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RESUMEN

Gn"Þwlq"fg"fkug‚q"gu"nc"dcug"rctc"nc"rncpgcek„p"{"gn"fkug‚q"fg"qdtcu"jkftƒwnkecu0"Nc"rtgekuk„p"gp"gn"eƒnewnq"
fg"Þwlqu"gu"korqtvcpvg"rctc"gn"cpƒnkuku"fg"xkcdknkfcf"fg"fkejcu"guvtwevwtcu"rqtswg"gn"xcnqt"guvkocfq"kpÞw{g"
fktgevcogpvg"gp"nc"gxcnwcek„p"fg"nqu"ghgevqu"fg"hcnnc0"Ukp"godctiq."gp"tc¦„p"fg"nc"xctkcdknkfcf."nc"rtgekuk„p"
fgn"eƒnewnq"ug"tgfweg"fg"ocpgtc"ftƒuvkec"ewcpfq"ug"wvknk¦cp"owguvtcu"rgswg‚cu"gp"gn"cpƒnkuku"fg"htgewgpekc"
fg"kpwpfcekqpgu"*HHC."rqt"uwu"ukincu"gp"kpinfiu+"eqpxgpekqpcn0"Gp"guvg"vtcdclq"ug"rncpvgc"wp"pwgxq"gphqswg"
dcucfq"gp"nc"ukowncek„p"eqodkpcfc"fg"Þwlqu"cpwcngu"oƒzkoqu"{"ogfkqu0"Gn"ofivqfq"ug"gxcnw„"vqocpfq"gp"
eqpukfgtcek„p"uwdowguvtcu"fg"32."42."52."62"{"72"c‚qu"qdvgpkfcu"c"rctvkt"fg"35"guvcekqpgu"rnwxkqofivtkecu"
wdkecfcu"gp"nc"ewgpec"fgn"t‡q"Uwuswgjcppc0"Nqu"tguwnvcfqu"ug"eqorctctqp"eqp"nqu"qdvgpkfqu"ogfkcpvg"HHC"
{"gn"cpƒnkuku"tgikqpcn"fg"guvcekqpgu/c‚q0"Guvg"gphqswg"pqxgfquq"rwgfg"tgfwekt"nc"kpegtvkfwodtg"gp"ncu"guvk-
ocekqpgu"fgn"Þwlq"fg"fkug‚q"ewcpfq"nqu"fcvqu"cugswkdngu"uqp"guecuqu0

ABSTRACT

Vjg"fgukip"Þqy"ku"vjg"dcuku"hqt"rncppkpi"cpf"fgukipkpi"fkhhgtgpv"j{ftcwnke"yqtmu0"Vjg"rtgekukqp"kp"guvkocvgf"
Þqyu"ku"korqtvcpv"yjgp"cpcn{¦kpi"vjg"hgcukdknkv{"qh"uwej"uvtwevwtgu"dgecwug"vjg"xcnwg"fktgevn{"kpÞwgpegu"vjg"
gxcnwcvkqp"qh"vjg"hcknwtg"ghhgevu0"Jqygxgt."fwg"vq"Þqy"xctkcdknkv{."vjg"rtgekukqp"qh"vjg"guvkocvg"ku"ftcuvkecnn{"
tgfwegf"yjgp"uocnn"ucorngu"ctg"wugf"kp"c"eqpxgpvkqpcn"Þqqf"htgswgpe{"cpcn{uku"*HHC+0"Vjku"rcrgt"rtqrqu-
gu"c"pgy"crrtqcej"dcugf"qp"c"eqodkpgf"ukowncvkqp"qh"vjg"cppwcn"rgcm"cpf"ogcp"Þqyu0"Vjg"ogvjqf"ycu"
gxcnwcvgf"d{"eqpukfgtkpi"32/."42/."52/."62/"cpf"72/{t"uwducorngu"qdvckpgf"htqo"35"icwikpi"uvcvkqpu"nqecvgf"
kp"vjg"Uwuswgjcppc"Tkxgt"dcukp0"Vjg"tguwnvu"ygtg"eqorctgf"ykvj"vjqug"qdvckpgf"d{"HHC"cpf"vjg"tgikqpcn"
uvcvkqp/{gct"ogvjqf0"Vjku"pgy"crrtqcej"ecp"tgfweg"vjg"wpegtvckpv{"kp"guvkocvkpi"vjg"fgukip"Þqy"yjgp"hgy"
data are available.

Keywords<"Hnqqf"htgswgpe{"cpcn{uku."uocnn"ucorngu."u{pvjgvke"ucorngu."wpegtvckpv{0"

1. Introduction

Hnqqf"htgswgpe{"cpcn{uku"*HHC+"ku"vjg"dcuku"hqt"rncp-

pkpi"cpf"fgukipkpi"dtkfigu."ewnxgtvu"cpf"Þqqf"eqpvtqn"
uvtwevwtgu"*Ejqy"et al., 1998). The maximum capac-

kv{"qh"vjgug"uvtwevwtgu"ku"fgÝpgf"d{"vjg"fgukip"Þqy."
yjkej"ku"vjg"cppwcn"rgcm"Þqy"*CRH+"ykvj"c"egtvckp"
rtqdcdknkv{"qh"dgkpi"gzeggfgf"cv"ngcuv"qpeg"fwtkpi"
qrgtcvkqp0"Vjku"rtqdcdknkv{"ku"mpqyp"cu"tkum"cpf"ku"
wuwcnn{"gzrtguugf"cu"c"tgvwtp"rgtkqf0"Hwtvjgtoqtg."
vjku"rtqdcdknkv{"ku"ugngevgf"d{"eqpukfgtkpi"vjg"geq-

pqoke."uqekcn"cpf"gpxktqpogpvcn"ghhgevu"vjcv"yqwnf"

dg"rtqfwegf"d{"vjg"hcknwtg"qh"vjg"uvtwevwtg0"Vjgtghqtg."
rtgekug" fgukip"Þqy"guvkocvgu" ctg" korqtvcpv"yjgp"
gxcnwcvkpi" vjg" hgcukdknkv{"qh" c" uvtwevwtg0"Jqygxgt."
fwg"vq"uvtgco"Þqy"xctkcdknkv{."vjg"rtgekukqp"qh"vjg"
guvkocvgu"ku"ftcuvkecnn{"tgfwegf"yjgp"uocnn"ucorngu"
are used in a conventional FFA.

Eqpxgpvkqpcn" guvkocvgu" qh" vjg" fgukip"Þqy"ctg"
cejkgxgf" xkc" c" htgswgpe{" cpcn{uku" qh" vjg"CRHu"
measured over a long period at a single gauging 

uvcvkqp0"Cuuwokpi" vjcv" vjg"CRHu" ctg" kpfgrgpfgpv"
cpf"kfgpvkecnn{"fkuvtkdwvgf"*KKF+."c"tgncvkqp"dgvyggp"

Æ"4238"Wpkxgtukfcf"Pcekqpcn"Cwv„pqoc"fg"Ofizkeq."Egpvtq"fg"Ekgpekcu"fg"nc"Cvo„uhgtc0" 
Vjku"ku"cp"qrgp"ceeguu"ctvkeng"wpfgt"vjg"EE"D[/PE/PF"Nkegpug"*jvvr<11etgcvkxgeqooqpu0qti1nkegpugu1d{/pe/pf16021+0



300 L. Orsini-Zegada and C. Escalante-Sandoval

their magnitudes and non-exceedance probabilities 

ecp"dg"cejkgxgf"d{"Ývvkpi"c"ewowncvkxg"rtqdcdknkv{"
hwpevkqp"*ERH+0

C"tgikqpcn"Þqqf"htgswgpe{"cpcn{uku"*THHC+"ku"c"
ygnn/mpqyp"qrvkqp" hqt" tgfwekpi" vjg"wpegtvckpv{" kp"
swcpvkng"guvkocvgu"yjgp"uwhÝekgpv"cpf"jqoqigpgqwu"
fcvc"ctg"cxckncdng0"C"THHC"tgswktgu"cnn"cxckncdng"kp-

hqtocvkqp"htqo"pgkijdqtkpi"ukvgu"vq"qdvckp"cv/ukvg"gu-
vkocvgu"hqt"c"urgekÝe"tgvwtp"rgtkqf0"Ugxgtcn"rtgxkqwu"
rcrgtu"jcxg"fguetkdgf"vjg"cfxcpvcigu"qh"THHC"ogvj-

qfu0"Fctn{orng"*3;82+"Ýtuv"kpvtqfwegf"vjg"kpfgz"Þqqf"
method. Chander et al. (1978) suggested a regional 

dqz/eqz"vtcpuhqtocvkqp0"Ycnnku"*3;:2+"rtqrqugf"vjg"
wug"qh"tgikqpcn"rtqdcdknkv{"ygkijvgf"oqogpvu0"Dqgu"
et al. *3;:;+"eqpukfgtgf"vjg"Ygkdwnn"fkuvtkdwvkqp"cu"c"
tgikqpcn"fkuvtkdwvkqp0"Oqtgqxgt."Jqumkpi"cpf"Ycnnku"
*3;;5+"kpvtqfwegf"ugngev"fkueqtfcpe{."jgvgtqigpgkv{"
cpf" Ývvkpi"ogcuwtgu0"Ewppcpg" *3;;:+" uwiiguvgf"
wukpi" vjg" uvcvkqp/{gct"ogvjqf."yjgtgcu"Uxgkpuuqp"
et al." *4223+" rtqrqugf" vjg" rqrwncvkqp" kpfgz"Þqqf"
ogvjqf0"Vjg"ogvjqf" kpvtqfwegf" d{"Jqumkpi" cpf"
Ycnnku"*3;;5+"crrgctu"vq"fkurnc{"oqtg"ceegrvcdknkv{"
kp"THHC="kvu"crrnkecvkqp"ecp"dg"hqwpf"kp"Nko"*4229+."
Uch"*422;+."Pqvvq"cpf"Nqiikc"*422;+."Jwuuckp"*4233+."
cpf"Tquvcok"*4235+0

Qvjgt"qrvkqpu" vq" tgfweg" vjg"wpegtvckpv{" kp"guvk-
ocvkpi"swcpvkngu" ctg" Ðvtcpuhgt"ogvjqfuÑ0"¥ckfocp"
et al." *4225+" uwiiguvgf" vyq"ogvjqfu" vq" vtcpuhgt"
kphqtocvkqp" htqo" c" fqpqt" dcukp" vq" cp" qdlgev" dc-
ukp0" Kp" vjg"Ýtuv"ogvjqf." vjg" uvcpfctfk¦gf" ujcrg"qh 
vjg"fqpqt"ERH"ku"vtcpuhgttgf0"Kp"vjg"ugeqpf"ogvjqf."vjg 
rnqvvkpi" rqukvkqpu" qh" vjg" gxgpvu." qeewttkpi" qxgt 
vjg"ucog"rgtkqf"qh"vkog"*{gct+."ctg"vtcpuhgttgf0"Fqpi"
et al."*4235+"kpvtqfwegf"c"pqp/rctcogvtkecn"vtcpuhgt"
ogvjqf"vjcv"wugu"cp"kvgtcvkxg"rtqegfwtg"vq"itcfwcnn{"
crrtqzkocvg"vjg"qrvkocn"ERH0

Vjku"rcrgt"rtqrqugu"c"pgy"crrtqcej" vq" tgfweg"
vjg"wpegtvckpv{" kp" vjg"guvkocvkqp"qh"CRH"swcpvkngu"
tguwnvkpi"htqo"uocnn"ucorng"uk¦gu."cpf"vq"fkurgpug"
ykvj"pgkijdqtkpi"kphqtocvkqp0"Vjku"crrtqcej"eqpukuvu"
qh"ukowncvkpi"ownvkrng"CRH"ucorngu"vq"cejkgxg"c"oqtg"
ceewtcvg"htgswgpe{"fkuvtkdwvkqp0"Vq"kortqxg"vjg"ceew-

tce{."vjgug"u{pvjgvke"ucorngu"owuv"dg"eqpfkvkqpcnn{"
ukowncvgf"htqo"c"uvgcfkgt"xctkcdng0"Kp"vjku"rcrgt."CRH"
ucorngu"ctg"eqpfkvkqpcnn{"ukowncvgf"wukpi"vjg"cppwcn"
ogcp"Þqyu"*COHu+0

J{ftqogvtke" kphqtocvkqp" htqo"35"icwikpi" uvc-
vkqpu" nqecvgf" kp" vjg"Uwuswgjcppc"Tkxgt" dcukp"ycu"
gornq{gf"kp"vjku"uvwf{0"CRH"swcpvkngu"ygtg"guvkocvgf"

ceeqtfkpi"vq"vjg"hqnnqykpi"ogvjqfu<"*3+"c"eqpxgp-

vkqpcn"HHC"ogvjqf."*4+"c"uvcvkqp/{gct"ogvjqf."cpf"
*5+" vjg"rtqrqugf"ogvjqf0"Vjg"wpegtvckpv{"qh" gcej"
ogvjqf"ycu"ogcuwtgf"d{"eqorwvkpi"vjg"eqghÝekgpvu"
qh"xctkcvkqp" *EX+"dgvyggp" vjg"swcpvkngu"guvkocvgf"
htqo"32/."42/."52/."62/"cpf"72/{gct"uwducorngu"ykvj"
vjqug"qdvckpgf"htqo"jkuvqtkecn"kphqtocvkqp0

2. Materials and methods

2.1 Study region

Vjg"Uwuswgjcppc"Tkxgt"ku"nqecvgf"kp"vjg"pqtvjgcuv-
gtp"Wpkvgf" Uvcvgu0"Ykvj" c" ngpivj" qh" 937" mo." vjg 
Uwuswgjcppc" ku" qpg" qh" vjg" nqpiguv" tkxgtu" cnqpi 

vjg"gcuv"eqcuv0"Kv"jcu"c"pqtocn"Þqy"qh"crrtqzkocvgn{"
15 926 million m51{t"*oqpkvqtgf"cv"Jcxtg"fg"Itceg"
kp"Oct{ncpf+"*UTDE."4237+0

Vjg" Uwuswgjcppc"Tkxgt" dcukp" jcu" cp" ctgc" qh"
93"466"mo2"cpf"ku"fkxkfgf"kpvq"ukz"oclqt"uwd/dcukpu<"
nqygt" Uwuswgjcppc."okffng" Uwuswgjcppc." wrrgt"
Uwuswgjcppc." Lwpkcvc."yguv" dtcpej"Uwuswgjcppc."
cpf"Ejgowpi0"Vjku"dcukp"dgnqpiu"vq"vjg"j{ftqnqi-

kecn"tgikqp"KK"qt"Okffng"Cvncpvke"cpf"ku"qpg"qh"vjg"
oquv"Þqqf/rtqpg"ctgcu"kp"vjg"Wpkvgf"Uvcvgu"*UTDE."
2015).

2.2 Data

Vjg"uvtgco"Þqy"vkog"ugtkgu"wugf"kp"vjku"uvwf{"ygtg"
qdvckpgf"htqo"vjg"Pcvkqpcn"Ycvgt"Kphqtocvkqp"U{uvgo"
qh"vjg"Wpkvgf"Uvcvgu"*PYKU."4237+="35"icwikpi"uvc-
vkqpu"kp"vjg"Uwuswgjcppc"Tkxgt"dcukp"ygtg"ugngevgf0"
Vjg"nqecvkqpu"qh"vjg"uvwf{"ukvgu"ctg"ujqyp"kp"Hkiwtg"30

"

75°0'0"W

75°0'0"W

76°0'0"W

76°0'0"W

77°0'0"W

77°0'0"W

78°0'0"W

78°0'0"W

79°0'0"W

79°0'0"W

4
3
°0

'0
"N 4

3
°0

'0
"N

4
2
°0

'0
"N 4

2
°0

'0
"N

4
1
°0

'0
"N 4

1
°0

'0
"N

4
0
°0

'0
"N 4

0
°0

'0
"N

 
 

 

 

15705001562000

1551500
1550000

1545500
1543000

1541000 1540500

1536500

1534000

1531500

1512500
1503000

Pennsylvania

Maryland
West Virginia

New York

Delawar

N
e

w
 J

e
rs

e
y

 

Hki0"30"Nqecvkqp"qh"vjg"icwikpi"uvcvkqpu"wugf"kp"vjku"uvwf{0



301Flood frequency analysis using synthetic samples

Vq"gxcnwcvg" vjg" kpfgrgpfgpeg"qh" vjg"ugtkgu." vjg"
cwvqeqttgncvkqp" hwpevkqpu" *CEHu+"ygtg" eqpvtcuvgf"
ykvj" vjg" nkokvu" rtqrqugf" d{"Cpfgtuqp" *3;64+0"Vq"
kfgpvkh{"rquukdng"pqp/"jqoqigpgkvkgu."uwej"cu"ejcpig"
rqkpvu"qt"vtgpfu"kp"vjg"vkog"ugtkgu."vjg"Rgvvkvv"*3;9;+"
cpf"Ocpp/Mgpfcnn"vguvu"*Mgpfcnn."3;5:="Ocpp."3;67+"
ygtg"rgthqtogf0"C"dtkgh"fguetkrvkqp"qh"vjg"ugtkgu"cpf"
vjg"tguwnvu"ctg"uwooctk¦gf"kp"Vcdng"K0

2.3 Conventional FFA method

Let X" tgrtgugpv" vjg"CRHu" cpf X = {x1,...,xn} be a 

ucorng"qh"X"cv"cp{"ukvg"kp"vjg"uvwf{"tgikqp0"Vjgp."c"
eqpxgpvkqpcn"HHC"ogvjqf"hqt"CRH"swcpvkng"guvkoc-
vkqp"ecp"dg"fgÝpgf"cu"hqnnqyu<

Step 1: Sort in ascending order X, i.e., X = {x(1)"ø"
ááá"ø"x(n)}.

Step 2: Obtain the empirical non-exceedance prob-

cdknkv{"qh"gcej"x(1) in X, i.e., Pr[X"ø"x(n)], using the 

YgkdwnnÓu"rnqvvkpi"rqukvkqp"hqtownc<

p(i) =
i

n+1
 (1)

Step 3<"Guvkocvg"c" vjgqtgvkecn"ERH"qh"X, i.e., Pr[X 

ø"x_"*htqo"Vcdng"KK+."d{"okpkok¦kpi"vjg"uwo"uswctg"
gttqt"*UUG+"qh"vjg"ucorng"swcpvkngu<

SSE"?"¬n
i=1 {x(i) – x[p(i)]}2 (2)

Vcdng"K0"Ugngevgf"ejctcevgtkuvkeu"qh"vjg"cppwcn"rgcm"Þqy"ugtkgu0

Site
Length

]{gctu_

EqghÝekgpv"qh Auto-correlation
Rgvvkvv

[p-value]

Mann-Kendall

[p-value]Variation Umgy Kurtosis Lag-1 Lag-2 Nci/5
[ad] [ad] [ad] [ad] [ad] [ad]

3725222 100 2058 1.12 6094 0.05 2026 –0.01 0.05 0.09
1512500 100 2067 5054 43062 2036 –0.02 Î2026 2026 0.06
3753722 100 2062 3066 6.68 –0.09 –0.11 0.06 0.20 2045
3756222 99 206; 0.91 6027 Î2026 0.12 0.01 0.55 2054
3758722 336 2062 1.27 7075 Î2035 –0.05 2025 0.65 2068
3762722 108 205; 3063 6.01 –0.10 –0.07 0.06 205: 2058
3763222 100 0.51 2.55 12.21 Î2036 2026 Î2035 206: 2046
3765222 100 0.69 4052 10.60 –0.08 –0.11 –0.05 2057 2056
3767722 326 0.56 4068 11.77 –0.07 –0.02 0.06 0.00 0.00
1550000 99 0.66 1.99 90;6 –0.05 2025 0.00 2035 2026
1551500 118 2067 3057 5.60 Î2036 Î2026 0.06 2025 0.01
1562000 100 0.62 5046 3;076 0.05 Î2026 Î2036 0.29 205;
1570500 345 2066 4053 11.98 –0.16 –0.07 0.05 2046 0.08

Vcdng"KK0"ERHu"crrnkgf"kp"vjg"eqpxgpvkqpcn"HHC"hqt"vjku"uvwf{0

Distribution ERH Restrictions

Log-normal FX(x; θ) = ∫
x

ξ

1
(t – ξ) σ √2π

exp{–
1
2 [ 1n (t – ξ) – μ

σ ]
2

}dt x"œ"ȟ
ı > 0

Rgctuqp"KKK FX(x; θ) = ∫
x

ξ

1
μσ Γ(σ)

exp dt( t – ξ
μ )

σ –1

( t – ξ
μ )– x"œ"ȟ

μ > 0;�ı > 0

Nqi/Rgctuqp"KKK" FX(x; θ) = ∫
x

ξ

1
tμσ Γ(σ) 

exp [ dt[ 1n (t) – ξ
μ ]

σ –1

–
1n (t) – ξ

μ ] 1n(x) œ"ȟ
μ > 0;�ı > 0

Ygkdwnn
FX(x; θ) = [ x – ξ

μ ]1 – exp – ( )
σ

x œ"ȟ
μ > 0;�ı > 0

yjgtg"ȟ, μ, ı are the location, scale and shape parameters
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yjgtg"x[p(i+_"?"kph}x 樺"温: p(i+"ø"F (x; し)}.

Step 4:"Ugngev"*cu"vjg"dguv"ERH"qh"X+"vjg"ERH"ykvj"
vjg"uocnnguv"uvcpfctf"gttqt"qh"Ýv"*UGH+"*Mkvg."3;::+"
wukpi"vjg"hqnnqykpi"tgncvkqpujkr<

SEF = √SSE / (k– 1)" *5+

yjgtg"k"ku"vjg"pwodgt"qh"fkuvtkdwvkqp"rctcogvgtu0
Step 5<"Guvkocvg"vjg"swcpvkngu"qh"X as x(q+"?"kph}x 樺"温: q"ø"F (x; し)}.

2.4. Station-year method

Let X"tgrtgugpv"vjg"CRHu"cpf Xj = {x j
1,...,x

j
nj} (for j = 

1,..., m+"eqttgurqpf"vq"ucorngu"qh"X at m"ukvgu"htqo"
cp{"jqoqigpgqwu" tgikqp" kpukfg" vjg" uvwf{" tgikqp0"
Vjgp."c"uvcvkqp/{gct"ogvjqf"hqt"CRH"swcpvkng"guvk-
ocvkqp"ecp"dg"fgÝpgf"cu"hqnnqyu<

Step 1<"Uvcpfctfk¦g"gcej"Xj in the homogeneous 

region, i.e., y j
i = x j

i / x
– j,"yjgtg"x– j is the sample mean 

qh"Xj0"Vjgtghqtg." vjg"m series Yj = {y j
1,..., y

j
nj} can 

dg"fgÝpgf0
Step 2<"Lqkp"cnn"Yj at the homogeneous region in 

qpg"uvcvkqp/{gct"ugtkgu"Y = {Y1 | ... | Ym}.

Step 3<"Crrn{"vjg"eqpxgpvkqpcn"HHC"vq"ugtkgu"Y; 

Ýpf"vjg"dguv"ERH"qh"[."k0g0."F(y; し).

Step 4<"Guvkocvg"vjg"swcpvkngu"qh"Y as y(q+"?"kph}y 樺"温: q"ø"F (y; し)}.

Step 5<"Guvkocvg"vjg"swcpvkngu"qh"X as x j(q) = y(q+"á"x– j.

2.5. Proposed method

Let Y represent the AMFs, Y = {y1,..., yn} be a sample 

qh"Y"cv"cp{"ukvg"kp"vjg"uvwf{"tgikqp."X represent the 

CRHu"cpf"X = {x1,..., xn’"dg"c"ucorng"qh"X at the same 

site over a consistent recording period. The proposed 

ogvjqf"hqt"CRH"swcpvkng"guvkocvkqp"wvknk¦gu"vjg"hqn-
nqykpi"uvgru<

Step 1: Sort Y in ascending order, i.e., Y = {y(1)"ø"
ááá"ø"y(n)}, maintaining each xt occurring at the same 

time t as y(i). Thus, an empirical relation {(y(1), xt1
),..., 

(y(n), xtn
+’"ecp"dg"fgÝpgf0

Step 2<"Qdvckp" vjg"CRH" tcvkqu"e {ș1,..., șn’"d{"
dividing each xt"d{"kvu"eqttgurqpfkpi"y(i), i.e.; și = xti 

/ 

y(i). Thus, an empirical relation {(y(1), ș1),..., (y(n), șn)} 

ecp"cnuq"dg"fgÝpgf0
Step 3<"Crrn{"vjg"eqpxgpvkqpcn"HHC"vq"Y to de-

vgtokpg"vjg"dguv"ERH"qh"Y, i.e., F(y; し).

Step 4<"Igpgtcvg"322"222"tcpfqo"u{pvjgvke"COH 

fgÝpgf"cu"y(u+"?"kph}y 樺"温: u"ø"F(y; し+’"d{"uco-

pling u"htqo"c"eqpvkpwqwu"wpkhqto"fkuvtkdwvkqp."k0g0"
u~U[0,1].

Step 5: For each generated y(u+."Ýpf"kvu"enquguv"
y(i) in Y and its corresponding și in e. Then using 

c"ykpfqy"qh"uk¦g"h = [n415] centered on y(i)."fgÝpg 
f = {׋...,1׋m} as a suducorng"qh"e."yjgtg"1׋ = șmax(1,i+h) 

and ׋m = șmax(n,i+h)"*Hki0"4+0"Vjg"urgekÝe"ykpfqy"uk¦g"
ycu"qdvckpgf"chvgt"c"vtkcn"cpf"gttqt"rtqeguu0"Kv"ycu"
qdugtxgf" vjcv" c"ykpfqy"qh" vjku"ykfvj" rtqxkfgu" c"
tgcuqpcdng"dcncpeg"dgvyggp"Þgzkdknkv{"cpf"rtgekukqp"
qh"vjg"tguwnvu0

Step 6<"Cuuwog" vjcv" gxgt{"׋j in f" ctg" gswcnn{"
nkmgn{" vq" qeewt." k0g0."Pr]思"?"׋j] = 1/m, and extract 

*htqo"gcej"f) a ׋ value, such that ׋(҃) = sup{׋j 樺 f; 

҃"ø"j/m’."d{"ucornkpi"҃"htqo"c"eqpvkpwqwu"wpkhqto"
distribution, i.e., ҃~U[0,1].

Step 7<"Ownvkrn{"gcej"igpgtcvgf"y(u+"d{"vjg"gz-

tracted ׋(҃), i.e., x(y) = x(u+"á"׋(҃).

Step 8<"Guvkocvg" vjg"swcpvkngu" qh"X as the q-th 

rgtegpvkngu"qh"vjg"igpgtcvgf"x(y).

3. Reliability of the methods

Vq"gxcnwcvg"vjg"wpegtvckpv{"kp"vjg"guvkocvgf"swcpvkngu"
fgvgtokpgf"wukpi"vjg"hqtogt"ogvjqfu."jkuvqtkecn"swcp-

vkngu"ygtg"Ýtuv"guvkocvgf"htqo"jkuvqtkecn"kphqtocvkqp0"
Vjgp."fkhhgtgpv"uegpctkqu"qh"cxckncdng"kphqtocvkqp"ygtg"
ukowncvgf"d{"gzvtcevkpi"32/."42/."52/."62/"cpf"72/{t"
uwducorngu."cpf"pgy"swcpvkngu"ygtg"guvkocvgf0"Hkpcnn{."
vjg"eqghÝekgpv"qh"xctkcvkqp"qh"vjg"swcpvkngu"guvkocvgf"
htqo"vjg"32/."42/."52/."62/"cpf"72/{t"uwducorngu"ygtg"
eqorwvgf"wukpi"vjg"hqnnqykpi"gzrtguukqp<

CVm
j (q) = 

√[xm
j (q) – x j(q)]2 + [Sm

j (q)]2

x j(q)
" *6+

Hki0"40"Ykpfqy"egpvgtgf"qp"vjg"enquguv"igpgtcvgf"COH0

θi+h

θi+h

yi+h yi+h Yyu yi

Φ θi

θ

Window



303Flood frequency analysis using synthetic samples

yjgtg"x–m
j (q) and Sm

j (q) are the mean and standard 

fgxkcvkqp"qh"vjg"q/vj"swcpvkngu"x j
i,m (q+"guvkocvgf"htqo"

each subsample i"qh"uk¦g"m at site j."tgurgevkxgn{."cpf 

x j (q) are the q/vj"swcpvkngu"guvkocvgf"htqo"vjg"jku-
vqtkecn"kphqtocvkqp"cxckncdng"htqo"vjg"ucog"ukvg"j.

3.1. Reliability of the conventional FFA method

Let X"tgrtgugpv"vjg"CRHu"cpf Xj = {x1
j,..., x j

nj’*hqt"j = 

3.000.35+"eqttgurqpf"vq"vjg"ucorngu"cv"vjg"35"ukvgu"kp"
vjg"uvwf{"tgikqp0"Vjg"wpegtvckpv{"qh"vjg"eqpxgpvkqpcn"
HHC"ogvjqf"ycu"eqorwvgf" vjtqwij" vjg" hqnnqykpi"
steps:

Step 1<"Crrn{" vjg"eqpxgpvkqpcn"HHC"ogvjqf" vq"
each Xj"hqt"cnn"35"uvwf{"ukvgu"vq"guvkocvg"vjg"jkuvqt-
kecn" swcpvkngu"x j (q+" hqt" fkhhgtgpv" pqp/gzeggfcpeg"
probabilities q.

Step 2: From each Xj extract i = 1,..., n j – m + 1 

uwducorngu"ykvj"uk¦g"m"gswcn"vq"32."42."52."62"cpf"
72"{gctu"hqt"gcej"ukvg. i.e., Xj

i,m = {x i
j,..., x j

i+m–1}.

Step 3<"Crrn{" vjg"eqpxgpvkqpcn"HHC"ogvjqf" vq"
each Xj

i,m"hqt"cnn"n j – m -"3"uwducorngu"htqo"vjg"35"
uvwf{"ukvgu"vq"guvkocvg"vjg"swcpvkngu"x j

i,m (q+"hqt"vjg"
identical non-exceedance probabilities q (in Step 1).

Step 4<"Eqorwvg"vjg"EX"qh"gcej"x j
i,m (q+"hqt"cnn"

n j – m"-"3"uwducorngu"ykvj"tgurgev"vq"gcej"x j (q+"hqt"
cnn"35"uvwf{"ukvgu."wukpi"Gs0"*6+0

3.2. Reliability of the station-year method

Let X" tgrtgugpv" vjg"CRHu" cpf Xj = {x1
j,..., x j

nj’*hqt 
j ?"3.000.35+"eqttgurqpf"vq"vjg"ucorngu"htqo"vjg"35"
ukvgu" kp" vjg" uvwf{" tgikqp0"Vjg" wpegtvckpv{" qh" vjg"
uvcvkqp/{gct"ogvjqf"ycu" eqorwvgf" vjtqwij" vjg"
hqnnqykpi"uvgru<

Step 1<"Crrn{" vjg"eqpxgpvkqpcn"HHC"ogvjqf" vq"
each Xj." hqt" cnn" 35" uvwf{" ukvgu" vq" guvkocvg" vjg"jku-
vqtkecn"swcpvkngu"x j (q+"hqt"fkhhgtgpv"pqp/gzeggfcpeg"
probabilities q.

Step 2: From each Xj extract i = 1,..., n j – m + 1 

uwducorngu"ykvj"uk¦g"m"gswcn"vq"32."42."52."62"cpf"
72"{gctu"hqt"gcej"ukvg."k0g0."Xj

i,m = {x i
j,..., x j

i+m–1}.

Step 3<"Tcpfqon{" ugngev" 722" eqodkpcvkqpu" qh"
three subsamples Xj

i,m"ykvj"gswcn"uk¦g"m vjwu."722"fkh-
hgtgpv"tgikqpcn"kphqtocvkqp"uegpctkqu"ygtg"ukowncvgf0

Step 4<"Crrn{"vjg"uvcvkqp/{gct"ogvjqf"qp"gcej"eqo-

dkpcvkqp"*kp"Uvgr"5+"vq"guvkocvg"vjg"swcpvkngu"x j
i,m (q) 

hqt"vjg"kfgpvkecn"pqp/gzeggfcpeg"rtqdcdknkvkgu"q (in 

Step 1).

Step 5<"Eqorwvg"vjg"EX"qh"gcej"x j
i,m (q+."yjkej"

ycu"guvkocvgf"dghqtg"*kp"Uvgr"6+."ykvj"tgurgev"vq"gcej"
x j (q+"hqt"cnn"35"uvwf{"ukvgu"wukpi"Gs0"*6+0

3.3. Reliability of the proposed method

Let X"tgrtgugpv"vjg"CRHu"cpf Xj = {x1
j,..., x j

nj’*hqt"j 
?"3.000.35+" eqttgurqpf" vq" vjg" ucorngu" htqo" vjg" 35"
ukvgu"kp"vjg"uvwf{"tgikqp0"Vjg"wpegtvckpv{"qh"vjg"eqp-

xgpvkqpcn"HHC"ogvjqf"ycu" eqorwvgf" vjtqwij" vjg"
hqnnqykpi"uvgru<

Step 1<"Crrn{" vjg"eqpxgpvkqpcn"HHC"ogvjqf" vq"
each Xj"hqt"cnn"35"uvwf{"ukvgu"vq"guvkocvg"vjg"jkuvqt-
kecn" swcpvkngu"x j (q+" hqt" fkhhgtgpv" pqp/gzeggfcpeg"
probabilities .

Step 2: From each Xj extract i = 1,...,n j – m + 1 

uwducorngu"ykvj"uk¦g"m"gswcn"vq"32."42."52."62"cpf"
72"{gctu"hqt"cnn"ukvgu."k0g0."Xj

i,m = {x i
j,..., x j

i+m–1}.

Step 3<"Crrn{"vjg"rtqrqugf"ogvjqf"vq"gcej"Xj
i,m 

hqt"cnn"n j – m"-"3"uwducorngu"htqo"vjg"35"uvwf{"ukvgu"
vq" guvkocvg" vjg" swcpvkngu"x j

i,m (q+" hqt" vjg" kfgpvkecn"
non-exceedance probabilities q (in Step 1).

Step 4<"Eqorwvg"vjg"EX"qh"gcej"x j
i,m (q+"hqt"cnn"

n j – m"-"3"uwducorngu"ykvj"tgurgev"vq"gcej"x j (q+"hqt"
cnn"35"uvwf{"ukvgu"wukpi"Gs0"*6+0

4. Results and discussion

Vjg"EX"xcnwgu"hqt"gcej"uwducorng"uk¦g"*32."42."52."
62"cpf"72"{gctu+"d{"crrn{kpi"*3+"vjg"eqpxgpvkqpcn"
HHC"ogvjqf."*4+"vjg"uvcvkqp/{gct"ogvjqf"cpf"*5+"vjg"
rtqrqugf"ogvjqf"ygtg"eqorwvgf"cpf"eqpvtcuvgf0

Eqpegtpkpi"cnn"35"uvwf{"ukvgu."crrtqzkocvgn{"422"EX 

xcnwgu"ygtg" eqorwvgf" hqt" fkhhgtgpv"q/vj" swcpvkngu"
htqo"gcej"uwducorng"uk¦g0"Vjgtghqtg."pgctn{"3222"EX 

xcnwgu" hqt" gcej" tgvwtp" rgtkqf"ygtg" eqorwvgf" hqt"
each method.

Vjg"xctkcvkqpu" kp" vjg"ugv"qh"guvkocvgf"swcpvkngu"
hqt"vjg"ujqtvguv"ngpivj"qh"tgeqtfu"*k0g0."32"{gctu+"ctg"
ujqyp"kp"Hkiwtgu"5/90"Kp"vjgug"Ýiwtgu."vjg"72vj"rgt-
egpvkng"ku"vjg"ogfkcp"qh"vjg"guvkocvgu."cpf"vjg"32vj"
cpf" ;2vj" rgtegpvkngu" ctg" eqpukfgtgf" cu" nqygt" cpf"
wrrgt"dqwpfu."tgurgevkxgn{0"Vjgug"Ýiwtgu"ujqy"vjcv"
vjg"rtqrqugf"ogvjqf"igpgtcvgu"vjg"pcttqyguv"nkokvu"
eqorctgf"ykvj"vjqug"qdvckpgf"wukpi"vjg"eqpxgpvkqpcn"
FFA approach.

Kp"igpgtcn."nqygt"EX"xcnwgu"ygtg"qdvckpgf"kp"93'"
qh"vjg"ecugu"wukpi"vjg"rtqrqugf"ogvjqf"kpuvgcf"qh"vjg"
eqpxgpvkqpcn"HHC"ogvjqf0"Nqygt"EX"xcnwgu"ygtg"qd-

vckpgf"hqt"c"tgvwtp"qh"crrtqzkocvgn{"vyq"{gctu"kp"55'"
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qh"vjg"ecugu."yjgtgcu";;'"qh"vjg"ecugu"ujqygf"nqygt"
EX"xcnwgu"hqt"tgvwtp"rgtkqfu"gzeggfkpi"322"{gctu0

Hwtvjgtoqtg." kp" 89'" qh" vjg" ecugu." nqygt"EX"
xcnwgu"ygtg" qdvckpgf" wukpi" vjg" rtqrqugf"ogvjqf"
kpuvgcf"qh" vjg" uvcvkqp/{gct"ogvjqf0" Kp" 72'"qh" vjg"
ecugu."nqygt"EX"xcnwgu"ygtg"qdvckpgf"hqt"c"tgvwtp"
rgtkqf"qh"crrtqzkocvgn{"vyq"{gctu."yjgtgcu"nqygt"
EX"xcnwgu"ygtg"hqwpf"hqt"tgvwtp"rgtkqfu"gzeggfkpi"
322"{gctu"kp";5'"qh"vjg"ecugu0

Vjg"igqogvtke"ogcpu" qh" cnn"EX"xcnwgu" hqt" vjg"
ucog"tgvwtp"rgtkqf"qdvckpgf"htqo"*3+"vjg"eqpxgpvkqpcn"
HHC."*4+"vjg"uvcvkqp/{gct"ogvjqf"cpf"*5+"vjg"rtqrqugf"
method are contrasted in Figures 8-12.

5. Conclusions

C"pgy"crrtqcej"hqt"guvkocvkpi"CRHu"hqt"fkhhgtgpv"tg-
vwtp"rgtkqfu"ku"rtgugpvgf"kp"vjku"uvwf{0"Vjku"crrtqcej"
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To evaluate the proposed method, the uncer-

vckpvkgu" kp" vjg" swcpvkngu" guvkocvgf" wukpi" *3+" c"
eqpxgpvkqpcn"HHC." *4+" c" uvcvkqp/{gct"ogvjqf" cpf"
*5+"vjg"pgyn{"rtqrqugf"ogvjqf"ygtg"eqorctgf"d{"
computing .

Vjg"tguwnvu"kpfkecvgf"vjcv"vjg"swcpvkngu"guvkocvgf"
using the proposed method varied less than those 

guvkocvgf" xkc" vjg" eqpxgpvkqpcn" HHC." gurgekcnn{"
yjgp"vjg{"ygtg"guvkocvgf"htqo"32/{t"uwducorngu"
cpf"hqt"tgvwtp"rgtkqfu"gzeggfkpi"322"{gctu0"Vjgtg-
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ucorng"uk¦gu0
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