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Simulation and generation of hydrological data by means of mathematic-
stochastic method benifits the solution of problems in respect to water resources
.planning and hydrological design. For successfully synthesizing hydrological time
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series, it is very important to estimate statistic-stochastic parameters concerned
and to determine proper mathematical models for simulation. In order to estimate
the characteristics of long-term hydrological time series, it would be lack of
representance of data, if hydrological data used is based on short observation
record- In this case, the reliabilitv of synthesized data would be questionable.
Therefore, it is quite valuable to improve the content of information of short
observation record of monthly streamflow by taking more. information from
nearby hydrological stations with longer observed records, so that the simulation of
its time series could be carried out more effectively. If there are many nearby
stations located, it should be noticed to select and use them properly and reasona-
bly.especially when the correlations between their data show statistically significant.

The main purpose of this investigation is to study the representance of short
record of monthly streamflow as well as its simulation technique and application
with respect of water resources planning and hydrological design. For simulating
appropriate hydrological time series reasonably, the required length of observation
record in years has been investigated by stability analysis of statistic-stochastic
parameters estimated from various length of records of monthly streamflow and
monthly precipitation, which had been observed at Weser River Basin in Germany
for a long period as 80 years. The result has pointed out that the length of record
as 35 years is required. For selecting appropriate nearby hydrological stations and
taking their more sufficient information, the positive step-wise correlation and
regression analysis is used in the investigation. The result shows that instead of
all of 9 stations only 2 stations located at different geographical directions can
already satisfy the practical purpose. The result shows further that taking info-
rmation from nearby precipitation stations with longer observed records can not
very accurately estimate and effectively simulate data of the objective monthly
streamflow desired, if streamflow factor is not included in the simulation model.
Therefore, a streamflow factor as data of previous month should be involved in
simulation model by means of taking information from nearby precipitation
stations with longer records. '

Based on data analysis and results of above investigation procedures, approp-
riate mathematical simulation models have been determined. The length of short
record of objective monthly streamflow is investigated as 15, 21 and 30 years
respectively- The record length of nearby stations is 37 and 80 years respectively
by application of streamflow and precipitation. The goodness of fit of simulation
models has been investigated by comment and judgement on results of synthesized
500 years monthly streamflow. In general, the longer the observed record, the better
is the simulation. The result of simulation by streamflow model is better than
that by precipitation model. In the investigation, 50 sets of 50 years synthesized

‘monthly streamflow are offered further to investigate the characteristics and fitted
types of probability distribution functions of some parameters concerning the’

design of reservoir capacity, such as, adjusted longest cumulative deficit months,
adjusted deficit, adjusted longest continual dry months and adjusted range.
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Table, 1, Streamflow gauging stations
= # %k B W % | & W BE W O£ R | % £ M

Mark Station Stream Observed period Years
Q2 607 Juliusstau Oker 1926—1971 46
Q2 201 Pionierbruecke Sieber 19571971 35
Q2 301 Riefensbeek Soese 1935-1971 37
Q2 102 Erikabrueck Oder 1937—1971 35
Q2 302 Gross Schacht Soese 1932 —1971 40
Q2 292 Herzberg Sieber 1937—1971 35
Q2 701 Harzburg Radau 1935—1971 37
Q2 501 Luettenberg Grane 1941—1969 29
Q2 801 Gitterkopf Ecker 1939 —-1968 30
Q2 401 Huettschenthal Innerste 1941—1970 80
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Table, 2. Precipitation gauging stations

B oK B R ¥ B oK BB B oA £ R B & £
Mark Station Basin Observed period Years
Ni 312 Osterode \ Soese l89251971 80
N1 407 Clausthal Innerste 1892—1971 80
Ni 708 Bad Harzburg Radau 18921971 80
N1 313 Bad Grund Soese 1892—1971 80
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Fig. 2 Coefficients of variation of statistical parameters estimated

from monthly streamflow data of Aller River at Celle
Gauging Station with various record length
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Fig. 3 Coefficients of variation of statistical parameters estimated

from monthly precipitation data at Bad Harzburg Precipitation
Station with various record length

years
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Table. 3, Stepwise linear correlation and regression analysis

on independent variables: Q2201, Q2301, Q2102, Q23J2, Q2202,

Q2701, 2501, Q2801, Q2401 for period Nov. 1940-Mar. 1956,

) . . AZE J Beta {&

$ B lwm m w wlwmzrim = BURAIBR B EMBA) Dota HME
S AR | EEAHE| EEEE B E Beta coefficients in the regression equation
Step R D=R? S s Q2301 ‘ Qo1 | qzsor | Qaaol l[ Q2201

1 09668 | 09348 1,298 0.256 0.9668 |

13

2 0.9755 09541 1.027 0.201 06416 0.3611

3 0.9836 09674 092 | 0182 0.5405 0.2841 0.1954

4 0.9842 0.9687 0.907 0.178 0.4270 0.2853 0.1846 0.1270

5 0.9850 0.9702 0.888 0.175 0.2859 0.2455 0.1858 0.1497 0.1599
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Table. 4. Stepwise linear correlatjon and regression analysis‘
on independent variables: Q2201, Q2301, Q2302,
Q2202, Q2701 for period Nov. 1936-Mar. 1956

TR e 5 A P BB ) Bela [RBKIE

F B SEHEBERR P ERE ' = A = Beta coefffcients in the
BERZE o B regression equation
=R2 ’
Step R D=R S s Q2301 } Q2701 | Q2201
1 0.9608 0.9231 1.363 0.278 0.9608
2 0.9754 0.9513 1.c87 0.222 0.6348 0,3668
0.9756 0.9518 1,084 0.221 05619 0.3493 0.0914
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Table. 5.

Stepwise linear correlation and regression analysis on

independent variables: Q2201, Q2301, Q2102, Q2302, Q2202,
Q2701, Q2501, Q2801, Q2401 for period Apr. 1956-Oct. 1968

i YA £ a &
por B EIE B BEzZ B 2 e the
N T > ; regression equation _

Step R | D=R? | S ‘ 5’ Q230! Q2701 Q201 { Q2202 \ Q2401
1 09515 ) 0,9504 1.389 0,277 0,9515 | ‘
2 0,9835 \‘ 09672 0,821 0,182 0,5126 0,5044 | \
3 0 9869 ‘ 0,9740 0.733 0.163 0.4€07 03517 ' 0.2161 l ‘
4 0.9889 ] 0,9780 0.677 0.150 0,2701 0,2760 | 0.2462 0,2403
5 0,9892 l 0.9785 0.671 0,149 0,2453 0,2775 ( 0.2292 02271 0.0565

% 6. ZIIRYEMRERERN IR RN MR 195% 4 4 AF
1971 £ 10 AZ AmBRAEE ZEmREY
Table. 6. Stepwise linear correlation and regression analysis on
independent variables: Q2201, Q2301, Q2302, Q2202, Q2701
for period Apr. 1956-Oct. 1971
s m B M H x| pEz Bz BRMTER SRR R Beta K
W E R EEEE ¥NE Beta coefficients in the
regression equation
Step R i D=R? S s Q2301 Q2701 E Q2202 Q2302

1 0.9624 0.9263 1.279 0,272 0,9624
2 0.9864 | 0.9730 0,777 0.166 0.5368 0,4773
3 0.9872 : 0.9746 0,755 0.161 0,4056 0,4404 0.17C0
4 09876 ‘ 0.9753 0.747 0,159 03231 0,4383 0.1394 0.1170
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£ 7. BB EEREERESTELE AR ERWE bR ERE K
BsEE 1925 48 1 JE 1956 48 3 RERIERE 1H B B

Table. 7. Stepwise linear correlation and regression analysis
on independent variables: N1312, N1407, N17C8,
N1313 for period Nov. 1925-Mar, 1956

5 m Eom > o o Bl
P 3 3 3 N ) eta HRE
R W ERR BEREE REMNE Beta |coefficients in the
; t
Step R D—Re S s regression equation
N1407 | N17¢8
1 0.6459 04172 . 38.410 0,765 0.6459
2 0,6474 0,4191 3,409 0,765 0,5981 0,0647
% 8. EISRIEEMEEREA TR A R RN TSk E R KR
VEE 1956 4 4 A 1971 £ 10 HRABERZHEWER
Table. 8, Stepwise linear correlation and regression analysis
on independent variables: N1312, N1407, N1708,
N1313 for period Apr. 1956-Oct. 1971
s m wom > BRI SR B
Z N 1 S ¥ B eta N
78 B R R E R %R Z BEHENE Beta coefficients in the
Step R DRt s s regression equation
N 1407 i N1708
1 0,6364 0.4050 3.634 ) 0,775 0,6364 !
2 0.6501 0,4227 3.589 0,765 0.5028 l 0,1886
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AWML SR G0 » BREWRFOUBIL » 7
FRREIATIE » A REL 0019 ) SER
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AMENZARGEE P=005 EEKEREHAB  DRHAE (X*—test) WL a=5 ZHIBEKE »
o Gipd—aAR s N—NARA—TFA o X BRFASHICSERHER L HBER T R KK
% 9 BRREBNERRERBRBICEZROREBE

Table. 9. Statistical parameters estimated from observed data of
monthly streamflow of Oker at Juliusstau Station (Q2607)

Nov | Dec | Jan | Feb l Mar | Apr | May| Jun Jul Aug ‘ Sep Oct |Annual
j (A)1935-1955 VOR(Q) FiiQ
M: (108M?) 7.38] 7.75] 820 814} 807 886 336 3.21 4,22 3.72 3.08, 498 70,98
S: (108M3) 4,76) 5.58 6.22 7,05t 3.29] 4.24 1.64 2,00 3.46 3.37 2,34 4,27 15,22
Cs: 073 1.47, 1320 193 003 085 057 0.71 1.78 2,29 0.89] 093 -0.61

R: 022/ 030 0.30] 0.4 =015/ -0.26! 0,40 0,12 -0.09 0.24 0.23 075

Cv: 0,64/ 072 076 087 041 048 0,49 0,62 0.82 0.90 076 0.86
Median: (106M?) 6,20 6.29] 6.54] 6.16 7.48i 799 302 2.73 3.26 2,76 2,46 3.78 72,52
(B) 1957-1971  NACH #%#
“M: (108M3) 538 896 711 746/ 7.65 1005 6.29 4,66 4.30| 3.80 3.20: 4,79 73.64
S: (1CeM?) 3.68) 687 3.61] 577( 3,85 690 404 3.51 3.24 1,98 2,40 4,15 24,92
Cs: 0.56| 0.59 041} 064 0,75 094 0.84 0,74 0.66 0,37 2,47 1,38 -0,38

R: 046/ 000 0.50 0.29] 0.19} =-0.111 0,25 0.42 0.45| 0.53 0.25] 0.34

Cv: 0.68 077, 051} 0,78 050, 069 0,64 0.75 0.75 0.52 0,75 0.87
Median: (106M?) 444 7,11 634 588 683 829 529 3.72 3.441 3.37, 2,57 3,62 75,20
\ (C) 1926-1955 VOR(N)FiLIN
M: (108M3) 7831 746 8.45 6,41 7.27 8,49l 3.46 3.36 4,51 376 3,22‘ 5.62 69.89
S: (108M3) 8,06 555% 5.89 442 342 396 1569 2,29 3.85 3.07 2.47i 427 17.14
Cs: 0.97; 155 108 054 032 1.711 0.78 1,39 1 54 1,54 0.98 0.74 033

R: 0_315 0.11} 032 0.18 -0,07 —0.23- 0.43] -001 0,20 0.39 0,45 0.54

Cv: 0,64 074 070, 069 047 0.47‘i 0.49 0.68 0.85 0.82 0.77 076
Median: (108M3) 664 598 6,93 527 6,58 7.70: 3.11 277 3,43 2:91 2,55l 4.47'; 68.94

SRS HENFEHY  BREHERE=ESHAM
B EET I A AR A > R 5 ERERRE »
FIFHIE T E R » 1ER R KB =R 06T DU o
AR R hFER B (random deviates) By
Hetk
A EATENR T R RE R S b SR PIRHEPTE A
25 AR B BERS LR (serial dependency)
y RGBEA BB MR E AR < s 38k o B
FERPUR o WoE B AR NE A LR RS
AR s te > t IS EEEBREERS » BAERS MR
B o BT A AEEE B R TR 2B
& BT R BOEFAMERER TSR ER
BR » RERE RIS 2R F MR » BIER
te > to IECEEESER 0 MRERFHRETH
B e
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BXT2i8 A i R AR & BB o LEIA ST X Z A
EREIE (S1BUREN) ZEHEA% (Model
Qo

TR S2 BURIER » kIR S1 BuRIFR AL
FEFLER » HRQERQFT A28 » R
B Q2607 MG AME (RENATE] 1935-1955 » %31
1957-1971) FfSE o ZHR S3 BUREMI » HRER
Q2607 RIRHIER » S HEEEHRG) T L

» Fts MBERKBERE=ZE56TLBHE -
SRR
FER Q2301 R Q2701 2B WACSER PTiE
Brwge 500 5 A I EBBRHENTRE R » FIRE 10 R&E
110 SR » BRER S » B—ADHNEMTS
TERSEMB AT » BRER0 5 2Q2607
RER BT [EHE—K o BRANEKFSE
ZERMBE_RG ~HERS 5 % G R4 %
(BH) o ZERFHAEEE AR 70 ZTAR 9 %
o RS TURBTII AT ATLS 0 REIIRIAR M
T o FEARRS B HIAHBRGRER r o SRBIRIES—B » &
HFZFADHBAME-

# 10, BEAREHMSRRAMIRNZRT KRR 500 F£AKBES BEEEE ()
Table. 10. Result of simulation of 500 years monthly streamflow of Oker
by application of full observed data of nearby stations (VOR)

Simulated 500 Years Natural Monthly Flow by Q2507 =F(Q2301, Q2701) Case %?96103
Nov | Dec | Jan | Feb |Mar | Apr | May | Jun Jul | Aug| Sep | Oct | Annual
M: (102M3) 6.43 8,221 791 8.26 786 9.26 4,20I 3.91 4,47 3,78‘ 3.17I 4,92 72.38
S: (10°M3) 428 597 519 6.63 3,54 5.59, 2,76 2,58 3.32 2.68| 2,30 3.99. 16.97
Cs: 7 0.78 084 1,16 112 0.13 1.29] 145 1.00 1,13 1 ,29T 1.51 0,86! 0.50
R: 0.200 007 0.20 0.01} -0.12f -0,08 0 56' 0.12 0.12 0.25' 0.33 0‘48’
Cv: 0.67{ 073 0.66 0.80, 045 0.60 0.66 066 0,74 0.71 0.73 0,81
Median:(108M8)l- 535 6.6 6,61 6.44 7.16) 7.93 3,51 3.26! 3.59 3.08 2,57 3,82 7097
Neg value: 15 28 5 35 4 2 4 19 6 14, 19 32
Negs: - —0.30i -0.62 -0,03' -0.86) -0.05| -0.02; -0,08 -0.55 -0.03 —0.302 -0 60{ —0.78I
Specific M: l,OOI 1.00| 1.00 1.05 0.97 1.00l I,OOI 0.93 1.03 1.00 1‘021 1,00' 1.30
£ 1. ERKREMERSNBERNERETERER 500 £ R EEER (I
Table. 11. Result of simulation of 500 years monthly streamflow of Oker’
by application of full observed data of nearby stations (NACH)
Model Q
Simulated 500 Years Natural Monthiy Flow by Q2607 =F(Q2301, Q2701) Case S1-NACH
Nov | Dec | Jan | Feb | Mar | Apr | May | Jun i Jul 1 Aug | Sep } Oct | Annual
M: (108M#) 636 8.37, 7_55; 7.5 7.79 9.47; 472 879 4.44? 3.84 3.17; 504 7215
S:  (108M3) 417, 621 478 519 352 545 321 253 3.49{ 279, 220 419 1664
Cs: 0.820 0.85 1.13 1.08 0.27 1.35 1.57 l.Ol% 1.08; 1,27 1 .80{ O,87i 0.52
R: 1 0.2t 006 0.21 0.0l -0.13 -0,10 0.58 0.12{ 0.13! 0.23 0,3411 (1‘.501
. Cv: 0.66/ 0,74 0,63,’ 0.68! 0,45 0,59 0.68 0.617‘I O.78§| 073 0'69‘; O,83i
Median:(106M?)] 532 672 6.40. 6.26) 7.10 8.21l 3.90 3.16; 3.49l 3.10, 2.61§ 3.88| 7072
Neg Value: »8 27 4 9 3 Oi 1 17} 23 2] 31‘ 48|
Neg %: ‘ -0.13, -0,44] -002 -0.12f -005 0.00‘ -0.02 —0.44§ -0.42] -069 -0.07 —1.04;
Specific‘M: 0.99| 0.99| 1,00 1,04 098 l.OO, 1,00 0.99‘k 1,03| 1.00 l,OOv l,Oli ‘ l,VOO
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BUIEE R BRI HE T 500 424 BRES HOkS
By 5iNE 12 @1E 130 prkEdhg—-ARARE
RV IS EARER » A A0 HEML BB A RIFHY
etk » RRER » BAEWHMN=ARAA » £
RES% BEERYNWE_A » ZREB6% c &K
RSO RRYE N T E SRR SR 2 1E » FEBR IS
KIEIHARY - RA—REMERBERMBEN S » RHHS
BRI BRE R RUHARY o BLA RIS FIBBRHERT » 43k
RHBAE  EREEIRERFHNERY » R HH
B » HAERGMEHA REMENE S8 -
7RED Neg % » FERTHISREH » 4551705 131

2658 1.63 ZTE » LIETBR ) » NEBRE o

RE—STALRRIIRERROEREY » Ty
#E S2 BRFUL S3 BRI E SRRFINA A
PFLULEE » 2R S2 BEREIE S3 MERIF AR
REETRS » FrFH S1 BEBRORE » MEER
ERETHR

AE LR » BUEMBHERERZ - BANEER
B ARHER A RYAEBR RV BRI R TS » S3 BUR
TP S2 BURIE UL & » FIRG » BHRERS I A EH
BT » 7 S3 BERHULP R B o RMBLRE
BE2HAEE > Sl A AR EREERER

% 12 BAMERMEKER KBRS HRNER T ERER 500 £AKBRS SR Gy
Table. 12, Result of simulation of 500 years monthly streamflow of Oker by application
of full observed data of precipitation stations located at nearby basins (VOR)

Model N
Simulated 500 Years Natural Monthly Flow by Q2607 =F(N1407, N1708, Q2607) Case S1-VOR
Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Annual
M: (QOM?®) - 6,95/ 8,16 8.93 6.87 7,31 8.33 3.35 3.45 4.45 4,13 3.34: 5.04, 70,33
S: (10°M?) 448 5.22 5,54 427 3.51 4,00 1.71 2.19, 3.21 2,65 2,23l 3.87 14,58
Cs: 051 0.61 0,69 0.39] 0.07 0.18, 0.23 050, 0.60 059 0.63 072 0.26
" R: 033 0.04 0,27] -008 -0.04! 0.04 0.45] -0,01 0.26 0.25] .20 0.33!
Cv: 0,65 0,66 0.62 0.62 0.48 0.48, 0,51 0.63] 0.72 0.64 067 0.77
Median:(108M3)| 5.84] 6.38 7,59 5.84 6‘59‘ 7,51 2,99 291 3.61 3,48 278 4,00 69.69
Neg Value: 31 28 18| 28 9‘ 7 11 30| 54 31 34 43
Neg %: -1,29] -1.14 -0.48; -1.16] -022 032 -037 -190 -39l -1.72 -1,38 -182
Specific M: 1.02} 1_01| 1.01 1.04 0,95! 1,01 0.97 1.01 1.04 1.00 1,05! 1.01 1.0t
% 13, ERAMERMEXKERKRUGZNRERZEETERER S00 £ ARRS SR (B

Table. 13. Result of simulation of 500 years monthly streamflow of Oker by application of

full observed data of precipitation stations located at nearby basins(NACH)

" Simulated 500 Years Natural Monthly Flow by Q2607 =F(N1407, N1708, Q2607) Case SI}/{%?KEII?I

Nov | Dec | Jan | Feb | Mar | Apr | May | Jun Jul | Aug | Sep ‘ Oct | Annual
|

M: (lOGMs) 6,09 8.50| 7.60: 7.29, 7.22 9,60i 5.35 3.72 4,66 3.83 4_12! 5.72 73,78

S:  (108M?) 3.96] 6.73 4_08“ 5.03 3.67 6.51 3.56 2,61 3,12 2,23 2.29, 4,31 18,45

Cs: 0.57] 0.76 0,66:{ 0.48 0,22 0. 39! 0.41 0.58) 0,50‘ 0.38 .41 0.80 0.28

R: 0,41 0.27 O,37i -0.07] -0,04 0.18 0,76 0,37 0,29| 0.49| -0,03 0,22,

Cv: 065 0.78 054 0.69 0.51 0.68 0.66 0,70 0.67 0,58/  0.56 0.75

Median:(108M3)| 510| 6.76 6,70; 6.00‘ 6,43 7.95) 4,46 3.05| 3.87 3.31 3.60 4,57 72,91

Neg Value: 29 58 9! 45 9 40 38 48 34 19 14 39

Neg 9%: -1.08| -3.46 —0.09‘ -3,01 -015 -297] =201 -273 -1.63 -090 -0.29| -1.26

Specific M: 1.01 1,02 1,03} 1.06 0.96 1.02] 0.99 1.CC 1,02 0.99 1,02 0,99 101
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Fig. 4 Cumulative relative frequency of monthly streamflow of Oker at
Juliusstau Station with observed data and synthesized data (NACH)
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BYWRZERH
(Application of synthesized
monthly streamflow on in-
vestigating some paramet-
ers concerning the design of

reservoir capacity)

Haan
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OERaREs:
LERE@EH KA (adjusted longest co-
ntinual dry months, LDM) : ZE&{H 5 TEEAC R
(RED 50 48) b s BIREEMINAEHER BEHE
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Table. 14, Parameters obtained from 50 sets of 50 years synthesized
flows of Oker by Model Q (Case S1-VOR)

50 Sets of 50 Years Synthesized Flows of Oker by Model Q Case S1-VOR
GPL GNL |  'SUR DEF RAN LSM LDM
(Months) | (Months) (1U8M2) (108M3) (10 M®») (Months) | (Months)
132 263 61,20 104,08 165.28 8 10
82 291 3277 95.02 127.79 9 9
161 117 99.33 67.22 166,55 8 10
163 169 58,10 58,98 117,08 9 13




533
120
429
521
425
91
11
287
202
25
190
177
22
58
15
467
226
37
534
39
12
48
356
98
16
555
420
576
138
231
240
106
296
407
90
33
360
142
110
440
326
590
268
14
125
201

77
24
11
41
336
443
19
117
416
224
158
516
183
298
23
96
516
19
144
460
239
15

121

229
25
112

41
42
25
78
128
39
262
333
38
197
170
36
37

162
507

358

277

125.86
7422
195.61
187,91
93.85
68.20
16.66
123.12
80.21
2035
78.317
92.98
15.64
42,71
26.02
131.51
98.66
36.15
173.87
35.31
23.87
25.43
81.40
56.91
14.23
120,28
135,34
100,16
52.91
92,70
94,47
51.84
90.29
97.10
42,77
33.83
119.61
82.47
50.92
91.54
122,66
96.87
55.48
13.36
72,17
71.36

|

14,65
70.79
20,73
17.81
20.27
129.20
128,28
9.13
51.50
111,96

131,70

46,14
135,31
71,29
71,47
12,93
56,78
122,30
21,17
116,32
136.26
96,46
81,77
78,06
145,73
34.42
39.82
11.07
26,51
24,52
33,60
53.30
48.86
26,25
146,61
89,15
20,82
53,63
76,31
23.17
26,31
527
95.62
139.25
110,87
124,63
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145,01
216,34
205,72
114,12
192,39
144,94
132,25
136,71
132,31
210,07
13911
150,95
120.01

97.49
149,44
158,45
158,45
195,04
151,63
160,13
121,89
100,16
131,97
159,66
154.70
17517
111,22

7942
117,21
128,06
105,14
139.15
123.35
19438
122,98
140,43
136.10
127.23

- 114,71

148,97
102,14
151,10
157 .60
183.64
195.99
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11

10
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M: 22290 169.02 77.38 67.67 " 145.05 8.60 12,50
S: 179,84 153,20 44,05 44,72 31.37 2,07 2,61
Cs: 0,63 0.88 0.69 0.33 0.46 1.33 c71
Cv: 0.81 0.91 0.57 0.66 0,22 0.23 0.21
# 15, /@ 50 HAMARERARZEGER 50 £ ARERRFES 4 E2KE (S BER—ar)
Table. 15. Parameters obtained from 50 sets of 50 years synthesized
flows of Oker by Model N (Case S1-VOR)
50 Sets of 50 Years Synthesized Flows of Oker by Model N CaseS1-VOR
GPL GNL SUR DEF RAN LSM _ LDM
(Months) | (Months) (108M3) (108M?) (10%M%) (Months) | (Months)
130 181 80.27 69,29 149.5% 8 7
114 139 86,57 43,25 109.81 10 8
80 160 37,04 81.10 118,16 8
203 16 63,67 21.42 85,03 8
366 7 8675 10.01 95,76 11
92 98 84,55 39.24 103,80 15
424 55 183.96 22,45 206,41 10 8
542 3 193.44 5.16 198,59 10 12
457 33 81.83 1183 93,72 9 13
§2 397 3213 104.29 136.42 8 9
116 139 5709 5§9.21 116,30 8 10
292 19 87.50 18,60 106,10 8 8
278 150 76,18 66,07 142,25 11 9
39 187 33.07 55,49 87.56 11 11
151 309 35,98 141,77 177,75 13 12
216 23 99.68 18,32 119,00 12 13
97 63 38.60 42,46 81,06 10 10
175 109 44,49 - 56,94 97,43 10 14
29 446 27,63 78,19 105,82 9 12
188 129 82,48 54,59 137,07 11 11
174 227 40.56 56,98 97,53 9 11
40 431 32,25 98,92 131,17 10 12
449 66 149.08 3190 180,98 8 11
82 222 34,91 69,63 104,55 12 11
54 421 41,56 97.53 139,09 10 10
38 422 33.56 97,29 125,85 11
116 119 59.81 42,08 101.89 9
289 42 63.96 33.25 97.21 9 12
33 547 12.94 157.68 165,62 10 12
241 60 77.53 24,52 102,05 11 12
337 45 69.43 30,23 99.66 10 10
237 7 62,73 7.64 70,37 9 15
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334 36 68.94 17.01 85.95 7
366 71 104,65 40.80 145,45 A 19
127 135 81,18 5291 134,09 10 12
146 127 64.90 68,48 '133.38 9 .10
449 132 77,41 62.80 140,22 8 12
515 21 128 89 10,95 139.84 6 8
151 242 62,22 104,68 166,90 7 11
10 551 16.64 73.97 90,61 8 12
129 52 30.86 23,39 104 25 9 11
282 54 93,17 21,37 120.54 11 13
584 15 86,13 734 93.47 6 8
519 36 62,27 34,63 96.90 11 11
101 30 46.99 34.57 81.55 6 9
452 13 98,57 8.39 106,97 10 10
43 202 24,38 78,50 102,88 9 11
25 346 16,59 109,51 126,10 13 10
19 395 27,29 102.64 129,92 7 14
141 270 66,13 127,02 103.14 10 13
M: 210,54 160.06 67.17 54,37 121.53 9.18 1092
S: 162,77 153,91 38,00 37.18 3232 170 2.29
Cs: 0.74 1.10 1.40 0.75 0.93 015 0.78
Cv: 0.77 0.96 0.57 0.68 0.27 0.19 0,21
£ 16, I a=5 % EEKEAFTRRISREEEK AR RESHRER
Table. 16, Test on goodness of fit by x:-test for &«=5% (LDM)
' & %K & B
B & S5 MR By Model Q [ By Model N 4 &
ietribit Gl i VOR M H VOR
Distribution st a2 83 N 22 3 Comment
arith, Pearson Type I A\ A A" Vv v A
” il v A A A A A
Charlier v v A A A A A
” i3 v A A A A A
Normal v A A A A A
Extremal I A" A A C A A A
Edgeworth ) A\ A A A A A
” m v A A A A A o
log. Pearson Type I A v A AV A T
” il A A A A A A ¥
Charlier v A A A A A A 3%
P I v A A A A A
Normal A A A A A A
Extremal 1 V. A2 ‘A A A A
Edgeworth I\ A A A A . A A
r jily v A A A A ‘A

A: accepted #3% -
V: rejected EH -

LDM: adjusted longest continual dry months
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' AMELBEENHAEE s FIEERSNE B SO REMRNAN L KIER 1 LAt AT -
Hi» GNL ] DEF ZMAHEMFE r=08T{BE  WLFRZFINERKZS -
#HB o GPL $& SUR Zff» RIS r=084o BRELZBREHRATHE » WREKEETR
BUESRNNBH » BB a=0 ZHEEKE  BREIFENTR » EAHEEERE - REBAE RS
s FIARGRER (X —test) TLUREHBES Ml  BOMHMBILIRARMIRERY > FHELE
RPN (BRANE—EHZMH)  HERSFF  BEEREEZEE2HEE -
REL6ZH22 o 5T HRMLE - EH S2 BRHFNR

£ 1L N a=5 %BEKEARTEBHBRRRAT YK ARZBS S hidimn
Table. 17, Test on goodness ¢f fit by x*-test for a=5% (GPL)

BB 4 m B w ByEMod%QK ] B@km%deﬁzﬁ 2 E
Distribution Sﬁlﬁ %2 V%Ig } Sﬁlﬁ %2 VOSR3 ,,,,Corfln,lsnt,,,
arith, Pearson Type T | A A A \ A A A
” s A A A A A A
Charlier i\ A A A 1 A A A
” hi's A A A 1 A A A
Normal A A v A A v
Extremal I \'A A\ A A v A
Edgeworth N A A A A A A
” i A A A A A A
log. Pearson Type I A A A A A A Ik
P n A A A A A A ik
Charlier v A A A A A A X
7 I A A A A A A %k
Normal . A A A A A A %
Extremal ‘1 v v A\ v v v
Edgeworth v A A A A A A sk
” o I A A - A A A A ¥

A: accepted %
V: rejected 3

GPL: adjusted longest cumulative surplus months

#z 18, Bl a=5 % BEHKEATIABRRBRRRRI LS ARCBRES flRE
Table. 18, Test on goodness of fit by x*-test fgr a=5% (GNL)

Distribution ' Sﬁlﬁ %2 v%g Sﬁ? %SZ v (S)g Comment
arith, Pearson Type I A A v v A Vv
” T A A \' v A A\
Charlier v A A A v A \'
” I A A A A% A v
Normal A \' v v A A%
Extremal I A \' v A A v
Edgeworth v A A A v A \'’
” bil ‘ A A A \' A v
log. Pearson Type I ‘ A A v A A A s
” iy ' A A A A A A
Charlier W ; A v v A A A ¥
” il i A A A A A A X-

I
|



Normal A A A A A A
Extremal I v A A% A\ v A\
Edgeworth 1\ A A \' A A A

y m A A A% | A A A

A: accepted %
V: rejected 4
GNL: adjusted longest cumulative deficit months

% 190 Pl a=5 % WEKER R BBRBRREAZ KEZEES HifhiRE
Table. 19. Test on goodness of fit by x®-test for &¢=5% (RAN)

b ) = .
"R EE. B Mo @ Bk dad N | s
Distribution Sﬁlﬁ B %2 V%% Sﬁilj %2 VOS% Comment
arith, Pearson Type T A \' A v v A
” it} A v A v v A
Charlier v A A\ A v A A
“« hi A v A v A A
Normal A A\ A A\ A\’ A
Extremal T A v A v v A
Edgeworth v A v A v A A
” IT A v A v A A
log. Pearson Type I A A A A A A X
” Ir A A A A A A >k
Charlier v A A A A A A *
7 i A A A A A A >
Normal A A A A A A kS
Extremal I A v A\ A A A\’
Edgeworth v A A A A A A X
P I A A A A A A K

A: accepted B2
V: rejected FH)
RAN: adjusted range

# 20 Dl a=5 %BEKER-FFABRNBRREERY KA BB s iR
Table. 20, Test on goodness of fit by x®-test for =5 9 (LSM)

- S % K B &K
B %= 4 i 8 M | " By Model Q By ModeiN = | # P
. 5 @  VOR B # VOR
Distribution 1 o 52 Ss & $2 83 Comment
arith, Pearson Type I v v A A ‘A A
» Bt \" A A A CA v
Charlier v v Vv A A A v
” 1 \' *A A A A A\
Normal A\ A A A A v
Extremal I A\ A A A A v
Edgeworth v \' v A A A v
P hild v A A A A \'
log. Pearson Type 1T v A v A v v
. » I A A A A A v .
Charlier v A A A A A v >k
V] m A A A A A A\’ *.
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Normal A A A A A v
Extremal T A A A A\ v \'
Edgeworth v A A A A A v >k
” - A A A A A v *
A: accepted £
V: rejected ]
LSM: adjusted longest continual wet ﬁnonths
# 2. M a=5 UEEKER|F RBRBEA KRS B e
Table. 21. Test on goodness of fit by x*-test for @=5% (SUR)
Y PN B KB
BB 456 8 8 " By Model Q B Mt > i # %
istri i R i VOR i VOR
Distribution Sl ) S3 SEF %2 S3 ! Comment
arith, Pearson Type I A A A A A A
" m A A A A A A
Charlier v A A A A A A >k
»” I A A A A A A %
Normal A A A A A A
Extremal I v A v A A A
Edgeworth v A A A A A A x
7 m A A A A A A
log. Pearson Type 1 A A A v A A
» I A A A v A A
Charlier v A A A A A A
» i A A A A A A
Normal A A A A A A
Extremal I v v v ' v v
Edgeworth W A A A A A A
7 I A A A A A A
A: accepted ¥
V: rejected T
SUR: adjusted surplus
F 22, Bl a=5 BEEKER R RBMEBRABUKEZ BRI it
Table. 22, Test on goodness of fit by x2-test for a=5% (DEF)
;. H B K B B 3
- I PR % Bt o By Model N~ | #l E
Distr} : R VOR ;i VOR
Distribution .Sﬁlu %2 S3 Sﬂl‘l 5?522 33 Comment
arith. Pearson Type I A A A A A A
v m A\ A A A A A
Charlier v v A A A A A
w hily \' - A A A A A
Normal v A A A A A
Extremal I \' v v A A A
Edgeworth v A\'2 ‘A A A A A
v I v A A A A A
“log. Pearson Type I A A v v A A
” hi A A A A A A X
Charlier IV A A v A A ‘ A .
v i A A Vv A A A
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Normal
Extremal
Edgeworth

”

b <
b <

I
v
i

<< <p

B <<
B <
b < b

A: accepted ¥ =%
V: rejected ZEH]
DEF: adjusted deficit
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