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Abstract

Hydrological data is the essential element for the water resources planning, design, and
operation. Rainfall data is one of the most fundamental and important information for
hydrologic modeling analysis. In general, rainfall phenomena and characteristics exhibit both
temporal and spatial variations so it is a random hydrological process. The maximum
information entropy is a measure of the degree of uncertainty of random hydrological process.
Although it is also a quantitative measure of the information content of a series of data, it
cannot show the influence of varied intensities of rainfall events. In this study, we propose
modified information entropy in order to appropriately exhibit the effect on different rainfall
intensity. By combining modified information entropy and global kriging variance, we assess
the influence of varied intensities of rainfall phenomena and characteristics.

Keyword : Information Entropy, Hydrological Process, Uncertainty, Global Kriging Variance



A - BLAPE R Ro Bt RSB (BT S K) frdk s B3 E (T
ﬁ)mig@’%%rﬁ%ﬁ%ﬂ%&%ﬁoé%&“Wﬁ R T
;L;’Tq X _E__EL /;f,)g$g‘ s E))’t'é- 29‘1‘”3714551_?4_@}}}*3‘14 o ‘?‘:-E,;/' C\?\!—Luﬁﬁﬁ%jﬁ’/ﬁ s

iﬁé%iﬁﬁwiﬂpzw0wn€&”w Ly £ Tioa g FiE 6570mms & H
BB EAR LY 28800mm: AR E S od 34 HE R FE AT B LB
TR AER A TP L LR FT T et o AR ERIIFREEAR AT A G IS
Fox FHLE2ZAENEHRAFT 2 FAfolh d 20 0 ENA T2 ER A Ko P
EOREZGERE TR & o Flpt o BFZE - " Pt MR B 4F > Ky peav e
FERGA R m LA § R - RReRPER AT BT R R 0 £
FLAEFAR R iﬂﬁ“\wﬁmﬂu’ﬁiﬂﬁﬁ%ﬁmﬂiﬁﬂ*;°
PRI SR G o bldcE A P R R ERIIRG SR ERA T
B oEAPFT LR R $ER KT %m#zz%mmﬁ?’ﬁ 1 e ¥ Frig

BRI L R A, G I fen o VU BHBEFALTT L - B
T o IR g R E ] SEs 8 (random variable) % it o P MEHS S HNE
PRSI i A2 AL S RE8 AR (random process)’ K2 g 'R AT A - B
WAL - Bm D R M GEFMEIIE A FREFE TR FF S ERE
BUTFFFFEPED 3 2 it > @2 0 i H OB B0 Ry i 00 e
A ERF R kIR R E R R A AL TR EE
B d frAR2 Al e AL EE B R A TR R AR hE
AL E A5 BT A ERIAER AP S P RERE 2Rk o TR T
AR P YR BT L P 2 ﬁiﬁ’iﬁﬁj~ﬁﬁw FERE % A 2ok o 4o
LI TR R4 Ezm%}ﬁg MR R MT Bl o R AT Y ARTE S

- BEEHS VR FAR > F D0 B I LFESGY 0 P T TR B Ji’i’ﬁ
LR o B TRk ﬁﬁmwzaaﬂaﬂFéﬂéﬂﬁ’&ﬁggf:;ayi
rERIEREE REHATRRATHEAR S EHE 2 AT -

SJ

o

i

% (entropy) ¥ - BiE &Py E PRI AT TP TR DN LAR -
B B f AR o AR S AT Ao IR AR F A SR
fi 2 frid 1 ﬁi“’“éﬁkxﬂﬁoﬁﬁ%*%Jﬁ%%#% B & A
Clausius(1865)# 731 » cndn B F P4 » * N T B B+ B 5 - w29 »riligmaik
WRE AL L 0 B RS L K- BT - ;}Lnr«ﬂrﬁ“‘lﬁ - A S PO
e - BFEERAEDREE > FE ,ﬁ"\ 1 R LA R 4"‘ o — dm 3
o BHP FY §RDFBEGS FHAARIFHA > THFEEHRES S

m 9



T4EiT>Y - B &+ & - Shannon - Weaver(1949)#% 1% £ £ | ¥ 2 2 sr e fhena & o
Amorocho f- Espildora(1973) B ] * F 2. 3235 11 4 i -k 2 T2 2 o & W3- 5%
EfeiE g E > P T EA T E (FLE k2 R - Chapman(1986)#-F # & 1 -k =
T2 a2 B0 #7383 AR 0 el It R B R TRE e
Blavolm@EALRRPERE - B9 22 26 L 48k A fo gamma 4
e MER T A R R 3—’1 > Harmancioglu 4 Yevjevich(1987) ji * ¥ 3282 + #
BERZPEF PR F k= T g % ¢ - Harmancioglu {r Alpaslan(1992)?
2T R ERd AT E 2 T o Lee fo ENis(1997) v sl * sl &

Fobe W EE N TG ok kit 2 £ 59 o Ozkul et al.(2000)4] * % e j2 315 J\
?Emﬁﬁﬁ&“fd VR R = AR DR S FER SR
g 3 B S 4o 3RSt o

‘)1,7 ‘“S/

27 8 J3
N flu‘ o

313 4%

NELRHF RPFARE - FEANTF FAELNA)EF - 2 ELARE
Iy %aq*fk; o FFETMNEZ B MW AT FF A 2 A o dok B A (g 0 A
%Fam‘u%u% SRS BN = Eha LE i e T A fo B mUrE A s i
PA)<P(B) » RIfxd ¥ B fz A 322 malig +* B £ hrma -
I(A)>1(B) -
?ﬂ%KME*TNzﬁ%ﬁ:
MF R 55 chade T 1(A) = f[P(A)] -
(2)I(A)20
(3) I(A)=0for P(A)=1
(4 1(A)>1(B) for P(A)<P(B)
B)irk AfrBia = F i PIAfrBamEFTAEEE B FTAEL o> T
I (AB) = 1(A)+1(B) -
dod i (1) FI0)5 0 RIF L& N(A)* T ehdi i
() =-Klog,[P(A)] (1)
B K AR e - P Kelak log kA - f a2 B R R R
2 H =45 bite i;'ir a=p A¥t#ce pF > Gallager(1986) = & 731 & H 4L % napiers &
nats - 4 a=10 p¥ - T & 2 B =4 5 Hartley -

3.2 12

FAERLEHR? P UK EFE I RN PE cFELER 2T R EL R F
BB EARS  GEREARA o F TR B R M- R0 TR MRS
i{ﬂg ﬁ»“lﬂ’q'vtl‘?%%lﬁ'aﬁx“’ﬁ”Tﬁ%mF‘ﬂ.aW{ X IEFT A L

CETE AR S SEIE R LS SN S 4 3 SR LEE
3.3 #% % (Marginal Entropy)



Bt SER R EOC F IR D X | 2 B S Sy, Dy D) RIS
3 mﬁgm{é_/w 3] [

1(x,) =—log(p,)

I(Xz)——|og(p2)

|(X)— |09(I0n)
A7 2 1(X) 27 (X =X ) 1 (X = X,)ye (X =x.) % BEBE il & o 5010 2
H(X):H(plrpzy"-’pn):pl'I(X1)+pz'I(X2)+---+pn'|(Xn)

- E[00]=-Y. p, log(p) 2)

4 8% 8 ¥ ¢ ehShannon entropy 2 5% o T or U B p| - MES R EZ A AR -
(3 &1) © % $fis— A% IR G engs S w4 (1)0.50 (i0)0.75 (iii)0.80 B > 4 w3 B A
AT o
(i) H(0.50)=-0.5x10g2(0.5)-0.5x10g(0.5)=1bit
(ii)H(0.75)=-0.75x10g,(0.75)-0.25x10g(0.25)=0.811bits
(iii)H(0.80)=-0.80x10g2(0.8)-0.2x10g,(0.2)=0.722bits
d g b T g p=0.80 PF o H A B 2 EF 0 TR TS o STUF o]
g p=0.50 F o HFA I E] L AT ULEF o TIOF EE o d SR
fRe flr FIFLERFAETPZE o
3.4 7 & Y (Joint Entropy)
AP LFEAE ARG EFP AT 2R P2 TR R o AT
TP RBRPBIHZERRESEAE o
£ X 2 Y 136 /EJ"\.L’ R EE RO ERA S (X XX ) T
Vi Vo Y > B EHF 5 P(X =x,Y =y,)=P, » BIRIsE X oY 28 249 5

n m

H(X,Y)==>_>"P;log(P,
i=l j=1 (3)
G R X e Y B 230eA R R o FH T Awipl sk X e Y B n] e 0 2
Felp A ENHBMEG > FARIEI B FEFD{E ENMET -
H(X,Y)<H(X)+H(Y) 4)
3.5 ¥ &4 (Conditional Entropy)
¥ X =X A S Al Y AT R R ARG EEFHY [ X =x)e

H(Y [X = %)= 2 . log(P;) (5)
X = {0 % ,xn} NS &w%%zﬁxH(ﬂx—x) CH 2 RS
{H(Y| = %), HY [ X =%,), HY [ X = x) 85 5 {P, Py, P}

“J

FTEEEWHEY|X) 5



H(YIX)=E[H(Y|X=X.)]=iR[HWIX=Xi)] (6)

i=1
# (5)2 (6)5 7 W3- B ik 2 2L

HEY [X)=-> Y PP, log(P,) = if}lwwm (7)

i=l j=1

H(Y [ X)=H(X,Y)-H(X) (8

H(Y)>H(Y | X) (9)
He- BRIZFEEFD T >3 E€7F AT TiEEFLF

H(X|X)=0 (10)

3.6 ¥ ## F 3 (Transmitted Information)
R EREXEYZFTEBFTRIXKY)TLr7d XfaRE Y d » ¥ ARG
v ﬁnﬂ e 73 £ (Mutual Information) » s Pl F cnE AT A o 03 BRI FEX
feY a3 o —,:FF';J‘QLE_,;

KXYﬁﬂﬂﬂ—HWlM:HOQ+HW}+NXN) (11)
KXW—ZZ P (12)
ERFRE2ZHFAheT
WIX,Y)=1(Y, X)o7 d %X 53 $8Y f?d%&Ym@%&X

5 —:‘qLé o
Q4% BE X @B Y T4z o BliZF 2R FR 0 T I(X,Y)=0 -
RrrFARELEF LA B TI(X,Y)20 o
D3t - B2 2 pFAdas  HEgENAL 29 E FI(X,X)=H(X) -
i i* £ e 7 3 £ (Conditional Mutual Information)# # 7+

I(X;Y|Z2)=H(X|Z)-HX|Y,Z)=H( |Z)-H(Y | X,Z) (13)
F3) 7 L PRI Z E X P LR TRE gs&»z& S PR © R X

AT - SRR RECY THT 3 e R R X DA RS T A 0 T
NAEFTEFIERTAE T

LY [ X)=HY [X)=H(Y[X,X)=0 14)

D B s N

4.1 G4
G p FAER ;ﬁr g;g}m Fzggri,ﬁpg%\y 5] 4 % %%ﬁ;ﬁ?‘i Fm=x =
AR 30% 0 ipk A BAPY UG TR mTBRA DI o RA A
WAy Gl LW o P A AR FE R A mEdad o B L aiEAr s > (N 4%
AEP 2 AR ARRARE F 2 F M LB AR > BI AT kAP 27 R AR
B AR K o pb P;ﬁri BMEFE FEH TRV ESTNE T URERS Y RS
BIEAENIE T A AR E L AR E T O T o F o L



%ﬁ%mm%*lfi¢ém@ﬂ%@M$in (R e R Oy Syl
- o I RS R R F AL R AL X F
BB S LR ORI S - £ R AW EERL R DG AP T

o B LT RS TR R AR LR P ERRTLIE R

BERFARE T EPRES - LR RETAAT AR S DE - LR T~ 5
S PRTT R R AT RRNF L RN EA R LR o AL
@ﬂ%g{gﬁﬁ@ﬂﬁﬂ’ﬁgvJ%&ﬁ&%ﬁ’?ﬁ@%ﬁp%h LR
A R AR RrRZEEEFES N RE AR KT RO T o
GlAoB] - T 2 RN A A > Hon L2 B 5 04392 @ 2Rl rom 2 BEERE
RS B A2 B 5 043920 d Pt T A AR REROBRAEN L]

é&%’fink%am@ﬁfwkmﬁaé'%E’EE*#Fm@wﬂ1@°

“E\\
S

PR 7]\‘0"#;’?“’5\6?4‘("“%@»53&‘\ K%F&A}fﬂ'%é Yo 2 J’ﬁﬁ’(”‘?ﬁi‘%/fu
o x wumﬁgg4 A L d o i BB i g @’fs_’\TJ/E’jJC’ﬁ ey Bor IV R R
AEHBER L L AR A T AE RN B AL R FH AT R

BTERRL RS A R -

N N
7 3
5 2
1 1

1 2 03 g 1 N g
B-  HEEA A G Bl=  HoRE R A6

3.3 2 21 1
H,(X) = - 2log(2) - Zlog(%) - = log(Z) = 0.4392
1(X) 5 9(6) 5 9(6) 5 9(6)

1.1 2 2 3, 3

H,(X) = % |09(g) "5 |09(g) —€|09(E) =0.4392

42 H 1

d 3B L BN Y Bk Al S oer g 4 e % PERET R R g R T
2o R REG AP RS A *z«w Bl € ]‘\,F')prﬁm%,iJ%‘ ¥z 2 FERBAE
NEEEFAAROAEIES T AL c SEBERRETF 2 B TR AEY #&4'1

B LRSS S R dER izwﬁ&w%am@ﬁ%ﬁizﬁiﬁoﬁW%%
PR AgA o A THABR IR TR Z2E A £ fJ~ w&
Rt EFREER - AT AR EAECEER T 0n kR  F ST
FRREAR SR AERE 0 AU LB B 2% B 35 B K o fi
PHRET v A Se g o AR PARF A F 2 XD BE G RS



RTALE AT E A Sk E EML R BB LR 40(15)

MH (X) = MH(p,, P,..... P,) ==Y p; xlog(p;) xi (15)
i=1
4.3 #5324

ﬁ@ﬁﬂiJw*#*@r@¢%ﬂ$7fzﬁa,ﬁ 4
Aot EAR R RT L L TR EF LR Pk SRR
2 RBRE AFTHRDG T W LFHRE ‘}“i&ﬁ%ilﬁ@]ﬁ‘ogﬂ*{ﬂﬂ%
BEMELFHN AR ER-ZR-E AL A REP BT s HES
BT Bl- 2 R A enE s 08577 A Blo 2 1 L eniE G 1.3386 0 o
BAERE R A AL G AR R R ARR o FIUL R B L 0 R B AR e e 4
W2 E eARHE- AT B A A GHEERE I RENEARY R
FARADRERE > BFE ALK DT ’”LrMFE] m“ia»’ﬂ%i’ﬁ@% S
AFM oL REHT > 1 BILRHS T B e i ok A A S
B e o
3 3 2 2 1 1

MH,(X) = "5 Iog(g)(l) —Elog(g)(Z) "% IOQ(E)(g) =0.8577

1 1.2 2 3 3
MH, (X) = =< 1og(2)(2) -  10g(2)(3) - < log(£)(4) =1.3386

5.1 H zk37
j\gzgz AAFE B LW o 57@%3—5\”71“\? T & ’Eﬂ =
FRRAXIEEE AU H -5 BB T 5 T g LR A P2 Sk
6= > fafeldkEad o R FEREEILG DR DT RS L Fl AT Y
EB A AEE AN PR B R ER ARG A R R R i e
PR A GRS R PR R Y TER R0 0 R

% R TN AFE T EER AR R ER T A S Aod 19T o
WELFR AR EFNEB A ML RFL AL G A HFEE T LY
Ejplich et RrER RS A E A AR LT o KA 1 BT Ao K%
S A G RAE G RS F s B LA L B R AR o k2 R
' ’Lgyfé’l‘—f;’,ﬁi‘;ﬁi R EE G SRR BN T EZ RN AT
PRI R AFLIHEY RN EERENERAL T PERIFF AT N
AR LT R d SRR T B PR d 2 s e AR ﬁ
# I grs ] (balanced storm) s & K B "E & A fie o 7T “'P;'Lﬁ@—’}g_%i“i AT %R
BEEBES RAENY B B ZAEAAZIFE ot {7 RE IR A o

I I
ma«
\4\- )



TR Rt 2 A3 Bt B kAR E AL 1 B I LR
FAF R AL R A AT A 2 ‘iétﬁu%ﬁar 19057 o Ji
PR AT By Ay it s dl g B
rAa T oA LT REOP IR F o LBk L F l&il—gﬁk;’}i\p

b e o FOBLIE I ILE"@Tﬁ_;\’%*wﬁ“ﬁﬁéﬁﬂlfﬁxjmlﬁ —F‘%’f@lﬁ_’ma’:_tg‘;“t
& FEA R B i3 MEFE > N EPRPFRELERY - ”iﬁ“i Y ln\[ﬁa ) ﬁ’ié‘é
AIFNI R AL DT R CRREETVPREEPM B I AL AL R

21 SR 2 5e L0 vl

FARA L | s | mcse | vwar | o | woge | s
o * — Bf * 2 af * = 4f * T 5p I & * 7 BR * — Bf
¥ 1l (1] (1] (2] (2] (3] (3] (2]
* 3% (2] (3] (1] (3] (1] (2] [2]
* 5% (3] (2] (3] (1] (2] (1] (2]

[ JC R 1.0114 | 1.0114 | 1.0114 | 1.0114 | 1.0114 | 1.0114 | 1.0986

P 3.1301 | 3.1694 | 2.9950 | 2.8991 | 3.0735 | 2.9383 | 2.1972

N T 330 310 330 250 290 250 190
B 1540 1400 1400 1120 1120 980 840
[): A& a4 t#k

0.2 4f #HiF i
- B LEFHR R G R ERFEY T AR E FJ‘}' VIS A G

SR T IR FORK RS AR TR PR E R
Husaln(1986)m£ﬂ" PR LR RITL %L“é PRI kY T AT EI LR
RAFERELER AAFOTAESFM A Kristanovic(1992) i * 52 kit 5 & £ 3
PTG OERIRMEIME BGOSR TR P T 7 R 2R ER E LT - A
Lo FI AT HI* FFRE PR RHRDIBEAEPEFTRAEFZ IR @in’ﬁfi*
S4F 2R 0 o ELPIE R ARl o o AT ¢ EBeR & TR 1992 T 1999 £ £ 8
EFl R g Fp TRER FTHAS 10 BEE H Y 2 100mm F % 0 & ~ 100mm
2 200mm 3 % 1.2 ~200mm 2 300mm 3 % 2 & > ik #pde o 42346 900mm 5 % 9 & o
AT LB BRI FEE I ANLFES VLR i fFabpiPn H %40k 2

Too A T A AR ERNREH A TE 3 SEVERE R AR ER
L sh s F AR R s FYP R F ARGVER Z ke > B R AT A TR
B A2 572 < 2R TR “iﬁ?é_mﬁ%r‘wff’* Sk AT e B
DA R NER QT 2.5 M*ms» AR LR RO T 4 2 L o
FE w 2hehit 3B G A kg L CF RO T B s SRR g e g e 2
A}fﬁﬂféwrioa:zuﬂ";&;%g_“iﬁ 53)?2 &"wifﬂﬁr&%u_\r'ﬁ LR A e




e X {—@z%ﬁ@

22 FPRREFMERR2REFTESE

Rl | R A - EeA R ganm) | o RS

Easting(m) | Northing(m) E R | R R
1 21C071 288792.6 2730766.3 1220 5 5
2 21C080 285409.8 2734449.2 620 4 3
3 21C090 290495.3 2725233.1 1260 8 8
4 21C140 285386.2 2743679.2 350 3 7
5 21D150 280363. 2728899.3 780 7 4
6 21D160 271949.4 2715961.8 1620 9 9
7 21D170 280387.5 2717823.6 630 2 2
8 21D350 285447.5 2719681.5 2000 6 6
9 21U110 2972447 2725254.4 1150 1 1

13408 ~ 203> (1987) > T k= BT @ 4> W2 iR > SRt 417

#i e
2L 6 (1996) T EAF e BT 0 W2 SR EI AT AT
FAlim= o

3.EP R4 (1987) T - ity R, F A2 Ao R fe4 © Rifkin, J. and
T. Howard, “Entropy as a new world view”.

4.2 = 4 % (Entropy) > #&5 @4 = ¥ = ¥
5.2 %8 4R (1981) T2 3 R ka2 247 0 § RIERE 470 % 86 8 >
pp.53-57 -

6.9~ &2 % (1992 FFrEsh %m(*wu’ﬂW%gﬁm«gmaa

7.5k +,(1998), T L@y iz, ?fr{a LRI

8534 %,(1982), TzMiE®2z & 2%k, , r,? kI, 5=+ 2 %28,

0.3F4Ti, (1993), TR EZAMRE X beRP 2Ty, W2 o~ FL¥1
T TR L

100825 ~ iBH 2 > (1997) » T 5> B F Ao id 2

1LER? - (2000) % - SR AH I TP B IR AR R PR 277 0 B2
S REEIRFL LG

1255330k F A > (1996) » T o s Bk 2 BRI &S 2 23] (- )y W2 o<
k1 R%TELEL

13.Al-zahrani, M.and T. Husain, (1998), “An Algorithm for Designing a Precipitation




Network in The South-Western Region of Saudi Arabia”, Journal of Hydrology,
pp.205-216.

14.Amorocho, J. and B. Espildora, (1973), “Entropy in the Assessment of Uncertainty in
Hydrologic Systems and Models”, Water Resources Research, Vol.9, No.6,
pp.1511-1522.

15.Chapman, T. G, (1986), “Entropy as A Measure of Hydrologic Data Uncertainty and
Model Performance”, Journal of Hydrology, Vol.85, pp.111-126.

16.David, A., (1996), “Probability and Information : an integrated approach”, Cambridge
University.

17.Duckstein, L., D. R. Davis and I. Bogardi, (1974), “Applications of Decision Theory to
Hydraulic Engineering”, paper presented at ASCE Hydraulic Division Specialty
Conference, American Assoc. Civil Engineering, Stanford, California.

18.Harmancioglu, N., (1981), “Measuring the Information Content of Hydrological
Processes by the Entropy Concept”, J. Civ. Engrg. Facu., Spec. Issue for the
Centennial of Ataturk’s Brith, Ege University, 1zmir, Turkey, pp.13-40.

19.Harmancioglu, N. B. and N. Alpaslan, (1992), “Water Quality Monitoring Network
Design: A Problem of Multi-objective Decision Making”, Water Resour. Bull., \ol.28,
No.1, pp.179-192.

20.Harmancioglu, N. and V. Yevjevich, (1987), “Transfer of Hydrologic Information
Among River Points”, Journal of Hydrology, Vol.91, pp.103-118.

21.Hughes, J. P. and D. P. Lettenmaier, (1981), “Data Requirements for Kriging : Estimation
and Network Design”, Water Resources Research, Vol.17, No.6, pp.1641-1650.

22.Husain, T., (1987), “Hydrologic Network Design Formulation”, Canadian Water
Resources Journal, Vol.12, No.1, pp.44-63.

23.Husain, T., (1989), “Hydrologic Uncertainty Measure and Network Design”, Water
Resources Bulletin > Vol.25, pp.527-534.

24.Husain, T. and M. Ukayli, (1982), “Meteorological Network Expansion for Saudi
Arabia”, Journal Rech. Atmos., Vol.16, No.4, pp.281-294.

25.Husain, T., M. Ukayli and H. U. Khan, (1986), “Meteorological Network Expansion
Using Information Decay Concept”, J. Atm. Oceanic Technol., Am. Met. Soc., Vol.3,
No.1, pp.27-35.

26.Jackson, 1. J., (1969), “Tropical Rainfall Variations over A Small Area”, Journal of
Hydrology, Vol.8, pp.99-110.

27.Kelmes, V.,(1977), “Value of Information in Reservoir Optimization”, Water Resources
Research, Vol.13, No.5, pp.837-850.

28.Krstanovic, P. F.and V. P. Singh, (1992), “Evaluation of Rainfall Network Using Entropy
I”, Theoretical Development, Water Resources Management 6, pp.279-293.

29.Krstanovic, P. F.and V. P. Singh, (1992), “Evaluation of Rainfall Network Using Entropy
11, Application, Water Resources Management 6, pp.295-314.



30.Lee, Y. M. and J. H. Ellis, (1997), “On the Equivalence of Kriging and Maximum
Entropy Estimators”, Mathematical Geology, Vol.29, No.1, pp.131-152.

31.0zkul, S., N. B. Harmancioglu and V. P. Singh, (2000),Entropy-Based “Assessment of
Water Quality Monitoring Network”, J. Hydrologic Engineering, Vol.5, No.1,
pp.90-100.

32.Shannon, C. E. and W. Weaver, (1949), “Mathematical Theory of Communication”,
University of Illinois Press, IL.

33.Shih, S. F., “Rainfall Variation Analysis and Optimization of Gauging Systems”, (1982),
Water Resources Research, Vol.18, No.4, pp.1269-1277.

34.Singh, V. P,, (1997), “The Use of Entropy in Hydrology and Water Resources”,
Hydrological Processes, Vol.11, Issue.6, pp.587-626.

35.Slack, J. R., J. R. Wallis and N. C., Matalas, (1975), “On the Value of Information to
Flood Frequency Analysis”, Water Resour. Res., Vol.11, No.5, pp.629-647.



