcttcnf"*4226+"cpf"Octeqnnc"et al."*4227+."yjq"
hqwpf"vjcv"cfxgevkqp"Þwzgu"ctg"wuwcnn{"ukipkÝecpv"
fwtkpi"ecno"ygcvjgt"eqpfkvkqpu0"Jqygxgt."kp"oquv"
cases, the measurement uncertainty is too large to 

cnnqy"c"rtgekug"guvkocvkqp0"Kp"cffkvkqp."uwej"fktgev"
ogcuwtgogpvu" tgswktg" cp" gzvtgogn{" eqornkecvgf"
ugvwr"vq"cnnqy"tqwvkpg"ogcuwtgogpvu"cv"gcej"ukvg0"Kp"
rtcevkeg."vjg"Þwz"rtqdngo"ku"d{rcuugf"d{"fkuectfkpi"
vjg"fcvc"eqttgurqpfkpi"vq"nqy"okzkpi"rgtkqfu0"Vjg"
htkevkqp"xgnqekv{"ku"ewttgpvn{"wugf"cu"c"etkvgtkqp"vq"
fkuetkokpcvg" dgvyggp" nqy" cpf" jkij"okzkpi" rgtk-
qfu0"Vjku"crrtqcej"ku"igpgtcnn{"mpqyp"cu"vjg"Ðu* 

correction”. Although being currently the best and 

oquv"ykfgn{"wugf"ogvjqf"vq"cxqkf"vjg"rtqdngo."vjg"
u,"eqttgevkqp"ku"chhgevgf"d{"ugxgtcn"ftcydcemu"cpf"
owuv"dg"crrnkgf"ecthwnn{0

Hcevqtu"eqppgevgf"ykvj"itqykpi"xgigvcvkqp"cpf"
ugcuqpcnkv{" jcxg" dggp" kpxguvkicvgf0"Cu" ujqyp" kp"
Rcpkp"et al."*3;;:+."vjg"wpdcncpeg"eqwnf"dg"cvvtkdwvgf"
vq"vjg"kpÞwgpeg"qh"uwthceg"jgvgtqigpgkv{"cpf"xgigvc-
vkqp"jgkijv"ykvj"tgurgev"vq"vjg"ugpuqtu"rqukvkqp0"

Fkhhgtgpv"uqwtegu"qh"wpegtvckpvkgu"kp"Þwz"ogcuwtg-
ogpvu"ecp"dg"uqogvkogu"fkhÝewnv"vq"cuuguu0"Tcpfqo"
ogcuwtgogpv"gttqtu"kp"Þwz"fcvc."kpenwfkpi"gttqtu"fwg"
to the measurement system and turbulence transport, 

have been assessed by Hollinger and Richardson 

*4227+." eqorctkpi" vjg"ogcuwtgogpvu" htqo" vyq"
vqygtu"ykvj"vjg"ucog"Þwz"uqwteg"ctgc"*ÐhqqvrtkpvÑ+="
and by Richardson et al."*4228+."eqorctkpi"rcktu"qh"
ogcuwtgogpvu"ocfg"qp" vyq" uweeguukxg"fc{u" htqo"
vjg" ucog" vqygt" wpfgt" gswkxcngpv" gpxktqpogpvcn"
eqpfkvkqpu0"C"ukorng"ogvjqf"fguetkdgf"kp"Oqpetkghh"
et al."*3;;8+"ecp"dg"wugf"vq"swcpvkh{"vjg"kpÞwgpeg"qh"
random errors on momentum and latent and sensible 

jgcv." ecnewncvkpi" c" fgitgg" qh" wpegtvckpv{" hqt" gcej"
vwtdwngpv"Þwz0

Kp" vjku"yqtm." tgngxcpv" Ýpfkpiu" qp" vjg" gpgti{"
dcncpeg"enquwtg"rtqdngo"qxgt"c"ock¦g"Ýgnf"kp"vjg"
Rq"Xcnng{"ctg"uwooctk¦gf"ockpn{"qp"vjg"dcuku"qh"
tgegpv"kpxguvkicvkqp"yqtmu."uwej"cu"vjqug"d{"Ykn-
son et al."*4224+."Qpeng{"et al."*4229+"cpf"Hqmgp"
*422:d+0"Vwtdwngpv" Þwzgu" htqo"c" tcy"fcvc" ugv" qh"
jkij"htgswgpe{"ogcuwtgogpvu."ctg"qdvckpgf"wukpi"
vjg"Gff{"Rtq"602"uqhvyctg"ykvj"vjg"ockp"qdlgevkxg"
qh"uvcpfctfk¦kpi"vjg"eqttgevkqp"rtqegfwtg"qh"gff{"
eqxctkcpeg"ogcuwtgogpvu0"Vjg"korcev"qh"gcej"kp-

xguvkicvgf"hcevqt"ku"swcpvkÝgf"d{"vjg"unqrg"cpf"kp-

vgtegrv"xcnwgu"dgvyggp"vwtdwngpv"xgtvkecn"jgcv"Þwzgu 
*ncvgpv"jgcv."ugpukdng"jgcv"cpf"itqwpf"jgcv"Þwzgu+"
cpf"cxckncdng"gpgti{"*pgv"tcfkcvkqp+"htqo"c"tgitgu-
ukqp"cpcn{uku"qp"c"jcnh"jqwtn{"dcuku0"Gcej"gzcokpgf"
hcevqt"ku"uvwfkgf"ugrctcvgn{"vq"kortqxg"vjg"wpfgt-
uvcpfkpi"qh"kvu"korcev"qp"vjg"gpgti{"dcncpeg"enquwtg0"
Vjgqtgvkecn" dcemitqwpfu" ctg" pqv" uwooctk¦gf" kp"
a separate chapter, but they are included in each 

uwd/rctcitcrj" vq" kortqxg" vjg" fguetkrvkqp" qh" vjg"
gzcpkocvgf"rtqdngou0"Qpn{"rtcevkecn"hqtowncu"ctg"
ujqyp."yjkng"ocvjgocvkecn"crrtqcejgu"ctg"swqvgf"
in literature. 

2. Instruments, data collection and site description 

Vjg"gzrgtkogpvcn"ecorckip"ycu"ecttkgf"qwv"qxgt"c"
ock¦g"Ýgnf"cv"Nkxtcic"*NQ+"kp"vjg"Rq"Xcnng{"fwtkpi"
vjg"{gct"42340"Vjg"Ýgnf" ku"cdqwv"32"jgevctgu" nqpi"
*Hki0"3+"cpf"vjg"nqecn"qxgtcnn"vqrqitcrj{"ku"Þcv0"Kp"
vjg"okffng"qh"vjg"Ýgnf"cp"kuncpf"qh"cdqwv"72"o2 is 

designed to include agro-micrometeorological in-

struments and devices. 

Eddy covariance data are measured by a tridimen-

sional sonic anemometer (Young 81000, Campbell 
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UekgpvkÝe+"cpf"cp"qrgp"rcvj"icu"cpcn{¦gt"*NK"9722"
d{"NKEQT"Kpfwuvt{+" nqecvgf"cv" vjg" vqr"qh" c" vqygt"
crrtqzkocvgn{"7"o"cdqxg"vjg"itqwpf0"Jkij"htgswgpe{"
*42"J¦+"ogcuwtgogpvu"ctg"uvqtgf"kp"c"eqorcev"Þcuj"
qh"4"Id"eqppgevgf"vq"vjg"fcvc"nqiigt"ET7222"*Ecor-

dgnn"UekgpvkÝe+"cpf"fqypnqcfgf"kp"ukvw"yggmn{0"Qpn{"
vjtgg"ykpf"xgnqekv{"eqorqpgpvu<"uqpke"vgorgtcvwtg."
xcrqt"cpf"ectdqp"fkqzkfg"eqpegpvtcvkqpu"*tcy"fcvc+"
ctg"uvqtgf"kp"vjg"eqorcev"Þcuj0"Ukownvcpgqwun{."pgv"
radiation —measured by a radiometer (CNR1 by 

Mkrr"("¥qpgp+"cv"c"jgkijv"qh"607"oÏ."uqkn"jgcv"Þwz"
Ïogcuwtgf"ykvj"c"Þwz"rncvg"*JHR23"d{"Ecordgnn"
UekgpvkÝe+"cv"c"fgrvj"qh"8"eo"htqo"vjg"itqwpf"cpf"
tested according to the Masseroni et al. *4235c+"
ogvjqfÏ"cpf"uqkn"vgorgtcvwtg"Ïogcuwtgf"d{"vyq"
vjgtoqeqwrngu" cv" c"fgrvj"qh"6" cpf":" eo" htqo" vjg"
itqwpfÏ"ctg"uvqtgf"qp"vjg"fcvc"nqiigt"kp"fkhhgtgpv"
ogoqt{"vcdngu0"Uqkn"oqkuvwtg"*fgvgevgf"d{"c"EU"838"
rtqdg" d{"Ecordgnn" UekgpvkÝe+" cv" fkhhgtgpv" ngxgnu"
*32."52"cpf"72"eo+"cpf"tckp"ctg"cnuq"ogcuwtgf"kp"vjg"
kuncpf0"Cxgtcigf"Þwzgu"ctg"ecnewncvgf"qxgt" c" vkog"
uvgr"qh"52"okp0"

Gzrgtkogpvcn"ogcuwtgogpvu"ygtg"ecttkgf"qwv"htqo"
May 21 to September 7, but the dataset is composed 

only by 3103 averaged data, because some gaps due to 

ocnhwpevkqpkpi"qh"vjg"kpuvtwogpvu"qt"tckphcnn"fc{u"ctg"
ujqyp"kp"vjg"fcvc"ugswgpegu0"Htqo"vjg"Lwnkcp"fc{u"353 

vq"463"qh"vjg"vjg"Ýgnf"ku"eqxgtgf"d{"xgigvcvkqp."yjkng"
vjg"tgockpkpi"fc{u"qh"vjg"{gct"kv"ku"ejctcevgtk¦gf"d{"
dctg"uqkn0"Xgigvcvkqp"jgkijv"xctkgu"htqo"2"vq"542"eo"
cpf"vjg"ecpqr{"itqyvj"vjtqwijqwv"vjg"rtqlgev"ecp"dg"
urcvkcnn{"eqpukfgtgf"jqoqigpgqwu"cetquu"vjg"Ýgnf0"

Ykpf"fktgevkqp."igpgtcnn{"htqo"vjg"yguv"fwtkpi"fc{-

vkog"cpf"htqo"vjg"gcuv"fwtkpi"pkijvvkog."ku"swkvg"uvgcf{."
but some days it is strongly variable. Considering 

gcej"ykpf"fktgevkqp."vjg"gff{"vqygt"rqukvkqp"ku"eqo-

rcvkdng"ykvj" vjg" eqpuvcpv"Þwz" nc{gt" *EHN+" *Gnnkqv."
3;7:+0"EHN"ku"fgÝpgf"cu"32"vq"37'"qh"vjg"kpvgtpcn"
dqwpfct{" nc{gt" *Dcnfqeejk" cpf"Tcq."3;;7+." cpf" kv"
tgrtgugpvu" c" urceg"ctgc"yjgtg"ogcuwtgf"Þwzgu"d{"
vjg"gff{"vqygt"ctg"eqpuvcpv0"Crrn{kpi"GnnkqvÓu"*3;7:+"
hqtownc"kp"wphcxqwtcdng"eqpfkvkqpu"qh"dctg"uqkn."ykvj"
c"ecnewncvgf"cgtqf{pcoke"tqwijpguu"qh"cdqwv"2026"o"
*Icttcvv."3;;5+."vjg"EHN"fgrvj"cv"vjg"vqygt"ku"cdqwv"
8"o."gpuwtkpi"vjcv"vjg"gff{"eqxctkcpeg"kpuvtwogpvu"
*vtkfkogpukqpcn"uqpke"cpgoqogvgt"cpf"icu"cpcn{ugt+"
tgockp"ykvjkp"vjg"EHN0"

During the summer period the site is typically 

ejctcevgtk¦gf"d{"c"enqwf/htgg"um{"kp"cuuqekcvkqp"ykvj"
jkij"ncvgpv"jgcv"Þwz"cpf"pgv"tcfkcvkqp"xcnwgu"qh"cdqwv"
822"cpf"922"Yo–2, respectively. Cumulated rain over 

vjg"gzrgtkogpvcn"rgtkqf"ku"cdqwv"422"oo."yjkng"uqkn"
oqkuvwtg"ogcuwtgf"cv"c"fgrvj"qh"32"eo"xctkgu"dgvyggp"
oczkowo"cpf"okpkowo"rgcmu"qh"cdqwv"206"cpf"2037."
respectively. 

3. The energy balance closure problem

Gpgti{"dcncpeg"enquwtg."c"hqtowncvkqp"qh"vjg"Ýtuv"ncy"
qh"vjgtoqf{pcokeu."tgswktgu"vjcv"vjg"uwo"qh"ncvgpv"
heat (LE+."ugpukdng"jgcv"*H+"cpf"itqwpf"jgcv"Þwz"*G+"
ku"gswcn"vq"cnn"qvjgt"gpgti{"ukpmu"qt"uqwtegu"*Gs0"3+0

LE + H + G = Rn" *3+

yjgtg"Rn"ku"vjg"pgv"tcfkcvkqp0"Igpgtcnn{."Þwzgu"ctg"
typically integrated over 30-min periods, thus build-

ing the basis to calculate energy balance on annual 

vkog"uecngu0"Vjg"unqrg"*ikxgp"d{"*LE + H + G+Rn
–1+"

cpf"kpvgtegrv"xcnwgu"qh"vjg"tgitguukqp"nkpg"swcpvkh{"
vjg"tgnkcdknkv{"qh"vjg"gpgti{"dcncpeg"enquwtg."yjkej"ku"
enqug"vq"3"kp"cp"kfgcn"ecug0"Kp"vjg"hqnnqykpi"ugevkqpu."
tgngxcpv"Ýpfkpiu"qp"vjg"gpgti{"dcncpeg"enquwtg"ctg"
uwooctk¦gf" cpf"fcvc" rtqeguukpi" tguwnvu" wukpi" vjg"
gzrgtkogpvcn"ogcuwtgogpvu"ctg"ujqyp0

3.1 Effects of data correction

In this sub-section, the procedures necessary to obtain 

tgnkcdng"Þwzgu"uvctvkpi"htqo"jkij"htgswgpe{"tcy"fcvc"
ugv"ctg"dtkgÞ{"fguetkdgf"*Eqtdctk"et al.."4234+0

Eddy covariance measurements have to be cor-

tgevgf"vq"qdvckp"tgnkcdng"vwtdwngpv"Þwzgu"qh"ncvgpv"cpf"
ugpukdng"jgcv0"Dghqtg"ecnewncvkpi"Þwzgu."vyq"itqwru"
qh"eqttgevkqpu"ujqwnf"dg"korngogpvgf<"ÐkpuvtwogpvcnÑ"
cpf"Ðrj{ukecnÑ"eqttgevkqpu0"

MILAN

Livraga

North

Eddy covariance station

100 m

Hki0"30"Nkxtcic"ukvg0
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Instrumental corrections can be considered as 

preliminary processes that have to be directly applied 

qp"jkij"htgswgpe{"ogcuwtgogpvu"vq"rtgrctg"vjg"fcvc"
ugv"hqt"Þwzgu"ecnewncvkqp0"

3.1.1 Axis rotation for tilt correction

Vknv" eqttgevkqp"cniqtkvjou"ctg"pgeguuct{" vq" eqttgev"
ykpf" uvcvkuvkeu" hqt" cp{"okucnkipogpv" qh" vjg" uqpke"
cpgoqogvgt"ykvj"tgurgev"vq"vjg"nqecn"ykpf"uvtgco-

nkpgu0"Ykne¦cm"et al."*4223+"rtqrqug"vjtgg"v{rqnqikgu"
qh"eqttgevkqp"cniqtkvjou."cpf"hqt"vjg"Nkxtcic"4234"
fcvcugv" c" fqwdng" tqvcvkqp"ogvjqf"ycu" wugf0"Ykvj"
this method the anemometer tilt is compensated by 

tqvcvkpi"tcy"ykpf"eqorqpgpvu"vq"pwnnkh{"vjg"cxgtcig"
etquu/uvtgco"cpf"xgtvkecn"ykpf"eqorqpgpvu0"

3.1.2 Spike removal

Vjg"uq/ecnngf"fgurkmkpi"rtqegfwtg"eqpukuvu"kp"fg-

tecting and eliminating short term outranged values 

kp" vjg" vkog" ugtkgu0" Hqnnqykpi"Xkemgtu" cpf"Ocjtv"
*3;;9+.""c"urkmg"ku"tgrtgugpvgf"d{"c"ukping"eqpuge-

wvkxg" xcnwg" *qt" c"oczkowo"qh" vjtgg" eqpugewvkxg"
xcnwgu+"vjcv"ku"qwvukfg"vjg"rncwukdng"tcpig"fgÝpgf"
ykvjkp"c"egtvckp"vkog"ykpfqy"vjcv"oqxgu"vjtqwijqwv"
the time series. 

3.1.3 Time lag compensation

Kp"cp"qrgp"rcvj"u{uvgo"vjg" vkog"nci"dgvyggp"cpg-

mometric variables and variables measured by a gas 

cpcn{¦gt"ku"fwg"vq"vjg"rj{ukecn"fkuvcpeg"dgvyggp"vjg"
vyq" kpuvtwogpvu."yjkej"ctg"wuwcnn{"rncegf" ugxgtcn"
fgekogvgtu"*qt"nguu+"crctv"vq"cxqkf"owvwcn"fkuvwtdcpe-

gu0"Vjg"ykpf"Ýgnf"vcmgu"uqog"vkog"vq"vtcxgn"dgvyggp"
dqvj" kpuvtwogpvu."yjkej" tguwnvu" kp" c" egtvckp" fgnc{"
dgvyggp"vjg"ucornkpi"qh"vjg"ucog"ckt"rctegn"d{"gcej"
qpg"qh"vjg"vyq"kpuvtwogpvu"*Twpmng"et al.."4234+0

3.1.4 Detrending

Vjg" gff{" eqttgncvkqp"ogvjqf" hqt" ecnewncvkpi"Þwz-

gu" tgswktgu" vjcv" vjg"Þwevwcvkpi" eqorqpgpvu" qh" vjg 

ogcuwtgf"ukipcnu"ctg"fgtkxgf"d{"uwdvtcevkpi"vjgo"htqo"
the mean signals. In steady-state conditions simple 

nkpgct"ogcpu"yqwnf"dg"cfgswcvg."dwv"uvgcf{"uvcvg"eqp-

fkvkqpu"tctgn{"gzkuv"kp"vjg"cvoqurjgtg"cpf"kv"ku"pgeguuct{"
vq"tgoqxg"vjg"nqpi/vgto"vtgpfu"kp"vjg"fcvc"yjkej"fq"
pqv"eqpvtkdwvg"vq"vjg"Þwz"*Icuj"cpf"Ewnh."3;;8+0"

Chvgt" eqorngvkpi" vjg" rtgnkokpct{" rtqeguugu."
physical corrections have to be implemented. Spec-

vtcn"kphqtocvkqp"nquugu."ckt"fgpukv{"Þwevwcvkqpu"cpf"

jwokfkv{"ghhgevu"qp"uqpke"vgorgtcvwtg"ctg"vcmgp"kpvq"
ceeqwpv"kp"ceeqtfcpeg"ykvj"vjg"rtqegfwtg"fguetkdgf"
in Ueyama et al."*4234+0"

3.1.5 Spectral correction

Urgevtcn"eqttgevkqpu"eqorgpucvg"Þwz"wpfgtguvkocvkqpu"
fgtkxgf"htqo"vyq"fkuvkpev"ghhgevu0"Vjg"Ýtuv"ghhgev"ku"tg-
hgttgf"vq"Þwzgu"vjcv"ctg"ecnewncvgf"qp"c"Ýpkvg"cxgtcikpi"
time, implying that longer-term turbulent contributions 

ctg"wpfgt/ucorngf"cv"uqog"gzvgpv."qt"eqorngvgn{0"Vjg"
eqttgevkqp"qh"vjgug"Þwz"nquugu"ku"tghgttgf"vq"cu"Ðjkij/
rcuu"ÝnvgtkpiÑ"dgecwug" vjg"fgvtgpfkpi"ogvjqf"cevu"
ukoknctn{"vq"c"jkij/rcuu"Ýnvgt."cvvgpwcvkpi"Þwz"eqpvtkdw-

vkqpu"kp"vjg"htgswgpe{"tcpig"enqug"vq"vjg"Þwz/cxgtcikpi"
kpvgtxcn0"Vjg"ugeqpf"ghhgev"ku"tgncvgf"vq"kpuvtwogpvcn"
cpf"ugvwr"nkokvcvkqpu"vjcv"fq"pqv"cnnqy"ucornkpi"qh"
vjg" hwnn" urcvkqvgorqtcn" vwtdwngpeg"Þwevwcvkqpu" cpf"
pgeguuctkn{" korn{" uqog"urceg"qt" vkog"cxgtcikpi"qh"
uocnngt" gffkgu." cu"ygnn" cu" cevwcn"fcorgpkpi"qh" vjg"
uocnn/uecng" vwtdwngpv"Þwevwcvkqpu" *Oqpetkghh"et al., 

3;;9="Ocuugtqpk"et al.."4235d+0

3.1.6 WPL correction

Vjg"qrgp/rcvj"icu"cpcn{¦gt"fqgu"pqv"ogcuwtg"pqp/fk-
ogpukqpcn"ectdqp"fkqzkfg"cpf"ycvgt"xcrqt"eqpegp-

vtcvkqpu"cu"okzkpi"tcvkqu."dwv"kv"fqgu"ogcuwtg"ectdqp"
fkqzkfg"cpf"ycvgt"xcrqt"fgpukvkgu0"Hqt"vjku"tgcuqp."
the trace gau"Þwz"vjcv"ku"ogcuwtgf"d{"vjku"cpcn{¦gt"
pggfu"vq"dg"eqttgevgf"hqt"vjg"ogcp"xgtvkecn"Þqy"fwg"vq"
ckt"fgpukv{"Þwevwcvkqp0"Ygdd"et al."*3;:2+"uwiiguvgf"
vjcv"vjg"Þwz"fwg"vq"vjg"ogcp"xgtvkecn"Þqy"ecppqv"dg"
pgingevgf" hqt" vtceg"icugu" uwej"cu"ycvgt"xcrqt"cpf"
ectdqp"fkqzkfg0"Vq" gxcnwcvg" vjg"ocipkvwfg" qh" vjg"
kpÞwgpeg"gzgtvgf"d{"vjg"ogcp"xgtvkecn"Þqy."Ygdd"
et al."*3;:2+"cuuwogf"vjcv"vjg"xgtvkecn"Þwz"qh"ft{"ckt"
ujqwnf"dg"¦gtq0"Rtcevkecnn{."ugpukdng"cpf"ncvgpv"jgcv"
Þwzgu"gxcnwcvgf"d{"vjg"gff{"eqxctkcpeg"vgejpkswg"
ctg"wugf"vq"ecnewncvg"ycvgt"xcrqt"cpf"ectdqp"fkqzkfg"
Þwzgu"d{"vjg"ogcp"xgtvkecn"Þqy"*WPL"eqttgevkqp+0

3.1.7 VD correction

Vjg"uqpke"cpgoqogvgt"ogcuwtgu"ykpf"xgnqekv{"eqo-

ponents and sonic temperature. Sonic temperature, 

yjkej"ku"vjg"dcuku"qh"vjg"ugpukdng"jgcv"ecnewncvkqp."ku"
chhgevgf"dqvj"d{"jwokfkv{"cpf"xgnqekv{"Þwevwcvkqpu0"
Xcp"Fklm"et al."*4225+."tgxkukpi"vjg"gzrgtkogpv"ecttkgf"
out by Schotanus et al0"*3;:5+."fgÝpg"c"eqttgevkqp"
vgto"vq"dg"crrnkgf"qp"vjg"ugpukdng"jgcv"hqtownc"kp"
qtfgt"vq"qdvckp"c"tgnkcdng"Þwz"*XF"eqttgevkqp+0"
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Vjg" korcev" qh" eqttgevkqpu" qp" vwtdwngpv" Þwzgu."
cu"c"eqpugswgpeg"qh"vjg"rtqegfwtg"fguetkdgf"cdqxg."
ecp"dg"hqwpfgf"kp"vjg"yqtm"qh"Wg{coc"et al."*4234+0"
Cu"ujqyp"kp"Hkiwtg"4."yjgtg"vjg"gpugodng"ogcpu"qh"
fkwtpcn"xctkcvkqpu"qh"vwtdwngpv"Þwzgu"qxgt"vjg"yjqng"
gzrgtkogpvcn"rgtkqf"ctg"eqorwvgf."kh"eqttgevkqp"rtq-

egfwtgu"ctg"pqv"crrnkgf"*Hki0"4c+."ncvgpv."ugpukdng"cpf"
itqwpf"jgcv"Þwzgu"eqnncrug"vq"¦gtq"fwtkpi"fc{vkog."
yjkng"kp"pkijvvkog."qxgtguvkocvkqpu"qh"ncvgpv"cpf"ugp-

ukdng"jgcv"rtqfweg"wpucvkuhcevqt{"Þwz"kpvgtrtgvcvkqpu0"
Kpuvgcf."kh"eqttgevkqp"rtqegfwtgu"ctg"crrnkgf"*Hki0"4d+."
vjg"Þwzgu"rctvkvkqpkpi"ku"swkvg"ukoknct"vq"vjcv"ujqyp"
kp"ocp{"nkvgtcvwtg"yqtmu0"

Vjg"gpgti{"dcncpeg"enquwtg"ecnewncvgf"chvgt"eqttge-
vkqp"rtqegfwtgu"ygtg"crrnkgf"qpn{"qp"ncvgpv"cpf"ugp-

ukdng"jgcv"Þwzgu"ku"2097."ykvj"c"eqttgncvkqp"eqghÝekgpv"
(R2+"qh"cdqwv"20:"cpf"cp"kpvgtegrv"qh"cdqwv"32"Yo–2.

3.2 Effect of the storage terms

Eddy covariance measurements are based on 

vwtdwngpv" ckt"okzkpi" cpf" xgtvkecn" Þwz" gzejcpigu0"
Uqogvkogu."c"rqtvkqp"qh"ncvgpv"cpf"ugpukdng"jgcv"ku"
uvqtgf"dgnqy"vjg"ogcuwtgogpv"rqkpv."cpf"vjgug"eqp-

centrations are not measured by the anemometer and 

icu"cpcn{¦gt0"Wuwcnn{."yjgp"ecpqr{"eqxgtu"vjg"Ýgnf."
vjg"ghhgev"qh"kvu"jgcv"uvqtcig"cpf"rjqvqu{pvjguku"Þwz"
kpetgcug"ftcuvkecnn{."tgcejkpi"c"xcnwg"qh"cdqwv"32'"
qh"pgv"tcfkcvkqp"*Og{gtu"cpf"Jqnnkpigt."4226+0"Vjg"
dguv"yc{"vq"eqorwvg"vjg"uvqtcig"Þwz"ku"d{"fgfwekpi"
kv" htqo" c" eqpegpvtcvkqp" rtqÝng"ogvjqf" kpukfg" vjg"
ecpqr{" *Rcrcng"et al., 4228+0"Jqygxgt." c" fkuetgvg"
guvkocvkqp"dcugf"qpn{"qp"eqpegpvtcvkqpu"cv"vjg"vqygt"
top is used on many sites (Meyers and Hollinger, 

4226+0"Oqtgqxgt."c"eqttgevkqp"ku"tgswktgf"vq"ceeqwpv"
hqt"vjg"jgcv"uvqtcig"vjcv"qeewtu"kp"vjg"nc{gt"dgvyggp"
vjg"uqkn"uwthceg"cpf"vjg"jgcv"Þwz"rncvg"*Oc{qeejk"cpf"
Dtkuvqy."3;;7+0"Vjwu."Gs0"*3+"ecp"dg"tgytkvvgp"ykvj"
vjg"cffkvkqp"qh"vjg"uvqtcig"vgtou"*Gs0"4+0

LE + H + G + Sg + Sc + Sp = Rn" *4+

yjgtg"Sp ku"vjg"gpgti{"Þwz"hqt"rjqvqu{pvjguku."Sc is the 

ecpqr{"jgcv"uvqtcig"kp"dkqocuu"cpf"ycvgt"eqpvgpv"cpf"
Sg is the ground heat storage above the soil heat plate. 

Ncvgpv"cpf"ugpukdng"jgcv"Þwzgu"ctg"eqorwvgf"cpf"cnn"
corrections described in Ueyama et al."*4234+"ctg"cr-

rnkgf0"Pgv"tcfkcvkqp"ku"fktgevn{"ogcuwtgf"ykvj"vjg"tcfk-
qogvgt."yjkng"G"ku"rgthqtogf"wukpi"vjg"ogcuwtgogpvu"
qdvckpgf"ykvj"vjg"jgcv"Þwz"rncvg"cpf"vjgtoqeqwrngu."
crrn{kpi"vjg"ogvjqf"swqvgf"kp"Mwuvcu"et al."*4222+0"

Vjg"jgcv"uvqtcig"vgtou"hqt"vjg"nqecn"uwthceg"gpgti{"
balance are calculated by computing the total enthal-

r{"ejcpig"qxgt"c"ikxgp"vkog"kpvgtxcn"*〉t+."yjkej"ku"
52"okp0"Hqt"vjg"ecpqr{."vjg"tcvg"ejcpig"kp"gpvjcnr{"
ku"fguetkdgf"d{"Gs0"*5+0

( )
t

cmcmT
S bbwwa

c

+
= " *5+

yjgtg"〉ta" ku" vjg" vgorgtcvwtg" gzejcpig" qxgt" vjg"
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yjgtg"〉ts ku"vjg"vgorgtcvwtg"gzejcpig"kp"vjg"uqkn."msw 

ku"vjg"fgpukv{"qh"ycvgt."しw is the measured volumetric 

eqpvgpv"ogcuwtgf"ykvj"c"uqkn"oqkuvwtg"rtqdg"cv"c"32"eo 

fgrvj."〉z is the depth above the soil heat plate up to 

vjg"itqwpf"uwthceg."とs ku" vjg"uqkn"dwnm"fgpukv{."cpf"
cs" ku" vjg" urgekÝe"jgcv"ecrcekv{"qh" uqkn" *Mwuvcu"cpf"
Fcwijvt{."3;;2+0"

Vjg"nkijv"gpgti{"vtcpuhqtogf"kp"vjg"rjqvqu{pvjgvke 
process to carbon bond energy in the biomass has 

nqpi"dggp"kipqtgf"yjgp"eqorctgf"vq"qvjgt"vgtou"kp"
vjg"uwthceg"gpgti{"dcncpeg0"Jqygxgt."cu"vjg"ncem"qh"
enquwtg"kp"uwthceg"gpgti{"dcncpeg"eqpvkpwgu"kpvtkiw-

kpi" tgugctejgtu" *Og{gtu" cpf"Jqnnkpigt." 4226+." cnn"
qh"vjg"fcvc"rtqeguukpi"ogvjqfu"cpf"vgtou"ujqwnf"dg"
reevaluated.

Cpcn{¦kpi"vjg"hqtocvkqp"qh"inwequg"kp"kvu"ejgokecn"
tgcevkqp"*Gs0"7+."cp"guvkocvg"qh"vjg"gpgti{"wugf"kp"
rjqvqu{pvjguku"ku"qdvckpgf"htqo"vjg"pgv"uwo"qh"gpgti{"
tgswktgf"vq"dtgcm"vjg"dqpfu"qh"vjg"tgcevcpvu"cpf"vjqug"
kp"vjg"igpgtcvkqp"qh"inwequg"cpf"qz{igp0"

8J2Q"-"8EQ2 馨"8Q2 + C8H12O8"" *7+

Vjku"ku"vjg"uqnct"gpgti{."yjkej"ku"pqy"uvqtgf"kp"
vjg"dqpfu"qh"ectdqj{ftcvg0"Kv"ku"Ã"644"mL"rgt"oqng"qh"
CO2"Ýzgf"d{"rjqvqu{pvjguku"*Pqdgn."3;96+0"C"ecpq-

r{"cuukokncvkqp"tcvg"qh"407"oi"EQ2 m
&4 s&3gswcvgu"vq"

cp"gpgti{"Þwz"qh"4:"Yo&40"Vjku"eqpxgtukqp"hcevqt"
is used to compute the measured photosynthesis 

tcvgu"htqo"vjg"gff{"eqxctkcpeg"ogcuwtgogpvu"vq"cp"
gswkxcngpv"gpgti{"Þwz0

Kp" ceeqtfcpeg"ykvj" vjg"Og{gtu" cpf"Jqnnkpigt"
*4226+"rtqegfwtg."uvqtcig"vgtou"ctg"eqorwvgf"hqt"vjg"
daytime period only, and data are grouped into 2-h 

dkpu"dgikppkpi"cv"8<22"c0o0"cpf"gpfkpi"cv"3:<22"r0o0"
Vjg"cxgtcigf"fc{vkog"uvqtcig"Þwzgu"hqt"vjg"yjqng"
gzrgtkogpvcn"rgtkqf"ctg"rtgugpvgf"kp"Hkiwtg"50"Hkiwtg"
5c"ujqyu"vjcv"vjg"jgcv"uvqtcig"kp"vjg"uqkn"ku"itgcvgt"
vjcp"vjg"qvjgt"uvqtcig"Þwzgu0"Kvu"vtgpf"ku"ejctcevgtk¦gf"
d{"c"rgcm"qh"cdqwv"56"Yo–2"kp"eqttgurqpfgpeg"ykvj"
midday. During the morning, heat storage in the soil 

kpetgcugu"yjkng"kp"vjg"chvgtpqqp"kv"fgetgcugu"fqyp"
vq"32"Yo–20"Vjg"rjqvqu{pvjguku"uvqtcig"vgto"jcu"c"
ukoknct"dgjcxkqt."ykvj"c"rgcm"qh"cdqwv"32"Yo–2."yjkng"
the canopy heat storage term tends to decrease during 

vjg"fc{0"Hkiwtg"5d"ujqyu"vjg"tcvkq"dgvyggp"vjg"uwo"qh"
uvqtcig"vgtou"*vqvcn"uvqtcig+ cpf"pgv"tcfkcvkqp."yjkej"
tgrtgugpvu"vjg"cxckncdng"gpgti{"kp"vjg"gequ{uvgo0"Vjg"
uvqtcig"Þwzgu"eqpuvkvwvg"c"ukipkÝecpv"htcevkqp"qh"vjg"

cxckncdng"gpgti{"ykvj"c"tcvkq"qh"cdqwv"32'."yjkej"ku"
swkvg"eqpuvcpv"htqo":<22"c0o0"vq"36<22"r0o0."yjkng"kv"
vgpfu"vq"fgetgcug"kp"vjg"ncvg"chvgtpqqp0

Vjg"ghhgev"qh"uvqtcig"vgtou"qp"vjg"uwthceg"gpgti{"
dcncpeg"ku"gzcokpgf"d{"eqorctkpi"vjg"uwo"qh"H, LE 

and G ykvj"cpf"ykvjqwv"gcej"uvqtcig"Þwz."cickpuv"Rn 

hqt"vjg"fc{vkog"rgtkqfu"qxgt"vjg"yjqng"gzrgtkogpvcn"
ecorckip0"Hqt"vjg"ock¦g"Ýngf."ykvjqwv"kpenwfkpi"vjg"
uvqtcig"vgtou."vjg"unqrg"htqo"c"ukorng"nkpgct"tgitgu-
ukqp"ku"2097"ykvj"cp"R2"qh"cdqwv"20:"*Hki0"6+0"Yjgp"
vjg"uvqtcig"vgtou"kp"vjg"uwthceg"gpgti{"dcncpeg"ctg"
kpenwfgf."vjg"unqrg"qh"vjg"nkpgct"tgitguukqp"vgpfu"vq"
kpetgcug"wr"vq"20:8"ykvj"cp"R2 qh"cdqwv"20:"cpf"cp"
kpvgtegrv"qh"cdqwv"30:"Yo–20"Kh"enquwtg"uvqtcig"vgtou"
are included in the energy balance, the systematic 

gttqt"kp"Þwzgu."fguetkdgf"d{"nkpgct"tgitguukqp"kpvgt-
egrv." ku"ejctcevgtk¦gf"d{"c"ftcuvke"fgetgcukpi"htqo"
32" vq" 30:"Yo–20"Cu" gzrnckpgf" kp" Hqmgp" *422:c+."
the ground heat storage has to be added to soil heat 

Þwz"kp"qtfgt"vq"qdvckp"tgnkcdng"G"Þwz"guvkocvkqpu0"Kp"
hcev."cu"ujqyp"kp"Hkiwtg"6."vjg"itqwpf"uvqtcig"vgto"
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rnc{u"c"hwpfcogpv"tqng"kp"vjg"gpgti{"dcncpeg"enquwtg"
kortqxgogpv."jcxkpi"c"rqukvkxg"kpÞwgpeg"qh"cdqwv"
8'."yjkej"ku"gswcn"vq"cdqwv"76'"qh"vjg"vqvcn"gpgti{"
dcncpeg" kortqxgogpv"yjgp"eqpukfgtkpi" vjg"yjqng"
storage terms. 

Cnvjqwij"vjg"fc{vkog"gpgti{"dcncpeg"ykvj"vqvcn"
uvqtcig"vgtou"ku"enqugf"ykvjkp"36'"qp"cxgtcig."enq-

uwtg"fgÝekv"oc{"dg"c"eqpugswgpeg"qh"cp"kpceewtcvg"
G"Þwz"guvkocvkqp."yjkej"ku"gzvtgogn{"fkhhgtgpv"kp"vjg"
urcvkcn"eqpvgzv."cu"fguetkdgf"d{"Yknuqp"et al."*4224+0"
Oqtgqxgt."uvqtcig"Þwzgu"qdvckpgf"d{"c"ukping"rqkpv"
ogcuwtgogpv"ecp"dg"wpfgtguvkocvgf"ykvj"tgurgev"vq"
vjg"oqtg"eqornkecvgf"rtqÝng"ogvjqfu0"

Kp"vjg"eqooqp"rtcevkeg."jgcv"uqkn"Þwz"*ogcuwtgf"
d{"vjg"jgcv"uqkn"rncvg+"ku"wuwcnn{"eqttgevgf"ykvj"vjg"
itqwpf"uvqtcig"vgto0"Vjwu."vjg"itqwpf"jgcv"uvqtcig"
term is already included in the G"Þwz"kp"vjg"hqnnqykpi"
sections. 

3.3 Effect of time aggregation 

Cu"fguetkdgf"kp"Hqmgp"*422:d+."cp"gpgti{"vtcpurqtv"
ykvj" nctig" gffkgu"yjkej" ecppqv" dg"ogcuwtgf"ykvj"
vjg"gff{"eqxctkcpeg"ogvjqf" ku" cuuwogf"cu"qpg"qh"
vjg"ockp"tgcuqpu"qh"enquwtg"rtqdngou0"Kp"nkvgtcvwtg."
several methods are discussed to investigate this 

rtqdngo"*Ucmck"et al., 4223="Hkppkicp"et al., 2003; 

Hqmgp"et al., 4228+0"Crrtqzkocvgn{"37"{gctu"ciq."vjg"
qikxg"hwpevkqp"ycu"kpvtqfwegf"kpvq"vjg"kpxguvkicvkqp"
qh"vwtdwngpv"Þwzgu"*Qpeng{"et al., 3;;2="Htkgjg."3;;3+0"
Vjku"hwpevkqp"ycu"rtqrqugf"cu"c"vguv"vq"ejgem"kh"cnn"
nqy"htgswgpe{"rctvu"ctg"kpenwfgf"kp"vjg"vwtdwngpv"Þwz"
ogcuwtgf"ykvj"vjg"gff{"eqxctkcpeg"ogvjqf"*Hqmgp"
et al.."3;;7+0"Vjg"qikxg"hwpevkqp"ku"vjg"ewowncvkxg"
kpvgitcn"qh"vjg"eq/urgevtwo"uvctvkpi"ykvj"vjg"jkijguv"
htgswgpekgu."cu"fguetkdgf"kp"Gs0"*8+0

=
0

)()( 0

f

wxwx dffCofOg " *8+

yjgtg"Cowx"ku"vjg"eq/urgevtwo"qh"c"vwtdwngpv"Þwz."w is 

vjg"xgtvkecn"ykpf"eqorqpgpv."x"ku"vjg"jqtk¦qpvcn"ykpf"
component or scalar, and f"ku"vjg"htgswgpe{0"Ugpukdng"cpf"
ncvgpv"jgcv"Þwz"equrgevtwou"cpf"vjgkt"qikxg"hwpevkqpu"
ctg"tgurgevkxgn{"ujqyp"kp"Hkiwtg"70"Hkiwtg"7c"rtgugpvu"
cp"gzcorng"qh"cp"qikxg"hwpevkqp"cpf"eq/urgevtwo"hqt"
w'T '"qp"Lwn{"42"cv"36<22"r0o0."ku"ujqyp."yjkng"Hki0"7d"
ujqyu"gzcorng"qh"cp"qikxg"hwpevkqp"cpf"eq/urgevtwo"
hqt"w'H2O ' on August 11 at 03:30 a.m. 

In the convergent case (Hki0"7c+."vjg"qikxg"hwpevkqp"
kpetgcugu"fwtkpi"vjg"kpvgitcvkqp"htqo"jkij"htgswgpekgu"
vq"nqy"htgswgpekgu"wpvkn"c"egtvckp"xcnwg"ku"tgcejgf"cpf"
tgockpu"qp"c"oqtg"qt"nguu"eqpuvcpv"rncvgcw"dghqtg"c"
52/okp"kpvgitcvkqp"vkog0"Kh"vjku"eqpfkvkqp"ku"hwnnÝnngf."
vjg" 52/okp" eqxctkcpeg" ku" c" tgnkcdng" guvkocvg" hqt"
vjg" vwtdwngpv"Þwz."dgecwug" kv" ku"rquukdng" vq" cuuwog 
vjcv"vjg"yjqng"vwtdwngpv"urgevtwo"ku"eqxgtgf"ykvjkp"

0

4

8

12

0.68

0.72

0.76

0.8

0.84

0.88

In
te

rc
e
p

t 
(W

 m
–
2
)

S
lo

p
e
 a

n
d

 R
2
(-

)

Slope

R2

Intercept

LE
+H

+G

LE
+H

+G
+S

g

LE
+H

+G
+S

g+
S
c

LE
+H

+G
+S

g+
S
c+

S
p

Hki0"60"Gpgti{"dcncpeg"enquwtg"ykvj"vjg"cffkvkqp"qh"uvqtcig"
terms.

0.00100.01000.10001.0000

–2

0

2

4

6

0.00010.0010.010.1110

a

b

0

30

60

90

120

0.00010.0010.010.1110
C

o
W

T
 

O
g

W
T

  

Frequency (Hz)

–20

–10

0

10

20

30

40

0.000110.0000

0

30

60

90

120

150

0.00010.00100.01000.10001.000010.0000

C
o

W
H

2
O

 

O
g

W
H

2
O

Frequency (Hz)

–30

Ogive (WT)

Cospectrum (WT)

Ogive (WH2O)

Cospectrum (WH2O)

Hki0"70"Gzcorng"qh"cp"qikxg"hwpevkqp"cpf"equrgevtwo"hqt"
w'T ' "*C+"cpf"w'H2O ' "*D+"qp"Lwn{"42"cv"36<22"r0o0"cpf"
August 11 at 03:30 a.m., respectively. 



343Limitations and improvements of the energy balance closure

vjcv" kpvgtxcn"cpf"vjgtg"ctg"qpn{"pginkikdng"Þwz"eqp-

vtkdwvkqpu" htqo" nqpigt"ycxgngpivju" *ecug"3+0"Dwv" kv"
ecp"cnuq"qeewt"vjcv"vjg"qikxg"hwpevkqp"ujqyu"cp"gz-

vtgog"xcnwg"cpf"fgetgcugu"cickp"chvgtyctfu"*ecug"4. 
Hki0"7d+." qt" vjcv" vjg"qikxg" hwpevkqp"fqgu"pqv" ujqy"
c"rncvgcw"dwv" kpetgcugu" vjtqwijqwv" *ecug"5+0"Qikxg"
hwpevkqpu"eqttgurqpfkpi"vq"ecugu"4"qt"5"kpfkecvg"vjcv"
c"52/okp"Þwz"guvkocvg"ku"rquukdn{"kpcfgswcvg0"Hqmgp"
et al."*4228+"fgÝpg"vjtgujqnfu"hqt"qikxg"ejctcevgtkuvke"
dgjcxkqtu"kp"qtfgt"vq"rtguetkdg"kh"cp"qikxg"dgnqpiu"vq"
case 1, 2 or 3. 

Htqo"vjg"qikxg"cpcn{uku"rgthqtogf"hqt"ncvgpv"cpf"
ugpukdng" jgcv" Þwzgu" qxgt" vjg"yjqng" gzrgtkogpvcn"
period, the 30-min averaging interval appears to be 

uwhÝekgpv"vq"eqxgt"cnn"tgngxcpv"Þwz"eqpvtkdwvkqpu"ykvj"
crrtqzkocvgn{":2'"kpenwfgf"kp"ecug"3."yjkng"qpn{"
42'"dgnqpi"vq"ecugu"4"cpf"50

Hkppkico" et al." *4225+" rtqrqug" c" ukvg/urgekÝe"
gzvgpukqp"qh"vjg"cxgtcikpi"vkog"wr"vq"ugxgtcn"jqwtu"
vq"enqug"vjg"gpgti{"dcncpeg0"Hkiwtg"8"ujqyu"gpgti{"
dcncpeg"enquwtgu"ykvj"tghgtgpeg"vq"gpgti{"Þwz"ciitg-
icvkqpu"cv"fkhhgtgpv"vgorqtcn"uecngu0"

Vjg"unqrg"vgpfu"vq"kpetgcug"kh"c"nctig"cxgtcikpi"vkog"
ku"eqpukfgtgf."dwv"kh"cp"ciitgicvkqp"rgtkqf"qh"8"j"ku"
gzcokpgf."vjg"nkpgct"tgitguukqp"*2098+"ku"swkvg"ukoknct"
vq"vjcv"ecnewncvgf"ykvj"jcnh/jqwtn{"fcvc"*2097+0"Kpuvgcf."
ykvj"cp"ciitgicvkqp"vkog"rgtkqf"gswcn"vq"46"j."vjg"unqrg"
jcu"c"nctig"kortqxgogpv"*20:5+0"Vjku"ku"rtqdcdn{"fwg"
vq"vjg"ghhgev"qh"uvqtcig"vgtou."yjkej"ecp"dg"eqpukfgtgf"
pginkikdng"cv"fckn{"uecng"cu"ujqyp"kp"Hqmgp"*422:d+0"

506"Ghhgev"qh"uecng"fkhhgtgpegu"kp"Þwz"ogcuwtgogpvu
Vjg"gpgti{"dcncpeg"enquwtg"ecp"cnuq"dg"uggp"cu"c"
uecng"rtqdngo."dgecwug"gcej"Þwz"ku"tgrtgugpvcvkxg"

qh"cp"ctgc"*Hki0"9+0"Kp"hcev."vjg"pgv"tcfkqogvgt"uqwteg"
ctgc"ku"vjg"Ýgnf"qh"xkgy"qh"vjg"kpuvtwogpv"cv"pcfkt"
tgncvgf"vq"vjg"ugpuqt"jgkijv."cpf"kv"fqgupÓv"ejcpig"
ykvj" vkog0" Kp" Hki0" 9c the net radiometer source 

ctgc"fguetkdgf"d{"UejokfÓu"*3;;9+"gswcvkqp"wukpi"
vjg"tcfkqogvgt"eqpÝiwtcvkqp"qp"vjg"vqygt"hqt"vjku"
gzrgtkogpvcn"ecorckip."ku"ujqyp0"Vjg"tcfkqogvgt"ku"
located on an arm (b+"qh"cdqwv"407"o"nqpi."cvvcejgf"
vq"vjg"vqygt"cv"c"jgkijv"qh"cdqwv"607"o"*zr+0"Kvu"qtk-
gpvcvkqp"ku"htqo"pqtvj"vq"uqwvj"kp"qtfgt"vq"tgegkxg"
vjg"yjqng"uqnct"tcfkcvkqp"fwtkpi"vjg"fckn{"jqwtu0"Kvu"
uqwteg"ctgc"jcu"c"ektewnct"ujcrg"ykvj"c"oczkowo"
tcfkwu"qh"cdqwv"6"o."cpf"vjg"oclqt"tgrtgugpvcvkxg-

pguu"qh"vjg"ujqtv"cpf"nqpi"ycxg"ogcuwtgogpv."yjkej"
ctg"eqokpi"htqo"vjg"uwthceg."ctg"kp"eqttgurqpfgpeg"
vq"vjg"rtqlgevkqp"qh" vjg"tcfkqogvgt"qp"vjg"itqwpf"
*tgf"¦qpgu+0"

Vjg"Þwz" hqqvrtkpv" qh" vwtdwngpv"Þwzgu" xctkgu" kp"
urceg"cpf"vkog"fgrgpfkpi"ockpn{"qp"ykpf"urggf"cpf"
fktgevkqp."uwthceg"tqwijpguu."uvcdknkv{"eqpfkvkqpu"qh"vjg"
atmosphere and measurement heights (Hsieh et al., 

4222+0"Ceeqtfkpi"vq"Jukgj"et al."*4222+."vjg"hqqvrtkpv"
tgrtgugpvu" c"ygkijv" hwpevkqp" *hqt"wpkv"qh" ngpivj+"qh"
fkhhgtgpv"eqpvtkdwvkqp"vjcv"ku"eqokpi"htqo"vjg"uwthceg"
ctgc"cv"c"egtvckp"fkuvcpeg"cyc{"htqo"vjg"kpuvtwogpvu"
*cpgoqogvgt" cpf"icu" cpcn{¦gt" ]GE" uvcvkqp_+0"Vjku"
hwpevkqp"ejcpigu"kp"urceg"cpf"vkog."cpf"ku"fkhhgtgpv"hqt"
gcej"52/okp"ogcuwtgogpv0"Kp"Hkiwtg"9d."vjg"hqqvrtkpv"
uqwteg"ctgc"qh"vjg"GE"uvcvkqp"eqpukfgtkpi"vjg"yjqng"
gzrgtkogpvcn"fcvc"htqo"Oc{"vq"Ugrvgodgt"ku"ujqyp0"
Dk/fkogpukqpcn"hqqvrtkpvu"ctg"eqorwvgf"wukpi"Jukgj"
et al."*4222+"cpf"Fgvvq"et al."*4228+"oqfgnu"hqt"vjg"
nqpikvwfkpcn" cpf" ncvgtcn" urtgcfu." tgurgevkxgn{0"Vjg"
mathematical approach to match Hsieh et al."*4222+"
and Detto et al."*4228+"oqfgnu"ku"pqv"fguetkdgf"kp"vjku"
yqtm"dwv"kv"ku"ykfgn{"fkuewuugf"kp"vjg"tgegpv"ctvkeng"qh"
van de Boer et al."*4235+0"Vjg"hqqvrtkpv"ctgc"qdvckpgf"
hqt"gcej"jcnh/jqwtn{"fcvc"jcu"dggp"qtkgpvgf"ykvj"tgurgev"
vq"ykpf"fktgevkqpu."cpf"vjg"hqqvrtkpv"ujcrg"tgrtgugpvgf"
kp"Hkiwtg"9d"jcu"dggp"qdvckpgf"rgthqtokpi"vjku"rtqeg-
fwtg"qp"vjg"yjqng"gzrgtkogpvcn"fcvc"ugv0"Kp"igpgtcn."
vjg"oclqt" tgrtgugpvcvkxgpguu"qh" ncvgpv" cpf" ugpukdng"
jgcv"Þwz"ogcuwtgogpvu"ku"eqpÝpgf"kp"cp"ctgc"qh"cdqwv 
450 m2"qp"vjg"tkijv"qh"vjg"vqygt"*yguv"fktgevkqp+0"Vjku"
ku"rtqdcdn{"fwg"vq"vjg"nkokvgf"ocipkvwfg"qh"ykpf"kp-

vgpukvkgu"kp"vjg"Rq"Xcnng{."yjkej"fq"pqv"gzeggf"32"ou–1 

(Masseroni et al., "4236c."d+0
Vjg" ghhgev" qh"Þwz" urcvkcn" uecngu" qp" vjg" gpgti{"

dcncpeg" enquwtg" ku" gxcnwcvgf" eqpukfgtkpi" vjg" rgcm"
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nqecvkqp"qh"vjg"hqqvrtkpv"hwpevkqp"kpukfg"vjg"Ýgnf0"Cu"
ujqyp"kp"Hkiwtg":."vjg"rgcm"fcvc"jcxg"dggp"uwdfkxkf-

gf"kpvq"hqwt"rgtegpvkng"itqwru"*gcej"ykvj"47'"qh"vjg"
fcvc+."uq"vjcv"vwtdwngpv"Þwzgu"qh"ncvgpv"cpf"ugpukdng"
jgcv"eqppgevgf"vq"gcej"rgcm"ctg"wugf"vq"eqorwvg"vjg"
energy balance closure. 

Vjg"gpgti{"dcncpeg"enquwtg"vgpfu"vq"kpetgcug"yjgp"
vjg"rgcm"nqecvkqp"ku"wr"vq"44"o"cyc{"htqo"vjg"gff{"
eqxctkcpeg"uvcvkqp0"Vjg"oczkowo"xcnwg"qh"vjg"nkpgct"
tgitguukqp"unqrg"ku"20::"kp"eqttgurqpfgpeg"ykvj"vjg"
97vj"rgtegpvkng."k0g0"ykvj"vjg"hqqvrtkpv"rgcm"hct"htqo"
vjg"vqygt."yjkej"xctkgu"dgvyggp"32"cpf"44"ogvgtu0"
Jqygxgt."yjgp"vjg"rgcm"gzeggfu"44"o"vjg"unqrg"vgpfu"
to decrease, probably because the representative 
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uqwteg" ctgc"qh" gff{" eqxctkcpeg"ogcuwtgogpvu" gz-

eggfu"vjg"Ýgnf"fkogpukqpu0"Kpuvgcf."yjgp"vjg"rgcm"
nqecvkqp"ku"pgct"vjg"uvcvkqp"vjg"jgvgtqigpgkv{"qh"vjg"
kuncpf"uwthceg"cpf"vjg"kpÞwgpeg"qh"vjg"fgxkegu"eqwnf"
cnvgt"vjg"vwtdwngpv"Þwz"ogcuwtgogpvu0"Vjg"u{uvgocvke"
gttqt"fgÝpgf"d{"kpvgtegrv"kpetgcugu"nkpgctn{"ykvj"vjg"
rgtegpvkng"itqwru"wr"vq";09"Yo–2. 

Itqwpf"jgcv"Þwz"ku"wuwcnn{"xgt{"uocnn"ykvj"tgurgev"
vq"vjg"qvjgt"gpgti{"Þwzgu."tcpikpi"htqo"7"vq"32'"qh"
vjg"pgv"tcfkcvkqp0"Jqygxgt."vjg"guvkocvg"qh"vjku"Þwz"
jcu"vjg"jkijguv"wpegtvckpv{"cpf"ecp"tgcej"cp"gttqt"qh"
wr"vq"72'"*Hqmgp."422:c+0"Oqtgqxgt."kv"ku"ogcuwtgf"
ykvj"cp"kpuvtwogpv"vjcv"jcu"vjg"uocnnguv"uqwteg"ctgc."
yjkej"ecp"dg" vyq"qtfgtu"qh"ocipkvwfg" nqygt" vjcp"
vjg"ncvgpv"cpf"ugpukdng"jgcv"Þwzgu"hqqvrtkpvu."vjgtg-
hqtg"kv"ecp"xct{"itgcvn{"kp"vjg"Ýgnf"fwg"vq"fkhhgtgpv"
soil characteristics or soil moisture conditions, as 

ujqyp"kp"Mwuvcu"et al."*4222+."yjq"hqwpf"vjcv"yjgp"
measuring G"ykvj"42"fkhhgtgpv"kpuvtwogpvu"kp"c"uocnn"
ukvg."vjg"ogcp"fkhhgtgpegu"kp"uqkn"jgcv"Þwz"ygtg"cdqwv"
62"Yo–2, but in some occasions they could deviate 

cu"owej"cu"322"Yo–20"Tgugctej"qp"vjg"xctkcvkqp"qh"
jgcv"uqkn"Þwz"cetquu"vjg"Ýgnfu"cpf"kvu"kpÞwgpegu"qp"
gpgti{"dcncpeg"enquwtg"ku"cp"korqtvcpv"kuuwg"yjkej"
has been studied by many scientists. In the current 

state, G"ku"cuuwogf"vq"dg"wpkhqto"qp"vjg"Ýgnf"cpf"kvu"
uvtqpi"xctkcdknkv{"cetquu"vjg"Ýgnf"ku"pgingevgf"kp"vjg"
Ýtuv"crrtqzkocvkqp0"

3.5 Effect of turbulent mixing 

Vjg"ghhgev"qh"vwtdwngpv"okzkpi"ku"gxcnwcvgf"ykvj"tgurgev"
vq" htkevkqp"xgnqekv{" *u*+0"Htkevkqp"xgnqekv{" v{rkecnn{"
ejcpigu"ykvj"cvoqurjgtke"uvcdknkv{"cpf" vkog"qh"fc{."
cu"gzrnckpgf"d{"Yknuqp"et al."*4224+0"Ejcpigu"kp"vjg"
gpgti{"dcncpeg"enquwtg"eqwnf"cnuq"dg"vjg"fktgev"tguwnv"qh"

ejcpigu"kp"htkevkqp"xgnqekv{0"Kp"ceeqtfcpeg"ykvj"Yknuqp"
et al." *4224+."c" ukorng"ogvjqf" vq" kuqncvg" vjg"ghhgevu"
qh" htkevkqp"xgnqekv{"qp"gpgti{"dcncpeg" kortqxgogpv"
ku"ujqyp0"Fcvc"ctg"ugrctcvgf"kpvq"hqwt"47/rgtegpvkng"
itqwru." gcej"itqwr" eqpvckpkpi"fcvc"yjgtg" htkevkqp"
xgnqekv{"ku"kpenwfgf"dgvyggp"vyq"eqpugewvkxg"htkevkqp"
xgnqekv{"rgtegpvkng"xcnwgu0"Vjg"unqrg"qh"nkpgct"tgitgu-
sion R2 and intercept are also evaluated during daytime 

cpf"pkijvvkog."cu"ujqyp"kp"Hkiwtg";0"Cu"gzrnckpgf"kp"
Hkiwtg";c."fwtkpi"fc{vkog"vjg"unqrg"kpetgcugu"htqo"2095"
vq"20:7"cpf"vjg"kpvgtegrv"xctkgu"htqo"Î3"vq"4"Yo–2. Only 

yjgp"vjg"htkevkqp"xgnqekv{"ku"kpenwfgf"dgvyggp"204:"cpf"
0.83 ms–1."vjg"kpvgtegrv"eqnncrugu"vq"c"xcnwg"qh"cdqwv 
209"Yo–20"Fwtkpi"pkijvvkog"*Hki0";d+"vjg"gpgti{"dcn-
cpeg"enquwtg"ku"ftcuvkecnn{"yqtugp"ykvj"c"ogcp"unqrg"
qh"cdqwv"20280"Vjg"kpvgtegrv"ku"swkvg"enqug"vq"2"Yo–2 

yjkng"R2 considerably varies among the percentile 

itqwru0"Vjku" ku"rtqdcdn{"fwg"vq" nqy"ykpf"xgnqekvkgu"
yjkej."fwtkpi"pkijvvkog."rtgxgpv" vjg"xgt{" vwtdwngpv"
okzgf"eqpfkvkqpu"qh"vjg"cvoqurjgtg"htqo"kpetgcukpi"vjg"

–2

0

2

4

6

0.4

0.6

0.8

1.0
a b

0.14 - 25% 0.21 - 50% 0.28 - 75% 0.83 - 100%

In
te

rc
e

p
t 
(W

m
–

2
)

S
lo

p
e

 a
n

d
 R

2
 (
-)

u* (m s–1) - percentile

Slope

R2

Intercept
–6

–4

–2

0

2

4

6

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.06 - 25% 0.09 - 50% 0.15 - 75% 0.69 - 100%

Slope

R2

Intercept

S
lo

p
e

 a
n

d
 R

2
 (
-)

In
te

rc
e

p
t 
(W

 m
–

2
)

u* (m s–1) - percentile

Hki0";0"Gpgti{"dcncpeg"enquwtg"hqt"hqwt"47/rgtegpvkng"itqwru"qh"u*"htkevkqp"xgnqekvkgu0"*c+"Fc{vkog."*d+"pkijvvkog0

0

2

4

6

8

10

0

0.2

0.4

0.6

0.8

1

0.08 - 25% 0.15 - 50% 0.24 - 75% 0.83 - 100% 

In
te

rc
e
p
t 
(W

 m
–

2
)

S
lo

p
e
 a

n
d
 R

2
 (
-)

u* (m s–1) - percentile

Slope

R2

Intercept

Hki0" 320"Gpgti{" dcncpeg" enquwtg" hqt" hqwt" 47/rgtegpvkng"
itqwru"qh"u*"htkevkqp"xgnqekvkgu"hqt"vjg"yjqng"gzrgtkogpvcn"
dataset.



346 D. Masseroni et al.

cfxgevkqp"vtcpurqtv"qh"uecnct"Þwzgu"cpf"hqto"yqtugpkpi"
the eddy covariance measurements. 

Hkiwtg"32" ujqyu" vjg" htkevkqp"xgnqekv{" kpÞwgpeg"
qp"gpgti{"dcncpeg"enquwtg."inqdcnn{"gxcnwcvgf"hqt"vjg"
yjqng" gzrgtkogpvcn" fcvc" ugv0"Vjg" unqrg" eqpuvcpvn{"
kpetgcugu"wr"vq"20:4"yjgp"fcvc"ctg"kpenwfgf"kp"c"htke-
vkqp"xgnqekv{"tcpig"dgvyggp"2046"cpf"20:5"ou–10"Vjg"
u{uvgocvke"gttqtu"fgÝpgf"d{"kpvgtegrv"xcnwgu"vgpf"vq"
fgetgcug" cpf." kp" eqttgurqpfgpeg"ykvj" c" enquwtg"qh"
20:4."vjg"kpvgtegrv"xcnwg"ku"cdqwv"605"Yo–2. Literature 

tguwnvu"*Yknuqp"et al., 2002; Barr et al., 4228+"ctg"cnuq"
eqpÝtogf" htqo" vjg" cpcn{uku" rgthqtogf"cv"Nkxtcic"
uvcvkqp."ikxgp" vjcv" vjg"enquwtg"qh" vjg"gpgti{"dwfigv"
vgpfu"vq"kpetgcug"ykvj"vjg"kpetgcug"qh"htkevkqp"xgnqekv{0"
Kp"hcev."yjgp"htkevkqp"xgnqekv{"ku"nqy."vjg"vwtdwngpeg"ku"
uqhvgpgf"cpf"vjg"Þwzgu"ctg"wuwcnn{"wpfgtguvkocvgf0"Vjg"
rtqdngo"tgncvgf"vq"vjg"wug"qh"htkevkqp"xgnqekv{"cu"cp"kpfk-
ecvqt"qh"iqqf"ogcuwtgf"fcvc"ku"nkpmgf"vq"c"u* threshold 

fgÝpkvkqp0"Kp"Cncxk"et al."*4228+"c"xcnwg"qh"203"ou–1is 

eqpukfgtgf."yjkng"Qnkrjcpv"et al."*4226+"wug"205"ou–1 

and Barr et al."*4228+"wug"2057"ou–1."ujqykpi"vjcv"vjg"
ejqkeg"qh"vjku"nkokv"qp"u* seems to be site dependent. 

3.6 Effect of vegetation 

Ocp{"gzrgtkogpvcn"tguwnvu"qh"gpgti{"dcncpeg"rtqd-

ngou"tgncvgf"vq"nqy"cpf"vcnn"xgigvcvkqp"ctg"cxckncdng"
kp"nkvgtcvwtg"*Rcpkp"et al.."3;;:="Cwdkpgv"et al., 2000; 

Yknuqp"et al.."4224+0"Jgtg."vjg"kpÞwgpeg"qh"xgigvcvkqp"
height and heterogeneity on energy balance closure 

ku"uvwfkgf"uwdfkxkfkpi"vjg"gzrgtkogpvcn"fcvc"ugv"kpvq"
Ýxg"encuugu"htqo"E3"vq"E70"Gcej"encuu"eqpvckpu"fcvc"
ykvj"fkhhgtgpv"xgigvcvkqp"jgkijvu"*Vcdng"K+"kp"hwpevkqp"
qh"ecpqr{"itqyvj0"

Hqt" gcej" encuu." vjg" gpgti{" dcncpeg" enquwtg" ku"
ecnewncvgf"cpf"vjg"tguwnvu"ctg"ujqyp"kp"Hkiwtg"33c0"
Vjg"unqrg"vgpfu"vq"fgetgcug"vq"2098"ykvj"vjg"kpetgcug"
qh"xgigvcvkqp"jgkijv"hqt"c"ecpqr{"jgkijv"qh"372"vq 

542"eo0"Vjg"oczkowo"unqrg"xcnwg"ku"cdqwv"20;:"kp"
eqttgurqpfgpeg"ykvj"vjg"E3"encuu"yjgp"vjg"uwthceg"
heterogeneity is particularly accentuated. Intercept 

ejcpigu"kvu"rqukvkxg"ukip"kp"eqttgurqpfgpeg"ykvj"vjg"
E7"encuu."yjgtg"vjg"kpvgtegrv"xcnwg"ku"cdqwv"Î506"Yo–2. 

Vq"dgvvgt"wpfgtuvcpf"jqy"vjgug"tguwnvu"ctg"rquukdng."
vjg"uvqtcig" vgtou"ujqwnf"dg" vcmgp"kpvq"ceeqwpv0" Kp"
Hkiwtg"33d." vjg" unqrgu"qh" vjg" nkpgct" tgitguukqp"ctg"
eqorctgf"vq"vjg"rgtegpvcig"uvqtcig"ygkijvu"fgÝpgf"
kp"Gs0"*9+0"Uvqtcig"ygkijv"ku"vjg"tcvkq"dgvyggp"vjg"
cxgtcigf"uvqtcig"Þwzgu"hqt"gcej"encuu"cpf"vjg"uwo"
qh"vjgug"cxgtcigu"qp"vjg"yjqng"encuu"uwdfkxkukqpu0"
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yjgtg"S"ku"vjg"uvqtcig"vgto"hqt"vjg"x"Þwz"*uqkn"jgcv"
itqwpf."rjqvqu{pvjguku"qt"ecpqr{"uvqtcigu+."N is the 

pwodgt"qh"fcvc"hqt"gcej"encuu"cpf j is a class indicator 

vjcv"tgrtgugpvu"E3"yjgp"gswcn"vq"3."E4"yjgp"gswcn"
to 2, and so on. 

Cu"ujqyp"kp"Hkiwtg"33d."vjg"unqrg"vtgpf"ku"qrrqukvg"
vq"vjg"ecpqr{"cpf"vjg"ygkijv"vgtou"qh"rjqvqu{pvjguku"
uvqtcig0"Kp"hcev."yjgp"ecpqr{"ku"vcnn"vjg"ygkijvu"qh"
Sc and Sp are particularly relevant, reaching a value 

qh"cdqwv"57'"kp"eqttgurqpfgpeg"ykvj"vjg"E7"encuu0"
Kpuvgcf."vjg"ygkijv"vgto"qh"uqkn"jgcv"itqwpf"uvqtcig"
ftcuvkecnn{"fgetgcugu"yjgp"xgigvcvkqp"ku"vcnn."oqxkpi"
htqo"47"vq"7'"yjgp"vjg"encuu"ejcpigu"htqo"E6"vq"E70"
Vjg"rtgugpeg"qh"xgigvcvkqp"eqxgtkpi"vjg"Ýgnf"rnc{u"
c" hwpfcogpvcn" tqng" kp" vjg" gpgti{"dcncpeg" enquwtg0"
Rctvkewnctn{." vjg"Sp and Sc storage terms increase 

vjgkt"kpÞwgpeg"qp"gpgti{"dcncpeg"enquwtg"fwtkpi"vjg"
ecpqr{"itqyvj."cpf"vjg"gpgti{"wpdcncpeg"ku"ceegp-

vwcvgf"kh"vjg{"ctg"pqv"eqpukfgtgf0"Yjgp"xgigvcvkqp"ku"
decreased, Sp and Sc ghhgevu"ecp"dg"pgingevgf"yjkng"
Sg"dgeqogu"tgngxcpv."tgcejkpi"vjg"ygkijv"xcnwg"qh"
cdqwv"52'"*E3"encuu+0"

3.7 Effect of seasonality

Vjg"fckn{"rcvvgtpu"qh"vjg"52/okp"cxgtcigu"qh"Rn, LE, 

H and G in May, June, July and August are plotted in 

Hkiwtg"34"vq"engctn{"fguetkdg"vjg"rctvkvkqp"qh"gpgti{"
dcncpeg" eqorqpgpvu"fwtkpi"fkhhgtgpv" ugcuqpu0"Vjg"
oczkowo"rgcm" qh" pgv" tcfkcvkqp" ku" swkvg" eqpuvcpv"
htqo"Oc{"vq"Cwiwuv."queknncvkpi"dgvyggp"722"cpf"822"
Yo–2. Latent and sensible heat have a strong variabil-

kv{"vtqwij"vjg"oqpvju."ujqykpi"c"swkvg"ukoknct"vtgpf"
htqo"Oc{"vq"Lwpg."yjkng"kp"Lwn{"cpf"Cwiwuv"ncvgpv"

Vcdng"K0"Encuugu"qh"xgigvcvkqp"jgkijv0

Class Xgigvcvkqp"jgkijv"*eo+
C1 0-30
C2 52/82
C3 82/;2
C4 ;2/372
C5 150-320
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heat is about three times greater than sensible heat. 

Vjg"uqkn"jgcv"Þwz"ceeqwpvu"hqt"c"uocnn"rtqrqtvkqp"qh"
vjg" cxckncdng" gpgti{." rctvkewnctn{"yjgp"xgigvcvkqp"
eqxgtu"vjg"Ýgnf"uwthceg0"Kp"hcev."fwtkpi"Oc{"kv"ecp"
cnuq"tgcej"vjg"oczkowo"xcnwg"qh"cdqwv"322"Yo–2 at 

34<22."yjkng"kp"Lwn{"cpf"Cwiwuv"uqkn"jgcv"Þwz"ku"gswcn"
vq"c"hgy"vgpu"qh"ycvv"rgt"uswctg"ogvgt0"

Vjg"rctvkvkqpkpi"qh"pgv"tcfkcvkqp"kpvq"ugpukdng"jgcv"
cpf"ncvgpv"jgcv"Þwzgu"ku"uvtqpin{"kpÞwgpegf"d{"ejcpig"
kp"xgigvcvkqp"ejctcevgtkuvkeu0"UrgekÝecnn{."yjgp"xgi-

gvcvkqp"ku"vcnn."vjg"fqokpcpv"eqorqpgpv"qh"vjg"gpgti{"
dwfigv"ku"tgrtgugpvgf"d{"ncvgpv"jgcv."ykvj"c"rgcm"kp"Lwn{"

qh"cdqwv"672"Yo–2. Sensible heat is the main energy 

eqorqpgpv"yjgp"xgigvcvkqp"ku"cdugpvgf=" kv" vgpfu"vq"
fgetgcug"fwtkpi"vjg"ecpqr{"itqyvj"dwv."cu"ujqyp"kp"
Cwiwuv."yjgp"xgigvcvkqp"ku"hwnn{"fgxgnqrgf."kv"tgvwtpu"
vq"ukoknct"xcnwgu"cu" vjqug"ujqyp" kp"Oc{0"C"urgekcn"
rjgpqogpqp" ecnngf" Ðqcuku" ghhgevÑ" ecp"dg"pqvgf" kp"
Lwn{."yjgp"ncvgpv"jgcv"ku"vjg"eqorqpgpv"vjcv"vcmgu"vjg"
nctiguv"rqtvkqp"qh"Rn and sensible heat is very small. 

Kp" vjg" ecug"qh"qrvkowo"eqpfkvkqpu" hqt" gxcrqtcvkqp"
(i.e. high soil moisture and very turbulent conditions 

]Hqmgp."422:c_+." vjg"gxcrqtcvkqp"rtqeguu" ku"itgcvgt"
vjcp"ugpukdng"jgcv"Þwz0"Kp"uwej"ecugu."ugpukdng"jgcv"
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ejcpigu"kvu"ukip"qpg"vq"vjtgg"jqwtu"dghqtg"uwpugv"cpf"
uqogvkogu"kp"vjg"gctn{"chvgtpqqp."cpf"c"vgorgtcvwtg"
itcfkgpv" kpxgtukqp"cnqpi"ykvj"c"fqypyctf"ugpukdng"
jgcv"vtcpuhgt"vcmgu"rnceg"kp"vjg"cvoqurjgtg0"

Vjg" gpgti{" dcncpeg" enquwtg" hqt" gcej"oqpvj" ku"
ujqyp"kp"Hkiwtg"350"Vjg"unqrg"qh"vjg"nkpgct"tgitguukqp"
ku"rctvkewnctn{"kpÞwgpegf"d{"vjg"ecpqr{"itqyvj0"Yjgp"
vjg"Ýgnf"ku"eqorngvgn{"eqxgtgf"d{"xgigvcvkqp"cpf"kv"
ecp"dg"eqpukfgtgf"cu"c"jqoqigpqwu"uwthceg."gpgti{"
dcncpeg"enquwtg"fgetgcugu"wr"vq"2099"ykvj"cp"kpvgtegrv"
xcnwg"qh" cdqwv"Î306"Yo–20"Vjku" ku"rtqdcdn{"fwg" vq"
vjg"ghhgev"qh" vjg"ecpqr{"cpf"rjqvqu{pvjgvke"uvqtcig"
vgtou."yjkej" dgeqog" korqtvcpv"yjgp" xgigvcvkqp"
ku" vcnn"cpf" vjg"uwthceg" ku"jqoqigpqwun{"eqxgtgf"d{"
rncpvu0"Yjgp"gcej"Þwz"qh"vjg"gpgti{"dcncpeg"qxgt"vjg"
yjqng"gzrgtkogpvcn"rgtkqf"ku"cpcn{¦gf"*Hki0"34+."kv"ku"
rquukdng"vq"tgcnk¦g"vjcv"qxgt"c"Ýgnf"eqxgtgf"d{"fgpug"
vegetation, latent heat is the main dominant component 

qh"vjg"gpgti{"dwfigv"*ykvj"tgurgev"vq"ugpukdng"jgcv"cpf"
uqkn"jgcv"itqwpf+"cpf"vjg"ncem"qh"vjg"gpgti{"dcncpeg"
enquwtg"eqttgurqpfu"vq"cp"wpfgtguvkocvkqp"qh"vjg"ecp-

qr{"gxcrqvtcpurktcvkqp"Þwzgu0"Kp"ycvgt"ocpcigogpv"
practices this problem assumes a dominant role in 

kttkicvkqp"rtqegfwtgu."ikxgp"vjcv"c"eqttgev"guvkocvkqp"qh"
gxcrqvtcpurktcvkqp"Þwzgu"eqttgurqpfu"vq"cp"ghÝecekqwu"
cpf"uwuvckpcdng"ocpcigogpv"qh"vjg"ycvgt"tguqwteg0"

3.8 Random errors

Vjg" tgnkcdknkv{"qh" vwtdwngpv"Þwzgu"ecp"dg"qdvckpgf"
qpn{" kh" vjg" vjgqtgvkecn" cuuworvkqp"qh" vjg" gff{"eq-

xctkcpeg" vgejpkswg" *fguetkdgf" kp"Oqpetkghh"et al. 

]3;;8_+" ku" hqnnqygf0"Pqp" uvgcf{/uvcvg" eqpfkvkqpu."
tcpfqo"pqkug"qh"vjg"ukipcn."kpcfgswcvg"ngpivj"qh"vjg"
ucornkpi"kpvgtxcn."uk¦g"xctkcvkqp"qh"vjg"Þwz"hqqvrtkpv"
cpf"uwthceg"jgvgtqigpgkv{."ukping"rqkpv"ogcuwtgogpv"
qh" vjg" vwtdwngpeg" cpf" kpcfgswcvg" ugpuqt" tgurqpug."

eqwnf"ecwug"tcpfqo"wpegtvckpv{"kp"Þwzgu"ogcuwtg-

ments. Random errors have been mainly studied by 

Jqnnkpigt"cpf"Tkejctfuqp"*4227+."yjq"eqorctgf"Þwz"
ogcuwtgogpvu"qdvckpgf"d{"vyq"kfgpvkecn"oketqogvg-

qtqnqikecn"uvcvkqpu"nqecvgf"kp"vjg"ucog"rnceg"ykvj"vjg"
ucog"Þwz"hqqvrtkpv."qt"d{"Tkejctfuqp"et al."*4228+."
yjq"eqorctgf" c"rckt" qh"ogcuwtgogpvu"rgthqtogf"
qp"vyq"uweeguukxg"fc{u"htqo"vjg"ucog"vqygt"wpfgt"
gswkxcngpv"gpxktqpogpvcn"eqpfkvkqpu0"Wukpi"vjg"Ngp-

uejqy"et al."*3;;6+"ogvjqf"vq"fgvgev"tcpfqo"wpegt-
vckpv{"kp"ugpukdng"cpf"ncvgpv"jgcv"Þwzgu."kv"ku"rquukdng"
vq"tgcnk¦g"vjcv"gttqtu"kp"guvkocvgf"ogcpu."xctkcpegu"
cpf"eqxctkcpegu"fkokpkuj"yjgp"vjg"uk¦g"qh"vjg"fcvc"ugv"
is increased (as long as the data set is not enlarged in 

uwej"c"yc{"vjcv."hqt"gzcorng."ugcuqpcn"vtgpfu"dgeqog"
korqtvcpv+."cpf"vjg"tcpfqo"wpegtvckpv{"ocipkvwfg"
rtqrqtvkqpcnn{"kpetgcugu"ykvj"vjg"itqyvj"qh"ugpukdng"
cpf"ncvgpv"jgcv"Þwz"kpvgpukvkgu"*Hki0"36+0"

Uqog"cwvjqtu"cu"Dgtpctfgu"cpf"Fkcu"*4232+"kp-

enwfg"gttqt"dctu"yjgp"tgrqtvkpi"ogcuwtgf"xcnwgu"qh"
vwtdwngpv"Þwzgu0"Vjqwij"kv"ku"pqv"c"eqooqp"oketq-

ogvgqtqnqikecn"rtcevkeg."Hkiwtg"37"ujqyu"ogcp"fckn{"
vwtdwngpv"Þwz"kpvgpukvkgu"vqigvjgt"ykvj"vjgkt"tcpigu"
qh"eqpÝfgpeg."kp"qtfgt"vq"gzrnckp"jqy"tcpfqo"gttqtu"
chhgev"ncvgpv"cpf"ugpukdng"jgcv"Þwzgu0"Vjg"oczkowo"
wpegtvckpv{"ku"cuuqekcvgf"ykvj"fc{vkog"yjgp"oczk-
owo"ncvgpv"cpf"ugpukdng"jgcv"ocipkvwfgu"ctg"ujqyp0"
Fwtkpi"fc{vkog."vjg"oczkowo"tcpig"qh"eqpÝfgpeg"
ku"cdqwv"62"Yo–2"hqt"ugpukdng"jgcv"cpf":2"Yo–2"hqt"
ncvgpv"jgcv."yjkng"fwtkpi"vjg"pkijvvkog"kv"vgpfu"vq"¦gtq0"

Igpgtcnn{."uqog"tcpfqo"gttqt"uqwtegu"eqwnf"dg"
solved by trying to apply rigorously practical rules 

fguetkdgf"kp"ocp{"nkvgtcvwtg"yqtmu."yjkej"jcxg"dggp"
ytkvvgp"htqo"vjg"dgikppkpi"qh"vjg"gff{"eqxctkcpeg"
vgejpkswg"*Uejokf."3;;9="Hqmgp."422:c+0"Jqygxgt."
vjg"gpgti{"dcncpeg"enquwtg"ku"chhgevgf"d{"vjgug"gttqtu."
yjkej"ecp"pqv"dg"eqorngvgn{" gnkokpcvgf0"Hknvgtkpi"
ogvjqfu" dcugf" qp" vjg" urcvkcn" fgeqorqukvkqp" qh"
vwtdwngpv"Þwzgu"*Ucngum{"et al.."4234+"vt{"vq"swcp-

vkh{"tkiqtqwun{"tcpfqo"gttqtu."ykvj"vjg"qdlgevkxg"qh"
kpenwfkpi"Ïkp"vjg"eqooqp"rtcevkeg"qh"vjg"cwvjqtuÏ"
cp"guvkocvg"qh" vjg" tcpfqo"gttqtu"ocipkvwfg"yjgp"
oketqogvgqtqnqikecn"ogcuwtgogpvu"ctg"ujqyp0

4. Conclusions

Vjg"Nkxtcic" 4234"ogcuwtgogpvu" ctg" cp" gzegnngpv"
fcvc" ugv" hqt" gxcnwcvkpi" vjg" uwthceg" gpgti{"dcncpeg"
rtqdngou0"Cnn"Ýpfkpiu"cdqwv"Þwz"gttqt"uqwtegu"ecppqv"
eqorngvgn{"gzrnckp"vjg"rtqdngo"qh"wpenqugf"uwthceg"
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gpgti{"dcncpeg0"Kv"ycu"hqwpf"vjcv"etwekcn"cvvgpvkqp"vq"
ecnkdtcvkqp."ockpvgpcpeg"cpf"uqhvyctg"eqttgevkqp"qh"
fcvc"ku"guugpvkcn"vq"qdvckp"jcnh/jqwtn{"tgnkcdng"Þwzgu0"
Fgurkvg"vjku"ghhqtv."vjg"fcvc"ugv"eqpvckpu"cp"wpdcncpeg"
qh"cdqwv"47'."yjkej"jcu"dggp"uvwfkgf" vcmkpi" kpvq"
ceeqwpv"fkhhgtgpv"vwtdwngpv"Þwz"rtqdngou0"

Uvqtcig"vgtou."yjkej"rnc{"c"hwpfcogpvcn"tqng"kp"
vjg"kortqxgogpv"qh"vjg"gpgti{"dcncpeg"enquwtg."ctg"
cdqwv"32'"qh" vjg"fckn{"cxckncdng" tcfkcvkqp"gpgti{0"
Rjqvqu{pvjguku"cpf"ecpqr{"uvqtcig"vgtou"ctg"rtgx-

cngpv" kp" vjg"Ýgnf"yjgp" xgigvcvkqp" eqxgtu" vjg" uqkn"
uwthceg"cpf"ecpqr{"ku"hwnn{"fgxgnqrgf0"Itqwpf"jgcv"
storage is greater than the other storage terms, and 

kv"ecp"tgcej"wr"vq"72'"qh"vjg"uqkn"jgcv"Þwz0"Ecpqr{"
itqyvj"cpf"ugcuqpcnkv{"ghhgevu"ctg"uvtqpin{"eqppgevgf"
ykvj"uvqtcig"vgtou0"Yjgp"xgigvcvkqp"ku"fgetgcugf"vjg"
gpgti{"dcncpeg"enquwtg"ku"cnoquv"gswcn"vq"3"dgecwug"
vjg"qpn{"vgto"vjcv"gzkuvu"ku"vjg"itqwpf"jgcv"uvqtcig."
ykvj"c"rgtegpvcig"ygkijv"qh"cdqwv"52'0"Htqo"encuu"
C1 to class C5 the energy balance closure decreases 

kh"vjg"xgigvcvkqp"uvqtcig"vgtou"*ecpqr{"cpf"rjqvq-

u{pvjguku+"ctg"pqv"eqpukfgtgf0"Ukoknctn{."vjg"gpgti{"
dcncpeg" enquwtg" fgetgcugu" htqo"Oc{" vq"Cwiwuv" kp"

ceeqtfcpeg"ykvj" vjg" kpetgcukpi" qh" vjg" xgigvcvkqp"
uvqtcig"vgtou0"Vjg"gpgti{"dcncpeg"Þwz"rctvkvkqpkpi"
jkijnkijvu" jqy"cxckncdng" gpgti{" *pgv" tcfkcvkqp+" ku"
uwdfkxkfgf"kpvq"ncvgpv."ugpukdng"cpf"uqkn"jgcv"Þwzgu."
fgvgevkpi"vjg"Þwz"vjcv"eqwnf"eqpvtkdwvg"oquv"vq"vjg"
wpdcncpeg"rtqdngo0"Fwtkpi"vjg"gzrgtkogpvcn"eco-

rckip."vjg"tguwnvu"ujqy"vjcv"ncvgpv"jgcv"ku"vjg"ockp"
eqorqpgpv"qh"vjg"gpgti{"dwfigv"cpf."fwtkpi"uqog"
oqpvju."kv"ku"itcvgt"vjcp"62'"qh"vjg"cxckncdng"gpgti{0"

Atmospheric turbulence characteristics play a 

hwpfcogpvcn"tqng"kp"tgnkcdng"guvkocvkqpu"qh"Þwz0"Kp"
uqog"ecugu."jcnh/jqwtn{"cxgtcigf"rgtkqfu"ctg"pqv"uwh-
Ýekgpvn{"nctig"hqt"vcmkpi"kpvq"ceeqwpv"vjg"nqpi/ycxg"
vgtou"qh"vwtdwngpv"Þwz"ogcuwtgogpvu0"Uvwf{kpi"vjg"
qikxg"hwpevkqpu."vjg"tguwnvu"ujqy"vjcv"cdqwv"42'"qh"
the data are partially corrected because their aggre-

icvkqp"vkog"eqxgtu"qpn{"c"rqtvkqp"qh"vwtdwngpv"gffkgu."
yjkej"uvc{"kp"vjg"uwthceg"nc{gt"*Icttcvv."3;;5+0"Uqog"
cwvjqtu."nkmg"Ngpuejqy"et al."*3;;6+."uwiiguv"vjcv"vjg"
cxgtcigf"ciitgicvkqp" vkog"qh" vjg"gff{"eqxctkcpeg"
Þwz"ogcuwtgogpvu"ujqwnf"dg"ejcpigf"kp"hwpevkqp"qh"
the atmospheric turbulence characteristics, but this 

ogvjqf"ftcuvkecnn{"kpetgcugu"vjg"eqorngzkv{"qh"eqo-
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oqp"rtcevkeg"ogcuwtgogpvu0"Vjg"uvcvg"qh"vwtdwngpv"
okzkpi"ku"cp"korqtvcpv"curgev"cickpuv"vjg"cfxgevkqp"
rjgpqogpqp0"Qpg"qh"vjg"vjgqtgvkecn"cuuworvkqpu"qh"
vjg"gff{"eqxctkcpeg"vgejpkswg"ku"vjcv"cfxgevkqp"vgtou"
ecp"dg"pgingevgf0"Htkevkqp"xgnqekv{"ku"wugf"hqt"rtqxkf-

kpi"c"vjtgujqnf"vjcv"fkuegtpu"vjg"gzkuvkpi"rtqdcdknkv{"
qh"cfxgevkqp"vtcpurqtv0"Vjg"gpgti{"dcncpeg"enquwtg"kp"
fgxgnqrgf"vwtdwngpv"okzkpi"eqpfkvkqpu"ku"itgcvgt"vjcp"
kp"ecugu"ykvj"nqy"vwtdwngpeg."cpf"vjg"enquwtg"ku"cdqwv"
20:"kh"htkevkqp"xgnqekv{"ku"eqpÝpgf"vq"2046/20:5"ou–1. 

In the past, researches on energy balance closure 

rtqdngou"ygtg"ockpn{"fktgevgf"vq"ogcuwtkpi"gttqtu."
cpf"qpn{" c" hgy" tguwnvu"wpfgtnkpg" vjg" uecng"j{rqvj-

guku0"Vjg" tguwnvu" ujqyp" kp" vjku"yqtm"wpfgtnkpg" vjg"
eqorngzkv{"qh"vjg"uqwteg"ctgc"hqqvrtkpv"fgÝpkvkqp"hqt"
gcej"Þwz"qh"vjg"gpgti{"dwfigv0"Cvoqurjgtke"uvcdknkv{"
eqpfkvkqpu."ogcuwtgogpv"jgkijv." uwthceg" tqwijpguu"
cpf"ykpf"xgnqekv{"ctg"uqog"eqooqp"rctcogvgtu"vjcv"
iqxgtp"vjg"hqqvrtkpv"oqfgnu0"Kp"vjg"Rq"Xcnng{."ygcm"
ykpf"xgnqekvkgu"cpf"uvtqpi"eqpxgevkxg"hqtegu"fwtkpi"vjg"
uwoogt"oqpvju"ecwug"vjg"hqqvrtkpv"oqxgogpv"vq"rgcm"
kp"fktgevkqp"qh"vjg"vqygt."uq"vjcv"vjg"oclqt"tgrtgugpvc-
vkxgpguu"qh"vjg"uqwteg"ctgc"ku"egtvckpn{"eqpÝpgf"ykvjkp"
vjg"Ýgnf0"Ukvg/urgekÝe"gzrgtkogpvu"ujqwnf"dg"ocfg"vq"
wpfgtuvcpf"jqy"vjg"tgrtgugpvcvkxg"uqwteg"ctgc"hqt"vjg"
gff{"eqxctkcpeg"ogcuwtgogpvu"ejcpig"kp"hwpevkqp"qh"
atmospheric, physical and geometrical characteristics 

qh"vjg"Ýgnf0"Kv"ujqwnf"dg"c"uwdlgev"qh"hwtvjgt"tgugctej"vq"
tgecnewncvg"gff{"eqxctkcpeg"gzrgtkogpvcn"tguwnvu"wukpi"
c"pgy"gzrgtkogpvcn"rncp"cpf"c"urgekcnk¦gf"ogcuwtkpi"
ugvwr"ecnkdtcvgf"hqt"vjg"uecng"rtqdngo0"NGU"oqfgnkpi"
studies could be used to support these researches. 

Fgurkvg"vjg"hcev"vjcv"vjku"qxgtxkgy"ecppqv"dg"c"Ý-

pcn"yqtm."vjku"rcrgt"ujqyu"korqtvcpv"tguwnvu"cdqwv"vjg"
energy balance closure problem. Moreover, it is one 

qh"vjg"hgy"tgugctejgu"qp"ock¦g"Ýgnfu"kp"vjg"Rq"Xcnng{"
rtgugpvgf"kp"nkvgtcvwtg."kpetgcukpi"vjg"mpqyngfig"qp"
the energy balance problems at international scale. 
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