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hysteresis in a desertic Mexican city (Mexicali)
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RESUMEN

neta, calor sensible y calor almacenado en el suelo) como funciones de la radiación global. El presente estudio 
se llevó a cabo a lo largo de tres estaciones del año (invierno, primavera y verano) en Mexicali, una ciudad 
árida del noroeste de México, mediante campañas representativas de medición en tres tipos de uso del suelo 
en el área de estudio: urbano, rural (desértico) y suburbano cultivado. El patrón de histéresis en los modelos 
propuestos, entre la radiación global y la neta se encontró en verano en sitios urbanos y suburbanos, lo que 

R2) y 
el error cuadrático medio.

ABSTRACT

Statistical models for surface-atmosphere energy balance components (net radiation, sensible heat, and soil-
stored heat) as functions of global radiation are proposed. This study was carried out during three seasons 
(winter, spring, and summer) in Mexicali, an arid city of northwest México, by means of representative mea-
surement campaigns of three types of land use in the study zone: urban, rural (desert), and farmed suburban. 
The hysteresis pattern in the proposed models between the global radiation and net radiation was found during 
summer at suburban and urban sites, which seems to be originated by atmospheric moisture introduced by 

R2) and the mean 
square error are used as indicators of the quality of models.
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1. Introduction

Wtdcpk¦cvkqp" rtqfwegu" korqtvcpv" ejcpigu" kp" vjg"
uwthceg" cpf" cvoqurjgtke" nqecn" eqpfkvkqpu" dgecwug"
vtcpuhqtocvkqpu"qh"vjg"tcfkcvkxg."vjgtocn."j{ftqnqike."
cpf"cgtqf{pcoke"ejctcevgtkuvkeu"chhgev"vjg"pcvwtcn"j{-
ftqnqike"cpf"uqnct"gpgti{"dcncpegu"*Qmg."3;:9+0"Vjg"
tcfkcvkqp"dwfigv"cv"vjg"uwthceg1cvoqurjgtg"kpvgthceg"
ecp"dg"gzrtguugf"kp"vjg"hqnnqykpi"yc{<

Q,"?"*Qs t"-"Ql t+"Î"*Qs r"-"Ql r+"?"
 Qg"Î"*Qs r"-"Ql r+" *3+

yjgtg"Q*"ku"vjg"pgv"cnn/ycxg"tcfkcvkqp"tguwnvkpi"htqo"
vjg"kpeqokpi"uqnct"tcfkcvkqp"*ujqtv"cpf"nqpi/ycxg."
Qs t"-"Ql t+"qt"inqdcn"tcfkcvkqp."okpwu"vjg"qwviqkpi"
ujqtv"cpf"nqpi/ycxg"tcfkcvkqp"*Qs r"-"Ql r+0

Vjg"pgv"cnn/ycxg"tcfkcvkqp"Þwz"ku"pqv"qpn{"vjg"gpf"
tguwnv"qh"vjg"tcfkcvkqp"dwfigv"dwv"cnuq"vjg"dcuke"kprwv"
vq"vjg"uwthceg"gpgti{"dcncpeg"*Qmg."3;:9+."yjkej"ku"
expressed as:

Q*= QH + QE + Qs *4+

yjgtg"QH and QE"ctg"eqpxgevkxg"Þwzgu"vq"qt"htqo"vjg"
cvoqurjgtg."ecnngf"ugpukdng"cpf"ncvgpv."tgurgevkxgn{="
and QS"ku"tghgttgf"cu"vjg"eqpfwevkqp"vq"qt"htqo"vjg"
underlying soil.

Vjg"vwtdwngpv"Þwzgu"qh"ugpukdng"cpf"ncvgpv"jgcv"
qh"gxcrqtcvkqp"ctg"tgurqpukdng"hqt"vjg"yctokpi"cpf"
oqkuvgpkpi."tgurgevkxgn{."qh"vjg"cvoqurjgtg"htqo"vjg"
uwthceg"wr"vq"c"jgkijv"qh"crrtqzkocvgn{"322"ogvgtu"
fwtkpi"vjg"fc{."gzegrv"kp"ukvwcvkqpu"qh"fggr"eqpxge-
vkqp"yjgp"vjg"ghhgev"gzvgpfu"vq"itgcvgt"cnvkvwfgu0"Vjg"
Þwz"kp"vjg"uqkn"rgpgvtcvgu"qpn{"c"hgy"egpvkogvgtu"fggr"
*Hqemgp."422:+0

Gpgti{" dcncpeg"ogcuwtgogpvu" kp" vjg" uwthceg"
cvoqurjgtke" dqwpfct{" nc{gt" ctg" uecteg" kp" ctkf" gp-
xktqpogpvu."cu" hgcvwtgf"d{"Ejqy"et al." *4236+"hqt"
Rjqgpkz."Ctk¦qpc."552"mo"gcuv/pqtvjgcuv"qh"Ogzk-
ecnk."cpf"d{"Qhhgtng"et al."*4227+."yjq"gxcnwcvgf"vjg"
dcncpeg"cv"ekv{"cpf"dwknfkpi"ngxgnu"hqt"Qwcicfqwiqw."
Dwtmkpc"Hcuq." kp"yguv"Ucjgn0" Kp" vjg" ncvgt" ukvg." vjg"
pgv" cnn/ycxg" tcfkcvkqp" kpetgcugf"ykvj"wtdcpk¦cvkqp"
dgecwug"qh" vjg"jkijgt"cndgfq." nqygt"jgcv"ecrcekv{."
cpf"vjgtocn"eqpfwevkxkv{"qh"vjg"dctg"uqkn"eqorctgf"
vq"vjg"wtdcpk¦gf"uwthceg"kp"tgukfgpvkcn"¦qpgu."fgurkvg"
vjg"fgetgcug"kp"cndgfq"kp"vjg"wtdcp"egpvgt"ecwugf"d{"
vjg"ocvgtkcnu" cpf"igqogvt{"qh" vjg"dwknfkpiu0"Cu" c"
tguwnv."vjg"uwthceg"vgorgtcvwtgu"qh"dctg"wpfkuvwtdgf"

uqkn" eqwnf" gzeggf" vjg" uwthceg" vgorgtcvwtgu" kp" vjg"
residential area and urban center by 15-20 ºC. Vjg"
vwtdwngpv"jgcv"gzejcpig"ogcuwtgf"qxgt"c"tgukfgpvkcn"
ctgc"ycu"fqokpcvgf"d{"ugpukdng"jgcv"Þwz0

Hqt" dqvj" ekvkgu."Qwcicfqwiqw" *Qhhgtng"et al., 
4227+"cpf"Rjqgpkz"*Ejqy"et al.."4236+."ncvgpv"jgcv"
Þwzgu"ygtg" itgcvgt" vjcp" gzrgevgf" htqo"xgigvcvgf"
ctgcu."yjkej" kp" ceeqtfcpeg"ykvj"ycvgt" wug"ygtg"
primarily irrigated. 

Ukoknct" vq" vjg" uvwfkgu" qh"Ogzkeq"Ekv{" *Vglgfc"
cpf" Lƒwtgiwk." 4227." hqt" gzcorng+." vjg" rtgugpv"
yqtm"hqnnqyu"vjg"j{rqvjguku"vjcv"xgtvkecn"Þwzgu"qh"
ugpukdng"cpf"ncvgpv"jgcv"ctg"vwtdwngpv"kp"pcvwtg"cpf"
vjcv"vjg"inqdcn"tcfkcvkqp"ku"fkuvtkdwvgf"wpkhqton{"kp"
vjg"uvwf{"ctgc."yjkej"ku"vtwg"hqt"jqoqigpqwu"um{"
eqpfkvkqpu"uwej"cu"c"fgugtvke"gpxktqpogpv"*Ogzkecnk"
and its surroundings). In Mexico City, Velasco et 

al." *4233+" cnuq"ocfg" qdugtxcvkqpu" qh" vjg" gpgti{"
balance components in a residential and commercial 
pgkijdqtjqqf" vq" gxcnwcvg" vjg" rctcogvgtk¦cvkqpu 
cpf" wpfgtuvcpf" vjg" gpgti{" dcncpeg" rctvkvkqpu" kp"
vtqrkecn"wtdcp"gpxktqpogpvu0"Vjg{"hqwpf" vjcv" vjg"
nctiguv" fkhhgtgpegu" dgvyggp" vjg"oqfgngf" cpf" qd-
ugtxgf"Þwzgu"eqttgurqpfgf"vq"kpeqokpi"nqpi/ycxg"
tcfkcvkqp"dgecwug"qh"gttqtu"kp"enqwfkpguu"fcvc."yjkej"
ctg"kprwvu"vq"vjg"oqfgnu0

Vjg"qdlgevkxg"qh"vjku"rcrgt"ku"vjg"gorktkecn"oqf-
gnkpi" qh" vjg" gpgti{"dcncpeg" eqorqpgpvu" *Q*, QH, 
and QS+"cu"hwpevkqpu"qh"vjg"inqdcn"tcfkcvkqp"hqt"vjtgg"
fkhhgtgpv"v{rgu"qh"ncpf"wug"kp"vjg"ekv{"qh"Ogzkecnk"cpf"
kvu"uwttqwpfkpiu"*5408³"P."33707³"Y."32"ocun+<"wtdcp"
*Gpikpggtkpi"Kpuvkvwvg"qh"vjg"Cwvqpqoqwu"Wpkxgtukv{"
qh"Dclc"Ecnkhqtpkc+."hctogf"uwdwtdcp"*Ecorguvtg+."
cpf"twtcn"*Xknnc"¥crcvc+0

Uqog"guvkocvkqp"oqfgnu"rtgugpvgf"j{uvgtguku."k0g0."
vjg"fgrgpfgpv"xctkcdngu"*gpgti{"dcncpeg"eqorqpgpvu+"
gzjkdkvgf"qpg"dgjcxkqt"yjgp"vjg"kpfgrgpfgpv"xctk-
cdng"*inqdcn"tcfkcvkqp+"ycu"kpetgcukpi"cpf"c"fkhhgtgpv"
dgjcxkqt"yjgp"kv"ycu"fgetgcukpi."vjwu"eqorngvkpi"c"
uqtv" qh" gnnkrug" dgvyggp" gzrnckpgf" cpf" gzrncpcvqt{"
xctkcdngu0"Vjg"rtgugpeg"qh"j{uvgtguku"ycu"fgvgevgf"kp"
vjg"fcvc"htqo"vjg"Ecorguvtg"¦qpg"fwtkpi"vjg"uwoogt."
yjgp"kv"ycu"hqwpf"vjcv"kp"vjg"vkog"htqo"fc{dtgcm"wpvkn"
okffc{." vjg" tgncvkqpujkr" dgvyggp" inqdcn" tcfkcvkqp"
cpf"pgv" tcfkcvkqp"cpf" vjg"qvjgt"eqorqpgpvu"qh" vjg"
gpgti{/dcncpeg"dgjcxgf"fkhhgtgpvn{"vjcp"htqo"okffc{"
vq"fc{dtgcm"*ugg"ugevkqp"6+0"Hqt"vjku"tgcuqp."kv"ycu"
pgeguuct{"vq"fkxkfg"vjg"oqfgn"kpvq"vyq"rctvu"vq"fg-
uetkdg"vjg"dgjcxkqt"qh"vjg"rjgpqogpqp."cu"rtgugpvgf 
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ncvgt0" Kp" vjg" ecug"qh" vjg"Gpikpggtkpi" Kpuvkvwvg." vjku"
rjgpqogpqp"ycu"rtgugpv"qpn{"hqt"vjg"inqdcn"tcfkcvkqp"
xgtuwu"pgv"tcfkcvkqp"kp"vjg"uwoogt0

2. Study area

Ogzkecnk"ku"vjg"ecrkvcn"ekv{"qh"vjg"Ogzkecp"uvcvg"qh"
Dclc"Ecnkhqtpkc0"Kv"ku"ukvwcvgf"kp"vjg"pqtvjyguv"qh"vjg"
Ogzkecp"Tgrwdnke"cpf"kp"vjg"pqtvjgtp"rctv"qh"vjg"Dclc"
Ecnkhqtpkc"rgpkpuwnc"*Hki0"3+0"Ogzkecnk"ekv{"jcu"cp"
ctgc"qh"42"967"jc."ceeqtfkpi"vq"vjg"Owpkekrcn"Kpuvkvwvg 
hqt"Tgugctej"cpf"Wtdcp"Rncppkpi"qh"Ogzkecnk"*KOKR."hqt 
kvu"cetqp{o"kp"Urcpkuj."4232+0"

Ogzkecnk"jcu"c"vjgtocn"gzvtgog"cpf"ft{"enkocvg"
ykvj" uqog" rtgekrkvcvkqp" kp" vjg"ykpvgt0"Vjg"oczk-
owo"uwoogt"vgorgtcvwtgu"ecp"tgcej"cnoquv"72"ºC, 
yjgtgcu"kp"ykpvgt"vjg{"oc{"ftqr"vq"c"okpkowo"qh"2 ºC 
*Icte‡c/Ewgvq" cpf"Ucpvknnƒp." 4234+0"Ogzkecnk" jcu"
gzrgtkgpegf"c"ukipkÝecpv"kpetgcug"kp"rqrwncvkqp"cu"
c"tguwnv"qh"okitcpvu"cttkxkpi"kp"Dclc"Ecnkhqtpkc"ykvj"
vjg"kpvgpvkqp"qh"uvc{kpi"vgorqtctkn{"cpf"vjg"jqrg"qh"

etquukpi"kpvq"vjg"Wpkvgf"Uvcvgu="dwv"yjgp"vjku"okitc-
tion is unobtainable, many decide to remain perma-
pgpvn{"kp"Ogzkecnk0"Vjg"tguwnvkpi"fgocpf"hqt"wtdcp"
ncpf"jcu"dggp"tgÞgevgf"kp"cp"gxgt/itgcvgt"pwodgt"qh"
fygnnkpiu0"Kp"4232."vjg"rqrwncvkqp"ycu";62"222."qh"
yjkej"73'"ygtg"ogp"cpf"6;'"ygtg"yqogp"*jvvr<11
yyy0dclcecnkhqtpkc0iqd0oz1rqtvcn1pwguvtqaguvcfq1
ukvwcekqpafgo1fgoqitcÝeq0lur%E). 

According to García-Cueto et al." *4226+" cpf"
Icte‡c/Ewgvq"*4229+."vjg"rtqnkhgtcvkqp"qh"ocpwhce-
vwtkpi"cpf"rwdnke"ugtxkeg"cevkxkvkgu"kp"Ogzkecnk"jcu"
kornkgf"uwduvcpvkcn"vtcpuhqtocvkqpu"kp"ncpf"wug"htqo"
citkewnvwtcn"vq"wtdcp"ctgcu"kp"c"tgncvkxgn{"ujqtv"vkog"
rgtkqf."ykvj"c"eqpugswgpv"ejcpig"kp"gpxktqpogpvcn"
xctkcdngu0"Cffkvkqpcnn{" vq" vjg" rqnnwvkqp" ecwugf"d{"
rctvkengu."vjgtg"ku"pqy"vjg"rtqdngo"qh"icugu"cpf"qpg"
qh"vjg"jkijguv"ngxgnu"qh"gpgti{"eqpuworvkqp"*crrtqz-
kocvgn{" 3222"mYj1wugt"oqpvjn{+" kp"Ogzkeq0"Wp-
fqwdvgfn{."vjku"rcvvgtp"qh"eqpuworvkqp"ku"c"tguwnv"qh"
vjg"wug"qh"ckt/eqpfkvkqpkpi"vq"qdvckp"vjgtocn"eqohqtv"
dgecwug"qh"vjg"jkij"vgorgtcvwtgu"rtgxcknkpi"htqo"vjg"
okffng"qh"urtkpi"wpvkn"vjg"okffng"qh"cwvwop0

Vjg"ukvgu"hqt"ogcuwtkpi"vjg"cvoqurjgtg/uwthceg"
gpgti{"dcncpeg"eqorqpgpvu"kp"Gs0"*4+"ctg"*Vcdng"K="
Figs 2-4):

c0" Wtdcp."ejctcevgtk¦gf"d{"dwknfkpiu"qh"vyq"vq"vjtgg"
uvqtkgu." vyq" vq"hqwt" ncpg"uvtggvu." tgukfgpvkcn"cpf"
eqoogtekcn" wugu." cpf" kttkicvgf" ictfgpu" *Gpik-
neering Institute). 

d0" Hctogf"uwdwtdcp."ykvj"fkurgtugf"qpg/uvqt{"dwknf-
kpiu"cpf"kttkicvgf"eqtru"*Ecorguvtg+0

e0" Twtcn."ykvj"fkurgtugf"qpg/uvqt{"dwknfkpiu."fgugtv"
*Xknnc"¥crcvc+0"

Vjgug"ncpf"wugu"eqttgurqpf"vq"vjg"encuukÝecvkqp"
qh" wtdcp" enkocvke" ¦qpgu" rtqrqugf" d{"Uvgyctv" cpf"
Qmg"*4234+"hqt"uvwfkgu"qp"vjg"wtdcp"jgcv"kuncpf0"Vjg"
Gpikpggtkpi" Kpuvkvwvg" ukvg" eqttgurqpfu" vq" vjg" nqecn"
enkocvg" ¦qpg" *NE¥+" 8" *NE¥"8." qrgp" cttcpigogpv"
qh" 3/5" uvqt{" dwknfkpiu." cdwpfcpeg" qh" nqy" rncpvu."
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uecvvgtgf"vtggu."yqqf."dtkem."uvqpg."vkng."cpf"eqpetgvg"
eqpuvtwevkqp"ocvgtkcnu+0"Hqt"vjg"Xknnc"¥crcvc"nqecvkqp"
*pcvwtcn"fgugtv+."vjg"v{rqnqi{"ku"NE¥"H"*dctg"uqkn"qt"
ucpf+0"Hqt" vjg"Ecorguvtg" nqecvkqp." vjg" v{rqnqi{"ku"
NE¥";"*urctugn{"dwknv+0"*Ugg"Vcdng"KK0+

Qpg" gpgti{" dcncpeg" gswkrogpv"ycu" kpuvcnngf"
qp"vjg"tqqh"qh" vjg"Gpikpggtkpi"Kpuvkvwvg"cv" vjg"Cw-
vqpqoqwu"Wpkxgtukv{" qh"Dclc"Ecnkhqtpkc" *Hki0" 4+0 

Dtqcf" uvtggvu" uwttqwpfgf" kv"ykvj" c" vtchÝe" kuncpf"
dqwpfgf"d{"itggpgt{0"Vjg"oclqt" rctv" qh" vjku" ctgc"
ku"fgukipcvgf"hqt"gfwecvkqpcn."tgukfgpvkcn."cpf"eqo-
ogtekcn"wug0"Vqyctfu"vjg"gcuv"nkgu"vjg"urqtvu"egpvgt"
qh"vjg"wpkxgtukv{"¦qpg."cp"ctgc"qh"itggpgt{"eqxgtkpi"
crrtqzkocvgn{"38067"jc0"Vjg"xgigvcvkqp"eqpukuvu"qh"
itcuu"ncypu."vtggu"htqo"[wecvcp"*Ficus nitida), and 
gwecn{rvwu" vtggu" *Eucalyptus camaldulensis Fgjp+"
ockpvckpgf"vjtqwij"ctvkÝekcn"kttkicvkqp"*Icte‡c/Ewgvq"
et al.."4226="Icte‡c/Ewgvq."4229+0

Vjg"uwdwtdcp"*Ecorguvtg+"uvcvkqp"ku"kp"vjg"gpxk-
tqpu"uqwvjyguv"qh"vjg"ekv{0"Hkiwtg"5"ujqyu"vjg"guvcd-
nkujogpv"qh"vjg"gpgti{"dcncpeg"uvcvkqp0"Cnvjqwij"kt-
tkicvgf."vjg"ukvg"ku"uwttqwpfgf"d{"okpkocn"xgigvcvkqp0

Vjg" twtcn" uvcvkqp"ycu" nqecvgf" uqwvjyguv" qh" vjg"
ekv{"*Hki0"6+0"C"ejctcevgtkuvke"qh"vjku"ukvg"ku"vjg"ncem"qh"
rcxgf"uvtggvu."yjkej"jcxg"dggp"fgnkpgcvgf"dwv"eqp-
ugtxg"vjgkt"pcvwtcn"ucpf{"uqkn."ykvj"jqwugu"fkurgtugf"
coqpi" dtwuj{" xgigvcvkqp" uwej" cu"oguswkvg" *Pro-

sopis leavigata+"cpf"ecejcpknncu" *Pluchea sericea) 
*Icte‡c/Ewgvq"et al.."4229+0

Icte‡c/Ewgvq" *4229+" ujqygf" vjcv" cvoqurjgtke 
and uwthceg wtdcp"jgcv"kuncpfu"*WJK+"are present in 
Ogzkecnk0"C"fckn{"e{eng"ycu"qdugtxgf" kp"yjkej" vjg"
cvoqurjgtke"WJK"fgxgnqru"fwtkpi" vjg"pkijv." dwv" kv"
fkucrrgctu"fwtkpi"vjg"fc{"ikxkpi"yc{"vq"cp"wtdcp"eqqn"
kuncpf0"Vjg"itgcvguv"ogcp"kpvgpukv{"qh"vjg"jgcv"kuncpf"
kp"vjg"wtdcp"ecpqr{"qeewtu"fwtkpi"vjg"urtkpi"cpf"hcnn."
ykvj"kpetgcugu"kp"vgorgtcvwtgu"qh"606"ºC and 4.5 ºC, 
tgurgevkxgn{."yjgtgcu"fwtkpi"vjg"ykpvgt"cpf"uwoogt"
vjg" kpetgcugu" kp" vgorgtcvwtg" xcnwgu" ctg" qh" 507" ºC 
and 3.2 ºC, respectively"*Icte‡c/Ewgvq"et al.."422;+0 

Hki0"40"Guvcdnkujogpv"qh"vjg"gpgti{"dcncpeg"vqygt"qp"vjg"
tqqh"qh"vjg"Gpikpggtkpi"Kpuvkvwvg"*wtdcp+0

Hki0" 50"Guvcdnkujogpv"qh" vjg"Ecorguvtg" gpgti{"dcncpeg"
uvcvkqp"*hctogf"uwdwtdcp"ukvg+0

Hki0"60"Guvcdnkujogpv"qh"vjg"gpgti{"dcncpeg"uvcvkqp"cv"Xknnc"
¥crcvc"*twtcn"fgugtv+0
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Vjg"WJK"fgxgnqrgf"rtkoctkn{"gcuv"qh"vjg"ekv{"kp"c"fwpg"
ctgc."yjgtg"ncpf"wug"ku"okzgf."cpf"kp"vjg"eqoogtekcn"
ctgc"qh"vjg"jkuvqtkecn"egpvgt."c"ujqtv"fkuvcpeg"htqo"vjg"
international border.

3. Data

Vjg"fcvc"ygtg"qdvckpgf"htqo"gpgti{"dcncpeg"ogcuwt-
kpi"ecorckipu"eqpfwevgf"htqo"Hgdtwct{"39"vq"Crtkn"
4."4223"cpf"htqo"Lwpg"33"vq"47."42250"Cu"rtgxkqwun{"
ogpvkqpgf." vjg" ugngevgf" ukvgu" ctg" tgrtgugpvcvkxg"qh"
vjtgg"ncpf"wug"v{rgu"kp"vjg"uvwf{"¦qpg<"wtdcp."twtcn"
*fgugtv+."cpf"hctogf"uwdwtdcp."cpf"vjg"fcvc"tgrtgugpv"
vjg"v{rkecn"eqpfkvkqpu"qh"uwoogt"cpf"ykpvgt"ugcuqpu0"
Vjg"inqdcn"tcfkcvkqp"ycu"ogcuwtgf"ykvj"c"NK/EQT"
tcfkcvkqp"ugpuqt"*NK/422U¥."Nkpeqnp."PG."WUC+"ykvj"
c"urgevtcn"tgurqpug"htqo"206"vq"303"-o0"Vjg"pgv"cnn/
ycxg"tcfkcvkqp"ycu"ogcuwtgf"ykvj"c"pgv"tcfkqogvgt"
S,903"*Tcfkcvkqp"("Gpgti{"Dcncpeg"U{uvgou."Kpe0."
Ugcvvng."YC."WUC+."yjkej"ku"ugpukvkxg"vq"ycxgngpivju"
htqo"2047"vq"82"-o0"Dqvj"rctcogvgtu"ygtg"ogcuwtgf"
out every minute and averaged every 30 min. At Villa 
¥crcvc"cpf"vjg"Gpikpggtkpi"Kpuvkvwvg."vjg"vwtdwngpv"
Þwzgu"ygtg"ogcuwtgf"wukpi"cp"gff{"eqxctkcpeg"u{u-
vgo"cpf"vjg"gpgti{"uvqtgf"kp"vjg"uqkn"ycu"guvkocvgf"
cu"tgukfwcn"kp"vjg"eqxctkcpeg"u{uvgo0"

Cv"Ecorguvtg."c"Dqygp"Tcvkq"u{uvgo"ycu"wugf"
hqt" vwtdwngpv"Þwz"guvkocvkqpu."cpf"jgcv"Þwz"rncvgu"
ygtg"wugf"vq"ogcuwtg"vjg"uqkn"jgcv"Þwz0"Vjg"cxgtcig"
vgorgtcvwtg" qh" vjg" uqkn" nc{gt" cdqxg" vjg" rncvg"ycu"
ogcuwtgf"wukpi"c"VECX"*cxgtcikpi"uqkn"vjgtoqeqw-
rng"rtqdg+."yjkej"ku"c"vgorgtcvwtg"rtqdg"ykvj"hqwt"

rctcnngn"vjgtoqeqwrng"lwpevkqpu"kp"qpg0"Vjg"VECX"
ycu"wugf"kp"eqplwpevkqp"ykvj"vjg"uqkn"jgcv"Þwz"rncvgu"
vq"ecnewncvg"vjg"jgcv"Þwz"cv"vjg"uqkn"uwthceg0"Vjg"rncvgu"
dwtkgf"cv"c"Ýzgf"fgrvj"qh":"eo"vq"tgfweg"gttqtu"htqo"
vjg"xcrqt"vtcpurqtv"qh"jgcv0"C"EU837"ycvgt"eqpvgpv"
tgÞgevqogvgt"ycu"wugf"vq"ecnewncvg"vjg"urgekÝe"jgcv"
qh"vjg"uqkn"*Cs+0"Vjg"xcnwgu"qh"Cs"cpf"vjg"ejcpig"kp"
uqkn"vgorgtcvwtg"*〉Vs+"ogcuwtgf"d{"vjg"VECX"qxgt"
vjg" qwvrwv" kpvgtxcn" t" ctg" tgswktgf" vq" ecnewncvg" vjg"
gpgti{"uvqtgf"*S+"kp"vjg"uqkn"nc{gt"cv"c"fgrvj"d above 
vjg"jgcv"Þwz"rncvgu<

S = *〉Vs* Cs*d+1t" *5+

Fcvc"htqo"vjg"vjtgg"ukvgu"ygtg"itqwrgf"kpvq"rgtk-
qfu"tgrtgugpvkpi"vjg"ugcuqpu0"Vjg"crrnkgf"etkvgtkqp"
ycu"dcugf"qp"vjg"vguvu"hqt"fkhhgtgpegu"qh"vjg"ogcp"
wpfgt"kpfgrgpfgpegu0"Dgecwug"vjg"fcvc"uk¦gu"qh"jcnh/
jqwt"kpvgtxcnu"ygtg"itgcvgt"vjcp"52."yg"crrnkgf"vjg"
hqnnqykpi"pqtocnk¦gf"fkuvtkdwvkqp"*Yknmu."4228+<

" *6+

yjgtg Z"ku"vjg"uvcvkuvke."  and "ctg"vjg"ogcpu"qh"vjg"
ucorngu"htqo"vjg"vyq"rgtkqfu"dgkpi"eqorctgf."S1

2 and 
S2

2"ctg"vjgkt"eqttgurqpfkpi"xctkcpegu."ykvj"n1 and n2 
dgkpi"vjg"uk¦gu"qh"gcej"ucorng0"Kh"Z"ku"nguu"vjcp"30;8"
*vjg"uvcpfctfk¦gf"xcnwg"qh"vjg"pqtocn"fkuvtkdwvkqp"vjcv"
eqortkugu";7'"qh" vjg"xcnwgu+." vjgp" vjg"ogcpu"ctg"
ukoknct"ykvj"c"ukipkÝecpeg"ngxgn"qh"…"?"20270"Kp"vjg"
qrrqukvg"ecug."vjg"ogcpu"ctg"eqpukfgtgf"kpfgrgpfgpv0

Vcdng"KK0"Xcnwgu"qh"igqogvtke"cpf"uwthceg"eqxgt"rtqrgtvkgu"hqt"nqecn"enkocvg"¦qpgu0"Rtqrgtvkgu"fq"pqv"jcxg"wpkvu."
gzegrv"hqt"vjg"jgkijv"qh"vjg"tqwijpguu"gngogpvu"*o+0

Rnceg"qh
measurements

Um{"xkgy"
hcevqt1

Aspect 
ratio2

Building 
uwthceg"
htcevkqp3

Impervious 
uwthceg"
htcevkqp4

Pervious 
uwthceg"
htcevkqp5

Jgkijv"qh"
tqwijpguu"

elements6 *o+

Terrain 
tqwijpguu"

class9

Engineering Institute 208/20; 205/2097 20-40 20-50 30-60 3-10 6
Villa Zapata @"20; < 0.1 < 10 < 10 @";2 < 0.25 1-2
Campestre @"20: 0.1-0.25 10-20 < 20 82/:2 3-10 5-6

1"Tcvkq"qh"vjg"coqwpv"qh"um{"jgokurjgtg"xkukdng"htqo"vjg"itqwpf"ngxgn"vq"vjcv"qh"cp"wpqduvtwevgf"jgokurjgtg0
2"Ogcp"jgkijv/vq/ykfvj"tcvkq"qh"uvtggv"ecp{qpu"*NE¥u"3/9+."dwknfkpi"urcekpi"*NE¥u":/32+."cpf"vtgg"urcekpi"*NE¥u"
A-G).
3"Tcvkq"qh"vjg"dwknfkpi"rncp"ctgc"vq"vjg"vqvcn"rncp"ctgc"*'+0
4"Tcvkq"qh"vjg"korgtxkqwu"rncp"ctgc"*rcxgf."tqem+"vq"vjg"vqvcn"rncp"ctgc"*'+0
5"Tcvkq"qh"vjg"rgtxkqwu"rncp"ctgc"*dctg"uqkn."xgigvcvkqp."ycvgt+"vq"vjg"vqvcn"rncp"ctgc"*'+0
6"Igqogvtke"cxgtcig"qh"dwknfkpi"jgkijvu"*NE¥u"3/32+"cpf"vtgg1rncpv"jgkijvu"*NE¥u"C/H+"*o+0
9 Davenport et al."*4222+"encuukÝecvkqp"qh"vjg"ghhgevkxg"vgttckp"tqwijpguu"*z0+"hqt"ekv{"cpf"eqwpvt{"ncpfuecrgu0"
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Hqt"vjg"Gpikpggtkpi"Kpuvkvwvg"cpf"Xknnc"¥crcvc."vjg"
fcvc"ygtg"itqwrgf"kp"vjtgg"rgtkqfu<"urtkpi"*Octej"9"
vq"Crtkn"4."4223+."uwoogt"*Lwpg"33"vq"47."4225+."cpf"
ykpvgt"*Hgdtwct{"38"vq"Octej"8."4223+="jqygxgt."hqt"
Ecorguvtg0"fcvc"ctg"qpn{"cxckncdng"hqt"vjg"uwoogt"
rgtkqf"*Lwpg"33"vq"47."4225+0"Oqtg"fgvcknu"qp"vjg"fcvc"
are given in Tejeda-Martínez et al."*4232+0

4. Statistical estimates

Itkooqpf"cpf"Qmg" *4224+"rtqrqugf"c" nqecn" uecng 
wtdcp"ogvgqtqnqikecn" rctcogvgtk¦cvkqp" uejgog"
*NWORU+" vq"ecnewncvg"jgcv"Þwzgu" hqt" vjg"wtdcp"gp-
xktqpogpv0"Vjg" kprwvu" ctg" pgv" tcfkcvkqp." uvcpfctf"
ogvgqtqnqikecn"qdugtxcvkqpu."cpf"dcuke"uwthceg"eqxgt"
kphqtocvkqp0"NWORU"ku"c"dgvvgt"oqfgn"eqorctgf"ykvj"
gctnkgt"oqfgnu" uwej"cu" vjg"j{dtkf"rnwog"fkurgtukqp"
oqfgn" *Jcppc"cpf"Ejcpi."3;;5+0" Kvu" kortqxgogpv"
tguwnvu"ockpn{"htqo"vjg"qdlgevkxg"j{uvgtguku"oqfgn"rc-
tcogvgtk¦cvkqp"*Itkooqpf"cpf"Qmg."4224+"qh"uvqtcig"
jgcv"Þwz."yjkej"vcmgu"kpvq"ceeqwpv"vjg"ocipkvwfg"qh"vjku"
Þwz."vjg"j{uvgtguku"rcvvgtp."urgekcn"eqghÝekgpvu"wugf"vq"
partition QH and QE"cu"cp"ghhgev"qh"vjg"wtdcp"itggp"urceg 
cpf1qt"uwthceg"oqkuvwtg"cxckncdknkv{."cpf" vjg"rqukvkxg"
QH"Þwzgu"qdugtxgf"kp"wtdcp"gpxktqpogpvu"chvgt"uwpugv0

Vjg"uejgog"rtqrqugf"kp"vjku"rcrgt"hqt"Ogzkecnk"
ku"ukorngt"*cpf"ykvj"nqygt"rtgekukqp+"dgecwug"kv"wugu"
cu" kvu" kprwv" qpn{" vjg" uqnct" inqdcn" tcfkcvkqp" cpf" kvu"
dcuku"ctg"uvcvkuvkecn"tgncvkqpujkru"kpuvgcf"qh"rj{ukecn"
eqpukfgtcvkqpu"cu"kp"vjg"NWORU"uejgog0

Lgigfg" *3;;9+"fgoqpuvtcvgf" c" nctig" eqttgncvkqp"
dgvyggp"pgv" cpf"inqdcn" tcfkcvkqp" hqt"Pkigtkc." cpf"
Ofipfg¦/Rfitg¦"*4223+"hqwpf"ukoknct"tguwnvu"hqt"gcuvgtp"
Ogzkeq0"Uvcvkuvkecn"tgncvkqpujkru"dgvyggp"ugpukdng"jgcv."

ncvgpv"jgcv."uvqtgf"jgcv"kp"uqkn"xgtuwu"vjg"inqdcn"tcfkcvkqp"
hqt"Ogzkeq"Ekv{"ygtg"hqwpf"d{"Vglgfc"cpf"Lƒwtgiwk"
*4227+0"Vjku"yqtm"rtqrqugu"uvcvkuvkecn"oqfgnu"hqt"vjg"
gpgti{/dcncpeg"eqorqpgpvu"ceeqtfkpi"vq"fkhhgtgpv"ncpf"
wugu"cpf"ugcuqpu"qh"vjg"{gct0"Vjg"oqfgnu"ctg"xcnkf"qpn{"
fwtkpi"vjg"fc{vkog"yjgp"inqdcn"tcfkcvkqp"ku"pqv"¦gtq0"
Cevwcnn{."vjku"tguwnvu"kp"cp"gttqt<"Vjg"gpgti{/dcncpeg"
eqorqpgpvu"cnuq"xct{"fwtkpi"vjg"pkijv0"Pgxgtvjgnguu."
vjg"igpgtcvgf"fc{vkog"oqfgnu"rtgugpv"fgvgtokpcvkqp"
eqghÝekgpvu"dgvyggp"2096"cpf"20;:"*cpf"qpn{"kp"qpg"
ecug"207;+."k0g0."vjg"inqdcn"tcfkcvkqp"gzrnckpu"vjg"xctk-
cpeg"qh"fc{vkog"gpgti{/dcncpeg"eqorqpgpvu"dgvyggp"
7;"cpf";:'."cu"yknn"dg"ncvgt"fkuewuugf0

603"Pgv"tcfkcvkqp
Hqt"vjg"ekvkgu"qh"Ejkeciq."KN="Nqu"Cpigngu."EC="cpf"
Nqf¦."Rqncpf."Qhhgtng"et al." *4225+"fgoqpuvtcvgf"
vjcv" pgv" tcfkcvkqp" *Q*) could be estimated as a 
nkpgct" hwpevkqp" qh" kpekfgpv" inqdcn" tcfkcvkqp" *Qg). 
Hqt"Ogzkecnk."vjg"tgitguukqp"guvkocvkqpu"qh"vjg"pgv"
tcfkcvkqp"jcxg"fkhhgtgpv"dgjcxkqtu"fwtkpi"uwoogt"
Ïyjgp"j{uvgtguku"ku"rtgugpvÏ"kp"eqorctkuqp"ykvj"
urtkpi"cpf"ykpvgt"rgtkqfu."ykvjqwv"j{uvgtguku0"Vjg"
uwoogt"ogcuwtgogpvu"ygtg"rgthqtogf"htqo"Lwpg"
33/37."42250"Engct"umkgu"rtgxckngf."ykvj"ogcp"fckn{"
vgorgtcvwtgu" qh" crrtqzkocvgn{" 4;" ºC, a relative 
jwokfkv{"qh"4:', and calm air. 

Cu" ujqyp" kp"Vcdng" KKK" cpf" Hkiwtg" 7." hqt" vjg"
Gpikpggtkpi" Kpuvkvwvg" *wtdcp+" cpf" Ecorguvtg"
*uwdwtdcp+" ukvgu" *Hki0" 7c." d." e" cpf" f+." fwg" vq" vjg"
rtgugpeg"qh"j{uvgtguku"kv"ycu"pgeguuct{"vq"igpgtcvg"
vyq"guvkocvkqp"oqfgnu"hqt"pgv"tcfkcvkqp"fgrgpfkpi"
qp"vjg"inqdcn"tcfkcvkqp0"Vjgtghqtg."vq"qdvckp"cnn"vjg 

Vcdng"KKK0"Guvkocvkqp"oqfgnu"vjg"pgv"tcfkcvkqp"*Q*+"kp"rtqrqtvkqp"vq"inqdcn"tcfkcvkqp"*Qg+"hqt"gcej"ukvg"fwtkpi"uwoogt0

Site Rgtkqf"qh"fc{ Gswcvkqp MSE
*Y"oÎ4)

R2

Engineering
Kpuvkvwvg"*wtdcp+

12:00 am to 12:00 pm
*Hkiwtg"7c+ Q* ?"Î97068"-"2038"Qg"-"202225"Qg

2 15.3 20;8
Engineering
Kpuvkvwvg"*wtdcp+

12:30 to 11:30 pm
*Hkiwtg"7d+ Q* ?"Î870:5"-"20;3"Qg"Î"202226"Qg

2 31.4 20;6
Campestre
*uwdwtdcp+

12:00 am to 12:00 pm
*Hkiwtg"7e+" Q*?"Î7;046"-"2033"Qg"-"202227"Qg

2 32.6 20;8
Campestre
*uwdwtdcp+

12:30 to 11:30 pm
*Hkiwtg"7f+ Q* ?"Î6;0"53"-"3034"Qg"Î"202227"Qg

2 490; 20;6
Villa Zapata
*twtcn+

Yjqng"fc{
*Hkiwtg"7g+ Q,?"Î7402886"-"20722;"Qg 3:09 20;:

OUG<"ogcp"uswctg"gttqt="R2<"fgvgtokpcvkqp"eqghÝekgpv0
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guvkocvkqp"oqfgnu"hqt"gpgti{"dcncpeg."vyq"rgtkqfu"
ygtg"eqpukfgtgf<"htqo"okfpkijv"vq"okffc{"*Hki0"7c."e+. 
cpf"htqo"okffc{"vq"okfpkijv"*Fig. 5b, d)."cnn"qh"yjkej"
ygtg"swcftcvke"tgitguukqp"gswcvkqpu0"Hqt"Xknnc"¥crcvc"
*twtcn+."pgv"tcfkcvkqp"cu"c"hwpevkqp"qh"inqdcn"tcfkcvkqp"
gzjkdkvu" c" nkpgct" dgjcxkqt." k0g0."ykvjqwv" j{uvgtguku 
*Hki0"7g+0"Vjg"ocipkvwfgu"qh"vjg"iqqfpguu"qh"Ýv"tcpig"
htqo"3705"vq"5408"Y"oÎ4"hqt"vjg"ogcp"uvcpfctf"gttqt."
cpf"vjg"fgvgtokpcvkqp"eqghÝekgpv"dgvyggp"vjg"qdugtxgf"
cpf"guvkocvgf"tcfkcvkqp"xcnwgu"ku"œ"20;60
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Hki0"70"Tgitguukqp"oqfgnu"qh"pgv"tcfkcvkqp"*Q*) 
cu"c"hwpevkqp"qh"inqdcn"tcfkcvkqp"*Qg) in sum-
ogt"hqt<"*c+"Gpikpggtkpi"Kpuvkvwvg."okfpkijv"vq"
okffc{="*d+"Gpikpggtkpi"Kpuvkvwvg."okffc{"vq"
okfpkijv="*e+"Ecorguvtg."okfpkijv"vq"okffc{="
*f+"Ecorguvtg."okffc{"vq"okfpkijv" ."cpf"*g+"
Xknnc"¥crcvc."hqt"vjg"yjqng"fc{0

Hqt"ykpvgt" cpf" urtkpi." vjg"ogcuwtgogpv" eco-
rckipu"ygtg"eqpfwevgf" htqo"Hgdtwct{"39" vq"Crtkn"
4."42230"Vjg"Gpikpggtkpi"Kpuvkvwvg"fqgu"pqv"rtgugpv"
j{uvgtguku"kp"ykpvgt."kp"eqpvtcuv"vq"uwoogt."cu"uggp"kp"
Vcdng"KKK"*wphqtvwpcvgn{."vjgtg"ctg"pq"fcvc"hqt"Ecor-
guvtg"fwtkpi"ykpvgt+="vjwu."vjg"tgitguukqp"oqfgnu"hqt"
dqvj"nqecvkqpu"kp"Vcdng"KX"*Xknnc"¥crcvc"cpf"Kpuvkvwvg+"
ctg"nkpgct0"Hqt"cnn"oqfgnu."vjg"fgvgtokpcvkqp"eqghÝ-
ekgpvu"ctg"ceegrvcdng."wpnkmg"vjg"guvkocvgf"uvcpfctf"
gttqtu."yjkej"ctg"nctig0
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Vcdng"X0"Guvkocvkqp"qh"ugpukdng"jgcv"*QH+"hqt"vjg"vjtgg"ukvgu."cu"nkpgct"qt"swcftcvke"tgitguukqp"oqfgnu"
*QH = bo + b1Qg + b2 Qg

2+"cpf"iqqfpguu"qh"Ýv"*guvkocvgf"uvcpfctf"gttqt."GUG."cpf"vjg"fgvgtokpcvkqp"
eqghÝekgpv"dgvyggp"vjg"qdugtxgf"cpf"guvkocvgf"fcvc"]R]2). For Campestre, data is only available 
hqt"uwoogt0

Ukvg1ugcuqp b0 b1 b2 GUG"*Y"oÎ4) R2

Xknnc"¥crcvc"*twtcn+
Spring Î9033 203; 0.0 4405: 20:8
Summer Î702: 0.21 Î2022224 36.61 20;2
Ykpvgt Î8054 0.21 Î2022225 23.06 20::

Ecorguvtg"*uwdwtdcp+
Uwoogt"*34"co"vq"34"ro+ 1.35 Î2033 Î2022256 6;05: 209;
Uwoogt"*34<52"vq"33<52"ro+ 5.64 0.36 Î2022235 :20:4 207;

Gpikpggtkpi"Kpuvkvwvg"*wtdcp+
Spring Î;0;3 0.22 0.0 22.60 20;2
Summer Î3;048 0.26 0.0 78097 20:3
Ykpvgt Î9053 0.21 0.0 20.65 20:8

604"Vjg"qvjgt"eqorqpgpvu
Vjg" tgncvkqpujkr"dgvyggp"ugpukdng"jgcv"cpf"inqdcn"
tcfkcvkqp"ku"j{uvgtguku/htgg"hqt"Xknnc"¥crcvc"cpf"vjg"
Gpikpggtkpi"Kpuvkvwvg0"Hqt"Ecorguvtg."j{uvgtguku"ku"
rtgugpv"kp"uwoogt"cpf"vjg"swcftcvke"oqfgn"ku"tgswktgf"
*Vcdng"KX+0"Kp"vjg"ecug"qh"vjg"guvkocvkqp"oqfgnu"qh"
pgv"tcfkcvkqp"*Vcdngu"KKK"cpf"KX+."vjg"fgvgtokpcvkqp"
eqghÝekgpvu"dgvyggp"vjg"qdugtxgf"cpf"guvkocvgf"fcvc"
ctgqwvuvcpfkpi"."dwv"vjg"gttqtu"ctg"nctig0"

Cu"ogpvkqpgf"kp"ugevkqp"5."vjg"uvqtgf"jgcv"kp"vjg"
uqkn"ycu"ogcuwtgf"cv"Ecorguvtg"d{"ogcpu"qh" vyq"
uqkn" jgcv" Þwz" rncvgu" cv" cp" :/eo"fgrvj." dwv" cv" vjg"
Gpikpggtkpi" Kpuvkvwvg" cpf"Xknnc"¥crcvc" vjg" uvqtgf"
jgcv"ycu"guvkocvgf"htqo"vjg"tgukfwgu"kp"Gs0"*4+0"Kp"
cffkvkqp"vq"vjg"ugpukdng"jgcv."Vcdng"X"ujqyu"vjcv"kp"

uwoogt"Ecorguvtg"rtgugpvu"j{uvgtguku."dwv"vjg"swc-
ftcvke"vgto"hqt"kvu"ukowncvkqp"cu"c"hwpevkqp"qh"inqdcn"
tcfkcvkqp"ycu"pqv"pgeguuct{0"Ukoknct"vq"pgv"tcfkcvkqp"
cpf" ugpukdng"jgcv." vjg"guvkocvgf"xu0"qdugtxgf"fcvc"
jcxg"c"jkij"eqttgncvkqp."dwv"vjgkt"guvkocvkqp"uvcpfctf"
gttqtu"ctg"cnuq"jkij0

Cnvjqwij"QE"ycu"ogcuwtgf"ykvj"gff{"eqxctkcpeg"
cv"vjg"Gpikpggtkpi"Kpuvkvwvg"cpf"Xknnc"¥crcvc."cpf"d{"
vjg"DqygpÓu"tcvkq"u{uvgo"kp"Ecorguvtg."vjku"ycu"pqv"
eqpukfgtgf"uvcvkuvkecn"oqfgnkpi"htqo"inqdcn"tcfkcvkqp0"
Eqttgncvkqp"eqghÝekgpvu"ykvj"inqdcn"tcfkcvkqp"ygtg"
nguu"ukipkÝecpv"vjcp"qvjgt"eqorqpgpvu"qh"vjg"gpgti{"
dcncpeg"dgecwug"vjgkt"xcnwgu"ctg"xgt{"nqy"fwg"vq"vjg"
desert environment, primarily at Villa Zapata.

605"J{uvgtguku"
Kp" vtcfkvkqpcn" vgtou."yjgp" vjg" cuegpfkpi" ecnkdtc-
vkqp" ewtxg" fqgu" pqv" eqkpekfg"ykvj" vjg" fguegpfkpi"
ewtxg." vjku" ku" ecnngf" j{uvgtguku" *Mtcupqugnumkk" cpf"
Rqmtqxumkk."3;:;+0"Vjg"j{uvgtguku"ghhgev" kp"fkwtpcn"
e{engu"qh"pgv"cnn/ycxg"tcfkcvkqp"cpf"itqwpf/uvqtgf"
jgcv" jcu" dggp" qdugtxgf" kp"ocp{" rncegu." dwv" kvu"
rj{ukecn" gzrncpcvkqp" tgockpu" codkiwqwu" *Uwp"et 

al.." 4235+0"D{"ogcpu"qh" vjgqtgvkecn" eqpukfgtcvkqpu"
*rtkoctkn{" vjg"oqfgn" qh" Ecowhhq" cpf"Dgtpctfk."
3;:4+"cpf"qdugtxcvkqpu"qp"fkhhgtgpv"uwthcegu"*itggp."
dncem."yjkvg." cpf" dcnncuv" tqqhu." eqvvqp" Ýgnfu" cpf"
grasslands), Sun et al."*4235+"gzrnckp"j{uvgtguku"qp"
vjg"dcuku"qh"vjg"xgtvkecn"ycvgt"Þwz"cpf"vjg"uecngf"tc-
vkq"qh"pgv"ujqtvycxg"tcfkcvkqp"vq"qwviqkpi"nqpiycxg"
tcfkcvkqp0"Ceeqtfkpi"vq"Itkooqpf"cpf"Qmg"*3;;:+. 

Vcdng"KX0"Guvkocvkqp"qh"pgv"tcfkcvkqp"*Q,+"hqt"Xknnc"¥crcvc"
cpf"vjg"Gpikpggtkpi"Kpuvkvwvg"cu"nkpgct"tgitguukqp"oqfgnu"
*Q* = ao + a1Qg+."cpf"iqqfpguu"qh"Ýv"*guvkocvgf"uvcpfctf"
gttqt." GUG." cpf" fgvgtokpcvkqp" eqghÝekgpv" dgvyggp" vjg"
qdugtxgf"cpf"guvkocvgf"fcvc"]R2_+"hqt"urtkpi"cpf"ykpvgt"
ugcuqpu0"Hqt"Ecorguvtg."fcvc"ku"qpn{"cxckncdng"hqt"uwoogt"
*ugg"Vcdng"KK+0

Ukvg1ugcuqp a0 a1 GUG"*Y"oÎ4) R2

Xknnc"¥crcvc"*twtcn+
Spring Î73043 0.63 67049 20;8
Ykpvgt Î5;0;7 0.61 5:038 20;6

Gpikpggtkpi"Kpuvkvwvg"*wtdcp+
Spring Î82068 0.55 4;098 20;8
Ykpvgt Î7402: 0.54 6802: 20;6
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Vcdng"XK0"Guvkocvkqp"qh"vjg"uvqtgf"jgcv"kp"vjg"uqkn"*Qs+"hqt"vjg"vjtgg"ukvgu."cu"nkpgct"
tgitguukqp"oqfgnu" *Qs = co + c1Qg+"cpf"iqqfpguu"qh"Ýv" *guvkocvgf"uvcpfctf"gttqt"
]GUG_"cpf"fgvgtokpcvkqp"eqghÝekgpv"dgvyggp"vjg"qdugtxgf"cpf"guvkocvgf"fcvc"]R2]). 
Hqt"Ecorguvtg."fcvc"ku"qpn{"cxckncdng"hqt"uwoogt0

Ukvg1ugcuqp c0 c1 GUG"*Y"oÎ4) R2

Xknnc"¥crcvc"*twtcn+
Spring Î:7087 0.36 36.66 20;4
Summer Î6806 0.2662 65049 20:8
Ykpvgt Î8208: 0.35 43.60 20;4

Ecorguvtg"*uwdwtdcp+
Uwoogt"*34"co"vq"34"ro+ Î870:4 203; 5202: 20:8
Uwoogt"*34<52"vq"33<52"ro+ Î:2048 0.23 4806; 20;4

Gpikpggtkpi"Kpuvkvwvg"*wtdcp+
Spring Î78069 0.31 660:6 20:5
Summer Î950:5 2039 66.35 2096
Ykpvgt Î6;094 0.31 6605: 2096

j{uvgtguku"ecp"qeewt"kp"vjg"rtgugpeg"qh"jwokfkv{"cpf1
qt"vwtdwngpeg0"Hqt"gzcorng."vjg"j{uvgtguku"hqwpf"hqt"
central Mexico City can be explained by turbulence 
*Vglgfc"cpf"Lƒwtgiwk."4227+0

Kp" vjku" rcrgt." j{uvgtguku" ku" wpfgtuvqqf" cu" vjg"
fkuetgrcpe{" kp" vjg" tgurqpug"qh" vjg"gpgti{"dcncpeg"
eqorqpgpvu" *pgv" tcfkcvkqp." ugpukdng" qt" uqkn/uvqtgf"
jgcv+"vq"vjg"uvkownwu"htqo"inqdcn"tcfkcvkqp"yjgp"kv"
kpetgcugu"qt"fgetgcugu0"Kp"vjku"ugpug."j{uvgtguku"ycu"
rtgugpv"cv"vjg"Gpikpggtkpi"Kpuvkvwvg"hqt"pgv"tcfkcvkqp."
cpf"cv"Ecorguvtg"hqt"pgv"tcfkcvkqp."ugpukdng"cpf"uqkn/
uvqtgf"jgcv"dgecwug"vjqug"gpgti{"dcncpeg"eqorqpgpvu"
gzjkdkv"qpg"v{rg"qh"dgjcxkqt"yjgp"inqdcn"tcfkcvkqp"
tkugu"htqo"kvu"okpkowo"vq"kvu"oczkowo."cpf"cpqvjgt"
v{rg"yjgp"inqdcn"tcfkcvkqp"fguegpfu"vqyctf"kvu"okp-
kowo."cu"tgrtgugpvgf"kp"Vcdngu"KKK."X."cpf"XK0"Yjgp"
j{uvgtguku"ku"rtgugpv"vjg"guvkocvkqp"qh"pgv"tcfkcvkqp."
ugpukdng"cpf"uqkn/uvqtgf"jgcv"dcugf"qp"inqdcn"tcfkcvkqp"
tgswktgu"swcftcvke"tgitguukqpu0"

J{uvgtguku"ku"rtgugpv"kp"jqoqigpgqwu"*Ecorgu-
vtg+" cpf"pqp/jqoqigpgqwu" *Gpikpggtkpi" Kpuvkvwvg+"
vgttckp." uq" vjg" vwtdwngpeg" ku"pqv" kvu"rtkoct{"ecwug0"
Jqygxgt."kv"oc{"tguwnv"htqo"vjgtocn"kpgtvkc"ecwugf"d{"
jwokfkv{."dgecwug"dqvj"ukvgu"ctg"qhvgp"kttkicvgf"fwtkpi"
vjg"uwoogt0"Cffkvkqpcnn{."ncpf"uwthceg"vgorgtcvwtg"
*NUV+" rnc{u" c" tqng." dgecwug" kv" ku" eqttgncvgf" vq" cnn"
energy budgets, including radiative components in 
fkhhgtgpv"hqtou="hqt"gzcorng."vjg"wrygnnkpi"nqpiycxg"
tcfkcvkqp"hqnnqyu"vjg"hqwtvj"rqygt"ncy"cu"c"hwpevkqp"
qh"NUV."yjgtgcu"vjg"tgÞgevgf"ujqtvycxg"tcfkcvkqp"hqn-
nqyu"c"nkpgct"tgncvkqpujkr"qh"vjg"kpeqokpi"tcfkcvkqp0"

Vjg"kpfgrgpfgpv"vgtou"qh"vjg"swcftcvke"gswcvkqpu"
hqt"ugpukdng"jgcv"guvkocvkqp"ctg"rqukvkxg"kp"vjg"uvcvku-
vkecn"oqfgnu"kp"Vcdng"KX."yjkej"uwiiguvu"jkij"xcnwgu"
qh"jwokfkv{"pgct"vjg"itqwpf"cv"Ecorguvtg="k0g0."kh"vjg"
inqdcn"tcfkcvkqp"ku"pwnn."vjgtg"ku"rqukvkxg"ugpukdng"jgcv"
tkukpi"htqo"vjg"uwthceg"vq"vjg"cvoqurjgtg"cu"c"tguwnv"
qh"ugpukdng"jgcv"dgkpi"tgngcugf"htqo"vjg"eqpfgpucvkqp"
qh"xcrqt"kp"vjg"uqkn0

5. Conclusions

Vjg"rtqrqugf"uvcvkuvkecn"oqfgnu"hqt"fkhhgtgpv"ncpf"wugu"
jcxg"ceegrvcdng"iqqfpguu"qh"Ýv<" vjg"fgvgtokpcvkqp"
eqghÝekgpvu"ykvj"inqdcn"tcfkcvkqp"tcpig"htqo"2094"vq"
20;:"*ykvj"qpn{"qpg"ecug"dgkpi"207;+."cnvjqwij"vjg"
estimated standard error values are not small because 
vjg{"Þwevwcvg"htqo"37"vq":4"Y"oÎ40"Pq"ncvgpv"jgcv"
Þwz"ycu"guvkocvgf"htqo"inqdcn"tcfkcvkqp"dgecwug"kvu"
xcnwgu"ctg"uocnn"kp"c"fgugtv"gpxktqpogpv0"Kp"vjku"guvk-
ocvkqp"uejgog."ncvgpv"jgcv"ecp"dg"qdvckpgf"htqo"vjg"
fkhhgtgpegu"dgvyggp"vjg"guvkocvgf"pgv"tcfkcvkqp."vjg"
ugpukdng"jgcv"Þwz"cpf"vjg"jgcv"uvqtgf"kp"vjg"itqwpf0"
Vjg" kpjgtgpv" rtqdngo" kp" vjku" rtqegfwtg." jqygxgt."
ku"vjcv"cnn"qh"vjg"guvkocvgf"gttqtu"kp"vjg"Þwzgu"ygtg"
kpeqtrqtcvgf"kpvq"ncvgpv"jgcv"Þwz0

Vjg"rtqrqugf"rctcogvgtk¦cvkqpu"ctg"crrtqzkoc-
vkqpu" vjcv"jcxg" vjg"ucog"dgjcxkqt"cu" vjg"qdugtxgf"
fcvc."dwv"ykvj"nctig"gttqtu0"Oqtg"fcvc"ctg"pgeguuct{"
vq" kortqxg" vjg" uvcvkuvkecn"oqfgnu." kp"qtfgt" vq"igp-
gtcvg" qpg" uvcvkuvkecn"oqfgn" hqt" vjg" gpgti{"dcncpeg"
eqorqpgpvu"kp"Ogzkecnk"vjcv"fgrgpfu"qp"inqdcn"tc-
fkcvkqp"qpn{0"Kv"ku"qdxkqwu"vjcv"kp"vjku"ukorng"oqfgn. 
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dcuke"kphqtocvkqp"uwej"cu"ncpf"eqxgtu."dwknfkpiu."ko-
rgtxkqwu"uwthcegu."cpf"uvcpfctf"ygcvjgt"kphqtocvkqp"
uwej"cu"ckt"vgorgtcvwtg."jwokfkv{."cpf"ykpf"urggf"ku"
kpvgitcvgf"vq"guvkocvg"jgcv"Þwzgu."dwv"vjgug"gngogpvu"
ctg"pqv"fkuciitgicvgf"kp"vjg"oqfgnu0"

Vjwu."vjg"rtgxkqwun{"rtgugpvgf"uvcvkuvkecn"oqfgnu"
are applicable to local climatic zones LCZ 6, LCZ F, and 
NE¥";" rtqrqugf" kp" vjg" encuukÝecvkqp" d{" Uvgyctv 
cpf"Qmg"*4234+"cpf"pqv"vq"vjg"gpvktg"ekv{0"Kv"ku"vtwg"
vjcv"vjg"ekv{"jcu"itqyp"ukpeg"vjg"dgikppkpi"qh"4222."
dwv"fgxgnqrogpv"jcu"dggp"qp"vjg"rgtkrjgt{"cpf"pqv"kp"
vjg"nqecvkqpu"yjgtg"vjg"dcncpeg"ogcuwtgogpvu"ygtg"
ecttkgf"qwv0"Vjwu."wpfgt"vjku"rtgokug."vjg"rtqrqugf"
oqfgnu"ctg"crrnkecdng"kp"vjg"ctgcu"qh"ogcuwtgogpv0

J{uvgtguku"crrgctgf"fwtkpi"vjg"uwoogt"ceeqtf-
kpi"vq"vjg"fcvc"htqo"Ecorguvtg"cpf"vjg"Gpikpggtkpi"
Kpuvkvwvg0"Kh"yg"eqpukfgt"vjcv" vjg"vjgtocn"kpgtvkc"qh"
ncpf"eqxgt"cpf"uqkn"oqkuvwtg"oqxgogpv"ctg"vjg"ockp"
ecwugu"qh"j{uvgtguku."yg"ecp"gzrnckp"vjcv"j{uvgtguku"
ku"engct"*vjg"vjgtocn"kpgtvkc"qh"dwknfkpiu"cpf"vjg"uqkn"
oqkuvwtg"htqo"ictfgpu"ctqwpf"dwknfkpiu+"hqt"vjg"Gp-
ikpggtkpi"Kpuvkvwvg0"Kp"Ecorguvtg."yjgtg"j{uvgtguku"
ku" cnuq" rtgugpv." dwknfkpi" uwthcegu" ctg"okpkocn" dwv"
oqkuvwtg"oqxgogpv"ku"rtgugpv."vjwu"vjg"j{rqvjguku"
qh"vwtdwngpeg"dgkpi"vjg"rtkoct{"qtkikp"qh"j{uvgtguku"
ku"pqv"uqnkf"kp"vjku"ecug0"Vq"fgvgtokpg"vjg"tgcn"ecwug"
qh"j{uvgtguku."c"fggrgt"uvwf{"ku"pggfgf"vjcv"tgikuvgtu"
jwokfkv{."ykpf"cpf"dcncpeg"qh"gpgti{"eqorqpgpvu"
vq"fgvgtokpg"yjkej"hcevqtu"kpÞwgpeg"vjg"rtgugpeg"qh"
vjg"rjgpqogpqp"kp"Ogzkecnk0
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