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A Study on the Minimum Flow Frequency A-nalyéis by SMEMAX Transformation
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Summary

This study was conducted to pursue the normalization of frequency distribution by
making approach the coefficient of skewness to nearly zero through SMEMAX transfor-
mation and to get probable minimum flows can be acquired by means of transformation
equation which has been derivated by SMEMAX method to the annual minimum flow
series of five watersheds along Geum river 'basin, The results obtained through SMEMAX
method were compared with probable minimum flows according to return periods by
Type [l extremal distribution which has been determined as the best fitted one among
probablility distributions for the analysis of minimum flow. All the results obtained th-
rough this study are summarized as follows,

1. SMEMAX transformation based on median value was proved to be the best method
when the coefficient of skewness has less reliability because of the short duration for
the observation and were not affected by accidental outliers,

2. SMEMAX transformation has found to be the best one for the coefficient of skewness
to be made nearly zero in comparison with log and cubic root transformation,

3. Probable minimum flows according to the return periods were derivated by transfor-
mation equations obtained through theoretical analysis of SMEMAX transformation.
4. In general, probable minimum flows by SMEMAX method were appeared as higher
values in the range of five and twenty years and as lower ones in the range of below
than five and more than fifty years in return periods respectively, in comparison with

the results of type Il extremal distribution.

5. Relative errors in the probable minimum flows of SMEMAX method to the results
of type I extremal distribution were shown to be within ten percent except those
of one hundred years in return periods,

6. SMEMAX method was also confirmed to be useful for the analysis of minimum flow
frequency as well as flood frequency analysis,

AL kE . R
ORI KRR KEBE

- 138 —



SMEMAX ftifacl] o8t EAHEE o Hrol st %

7
L

onp

I. #

e B2 FAS 93 &K@
KRR E e hatiiiee) 5t FtBKES
ﬁc’}\_ 7;1{‘\—: o & i%ﬂ' o Ol ol 4+ girt mk
o FR3 ACERA o] REEBIR 8
Febe zhe AR wREYE FI 4 dohyd &
7] 7} Aot DHH 2 o] 2 B RS-
SRR L Y 243 REo)oid) wHiR
el Ag sk he TEbsll BobsE A
7} weh wlebd B KSOBmE RS k&
FRZIS et £ 0 B50el Bt s
EHER Sy AiEse) pesst gl axmm ol 2|
gt ke BABER BKES BERES Fo
wobx £ aspeh Y

kRS RS BAAHOE HE wix|
ere o7 Gumbel Sl JBAMIE SIS B
4 Typel]l@fﬁ ol LERE PSS %O}L
Jithell e Rl Epk R SR B IEFFT
& FIMss sl RS RRES (FR s
o] odidl ol 5% ok IS Fsle FEw
4 ula Sl =3k Velzel Gannon 20)
£ Michigane] % {Ee] )l AHEE B &
ol Sl RS HEGRMERERLE o) &
o m Matalas B KRS R4 Aol
0’01 4] Gumbel43#i2t Pearson Typelll %7t v
= R4y ol w) el meb AT Spiflo)ela
grgshal s, F2e Gumbelel MM 5750 M
Y TS Hgor WARRSY
Hiel &5BE XS ek Le] i Prakash!) &
EB 6608 IS} ERES HHo 7 SMEMAX
B FShe IR S5B AE Iel Kor
PORS IEBUEAI Ao, B 100 47} %) 2]
EARS HEEHS Bkelodch

3, Selvdebol e 4 % P R

S ¥go 2 f/MHiES] S HTA Typell
@ﬂé BA7E AT Ro|elal gkl o mak
Z WU IS YR B KRS
PORRE shod TBKHREE 23 Mk 5 Typemamwm
WIE e 2 Hisle] &, %Yo gl
o BEFES hERW AL 9lh

aRe KRS Y Fl ABOKE %9 2
KOTHL %) BIES S SIS M fakiAe] R4
2 512 S JERe) A9t # %k 1

ERTye

lm

U 2l oS KBS o3 BB s}
qzﬁffﬂﬁam so) Hiow EHEAHI b5t

E s} Kirel ASels o]% s ou)
H FHRAMR S2 g5 2497 wkel,

ololl A Brgeoll A4 Z& ApWe)  mEmEmEa
BKBRIIS $gpos SMEMAX#tg o3t
SR BT olol $RITSl 5 ikl o3t 4EiD
KBS Hgoe SMEMAX#f o3t
FBE ol gEEALo2d FHRSMILE ket
ShaL fisgEgesle) Mo T HES L wHAY
Bkl tKkiBa ME SIS B0 2y RelAl
FRIBKES (3 BERRSHROR Haw
Typell Bifi 3 Aol 2|7 BEASERER BK Fzho)
HeBe TS #ATeh At ghet,

I. EREAKIER

& pbrel (R ERRE SITARAS 5 M
Bl B, M. RN, I, FREE Q)
Wis Hgo w oo g ks s t®
sdod, MBERS fel REe  937kiE
Bl A A B 8.273kio]w, =ak (i
PERHIRIS T 1450l A RR2T4ES] W 9T
ER R glon & #ATel EEES Table-1
5 Fig 13+ 2},

M. SMEMAX#E 0| IBIE0Y N4
SMEMA X5 #2.- #IIZERIS) 250 FEARBE 1
AR O B RO T ERHAEES

el Zlet. SMEMAX = #fel i/ ME(Xs), &
RAE(Xn) 3 B K (X)) 7F 22 HA4d o] =+

Table-1. Gauging stations

Area Obseved

Station (kif) | durations(yrs)

Location

Long: 126°033¢”
Lat, :36°16"17”

Long: 127°07°38"
Lat. : 36°2743"
Long:127°34’

Gyu Am 8 273 | 1950— 1977(28)
Gong Ju 7,126 | 1950— 1977(28)

Song Po | 3 882 | 1963— 1978(16)

Lat, : 36°24
| Long:127°39'08”
Og Cheon Q43 | 1929~ 1970(42
8 2 (42) Lat. : 36°16"18"
Long:127°32
Yong Dam 937 | 1963—-1977(15) g .
Lat, : 35°58
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Fig, 1. Location of stream gauges in the Geum
River basin
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Fig. 2. SMEMAX Transformation

I ORHELC 2 A thR(E, Xad FRFL Xadl
fefioll Sl #5, XXad 0 Ho2 ha v
2 55, XaXis Xad HBLOZ Shod REIIH
o7 90° R A7 0 2a HEE=FAFe T

ol & ol F e T el Bl Xeob XiE ol&

o2 A EAZAK M olErh #45, MX,
o R, Xa AhES) dhOh Mol QA7
Aol EA=MAIL W wHold Folol g% <
oo BANE, X AU s Mgl Ff75}7
I8 Al 5o Xo| BHREE ket Ahg o) 27
2SR e sl F%shAl pasAl He
Fig 201 42 as} g9 2 e Bk 9
9 % a5}el,

B a:tan"‘[ ))él:XZ J ........................ 1
B=180°—2 a+--eerevresiemremiriiiinean ()

B, XoF XpX ok 2y 2row sineykAl|
of oA fhgel wE TX: o Aol

TXs= (X— Xg) -1 ; — ()Z(i*csis)a ......... (3)

e B, Xob Xpuoh Sebd A=A

Wwe] ER W7 #5 XX RS

XX (X,— Xp) GOt @ ervremrrrmremrenoneananne (4)

gt sineEAlo] a4 Aol odgk #15 T.X

o Aol

TXs= [(Xa— X + (X~ Xa) cot &) 15 -+ (5)
o

T, X, = (Xn= X9 + (X, = Xw) cota (6)

2 cos a

X2k X7 Xaoh 280 g5 TXook TXsohe]

Aol ek X=Xselnd K)ol 2l 4 T.X=
0o] S o) 2 Ti=00] Hrf TX o T,Xs
o) Ho| & 2z T,of T,2 el 4= glw, o] 5
2 a2k X ook X, o] mhiax) HEE S| oh K (3)
3 (602 XoF X9 sl HifEfEEe] T &
) X9k Xell o) 41 4be] A" 5 ek

X, =T, 2 cos at Xgrerreeerrrosrnmaaerreinaiiinn (7)

X,=(T,2 cos at Xs— Xn) tan a+ Xp----- (8)

AT kel sl Kol o) g
B2 Tl kol A 2 A A8, S
Aol KOS A8l 2k

V. SHfER ¥ £8

1. EsERES HH

dEgh MR G, T7REHE 2 SMEMAX
o] ol Tl Al EEERE, Cso #HET
Table—22} 7t}

Table—22] #5524 w1 EHEREE £

- 140 —



SMEMAX#i#faol 2|3t EKEES ol 33t B3R

Table-2. Evaluation of Coefficients of Skewness

by four Methods

Stations Transformation
None Ln |Square root | SMEMAX
Gyu Am 0.442] -0. 319 0. 271 -0.217
Gong Ju 1.235| 0.223 0.732 0.157
Song Po 1.495] 0.587 1. 062 0. 452
Og Cheon | -0.239 | -1.251 -0.770 -0. 488
Yong Dam | -0. 362 | -0.921 -0. 634 -0. 205

i @piimol AA Qubges SMEMAXe| ¢j3t
o] W W EHRBEE s " Rl
sk o BHEREE Jebd o2 K Bt
geoll 4] FIRES 52 e RS e
o] s P welbd KLHERHEZE Jone
A4 FHD 4 Jt BHEREKS S8 K
T2 ) o] Jpo] ARISHH Median Valuedl] £k
o =74 gozs gt Outliero] 2|7 <42k
S W2 ubx o A b ERER B

e+ gebe AL WAT 5 ok
2. SMEMAX#430| 2|5t REBEKE

7t FAHEHE

@it 2 SMEMAX# o 213t E3fE, 4y
oW EEREES T ERE Table- 33 ek
Table-3614) B ulo} 7ro| fEst# W SMEMAX
gimol] o8 S 1.995~21,052 2 0.499
~19.3119] #W$)E Zz Jebu BEREES
0.333~12.698 2 0.238~10.6602] W& A=
vebula glet

L. BERLER EREKkR

FHMARG EASERE, Ko g% Table-4
o} zrowl o|d wE FHHIAME EREBKES
FEMEE Table—59F 2v}h of7lolA Beupsl
7ro] Liiik 5 HBMIEe) AR wHeld #
RPKEME Y BLEE 48 7 dohols

Pr

Table-4, Frequency factors according to return

Periods
Return period|?2 5 10 20 50 100
Frequency
0 [-0.8416[-1.28161-1.6449|-2.0538|-2.3264
factor

Table-5. Probable minimum flow by SMEMAX
Transformation method for each

Watershed (CMS)

Stations Return Periods, T{yrs)

2 5 10 20 50 100
Gyu Am 19.16]14. 401 11.98(9.99(7.75] 6. 25
Gong Ju 1009 6.97| 5341400248/ 1.47
Song Po 7.20f 5.66| 4.85[4.19|3.441 2 94
Og Cheon 10.04 | 813 7.13(6.30]5.3714.75
Yong Dam 2.01 1,72 1.56(1.43[1.28]1.19
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Table-3. Basic Statistics

Stations None SMEMAX

X S? X S? S
Gyu Am 21.052 64.705 8.044 11.398 35.565 5.947
Gong Ju 16.705 161.246 12. 698 19.311 113.636 10.660
Song Po 7.708 10.740 3.277 4.222 5.842 2.417
Og Cheon 10.146 5.808 2.410 4.100 3.046 1.745
Yong Dam 1.995 0111 0.333 0.499 0.057 0.238
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Table-6, Comparison of Probable minimum flows calculated by Type [ extremal and SMEMAX
transformation method ‘
. Distribution Return Period, T{yrs)
Stations
Relative Error 2 5 10 20 50 100
Type Il Extremal 19. 96 13. 62 11.09 9. 44 8.07 - 7. 41
Gyu Am SMEMAX 19. 16 14, 40 11. 98 9. 99 7.75 6. 25
R. E. 0. 040 00. 57 0. 080 0..055 0. 040 0. 155
Type [ Extremal 13. 67 6. 62 4. 69 3.'72 3. 10 2.87
Gong Ju SMEMAX 10. 09 6. 97 5.34 4. 00 2. 48 1. 47
R. E. 0. 262 0. 053 0. 139 0. 075 0. 200 Q. 488
Type [ Extremal 7.13 5. 01 4. 35 3. 99 3.75 3. 65
Song Po SMEMAX 7. 20 5. 66 4. 85 4. 19 3. 44 2. 94
R E. 0. 009 0. 130 0.115 0. 050 Q.083 0.195
Type I Extremal 10. 26 8. 11 6. 95 5. 99 4. 95 4. 29
Og Cheon SMEMAX 10. 64 8.13 7.13 6. 30 5.37 4.75
R.E. 0. 021 0. 002 0. 026 0. 052 0. 085 0.107
Type [ Extremal 2. 16 1. 86 1. 66 1.47 1.23 1.05
Yong Dam SMEMAX 2. 01 1.72 1. 56 1.43 1.28 1.19
R. E. 0. 069 0. 075 0. 060 0.027 0. 041 0. 133
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