KINGDOM OF,LESOTHO _
LESOTHO HIGHPANDS DEVELOPMENTJAUTHORIT)

F— ™
INTERIM HYDROLOGY
PROGRESS REPORT NO. 4
FLOW SEQUENCES AT DAM SITES
4“ ! b g F
ARCHIVE
o




Lesotho Highlands Deelopment Authority
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Dear Sirs,

—d

INTERIM HYDROLOGY FOR THE ENGINEERING PROJECT

The LHDA has the.responsibility to update from the feasibility
study the flow sequences at the various dam sites to be utilized
by the Hydropower design consultant. .

The necessary'stﬁdiés will be undertaken in steps with a proéress
report issued at the conclusion of each step. Four such reports
. Wwill be fssued as follows : ,

T

* Progréss Report No.1. "Rainfall Stations* concerning the
‘update,- infilling and extension of the rain gauge data
computed in the feasibility study. ' a

* Progress Report No.2. "Rating Curves" concerning the update
of the gauge flow data computation of rating curves and
comparison with the feasibility study rating curves.

* Progress Report No.3. "“Processed 1983-86 Flows" concerning
the update of digitising of the chart recorders, computation
of the daily flows, flow infilling of the missing data by
watchmen records.



* Progress Report No.4. “Flow Sequences at Dam Sites"
computation of the. Infilled data by regressfon of the

catchment rainfall, extensfon of the flow sequences by the -

Pitman Model and transposition of the flow sequences from
different stations to dam s{tes. :

Progress Reports:

] No.t entitled “Rainfall Statfons"
o No.2 entitled “Rating Surve" _ ‘

. 0 - No.3 entitled "Processed 1983-85 Flows”, have been
sent to with letter reference LHDA/2/2C dated 2 April, 1987,
LHDA/2/2C dated 24 April, 1987 and LHDA/2/2C dated 6 May,
1987. " : Lo T : : o ' . o

Please find enclosed Progress Report No.4, which is the last of
the Interim Hydrology, entitled "Flow Sequences”,

ez oo Yours- falthfully, - o oo o o L

M.E. Sole |
. CHIEF EXECUTIVE 1

"Encl:
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1. INTRODUCTION

This fourth and final progress report of the Interim [
Hydrology studies of the LHDA describes the work that has '
been undertaken to derive long term monthly flow sequences at
the dam sites. As described in earlier progress reports, the
water level data for the period -October 1983 to September
1986 has been converted to mean daily flows and hence monthly
flows. This extension of flow.records has been supplemented
by a parallel updating of the monthly rainfalls, as described
in Progress Report No. 1.

- ' The aims of the study were to utilise these extended data :
| = " series to review the flow series presented for the four dam ) f
- - sites considered in the feasibility studies by the Lahmeyer .
z Macdonald Consortium (LMC). :

The methods employed broadly'follow those adopted by LMC {n
their earlier studies and the Pitman model has been used to !
provide extended flow series from the long term rainfall . . i
series 1930 to 1985. The methods of analysis are. briefly , !
described in the following section and the main bulk of this . . '§ l
report comprises a series of Annexes of the relevant data. o ' i

. - |

For. the period prior to October 1983, the monthly data
presented by LMC in theiﬁ“phase 2B Feasibility Studies report
. have generally been accepted without change. The exceptions
"are at station Gi7, Marakabei, where the river level charts
. have been redigitised by fpr the DWA in Pretoria, taking full
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accounfn of all informatfon from watchmen's records. These
revised stages have been processed into daily flows using the
HYDATA software. In addition, the primary stage data for
station DIMO9, Oranjedraat, have also been added to HYDATA
and converted to daily flows using the modified rating
prepared for the DWA {n Pretoria by Sigma-Beta ccnsultants:

METHOD OF ANALYSIS

- 2.1 Infilling of Missing Flow Data

‘The time base adopted for the analyses is one month,

which is commonly accepted ac being approriate for

reservoir studies. For each station, the daily flow .

data presented in Progress Report No.3 were  thus
converted to monthly flow volumes in million cubic
metres (MCM).

If any month had less than 5 days of missing data, the
missing flows were ed—or—estimated within the
HYDATA software linear regressio sing just flows at
the station itself. Where any month had more than 5

'sdays of missing daily data, the monthly flow record was °

infilled by regression against neighbouring stations.
Whichever nearby station had the highest overall
-correlatfon of monthly flows with the station with
missing data, was used to infill the record. However,
in some cases, not all missing months could be
estimated from just one station as- frequently the
~ Infilling station was itself incomplete. In such
cases, remaining gaps were infilled by regression
against the station having the next best correlation.
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2.2 Extension of Flow Sequences to Common Period, 1967-86

2.3

2.4

In order to compare runoff at various stations, it was
necessary to adopt a common base period. In their
earlier studies, LMC adopted the period 1967 to 1983.
This period has been extended in the present studies to
cover period 1967 to 1986. : . .

Linear regression was used to extend short records back

“to 1967 as necessary using similar methods to those.

used for infilling missing months as described in
Section 2.1 above.

The station chosen for extension was selected on the
basis of the inter-station correlation. However, as

far as possible, stations were chosen where at least

the bulk of the early data were observed rather than
being themselves infilled by regression. '

-Mass Balance

The earlier LMC studies adopted a mass balance of flows
in order to check the internal consistency of the data
set above Oranjedraal gauging station. A similar mass
balance has been computed for the longer ccmmon base
period, 1967 to 1985. '

“Results iare bresented {n Annex 12 and commented or in

Section 3.

Monthly Catchment Rainfall

For catchments upstream of gauging stations, the
monthly rainfalls were computed using the same
methodology used by LMC using their original computer
programs. ‘




"A correlation of monthly flows at gauging stations
against monthly rainfall was undertaken to select
suitably representative rain gauges for each catchment.
The LMC approach was followed, rain gauges having a low
correlation with the recorded runoff could be excluded
from the analysis, even if they fell within the
catchment. Conversely, highly correlated rain gauges
outside the catchment were often included in the ;
analysis. _ . . | ) E

I

The pattern of long term rainfall in the Llesotho
highlands in largely gové}ned by topographic factors,
particularly elevation and exposure to the main rain-
bearing air masses. The spread of rain gauges however,
is believed to provide an inadequate picture of the
mean annual precipitation (MAP) and the variaﬁ]lity
over each catchment. Consequently, for each catchment,
~the MAP was derived from an isohyetal map prepared by
LMC. These LMC MAP estimates have.not been changed in
the present study as far as estimation of rainfall over | o
the most upstream catchments 1in each basin is ‘
concerned. ~ However, in order to obtain an internally
consistent rainfall data set, the catchment rainfall
over {ncremental areas was derived by computation and
not by planimetering the isohyetal map as LMC did.

Thus the mean annual precipitation (MAP) over any
incremental area is given by :

>N
MAP inc = (MAP T ,. AT -Z MAPi. Al } /A inc
i=1
Where MAP T = Mean annual precipitation over the total

éatchment




AT = Area of total catchment (upstream catchments plus
incremental area)

MAP { = Mean annual precipitétion over subcatchment

—J Aj = Area of subcatchment i
k‘i A inc = Area of the Incremental area

J M
k and N = Number of upstream sub-catchments

3 .
' - ~ For any particular month, t, the precipitation over the

_-' - Incremental area, expressed for input to the Pitman
F model as a percentage of the MAP over the incremental

area, s giv_en by:

(P = (7T AT - Z;Z(P;)t‘ Ai) B

b. Where Q);“,)&z Precipitation over the total catchment for

month t

@;) = Precipitation over the Sub-catchment I for
month t.

. 2.5 Calibration of the Pitman model

P~ ‘ ' o |
L - ‘ The Pitman model is a deterministic catchment mode!

‘ : developed by W.V Pitman for modelling of monthly flows
from rainfall on catchments in Southern Africa. This
mode! was used, with some modifications, during the
feasibility studies by LMC. Figure 2.1 illustrates the
original Pitman model structure. The model is governed
by the Qalues of a number of parameters.

»

Input  to the wmodel comprises monthly 'catchment
rainfall, expressed as a percentage of the long term
catchment MAP, plus monthly evaporation. The rainfall




is routed through a serles of stores representing

|
"'j o _
t_:' interception, soil moisture and groundwater, using
i
4

empirical mathematical relationships developed by

- Pitman to simulate the physical processes involved.
The contribution of each store to the overall catchment
rainfall-runoff process can be varied by adjusting the
relevant parameter values.

The model can thus be adjusted or optimised so that the
generated runoff over some calibration period is in
close agreement with the ob;erved flows. This
"calibration process is undertaken on a trial and error

) basis as described in the LMC report. The general
| ~ method used to fit the parameters may be summarised as;
| —~ (1) - vary- FT and/or ST until the modelled mean

annual runoff (MAR) equals the observed MAR.

(11) Vary ZMIN and 3ZMAX such that the MAR is
unchanged but so that the fit of the seasonal
distribution and reservoir storages are
fmproved.

(1ii) =~ Repeat steps (1) and (1i) until a best fit is
obtained

(iv) Improve the seasonal distribution {f possible

" by changihg TL and/or by {introducing - a
groundwater storage. Where LMC had used - a
ground water store in their previous studies,
such storages were generally left in the
present model fitting exercise.

:
2
. |
.




In general, an adequate fit could be obtained fairly
and quickly for all catchments and the broad pattern
of best-fit parameters shown in Table 2.1 shows that
there 1s an overall regional consistency to the runoff
as one would expect. However, as LMC found in their
earlier studfes, runoff coefficients and parameters in
general over = catchments GO6, Mokhotlong, and G36,
Tlokoeng, were unexpectedly high. - Thus the rainfall
factors utilised by LMC were retained for the present
studies so as to maintain the general reglonal pattefn‘
of Pitman parameters. Trials of the Pitman model with
REACT set to unity were nevertheless undertaken, and
whilst the model -could be fitted to the observed flows
perfectly well, the Pitman parameters were very
atypical of those on adjacent catchments. There is no
‘reason * to believe that the runoff regime of these " two -
catchments is in any way different from the regional
pattern. Thus the LMC approach of applying a
correction -factor to the rainfall and maintaining a
regionally consistent set of parameters in the Pitman
-model was followed. :

However, {in their studies, LMC had applied a similar
rainfall correction factor to the Senqunyane catchment
at stations G17 and G32. Perhaps partly because the
revised flows at station G17, Marakabei, are somewhat
lower than in the LMC 2B studies, this rainfall factor
was no longer thouéht to be necessary. A perfectly
good fit to. the observed data was achieved at both
stations with a rainfall factor of unity and the
derived parameter values agree well with those at
adjacent stations, as shown in Table 2.1.

--------
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" For catchments having gauged sub-catchments upstream,
i such as Paray, Koma-Koma and Whitehill, the Pitman
- - model was fitted in two ways. The first was to fit the
- parameters of the model to the total catchment and to
-o- ignore all knowledge of the upstream ‘stations: Thus \
- the rainfall over the total catchment was used as input
L - to the model and parameters optimised to obtain 5
- agreement between the observed and generated monthly j
' flows. i
- The second method of fitting these catchments was to
fit the Pitman model to the incremental area between
- the gauging station in question and the upstream gauged

areas. Thus, a rainfall file was derived for this ;
“incremental area only not for whole catchment. This - ?
approach broadly follows that used by LMC, but the
Incremental  catchment  rainfalls were  derived
computationally, as described in Section 2.4, rather
than tha MAP being measured from the ishyetal map. A
modification to the LMC version of the model was made
by Mr. W. Pitman and provided to the LHDA. This
modification allowed the flows on the incremental area
to be generated dsing_the Pitman model, upstream flows
- _ to be added to this, and the resulting total flow to be
- o compared with the total catchment rainfall at the
- _ ~gauging station. This model has been called the Macro- ,
o R model in this reportrio show that the whole catchment 1 |
is being fitted. LMC were only able to fit the flows ,
on these incremental areas to the incremental flows ?5
without knowledge of the upstream flows. Consequently, 1;
the addition of several upstream flows and the fitted :
incremental area would often produce a seasonal flow ‘ R
distribution less good than that which can now be
obtained from the macro-model. Results for both

) fitting methods are presented in the Annexes.
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Further explanatidn of how these alternatfve fitting !
methods were applied to estimation of flows at the dam ;

rer

J sites 1s given in Section 2.7. Results of the Pitman

| fitting for each station are given as Table 3 In the , '
B Annexes. _ o ’ E -0
.j 2.6 Generatlon of Long Term Flow Sequences, 1930-1986 i
j- Using the best fit parameters for each gauging station,

a long term series of flows for the period October 1930
to September 1967 was produced using the Pitman model. L
- Flows 1in recent years are either observed or infilled | :
by regression as shown in Table | for the perlod Oct |
. ] _ . 1967-Sep 1976, of each Annex, and infilled flows from *
I the Pitman model were only used where no other
 estimate was available. These long term flow sequences

| ~ are presented as Table 4 in each Annex. The mass %
; " balances to Orangedraai are given in Table 2.2. . Long
[ - . term mean flows at the gauging stations are given in
: Table 2.3 together with LMC 2B Hydrology data.
f .
l , 2.7 Estimation of Flows at the Dam Sites
' Immediately wupstream of * each dam site there 1is an
: incremental ungauged catchment. Further upstream there
! - “.are one or more gauged catchments. The calculation of
bos monthly flow sequences at the dams cosided both the
- gauged and the ungauged catchments.

The ungauged catchment immediately upstream of each dam
forms part of a larger sub-catchment the characteristic
of which had been studied at the calibration stage of

CrorerroT
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the Pitman model. Is was assumed that the Pitman
parameters applicable to the sub-catchments were also

applicable to the smaller ungauged catchments upstream

of each dam,

The estimation of monthly flow sequences for edch dam
were thus derived by using Pitman Generated extended
flow sequences for both ungduged incremental catchments
and the gauged catchments further upstream. The macro
version of the Pitman model was used for this.

Monthly flow sequences for Katse, Mohale, Mashai,
Tsoelike, Malatsi ~and Ntoahae are given in Annex 17.
Table 2.4 gives a summary of MAR data derived by LHDA
and comparative figures from LMC Stage 2A and 2B
hydrology.

3.  RECOMMENDATIONS

34 In using the Pitman model to derive long term flow

sequencies for the Mohale Dam site six rain gauges,
none of which were within the catchment of the dam.
The rain gauges chosen were disposed around the
perimeter of the catchment and only those with -long

continuous records. There are no rain gauges within .

the catchment, a

Recommendation:

Two rainfall stations should be established within
the catchment so that cross correlations with
existing gauges can be established. This
information will help to refine historic records.

R AL
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3.2 The Leéotho river gauging station at Marakabel has had
many problems histor{cally and yet it provides the key
information in terms of establishing the MAR at Mohale
Dam Site.

.Recommendation:

a} Efforts should be made to improve the rating
of this station by further {and more
accurate) gaugings and by cross correlations
with the crump weir now established at the
site.

b) The establishment of a permanent cableway at
the Lesotho gauge is required if the ratings
are to be improved.

c) A further evalation of the way in which
patching of the records is done should be
carried out with a view to improving the flow
record. |

d) LHDA should review the recent digitising of
the historic Marakabeil charts.

— . 3.3 The Lesotho gauge at Paray, when fully operational has
' been shown to be in good agreement with the recently
o _ constructed crump welr. However, there are periods of
L . the record when the Inlet pipe has been blocked and the

’ mass' balance figures indicate occassional negative
incremental values.
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Recommendation:

The patching of the recod should be checked with a
view to minimising the number of occassions when
negative incremental flows occur.

The long term sequences for the Mashai Dam site qﬁ%re
derived using the gauged catéhments to 608 (Paray), G36
(Tlokoeng)' and G6 (Mokhotlong) and the incremental
ungauged catchment downstream of these stations. ~ This
method was preferred to the use of the loss reliable
gauge GO5 (Koma-Koma). The incremental ungauged
catchment used in the analysis was comparatively large.

Recommendation:

A compound crump weir shold be built just
downstream of the proposed Mashai Dam site to
provide more accurate data before and after
constructions of the dam.

Gauged flows at Whitehill are known to be unreliable

~and were not used in the computation of flows to the

Tscelike Dam site.

- Recommendation:

Data from the newly constructed weir near Rapase
should be used to provide cross correlations with
the existing Rapase/Whitehill station. This may
help to improve historic records if the
development of the shoal on the right bank at the
existing Whitehill weir can be established and if




the influence for this shoal on the calibration of :

the existing weir can also be established. We are S

concerned here with a historic rating which will
~ have changed considerably over the years.

| - 3.6 If this becomes necgssary to consider the construction
- . of a dam at Malatsi then the current hydrological data
P Is very scant.  The only gauges of use are at Gi17
‘ (Marakabei) and G32 {(Nkaus). The former is not of high

_ accuracy and the later was closed in 1983 following a
| ' ~ period when the data was not reliable,

| - -Recommendation :

At least one hydrometric station should be built -
within the catchment of the Malatsi dam site.

L

(

3.7 The revised rating curve for the Orangedraal gauging
wier produces flow seqences which significantly improve
the water balances to Orangedraai.- Indicated long term )
mean flow is now some 14 percent higher than earlier . f
recoomendations.  There are, however, certain negative ' ‘ |
incremental flows but not in the more significant
middle flow range. I

|

@ .

_Recommendation:

L

T

n

a) High flow negative:lncremental flows should
be studied with a view to improving (i) the
Seaka patching prbcedure (taking into account
the excellent correlation between Seaka annd
Orangedraai) and (i1) and the high flow
rating of Orangedraai. . :
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b)

Low flow negative incremental flows should be
studied to establish the cause. It is
possible that it will not be possible to

eliminate all negative values because of the

relatively high tolerance on - low flow
measurements at all gauging stations.’

[R——
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TABLE 2.1 BEST FIT PARAMETERS FOR THE PITMAN MODEL
....'.'......I'..'.....l......'....l.'.'...'.......
= = 5 o
g : Z g
i 2 g
- - .y - iy o
Parameter Frr m . = L] oy 3 m m
in m M_ 2 am M ] =% m
Bitwman m- “ u h M m 1 mlh - “m ““ m ..
Model @ o - ¥ o E = : a2 i = = g 1 2.
= § £ P OEE 2 0§ i% f5 3 B 3% 2 L% £
— aZ » [ ] > ] -y = ' W.. -
€ s & &4 23 § 2 85 4} §4 %2 5 3z £
3 3 F 8L 8z § B 8 8 § 82 BE F §S =
st 28 50 53 13 53 80 62 60 58 s 65 194 38 60 55
AL o 0 o 9 o o o o 0 0 o 0 0 o 0
Pl 1.5 1.5 1.5 1.5 1.6 1B 1.8 1.8 1B 1.6 1.6 1.8 1.5 1.5 1.8
ZMIN 45 20 50 61 80 70 50 86 . B4 50 58 150 €0 €1 57
IMAX 450 500 500 450 $00 450 500 450 450 450 500 1200 450 500 450
R 6.5 0.5 6.5 0.5 6.5 0.5 0.5 0.5 0.5 0.5 0.5 0.8 0.5 0.5 0.6
POW 3.0 3.0 3.0 3.0 3.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
sL o 0 o o [ PN o 0 o ° o o 0 o o
<
T 12 ‘ 10 25 19 3 ) ‘ 10 ¢ ¢ o 16 ) 15
P 0 0 o o 0 0 5 5 3 ) 5 £ 3 o o
POWG 2.8 2.6 2.5 2.5 2.5 2.5 2.8 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.8
6L 0 ) 0 0 0 0 0 0 0 0 o o 0 o o
5G 40 50 0 o 0 0 100 120 120 o 120 50 100 120 120
re 5 20 0 0 0 o 5 2 2 0 2 2 10 10 10
T .25 .5 .5 25 .25 .18 .5 .5 .26 .25 .25 5 .25 .26 " .25
GL 0 0 o 0 ) o . o 0 0 0 ° 0 L SR 0
REACT 1.0 1.0 1.0 1.0 1.0 0.92 0.91 1.0 1.0 £.0 1.0 1.0 1.0 1.0 1.0

Note:- RFACY = Rainfall factor (see LMC reaport)
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Table 2.3 LONG TERM MEAN FLONS AT GAUGING STATIONS

LMC LHDA
Station Name Area MAP T MM T McM
645 PELANENG 1157 1013 446.6 464.1
642 SESHOTES 652 759 107.3 101.8
G41 BOKONG 403 930 120.2 108. 1
636 TLOKOENG 852 924 161.9 153.8
632 NKAUS 3480 878 . 787.5 754.2
G17 MARAKABE 1087 944 405.9 365.8
608 PARAY 3280 877 836.8 . 862.7
607 TSOELIKE 797 791 156.1 149.5
606 MOKHOTLONG 1660 980 284.8 - 264.7
605 KOMA-KOMA 7950  g57 1553,0 1561. 1
604 - WHITEHILL 11000 824 - - -
603 SEAKA 19875 796 . - -

n




ANNUAL RUNDFF SURNARY

WREA FAIN RUNDFF LHOA RUNGFF e
NAP
STABE 20 8TABE D)
Kn2 aa/yr KN/yr  a3Nn sa/yr ] als N M B |
KATSE DAN BITE 1840 " 224 W s 30 20,49 %.3 20,80 3.8
- Ungauged catcheant upstreas ’ : ‘
of Katme 00 178 !
NOHALE DAN BITE (AL L] 328.2 1.4 u? 1 10, 44 | 2 11.64 4,1
Ungauped catchaent upstrean . :
‘of Mohale 14 {17
JHASHA! DAN SITE mn 837 1963.3 §9.44 1% 22,9 58,95 n2 IR 22.9
Ungauged catchaant upstreas
of Mashal 27228 T8
~Catchaent from Katse to ,
i Mashai 8117 82 2.7 .80 154 1¢.4 18.7 p!] 28.?: t8.1
_STSOELIKE DAM S1TE 10375 830 M8 4052 190 22,9 65,89 N . 50.9% 2.0
s Ungauged catchaent upstreas
T —of Tsoelike 1628 e
_;Cltchnnt from Nashai to
Tagaltke 23798 740 404,2 12,89 169 22.% 6,74 12,3 10,21 18.1
T T I
l —TOTALS, - - 29,7 2.8 - - 76,33 - .80 -
__MALATSI DAN b1 1] m m .52 17 4.7 a0 0.4 rofR ]| 25.5
tngauged catchaent froa ‘
Malatsi 8 848
Cutchaent from Malatel iy} :1]:} e 14.20 i 20,1 £4.93 21.4 13.70 19.4
“to Mohale
—-ITUAHA‘E M 11344 830 un 81,84 184 N 0.4 ﬁ:.b 43.00 2.1 .
3 —Ungauged catchaent
‘ upstrean to Ntoahae roi x4 12%
—Catchaent from Ntoahas to
. _Tsoelike ) ' hLL 725 142 5.12 167 1 4.5 20.2 J.04 3N )
o W06 9218 98,77 B8, 3¢

——




ANNEX 1

GO3 - SENQU AT SEAKA
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m“-ﬂndi&-;—-ﬂ—m - 4. -om -

B03_s SENQU AT SEAKA. ) ¢ NONTHLY RECORD INFILLED BY REERESSION
AYDROLDBICAL YEARS STARTINS OCTOBER - e o

T TARLE

© I8, 20,12015,8) F. 1) - ,
1967 3670 40300 4030 11730 76BE 14ACK 13250 23140 TSR 74 MSH SSI0 17796
(1968, 4480 9080 S4330. SB3E 5210 1999 26290 13790 18350 SHL0 3610 35t 1498.7
1969  2B19F 18540 2430 23620 26810 4B30 3070 3490 3238 250 3200 (13N 18306
1970 5195 23900 S1600 40120 JS014 20974 31100 12314 4970 4610 5200 825 2671.8

1972 758 1730 807 269 3274 13%% 2268 429 142 100M 1926 1292  1446.P
1973 1547 1288 2197 10345 14917 5633 3401 1347 1430M 331 1311 893 4%30.2
1974 258 77510 4435 4049 10037 B780 1327 M 9T B2 264 IS4 40833 .-
1975 3915 GiAL ST4SNIOTOAWISOB 19776 67120 SA93W 2338 937 MY 122% 9237
1976 13543 11544 1107 2543 9446 12260 23%0 1102 411 2M 130 726 STIN.6
1977 4907 3087 1233 10380 431t 2415 12152 1824 431 782 192 2781 4.0
1978 2718 134 GBBY 1844 2433 2767 420 431 39 1448 G041 4312 3304,
1979 - 3331 2221 4420 2670 3361 273 M2 211 182 116 104 300 2245.9
1980 1911 1518 3867 7040 4962 4923 1734 1700 2700 423 1BBS 3701  3BOA.2
1981  B1% 374 4402 1383 1772 2167 3803 1942 478 Y 20 173 21l
1982 1828 42216 787 374 4BA 403 631 806 436 M9 381 206 1382.8
1983 1059 17920 &4B4 SO07C (3634 18034 14040 1328 322 4314 140 1070  2293.1
1984 343 1280 382 1270 B340 4400 1390 7 228 1% &2 482 18830
1985 503 7080e1i%0 3810 3920 1110 764 434 BBY 232 196 2620 33l.2

AVE, 2689 3494 4010 4373 334 ‘588 2089 1192 806 471 B2) 1233 3194
BOV. 3546 3099 3131 4BIY 4880 4933 2839 626 A9 324 1380 1230
NDBS 19 198 19 19 19 19 19 8 18 19 19 19

———— — .-

1 197077 6208 11098 21214 55050 83130 98998 (7240~ L3790 &bdF 421F 3NN 339K MER.) : e
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GO3 SEAKA - MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P.

HYDROLOGICAL YEARS STARTING OCTOBER

(I4,1X,12(14,n),18)

1930
1931
-19832
1933
1934
1935
1936

1937
1938
1939
1940
1941
1942

- --1943
1944
1945
1946
1947

1948
1949
1950
1961
1952

{ 1953
1954

1956
1957
1958
1959
1960
1961
1862
1963
1964
1965
1966
1967
1968
1969
g 1970
1971
1972
1973
1974
1975
1976
1977
1978
g 1979
1980
1981
1982
1983
1984
1985

AVE.
SDEV

1955 .

89 71 117
90 132 116
50 132 .130.
33 212 237
118 203 193
T74TT 897 7120°
124 278 138
64 72 147
138 101 197
132 158 118
40 133 187
132 24 63
109 166 214
195 214 205
88 101 52
42 67 102
134 116 110
111 116 176
g0 57 75
81 140 165
89 77 178
156 27 79
56 119 135
116 112 134
52 104 122
83 140 171
102 152 288
202 130 135
65 166 175
118 144 201
109 150 162
18 208 159
51 168 107
102 183 139
196 70 138
59 117 68
60 113 157
89 113 107
60 73 136
143 60 149
100 73 136
67 77 125
g8 126 50
38 123 142
53 232 146,
69 196 189
186 109 106
186 71 150
85 75 224
116 107 140
28 138 105
47 112 128
147 97 56
95 162 147
99 90 83
181 124 202
96 124 141
45 51 48

VALUES IN TENTHS OF

201
133

gé
257
120

“I3¢

264
188
214
125
ig3
1396
168
130
112
166
112
166
159
146
141
160
115
134
260

106

186
2356
115
134
156
130
248
1k8
135
276
310

69

81
114
186
194

g2
250
194
273
190
214

71
129
223
119
112
141
130
138

164
57

A PERCENT OF ANNUAL AVERAGE

124 140
176 109
121 . 113 .
137 142
120 156
13077140
212 136
182 49
215 90
132 139
171 82
169 1568
77 1189
176 111
143 192
110 133
134 91
130 225
105 108
140 210
130 104
167 88
193 79
136 134
203 99
213 163
129 133
94 106
121 87
157 148
74 166
212 119
100 193
89 188
67 58
128 48
141 142
8§2 129
107 175
82 50
131 121
194 166
164 104
215 141
166 149
196 269
127 157
114 158
148 71
133 76
177 95
79 1013
60 87
75 114
193 60
164 86
139 125
43 45

121

22

.49 ..

65
81
33
26
117
46
95
94
76
143
19
31
57
63
63
53
110
-64d
48
96
58
76
58
63
104
114
91
99
78
96
69
97
39
i25
64
a7
24
84
41
68
58
60
89
60
"115
3
32
66
130
50
43

36
59

70
30

5
28
18
37
60

—-y3——

17
25
66
98
11
27
106
41
48
57
20
31
33
52
23
19
24
75
40
53
i8
74
133
35
70
15
24
156

30
59
64
63
17
52
g
15
30
13
47
22

50
12
31

36
50

3B
27

2

-156_.

14

4

31
25
20
12
16
48

16
156

A 2

71 1 1 943
3 1 45 862
16. 5_ 12, .__747 ..
43 43 12 1222
3 47 21 1136
100 018 822" -
10 2 11 1221
28 64 36 1032
36 50 -52 1210
11 15 127 1166
26 7 57 894
& 58 45 947
57 72 25 1264
5 0 101 1241
1 1 3 774
4 1 24 766
14 5 83 903
5 3 9 1035
9 5 41 731
50 105 32 1240
4 29 42 870
54 42 87 917
0 31 39 892
3 1 29 943
11 4 8 999
7 2TTTIT Lo T
13 68 201 1398
1 0 48 1133
65 4 4 1054
11 B2 - 62 1165
13 26 37 1108
1 16 19 976
46 8 10 1080
1 18 51 1063
24 45 23 923
0 22 12 811
s 17 13 1168
16 17 27 763
6 28 23 847
14 52 89 807
28 16 9 940
& 15 34° 969
14 89 52 864
8 43 16 1093
22 12 136 1202
2 5 105 1471
0 4 84 1052
4 35 85 1112
72 86 43 564
1 11 106 867
2 87 16 999
24 3 34 812
47 5 25 742
7 59 13 918
1 t 12 726
2 65 44 1085
17 27 43 100.0
20 28 39
RAINFALL
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682 ¢ BENGU AT NMITEWILLS

HYDRGLOBICAL YEARS STARTING OCTOBER

(14,23,1213,A1,FR. 1)
" 1987 30 1830 1340 420 239 620 4627 1080 182 117 %5 120  432.9
1958 122 [44 1150 203 GO0 9300 1350 280 225 M 3@ 40 42,8
1069 1140 TAG 1210 924 1290 {76 ST 13 & 2 ‘¥ 22 %E9.1
1970 2790 1290 1290 2010 2050 90A 1390 488 117 B3 34 4 1281.2
1990 90 374 1090 IS0 4720 470 4% _ 8525 1M 43 3 39 18,0
1972 304 1230 438 126 2080 1140 1210 18l 51 22 %% VB A%4.9
1973 1270 713 1400 6190 72720 3030 2090 442 483 169 294% 183 23834
1974 &b 4050 2530 3100 BO30 4B30 7260 190 A0 96 2% 8BY - 2482.7
1973 2480 S180 3380 9320 8740 127608 33484 983 583 203 %5 410 49%0.8
1976 4550 5980 570 14190 54438 3340 1010 278 93 S8 23 3 2462.0
1977 20% 13128 4289 4290 2300 1250 4810 453 142 B7 0% 13460 2031.0
1978 1430 725 49579 GBOR 1040 12930 708 1470 1210 449 2520 2770  1403.2
1975 2210 1200 2830 1920 22928 13450 2280 19% 37 1% & M1 1UMd
1980 919 774 1490 4530 3380 1720 842 Se4  SB9 173 549 1310 14820
1981 48 741 2080 423 329 92 1480 509 64 ¥} 19 45 496.¢
1992 714 J407H 270 1670 405 3¢ 242 253 9 27 S5 S4 &08.7
1983 S23 463 2867 4702 599 B4 738 399 30 ME 8% 289  1162.2
1986 (47 530 35?752 4514 138% 288 30 91 12 3 ot 818
1965 414 5821 6918 3624 2684 405 788 241 3% S 3 027 22332

"} WONTHLY RECORDE INFILLED BY REGRESSION

!' AVE, 1239 1900 2034 2689 3026 2432 1170 3l 187 92 2% 49 1990.¢
' SOV, 1360 1904 1864 2595 2722 3098 1148 287 182 103 %99 421
1 NOBS 19 19 19 19 19 19 197 19 19 19 19 19

]

an




HYDROLOGICAL
(I4,1X,12(I4,A7),18)
1930 92 67 121
1831 72 114 118
19327 'R0 146 143
1933 34 214 232
__1934_..122 198 218
1935 70 83 115
1936 112 282 140
1937 69 69 161
1938 130 g2 222
1939 107 162 136
1940 E2 133 182
1941 121 35 61
1942 894 162 254
11943 210 211 217
1944 g2 101 52
1945 46 79 92
1846 1256 139 103
1947 104 132 165
1948 18 57 81
1949 78 127 167
1950 55 70 180
1951 138 23 79
1952 64 117 149
19563 113 98 138
1864 65 112 124
19556 73 138 191
1956 92 166 316
19567 189 113 157
1958 62 170 200
1959 130 145 197
1960 107 153 193
1961 22 196 181
1962 61 147 120
1963 118 173 149
1964 211 77 142
1965 69 130 68
1966 63 112 188
1967 82 125 143
1968 50 B2 139
1969 143 66 167
1870 115 73 107
1971 67 BO 122
1972 83 140 38
1973 36 138 140
1974 49 203 168
1975 67 193 211
1976 163 111 124
1977 136 108 155
1978 95 83 229
1979 94 117 1863
1980 33 140 121
1981 46 128 126
1982 120 82 52
1983 106 159 155
1984 91 87 8O
1985 194 121 201
AVE. 94 125 150
SDEV 44 49 54

304 RAPACE

VALUES IN

WHITEHI

., = MONTHLY CATCHMENT RAINFALL IN TERME OF M.A.P.
YEARS STARTING OCTOBER : _

221 132 139 105
129 187 110 26
67 -~ 113 116 40
267 14¢ 141 54
118 128 141 72
132 135 141 33
245 212 136 23
210 155 45 112
222 224 107 38
134 141 114 80
216 162 96 83
196 150 131 76
184 66 127 136
167 177 102 12
130 168 190 31
176 105 138 49
112 138 113 53
177 147 242 &3
166 113 93 64
158 159 218 73
125 133 99 58
180 197 102 39
143 189 79 79
144 123 116 48
269162 102 63
102 224 181 35
208 134 138 63
217 100 113 109
112 117 66 110
136 161 1565 8%
164 86 148 104
129 191 127 65
266 105 242 82
213 91 186 70
146 77 58 78
260 126 41 36
286 166 150 109
75 67 123 60
109 115 185 a5
i18 112 46 25
208 125 1186 63
201 190 144 26
92 174 98 54
239 177 161 69
196 158 .137 687
260 191 300 74
199 132 154 68
220 129 134 101
67 153 86 32
155 123 g1 28
238 203 79 71
128 80 125 86
120 65 86 37
166 95 120 42
145 238 48 27
169 114 79 52
171 143 126 63
556 42 50 28

30
15
38
4?2
80
10
17
57
S0

23
81
31
32
50

31
19
a6
15
17
21
79
34
49
14
56
158
33
60
18
18
12
11
39
33
45
65
13
47
31

25
10
45
18

41
10
19

24
46

33
28

TENTHS OF A PERCENT OF ANNUAL AVERAGE

16
20

24
17
8
13
2
50

15
19

72
2
20
42
1
4
5
31
27
b
21
o
60

1

32

it

17
36
11
1
4

15
i8
RAINFALL

1___

we
Dt e ) e

11

11

37
80

6
71
3
e
48
2
62

25
27

1
34

- 1_1_. R

17
22

—33

14
41
55
113
45
45
20
102

17
68
10
44
22
37
47
50
35

31
198
44

50
39
20
11
54
27
17
12
36
25
75

34
B5
18
121
82
71
77
37
115
io
34
21
14
13
44

41
36

TARLE 2.

10

958
831
738

1217

1115

808

1182

1020

1215

1115
998
886

1268

1286
807
758
909

1066
731

1190
818
921
922
912
999

1034

1437

1101

1065

1151

1096
975

1108

1169

1003
822

1166
794
888 -
861
918
933
840

1072

1117

1446

1057

1112
975
895

1032
797
657
974
741

1091

100.0
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VitnAni_ MOdEL GvTED D TuthA  CATTCHMENT

SYNTHHEIIZED RUNOFPF AT CAUGE GOd
P00 0000008004000 0000000000004 ¢

EATCHHENT AREA= '11000.8Q.KM M.A.P.z " 8524.MM

‘eeuevsesnsnsn e

59.0 mn/M IMAX =

[ Z XX IR AR AR R SR N )

USING MODIFIED PITMAN MODEL FORMULATION

AI=  .DO % Fle 1.5 am/D  RMINa 500.0 wm/M
R= .50 POH= 3.0 SL= .00 om ET= 4.0 nm/M
- T TTGW= 5.0 ma/M. T T TLs  JBQ MTHB GL=» .00 MTHS T NOFT= & FEH WIH
POWG = 2.5 BGL= «0 no BG= 120.0 mm FG= 2.0 wm/M
- _STATISTICS FROM 1967 T0_1985 _ _ - .
ALL DATA INCLODDED
] MEAN RUNOEF ST.DEVIATION
P.EVAP BT RAIN  RUNOFF (SMAR) (MCH) (NCH)
(om) (mm) (SMAP) 0BS5S 8IM oBs SIM oBs SIM
OCT  108.0 65.0 9.3 7.8 6.6 123.9 104.7 156.0 110.1 -
NOV  140.0 65.0 11.8 12.0 9.9 190.8 157.3 190.6 122.5
DEC  160.0 65.0 ° 13.8 12.8 11.3 203.4 179.8 186.4 169.0
JAN  150.0 65.0 16.3 16.9 17.7 268.9 282.0 25%.5 212.0
FEB  125.0 65.0 13.9 19.0 20.2 302.6 321.8 272.2 271.0
MAR  120.0 65.0 12.1 15.3 16.3 243.2 259.8 309.8 262.9
APR 80.0 65.0 5.6 7.4 8.5 117.0 134.8 114.8 188.6
- MAY -—-70.0 5.0 - - -2.5 --- 2.3 —— 1.5  36.8- 23.3 2.7 —-16.4
JuN £0.0 65.0 1.2 1.2 . 1.0 10.7 16.1 18.2 4.3
Jur, 8.0 65.0 1.3 .6 1.1 9.2 16.1 . 10.5 15.2
‘ AUG 56.0 65.0 3.1 1.6 2.4 25.7 36.6 £9.9 41.6
SEP 96.0 65.0 4.8 3.1 3.5 49.7 85.4 62.1 1.1
YEAR 1203.0 1590.1 1591.6 1080.9 996,%
s MEAN AND ST.DEVN. OF LOGS 3.117 3.131 .278 .260
- MAXIMUM OBSERVED = 1276.0 MAXIMUM SIMULATED = 1116.0
INITIAL SOIL STORAGE = 23.7
FINAL SOIL STORAGE = 39.2 anm
TOTAL RAIN = 14996.0 mm
. TOTAL INTERCEPTION LOSS = 1430.1 nm 9.5 % rain
. TOTAL SURFACE RUNOFF = 14¢4.1 mm 9.6 % rain
e T T TQTAL EVAP FROM SOIL = T 10815:7 wa T T TU72.1 ¥ rain N
TOTAL INTERFLOW = 1019.7 am 6.2 & rain
INITIAL G.WATER STORAGE « 106.5 am
FINAL G.WATER STORAGE = 94.0 om
TOTAL G.WATER RUNOFF = 205.6 am 1.9 % rain
CRITICAL PERIOD ANALYSIS .
DEMAND AS PERCENT OF OBSERVED MAR .
i DEMAND STORAGE CRITICAL PERIOD
" SMAR MCH MONTHS  START END
T 20. 2IM B88.9 6 APR 1935 BEP 1985
oBs 131.6 7 HAR 1970 BEP 1870
{ 40. BIM 438.7 31  APR 198t OCT 1983
0BS 385.0 28 JUM 1968 SEP 1970
60. SIM 1260.2 a1 APR 1981 OCT 1963
OBS 1230.0 33 JAN 1968 SEP 1970
0. SIM 2318.8 46  APR 1981  JAN 1985
. -0BS 2318.1 62 OCT 1967 NOV 1971
90. SIN 2928.3 46 APR 1981  JAN 1985
O0BS 2990.9 63 OCT 1967 DEC 1971
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
ORSERVED SUMULATED PERCENT
RUNOFY RUNOEF ERROR
TOTAL RUNOFF 30211.0 30240.9 1
MEAN ANNUAL RUNOEF 1590.1 1591.6 .1
AVERAGE MONTHLY RUNOFF 132.5 132.6 .1
VARIANCE OF MONTHLY VALUES 28341.7 33382.7 -12.9
RANGE OF RESIDUAL MASS CURVE 7062.1 . 6222.4 -11.0
MEAN OF RESIDUAL MASS CURVE -121.3 £59.3 -140.0
<
m INDEX OF SEASONAL VARIABILITY ° 34.4 3138 -1.3
MEAN DEFICIT FLOW PERIOD(MONTHS) 7.7 6.7 -13.2
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 17 31 82.4
STATISTICAL MEASURES OF CORRESPONDENCE
! SIMULATED RUNOFF 15 DEPENDENT VARIABLE
! CORRELATION COEFFICIENT L6849
| STUDENTS T VALDE 24.122
RECT S\ ,ATKCTAIRNT .7199

RFACT= "1.000



\ CORRELATION COEFFICIENT - . .849
STUDENTS T VALUE : T 24.122
REGRESSION COEFFICIENT : _ .792
BASE CONSTANT OF REGRESSION EQUATION 27.706

-— - -~ - — REGRESSION-SUM- OF- SQUARES- - .- 5482082.000 e
RESIDUAL SUM OF SQUARES 2129179.000 :
TOTAL SUM OF SQUARES 7611260.000
STANDARD ERROR OF ESTIMATE . 97.063
T T T T THMAXIMUM EQIVALENT CONSTANT ERROR (%)~~~ "~ 89,283~~~ — T -

RELATIVE ABSOLUTE ERROR(%) 46.297
COEFFICIENT OF DETERMINATION «720
STANDARD COEFFICIENT OF EFFICIENCY : .713
RESIDUAL MASS CURVE COEFFICIENT .957
SPECIAL COEFFICIENT OF EFFICIENCY o 607
COEFFICIENT OF PERSISTENCE 1.528
RELATIVE MEAN PERSISTENCE (%) 1.182
DURBIN-WATSON D-STATISTIC 1.950
SIGN TEST o . . o
NUMBER OF NEGATIVE RUNS 45
NUMBER OF POSITIVE RUNS 45
EXPECTED NUMBER OF ROUNS 111.8
MUMBER OF NEGATIVE RESIDUALS 95
NUMBER OF POSITIVE RESIDUALS 133
STANDARDISED NORMAL VARIATE 2 2.9081

-
RESIDUAL MASS CURVES
OBSERVED SIMULATED

1967 ~129. =108, -107. -197. -304. ~-378. -Mé. -A73. -%89. -T10, -837, -950, <103, <150, -147. -200. 314, 37T, -434. 347, -BAL. -TI9. -B9T.-1004,
1968 ~1077.-1194.-12103. 1325, -1 49, - 1487, - 1463, -1 60, - 1490, ~ 1027, ~1935.~208%, ~1330,-0242,-1 300, 1374, ~1467, ~1 280, =1036, 1182, -1 248, -1 343, -1481, - 1400,
1989 -2001.-2037, - 2168, 2209, -2212. - 2327, + 244, 2508, - 2717, - 2849, - 2978, -3086, <1343, ~14B5. <1464, - 1440, 1530, <1437, ~1 752, =1 870, = 1909, - 2108, - 2180, - 2228,
1970 -293%,-2943, 2944, 2070, 2603, - 2847, ~ 2641, - 2920, <3043, 2170, <3247, -3428,  -2222.-2241.- 2347, - 2062, 194 -1 795, - 2025, ~2 1 T8, - 2731, - 2387, - 2403, - 2502,

STATISTICAL MEASURES OF CORRESPONDENCE . 2 .
SIMULATED RUNOFF IS DEPENDENT VARIABLE ‘_ ' i 'TJ\S\_G %A CON'\'ZD

e - 9T ISR, -36AY. D647, -T401. - 3082, - 2509, - 2997, - 2837, - 2782, 2070, - 3007, 31 34— - <2714, -202%. ~2923, - 2192, <2302 ~ 1914, ~ 12, - 2081, =21 79; - 2259 - 2419, - 1938;
1972 =330, -3247, - 3330, - 3434, ~3070, - 339« 3404, -3020. - 3490, ~3180. - 816,-3870. ~264%.-2640. 2492, - 2748, ~2472, - 2364, ~ 2659, + 2787, ~3707. ~3020. - 3024, ~ 3040,
1973 -1074,-3937,~3930, ~ 3043, - 2049, - 2670, - 2602, - 2690, -2774. 2008, - 2990 .30, -3126.-3189,-3138,-2779, -2219, 1874, ~ 1772, -1884, -2002. -21 21, - 2230, -2356.
1976 -3233.-7941, 0838, ~2641.~1990, - 1438, - 1478, - 1810, - 1030, - 2080, 2190, <2238, ~IA75.-2257, =125, 1474, 188, 1194, - 1187, -1 360, 1422, ~ 1501, - 1480, » LETD.
1919 -219.-1034,-1320, -329, 213, 1338, 1384, 1920, (430, 1340 1207 1128, -1993.-1399. -89, 190, 322, 1908, 21B4. 2081, 1947, 1949, 1731, 1849,
1976 1649, 2014, 2039, 2048, 2440, 2843, 2831, 2727, 2804, TN, 2347, 2215, 1832, 2039, 1950, 2128, 2332, 24%%. 2AT3. 2481, 2343, 2221, 2100 2082,
1970 2281, 2269, 2200. 2498, 27194, 27Rb. 13, J027. 2911. 2T87. 2453, 24%%. 2085, 2130, 2044, 2484, 2700, 1043, 2M04. 2055, 2730, 2b21. 2908, 2,
1970 2872, 2612 297, 2941, 2913, 2910, 2184, 24kh. ZBA&, 2458, 2370, 2472 7352, 2279, 2338, 2192, 2803, 2821, 7M. 23T, 2479, 2026, 2478. 2Mks.
1979 2761, 2748, 2900, 2960. JOS7. JOSV. 2949. 2810. 26%0. 7939. 2427, 13 7T 2T, 248, 247%, 2500, 240, 2330, 2212, 004, 1900, 1RED. 1939,
1960 2285, 2230, 2744, 2567, 2770. 2010, 204L. 2883, 2612, 2494, 2419, MY, 1852, 1834, 1828. 2130, 2814, J0&3. 2938, 2848, 2730, 2811. 2078, 230,
1981 2309, 2231, 32, 2233, 3. 2083. AT 209, ITML. 1702, téEL. 1323, 2386, 2320, 2273. 218Y. 2092, 2042, 2008, 1903, 1707. 1467, 1340, 1429,
1962 J402. 1470, 1355, LAAR. 1357, 1264, 1196, 1040, G24, 794, 849, S, 1402, 1380, 1246, 1180, 1073, 944, 931, 74, $9L. 15 340, 209,
1983 452, 9. 352, 08%. MT. MR ML, M9, &8N, 2, 239, W, 156 798, 425, 346, 37, 312, 444 0. A1 M. 12 -tlN,
1984 16, <81, -138, 2% 14, 18 & <120, <280, <370, -NILL 84N «U8 =30, -420, <480, 43, 332, A, §2 -20. -180. <272 -MO).
1985 734, =303, %%, 4BS. 620, S4B, 495, 383, 287, 1. . O =143, 150 3% aNe. 0T, #10. &Rh. 3T, 6B, 158, e, O,

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE .0 d42.5 65.1 127.6 170.1 212.7 255.2 297.7 340.3 31B82.8
OBSERVED STIME 100.0 56.3 39.9 29.8 21.9 18.4 (5.4 13,6 11.8 11.0
SIMULATED $TIME 100.0 51.3 38.2 32.9 2¢.6 20.2 17.5 17.1 12.3 10.1
ERROR .0 -3.9 -1.8 3.1 2.6 1.8 2.2 3.5 «d -.9

- MONTHLY DISCHARGE 425.3 467.9 510.4 552.9 595.5 638.0 680.5 723.1 765.6 808.1
OBSERVED %TIME 10.1 8.8 7.0 5.3 4.9 3.5 2.6 2.2 1.8 1.3
SINULATED XTIME 8.0 5.7 a.9 3.9 3.1 2.6 2.6 2.2 2.2 1.8
ERROR -1.3 -3.1 -3.1 =-1.3 -1.9 -.9 0 .0 -4 .4

MONTHLY DISCHARGE 850.7 893.2 935.7 9768,31020.81063.31105.91140.41180.91233.5

OBSERVED 3TIME 1.3 «9 4 .4 .4 .4 4 -4 -4 .4
SIMULATED %TIME .4 -4 «4 .4 «d .4 -4 .0 .0 .0
ERROR ~.9 -.4 .0 .0 .0 0 .0 -.4d -.d -.4

OBSERVED MAXIMUM MONTHLY VALUE 1276.000
SIMULATED MAXIMUH MONTHLY VALUE 1115.962

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN CORRELOGRAM FOR CORRELOGRAM FOR
MONTHS OBSERVED RUNOFF SIMULARTED RUNOFF
1 .5923 -7073
2 .26889 .3186
3 .1373 .0995
¢ ~-.0348 -.1042
5 ~a1722 -.2215
& -.2336 -.2344
7 ~.1523 ~.1721
B -.0093 ~.0942
9 .0750 «03207
10 2255 .1867

.3948 3121



-

- TABE DB - P A Modet—r

Mentere Cavcavienr

SYNTHESIZED RUNOFF AT GAUGE GOdCD&a CthHMENT AREA= 2253.8Q0.KM M.A.P.= 719.HM

NSNS N R A AN R AN AT NI TANIN A AR AAERNN ' 2SRRI N PRI NN RN IR ST IUNRNTT AN PN TR IR AN TN

USING MODIFIED PITMAN MODEL FORMULATION o
Al= .00 & Pl= 1.5 mm/D ZMINe 150.0 om/M ZMAX=21200.0 me/M RFACT= 1.000

Re .50 POWa 3.0 SL= .00 mm FTa »0 mo/M
- “GW=2 — 5.0 mm/M —~fTLs~ - .28 MTHS — — GL= <00 MTHS - NOFTe & PER MTH. —  _ _ - .
POWG= 2.5 SGL= «0 mm 8G= 50.0 nm FGsd 2.0 om/M
ee—_ . ____STATISTICS FROM 1967 TO 1985 '
ALL DATRA INCLUDED T o oo T T T T T e o=
MEAN RUNOFF = ET.DEVIATION
P.EVAP BT RAIN RUNQFF (SMAR) {MCM) : (MCM}
(41§ {mm) ({SMAP) []: ] BIN onpg 8IM E oBsg SIM
ocT i08.0 184.0 0.4 7.8 9.1 123.9 129.56 .156.0 168.7- _ - -
HOV 140.0 184.0 10.2 12.0 11.2 190.0 178.3 j190.6 173.9

DEC  160.,0 184.0 13.9 12.8 12.6  203.4 198.6 18G6.4 162.0
JAN 160.0 184.0 16.7 16.0 16.2 266.9 QR?7.86 960,58 2146.0

FEB  126.0 184.0 14.4 19.0 19.3  302.6 307.6 -272.2  246.0
MAR  120.0 1684.0 11.3 15.3 15.6 243.2 .246.7 309.8 302.6
APR 80.0 184.0 5.3 7.4 7.2 117.0 115.0 114.8 117.%
MAY 70.0 . 1B4.0 _ . _2.9 2.3 2.3 36.8  36.6 28.7 2¢.5
Jun 50.0 184.0 2.1 1.2 1.5 18.7 23.6 18.2 24.9 -
JuL 48.0  194.0 1.8 .6 .7 9.2 11.0 10.5 12.5
AUG . 56.0 184.0 3.4 1.6 1.9 25.7 30.1 ~ B59.9 65.3
SEP . 96.0 184.0 4.3 3.1 3.4 49.7 53.9 62.1 64.0
YEAR 1203.0 1690.1 1590.7 1080.9 994.1
MEAN AND ST.DEVN. OF LOGS 3.117  3.117 . .278 »302
MAXIMUM OBSERVED = 1276.0 HAXIMUM SIMULATED = 1279.2
INITIAL SOIL STORAGE = 82.7
FINAL SOIL STORAGE = 136.5 mm
TOTAL ‘RAIN = 12807.5 mm
TOTAL INTERCEPTION LOSS = 1237.5 om 9.7 % rain
TOTAL SURFACE RUNOFF = 80.4 mm .6 % rain
- ~ - TOTAL EVAP FROM SOIL = — —1077858-mm——B84:2-%——rain ———— e
- TOTAL INTERFLOW = §57.4 mm .1 % rain
- INITIAL G.WATER STORAGE = 32.7 om
FINAL G.WATER STORAGE = 8.0 mo .
TOTAL G.WATER RUNOFF = 2¢.7 mm .2 % rain
CRITICAL PERIOD ANALYSIS ,
DEMAND AS PERCENT OF OBSERVED MAR ;
DEMAND STORAGE CRITICAL PERIOD
SMAR MCH MONTHS  START END
20. SIM 186.9 B FEB 19856 SEP 1986
OBS 131.6 7 MAR 1970 SEP 1970
.. . . -~40.. SIM 531.2 18 APR 1985 SEP 1986 o i
OBS 385.0 28 JUN 1968 SEP 1970
60. SIM 1010.4 19 MAR 1985 SEP 1086
oBS 1210.0 33 JAN 1963  SEP 1870 ;
80. SIM 1988.2 65 MAY 1981  SEP 1986
OBS 2318.1 62 OCT 1967 NOV 1971
90. SIM 2985.0 78  APR 1980 SEP 1986
0BS 2990.9 82 OCT 1967 DEC 1971

COMPARISON OF SIMULATED AND OBSERVED RUNOF¥

OBSERVED SUMULATED PERCENT

RUNOEF RUNOFF ERROR

TOTAL RUNOFF 30211.0 30222.9 .0
MEAN ANNUAL ROUNOFF 1590.1 1590.7 : .0
AVERAGE MONTHLY RUNOFF 132.5 132.6 ) .0
VARIANCE OF MONTHLY VALUES Ie3al.7 34020.2 -11.3
RANGE OF RESIDUAL MASS CURVE 7082.1 6793.7 . =3.7
MEAN OF RESIDUAL MASS CURVE -121.3 1094.7 -1002.1
INDEX OF SEASONAL VARIABILITY . 34.4 33.2 . -3.4
MEAN DEFICIT FLOW PERIOD(MONTHS} 7.7 6.9 -10.5
MAXIMUM DEFICIT FLOW PERIOD{MONTHS) 17 20 17.6

STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE

CORRELATION COEFFICIENT .478
STUDENTS T VALUE 8,191
REGRFIATAN ra==r - =" ruar A%



STATISTICAL MEASURES OF CORRESPONDENCE
SIMBLATED RUNOFF 1S DEPENDENT VARIABLE

M2 -3730.- 3247, - 3334, - 3434, - 3070, - 3395, - A0S, - 3520, - 36303700, - 3848, ~ 3070, -2369,-2621,~250%. - 2238, ~1720. 1427, ~ 1832, 1 718, + 19T 1910, - 201 7. 2128,
1973 3076, =3930, - 3930, - 3040, - 28349, - 2470, - 2602, - 2490, 2774, 2000, ~2900. - 3107, ~7232,-1969,~1909, 1652, ~1033, ~17%. -83k. =937.-1033, 1171, 1299, 4338,
1974 -3233.-2941.-2630. - 2660, 1990, ~ 1000, <1490, <1011, -1930, - 2000, ~ 2000, ~220%,  ~1288, 918, <621, 1N, 649, LMY, 1900, 1942, 1995, 1790, 18%M, ISSY,
1975 +2119.+1730,-1328, -929, 25, 1050, 191, 1527, L4S). 1. 1267, 112, 211, 2008, 2839, 2737 3163 IR, FRe6. 3462, 3338, IUL IWY. ML,
1976 1649, 2014, 2039, 2048, 2440, 2683, 2832, 2727, 2000, ATY, 2M47, 1216, 3263, 3234, 3170, 3430, Je92. 9N, 4081, 369, 3070, 3IN47, Je2, 3S1A.
1917 2391, 2269, 2200. 2635, 2194, 2784, 3110, J07P. 9M1, TEY, 2439, 2454 J631. 3599 3999, 3920, 3004, 3914, 3PN, 3487, 3974, SR M8, 3D,
1918 2472, 2412, 2974, 29ML. 2913, 2010, 2004, 2048, 7348, U39, 2976, 272, 1947, 304D, 4013, 4032, £16B. @472 0B, TN, 317, 3491, Y52, M@0,
1979 2061, I74R. 2901, 2960, JOBD. JUSV. 2949, 2018, 2490, 2530, 2421, 23 W, 408, M3, 3022, 1979, M023. JOBh. JRIN. IBA9, 3726, 44T, JesM.
1980 2283, 2230, 2246, 2387. 2000, 2810, 2781, 268%. 2812, R4, 2NV, QY. MY, JASE, FUTT. D97, JAAN. BEAY. 314, 3440, 3SI7, IN9L, 328, 138,
1990 2309, 22731, 2320, 2290, UM, 203, 1100, 200%. 1910, 1782, 14DM. 1533, J08%, 3263, 3183, J035. 2RAN. DOVT. 20020 288V, 2340, 2427, 7%9%. 7Y,
1982 1862, 1670. 1583, 1449, 1357, 1264, 0156, 10AR. 920, T9S. 849, %42, 2110, 2034, 2213, 2307, 441, 2400, Z3MV. 2242, 2019, 1993, 18AT. ITTL
198 442, s, 952 B9, 789, 712, A% 491, M2, 2%, 134, 1843, 1600, 1312, 1A70. 1693, 1912, 1807, $68), D957, 1430, $304. MM,
1964 16 b, 158, -3 10K 100, & 124 <200, 3TV, S3IL. -RAD, 1073, 1342, 1607, 1840, 2018, 1983, 1882, 1748, 1879, 1593, 1445, 1409,
1963 =730, -305. 233, 463, MO, 4%, ML o9 1% M. O 1323, 1209 1094, 1038, W29, 793, e 52, YA 2. 132, 0.

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE
OBSERVED STIME
SIMULATED STIME
ERROR

MONTHLY DISCHARGE
OBSERVED STIME
SIMULATED STIME
ERROR

MONTHLY DISCHARGE
OBSERVED XTIME
SIMULATED STIME
ERROR

OBSERVED HAXIMUM MONTHLY VALUE
SIHULATED MAXIMUM MONTHLY VALUE

.0 42.5 85.1 12
100.0 65.3 39.9 2
100.0 B5B8.3 42.5 23
-0 3.1 2.6
425.3 467.9 510.4 55
10.1 8.8 7.0
8.8 7.9 6.1
-1.3 =-.9 -+9

850.7 ®893.2 935.7 97
1.3 .9 -4
-4 .4 .4
~«9 =.d .0

1276.0

1279.1

7.6 170.1 212.7 255.2 297.7 340.3 382.8
9.8 21.9 18.4 15.4 13.6 1.8 11.0
1.1 23.2 19.3 15.4 13.2 11.4 11.0
1.3 1.3 -9 .0 -.4 -.d .0
2.9 595.5 638.0 €80.5 723.1 765.6 908.1
5.3 4.8 3.5 2.6 2.2 1.8 1.3
5.3 3.9 3.1 2.6 1.8 1.3 -4
-0 -9 -l .0 -.d -.d -.9
8.31020.81063.31105.911458.41190,91233.5
«d .d .4 «d -4 .4 .4
«d 4 -4 o4 -4 Y | .4
.0 -0 0 .0 «0 <0 -0
00
72

COMPARISCON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN
MONTHS

QWD MR W N

—

CORRELOGRAM FOR
ODSERVED RUNOFF

.5923
-2989
«1373
-.0348
-.1722
~.2336
-.1523
~-.0093
0750
+ 2255
3948

CORRELOGRAM FOR
SIMULATED RUNOFF

.5544
«2675
.1324
~.0258
-.1679
~.23717
-.1452
-.0054
-084¢
.2281
.4008

n —

CORRELATION CORFFICIENT 478 [ASLE 3 B Contd
STUDENTS T VALUE . B.191

REGRESSION COERFFICIENT 451

BASE CONSTANT OF REGRESSION EQUATION 72.839

REGRESSION SUM OF SQUARES . L7T8617.000. _ _ __ __. _ _ _ . _

RESIDUAL SUM OF SQUARES 5960986.000

"TOTAL SUM OF SQUARES 7756603.000

STANDARD ERROR OF ESTIMATE 162.679

. MAXIMUM EQIVALENT CONSTANT -ERROR.- (%)—— —  —  1D9.08B——  — — e e o e .
RELATIVE ABSOLUTE ERROR{%) 88,463

COEFFICIENT OF DETERMINATION .229

STANDARD CORFFICIENT OF EFFICIENCY .014

RESIDUAL MASS GURVE CORFFICIENT .578

SPECIAL COEFFICLENT OF EFFICIENCY -.350

COEFFICIENT OF PERSISTENCE 3.026

RELATIVE MEAN PERSISTENCE (%) 3.424

DURBIN-WATSON D-STATISTIC 1.395

SIGN TEST

NUMBER OF NEGATIVE RUNS 36 L

NUMBER OF POSITIVE RUNS 36

EXPECTED NUMBER OF RUNS 114.1

NUMBER OF NEGATIVE RESIDUALS 104

NUMBER OF POSITIVE RESIDUALS 124

STANDARDISED NORMAL VARIATE 2 5.635

RESIDUAL MASS CURVES
- OBSERVED - - SIMULATED

T <120, =188, 100, <157, -30B. D74, -MAb, TN, <39, -180, 03, NSN,  +1fh, -2UY. 180, -85, <30 -H10, <425 SU0F. -568, 4S8, -81h. VAL
1960 ~1070, 1198, 1218, 1328, ~1ACT. - 1487, ~ 1400, 1908, - 1498, ~1627, ~1996,-2083. -9%4,-1017,~1018, ~1040. ~1039, =953, ~1034.-1197. 1207, 1013 ~1549. 1439,
1969 -2101.-2157, 2108, 7209, 2213, 2077, - 2434, 2588, 2717~ 2049, 2010, - 3088, 1508, -1527, 1514, 1449, 1401, <139, ~1427, ~ 1308, 1430, ~ 1153, - 1387, 195,
1970 -2939,-2943,-2948, - 2878, ~2008, <2647, « 2041, - 2970, - 3048, -J1 70, -37. - 1428, -2070.-2185,-2200. ~1986, 1477, 1200, ~1348, ~1424 , - 1337, ~ 1660, - 1792, 1921
1970, *348. - 3643, 2346723401, - 3047, 2948, 2587, -3 30, 21922078, -3007, -3 38— - =202, -2078,~2120, 2239, -2 04, 2100, ~2123.-2238. - 2345, - AT, 2871, - 2873,



MCM PER MONTH

RUNOFF

Al - .0
- .0

POMG = 2.5 SEL =

FT = 4.0

.0

PI =~ 1.5 DIIN - 58.

N =

86 =

DIAX = 500.

8. L= .50

120. %6 « 2.0

s

A= .5 PON=-3.0

Gl = .00 NOFT =1 4

MONTH . O

P.EVAP | 108,

|
STMAX = 63,

J

150.

11000.

£ L A

125, |g20. @0,

RAINF -

AFAGT

550
500 ¢
450
400
350
300 +
250
200+
150 +
100+

T

\J

i

|

1967/68 | 1968/69

1969/70 | 19

y

0/71 | 1971/72

, |
1973/74 | 18974/75 | 4875/76

’

A

[1976/77

550
500
450
400
350 F
300
250 |
200+

150 | /

100

¥
——

50 F

/

/

1977/78 | 1978/79 ] 1979/80 | 1980/81 | 1981/82

1982/83

1983/84 | 1984/85

1985/86

[ 1986/87

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

SENQU AT GO4 :

WHITEHILL

\ .

Feuke |

COMPARISON OF OBSERVED AND GENERATED RUNOFF
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MCM PER MONTH

RUNGFF

FLOW DURATION ncm<"mm

525
500~
475 +
450 ~
425
400
375¢
aso -
325
300+
275+
250+
225
200 r
178
150
125 -
100}
75
S0
25 F

20

———

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

1 T 1 ]
30 40 50 60

PERCENTAGE OF TIME FLOW EQUALLED OR EXCEEDED

SENQU AT GO4 : WHITEHILL

]
70

T — 1
80 90 100

AGure

COMPARISON OF OBSERVED AND GENERATED RUNOFF 2

-

m |




o KOHQ-KUHR (TOTAL) - OBSERWED AND MODIFIED PITHﬁl MOD INFILLED BY REGRESSION _

AYOROLOBICAL YEARS STARTING OCTOBER - -
(14,2X,$2(15,R) ,F9.1)

1967
4968
19

1970 242 1038 1437 1832 1397
162 404 909 3293 997 4veeM 711N

m
-—1972-
1w
191
1913

1974 .

1977
1978
1979
— 1580
1981
1982
1983
1984
1983

AVE.
SV,
NOBS

34 lB&lI‘lS&li ey 234

173 3040 15630 1420 116 848 lM62

1187 476 1220

o
BITH 1402

1019 1168

268—1190M-- JA0K— 9IN- 1716W- 1043 8B7

1342 733 1338
B8 3B02v 1899

- 1998 4409 3718

41y 5990 347
2209 1072 d8b
L3940 526 4329
2104 12120 2324

7950 10530 14B0W 3109

21 M6 207
Blé 298t 307
642 ™
28 & &
302 3310 S4t0

1810
1411

1220
1339

1740
1613

19 1% 18

un

4398 3850W 1886 948
ISS2N 6609 3833 &Mz
b6744 7123 1150 2798
13270 796N 4606 904
1775W 1188W 4320
933 78EW 1121 122
1188 22339 11930 237
255 1678
555 1
Me 2%

s
253 W9

26500 36430 S3e 781 582

827 440 13330 27
1190 1790 431 480

2194 2856
044 2304 2891 1070
9 19 19 19

2081010

569 512 1003

w

&3
443
w

-138.

I8N
32
903¥
a3
S288
i ]
/]
s
57

i)

3%
B2
173

mn

266

1?

2 1% 7 1
ST 1210 N
1313 15 4@
% 8N 1S 113
82 & I

5420 10040__BO&_

A3N 1664 202 2030
fe08 149 53 913
% I &8 368
2 48 4N 128
135 68 7121
191 SEEN 2734 241
§ 48 35 AW
7 97 Sh2 132
ot & 0 A
125 &6 98N I
2 & 9 0
65 & 4 3
M8 22 M

a3 e 2 32
- ST BT ¥ I
19 19 1y 19

708.8
368.7
588.3

1153.8° ~

1584.,3

T8

192,53
2228.2
4082.2
233,80
18548
1543.3
1130.3
1663.1

671.9

614.9
1042.8

B91.4
1470.6

1414, 5

TABLE— b




]
i

L4

-

GO05

1930 91 73 129
1931 70 114 120
1932 52 154 132
1933 42 7203 241
1934 104 219 209
. 1935 _ 74 83 121
1936 121 282 141
1937 85 76 151
1938 138 B7 215
-1939 113 173 137
1940 45 145 194
1941 130 33 63
1942 97 169 202
1943 229 188 198
1944 99 103 T B9
1945 45 58 95 -
1946 145 141 102
1947 109 134 171
1948 77 64 76
1949 81 129 169
1950 61 72 176
1951 144 29 101
1952 62 124 154
1953 110 109 142
1954 67 122 128
_1955___76___.138. 180
1956 102 168 31¢
1957 196 115 139
1958 64 159 161
1969 133 146 189
1960 99 147 173
1961 26 191 157
1862 51 142 114
1963 101 167 136
1964 198 89 145
1965 56 124 80
1966 67 113 181
1967 82 115 127
1968 52 91 139
1968 139 71 192
1970 112 77 129
1971 72 81 120
1972 87 151 45
1873 43 139 149
1974 47 232 153
1975 73 207 186
-1976 164 134 118
1977 146 80 150
1978 105 79 224
1979 103 128 150
1980 37 142 122
1981 41 132 130
1982 134 83 55
1983 109 158 160
1984 95 87 84
1885 176 131 196
AVE. 96 127 147
SDEV 44 50 49

KOMA- KOMA

= MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P.
HYDROLOGICAL YEARS STARTING OCTOBER
(14,1X,12(14,7),18)

VALUES IN TENTHS OF

52
1
20
47
1
4
4
33
32
8
21
o
69
6
o}
4
11
4
6
42
2
a1

2247 126 133 101 4 1
135 186 118 26 31 5
74 134 122 41 17 12
- 262 156 -141 - 62 38 4
124 126 150 74 44 12
133 130 180 26 67 2
276 215 137 29 5 1
218 168 46 118 20 a7
211 234 11t 50 60 5
144 140 122 B2 99 28"
200 163 87 90 6 1
196 154 153 75 25 5
184 72 131 134 83 10
165 190 102 13 35 a7
115" 166 207 34 36 1
167 115 139 48 46 1
122 136 122 57 9 21
176 125 247 62 24 0
178 111 - 102 58 19 4
161 143 223 756 41 4
129 137 80 58 21 10
172 184 110 39 14 9
132 180 77 92 19 6
1556 129 110 37 66 14
248 195 97 62 37 18
108 . 211_ 158 __ 32 _46 1
200 129 138 64 19 23
230 100 111 13100 48 3
112 109 75 98 157 7
132 168 141 88 27 4
179 80 142 101 62 22
145 189 117 785 17 o]
248 104 184 756 18 27
221 83 186 66 10 52
147 68 59 76 10 71
264 121 40 30 32 7
302 162 152 101 37 15
74 81 123 53 50 -4
105 96 159 76 70 8
114 o8 60 28 13 19
203 127 115 68 51 4
194 180 157 31 36 6
108 173 108 64 9 1
245 192 158 71 17 31
222 179 145 51 10 5
262 191 293 76 44 19
201 126 164 62 15 3
235 124 130 100 4 5
77 147 86 31 45 4
149 129 92 30 10 1
229 178 83 72 14 24
118 73 116 g7 8 13
125 70 84 36 22 9
158 104 133 41 36 11
140 225 43 23 5 2
146 110 83 66 2 41
173 142 126 63 32 13
56 az 48 27 27 15
A PERCENT OF ANNUAL AVERAGE

15
i8
RAINFALL

' N o
hwmwr-|owqwc.wr-

[N

25
27

1

33,

14
13
24
13

109
53
42
24

106

16
71
13
49
25
31
43
36
29
10
- 31
197
56

62
50
21
11
56
29
19
15
22
24
79
11
40
59
19
143
81
74
79
47
124
21
32
18
12
14
37

42
37

i
40
52

TARE 2

936
840
776
12865
1116
803

1074
.- 1237
1168
1009
9285
1243
1270
826
734
942
1068
751
1188
819
927 -
922
903
993
990
1450
1098
1004
1142
1083
359
1010
1099
959
800
1164
763
839
879
941
939
810
1103
1214
1438
1068
1091
994
924
991
778
681
978
721
1049

100.0

1222
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SYNTHRSIZED RUNOFF AT GAUGE ©05

' 22 3 YR I 2RSS S S RS R A2 2 X 2

USING MODIFIED PITMAN MODEL FORMULATION

CATCHMENT

56

AREA=

7650.8Q . KM

'T22222222X22R2RRA 222 R R R R0 3 )

ZMAX= 450.0

M.A.P.= 857.HM

LA ER AL SRR LR RLD)

Al= .00 %. PI= 1.5 mm/D  ZMIN= .0 mm/M mm /M RFACT= 1.000
R= .50 POW= 3.0 SL= «00 moo FTa 4.0 pm/¥
GW= 5,0 mn/M TL= .25 MTHS GL= .00 MTHS NOFT= &4 PER MTH
PONG= 2.5 SGL= .0 mm 8G= 120.0 mm FG= 2.0 mm/M
STATISTICS FROM 1967 TO 198§
ALL DATA INCLUDED :
_ i MEAN RUNOFF ST.DEVIATION
— P.EVAP~ R -1 g "RAIN  ROUNOQFF (%MAR) {MCNM )} T T (MO R - -
; (mm) (nm) (AMAP) oBs 81N oBS SIM OBE BIM
§ OCT  108.0 60.0 9.6 8.6 6.7 122.0 122.8 153.9 121.9
NOV  140.0 60.0 12.2 12.3 . 11.7 174.0 165.4 161.3  146.1
H DEC  160.0 60.0 ° 13.9 12.8 12.2  181.0 172.3  141.1  142.2
: JAN  150.0 60.0 16.3 15.5 19.2 219.4  271.9 204.4 222.1
FES 125.0 60.0 13.7 18.1 17.7 255.6 269.8 230.4 213.4
MAR  120.0 60.0 12.3 14.5 1.0 204.8 212.5 269.1 230.7
APR 80.0 §0.0 5.7 7.1 5.2 101.0 73.8 107.0 75.1
MAY 70.0 60.0 2.4 2.8 1.3 39.3 "18.5 26.6 11.8
.JUN 5G.0 60.0 1.1 1.7 .8 23.8 11.9 23.5 3.0
JUL 48.0 60.0 1.2‘ 8 1.1 11.4 18.0 11.9 17.8
AUG 56.0 60.0 "3.1 T 2.1 3.0 29.4 41.8 648.2 61.6
SEP 96.0 60.0 4.9 3.7 4.2 52.6 58.8 61.7 8t.3
YEAR 1203.0 181¢.5 1414.5 067.4 919.t
MEAN AND ST.DEVN. OF LOGS 3.085 3.087 .240 .245
MAXIMUM OBSERVED = 1160.1 MAXIMUM SIMULATED = 1028.0
) INITIAL SOIL STORAGE = 23.2
- FINAL SOIL STORAGE = 33.7 om
TOTAL RAIN = 15684.0 mm
TOTAL INTERCEPTION LOSS = 1469.2 om 9.4 % ratn
TOTAL SURFACE RUNOFF = 2064.6 mm 13.2 % rain
TOTAL EVAP FROM SOIL = 10836.6 mm 63.1 % rain
TOTAL INTERFLOW = 1023.4 om 6.5 % rain
-~ —— e s - ——_INITIAL- G.WATER-STORAGE-= — — 106.3 pm —_ _ I o
FINAL G.HWATER BTORAGE = 94.6 mo
TOTAL G.WATER RUNOFF = 282.6 mm 1.9 & rain
CRITICAL PERIOD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
SHAR MCM MONTHS  START END
20. SIM 89.4 6 APR 1985 SEP 1985
0BS 120.7 6 MAR 1870 AUDG 1970
40. SIM 305.t 10 DEC 1982 SEP 1983
oB8 267.5 7 MAR 1970 SEP 1970
60. SI¥ 906.5 30 APR 1981 SBP 1983
oBS B843.5 33  JAN 1968  SEP 19570
80. SIM 1704.2 46  APR 1981  JAN 1985
OBS 1734.7 40  JAN 1968 DEC 1974
90. SIM 22983.2 54 APR 1981 SEP 1985
0BS 2399.5 71 JAN 1968 NOV 1973
(- -
COMPARISON OF SIMULATED AND CBSERVED RUNOFF
OBSERVED SUMULATED PERCENT
RUNOFF RUNOFF ERROR
TOTAL RUNOFF 26875.4 26875.3 .0
KMEAN ANNUDAL RUNOFF 1414.5 1414.5 -0
' AVERAGE MONTHLY RUNOFF 117.9 117.9 .0
! VARIANCE OF MONTHLY VALUES 272398.4 25634.6 -5.9
{
. RANGE OF RESIDUAL MASS CURVE £5934.2 5739.0 -3.13
MEAN OF RESIDUAL MASS CURVE 31.9 198.5 522.6
INDEX OF SEASONAL VARIABILITY 31.9 34.5 6.4
MEAN DEFICIT FLOW PERIOD{MONTHS) 6.7 v 7.0 5.2
] MAXIMUM DEFICIT FLOW PERIOD({MONTHS) 12 18 50.0
£
n STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE
CORRELATION COEFFICIENT .868
STUDENTS T VALUE 26.219
REGRESSION COEFFICIENT .042
BASE CONSTANT OF REGRESSION EQUATION 18.672




-

! STATISTICAL MEASURES OF CORRESPONDENCE

- P_13. DEPENDENT VARIABLE _ — .. e e - e e — —
SiMULATED RUNOY _ | _ ARLE " CA™ (sEd
CORRELATION COEFFICIENT .868 g
STUDENTS T VALUE 26.219
REGRESSION COEFFICIENT .942
BASE CONSTANT OF REGRESSION EQUATION 18.672

_ REGRESSION SUM OF SQUARRES _4398586.000 o

o RESIDUAL SUM OF SQUARES 1446110.000
TOTAL SUM OF SQUARES 5844695.000
STANDARD ERROR OF ESTIMATE 79.992

— . __.HMAXIMUM EQIVALENT CONSTANT ERROR .(%). 54.213 e _— -
RELATIVE ABSOLUTE ERROR(%) 43.563
COEFFICIENT OF DETERMINATION <753
.. _ STANDARD COEFFICIENT OF EFFICIENCY _ _ _ . _ .742 _. __ - .
RESIDUAL MASS CURVE COEFFICIENT .956
SPECIAL COEFFICIENT OF EFFICIENCY .655
COEFFICIENT OF PERSISTENCE 1.459
RELATIVE MEAN PERSISTENCE (%) 1.141
DURBIN-WATSON D-STATISTIC 1.917
SIGN TEST
NUMBER OF NEGATIVE RUNS 'S - -
NUMSER OF POSITIVE RUNS 47
EXPECTED NUMBER OF RUNS 114.¢
NUMBER OF NEGATIVE RESIDDALS 106
NUMBER OF POSITIVE RESIDUALS 122
STANDARDISED NORMAL VARIATE 2 2,727
RESIDUAL MASS CURVES
OBSERVED SIMULATED
W7 =114 -0, 20 -8t -, 201, 27N, 90, 3Bk 490 600, <TOB. -85, <120, -I7S, -288, -3, T4, ~WY. -S4T. -MT. TS, -8l -948.
1988 BB, D94, ~B33. -939,-1036.-1099,-1101.- (144, -1206, 1320, - H438,~1580, -1073.- 1160, ~1188, ~1232, -3 343, ~1190, -1 16, 1285, -1 363, - 1440, - 1975, 1484,
1969 ~4954,-1408,-1600, - 1418, ~1619, 1124, 1037, - 1932, 00, 218, <200 -231, <1577~ 1609, 1419, 1410, - 1477, ~3590. 1703, - 1913, ~1922, -2030, - 2100, -2153,

1990 -3230.-226%,-2239, 2172, ~ 2130, ~ 2158, 2138, -2207. - 210, <2420, -2532,~ 2830, +2129.-2190.-2251, ~1905, 1601, ~1@R). ~1¥33, ~2050, ~2155. ~ 2261 .~ 2762~ 2476,
o A9 =2040,-2017, 2044, #2533, - 23301990, 2037, 2001, =200, =20 2, = 2428, -250,. . ~872.-2807. - 2B ~TAT0 = 2111, -1 758, <1977, 2008, 2190, - 2299, - 2408, - 312, _
1971 -2630,-2629,-2713. 2022, - 2760, ~2780, 2809, 2911, - 3023, -3130.-3130,-3187,  ~2592,~245Y.-2530, =28 24, - 2440, = 2412, = 2474, 2401, 2710, - 2819, -2730,-2752,
1975 <3178,-301 3, - 3105, 2070, <2008, ~2308. 2339, -2A41 - 2313, -2 4, 2112+ 2000, <B4, ~2630. - 2770, -2207, ~182Y, -1 530, 1308, = 1449, -1 794, ~ 1861, ~1 948, - 207,

1974 -2910.-2036,~2084, -2, 1704, - 15146, - 1363, ~ 1430, = 1790, ~ 1630, - 1040, 1000, <2182,-173%,-1516. 1132, ~172, ~57Q, -400, -T1Y. -B21. -§20.-10%8. -03%.
1975, =19 1000. 1307, =760, =173, 020, 1032, 1004, WMd. D40 733, 472, . -RE7. -ERV.-L48. AR, 3D, IBED. 2030, 19°8, 1033, 740, 1430, 1980,
1976 1208, 1697, W30, LAY, 2010, 2304, 1T24. 2230, 2120, 2008, ITOL. 1TV, 1834, 1999, 1941, 2212, I%N1. 2320 3%k, 2M1), 2306, 245Y. 2091, 2028,
19971907, 1096, IBE. 2234, 2296, 2297. 2432, 2M47. 442, 2393, 243, 220, 200, 2191, 209, 2047, T191, 2848, 2980, 290%. Z898. I392, 2492, 2430,
I8 0%, 2212, 297, 208, 2083, 2430, 1332, 223, 2190, 2006, 2200, 1T, 240, 2372, 2703, 24, 10 3790, AN, 2TM0. 2044, 2618, 2901, 24%%.
INT 2478, 247, HNY. B WY, 0. 12 210, WY, 238, 2079, 2110, . UL, WS D6 TN, T 200, 23, 2227, 2120, 2013, 2120,
1980 2078 2060, 2000, 2403, 2621, 2470, 2647, 2989, 733, 2020, 230, AL 204, 215, 209, TN, 2N, IMT. TIN. 263, TUN, N L 7IW,
I980 228N, 2ME. 2330, 2230. 2136, 2094, 2041, 2084, EOTT. 164, 1752, 1430, 22, 20, 2201, U 2040, 2000, 1996 191Y. 1O, LASY. 1390 1484,
|82 JA02, 1702, 16R%. 1802. 1324, 1431, 361, 1272, 1140, 1053, G47, 438, 1S7M. 1333, 1434, L39), 1285, D040, 1034, W47, 030, TAD. 435, &%,
1980 76 Mo, BT, 1004, 1089, 1024, GE4. BR2, T7L. GAN. 04, A82, %, W5 TR 0. B3 %L B TN, 427, TI0. 43. M.
(B 3, 120, MY 0. STh, S9N, S04 4. 260 IM. 0B, -OA, 0. 9%, ¥ 58, N2, 5E2, AT, M. 2%, M. NN TR
1989 ~144, 6%, 492, M54 DI, 4B0. 10, 310, 2. 122, B, O 199, 32, 3. 487, 40, 531, 43, M9, M fML. B O,
FLOW DURATION COURVEE (PERCENT TIMR EXCEEDED)
MONTHLY DISCHARGE -0 38.7 77.3 116.0 154.7 193.3 232,0 270.7 309.8 348.0
OBSERVED STIME 100.0 58.3 42.% 30.7 22.4 17.! 14.9 12.7 11.4 10.5
SIMOLATED %TIME 160.0 651.8 40.8 30.7 25.0 21.1 16.7 14.0 1312.7 10.t
ERROR .0 =-6.6 -1.8 -0 2.6 3.9 1.8 1.3 1.3 =-.d
MONTHLY DISCHARGE 386.7 425.4 464.0 502.7 541.4 500.0 618.7 657.4 696.1 734.7
OBSERVED ATIME 8.3 7.9 5.7 4.4 3.1 3.1 2.2 2.2 «9 .4
SIMULATED STIME 7.8 7.0 5.3 3.5 3.5 2,2 «9 «9 «9 -8
ERROR -9 -9 -ad -.9 «d -.9 ~1.3 =-1.3 -0 -0
MONTHLY DISCHARGE 773.4 912.1 850.7 989.4 920.1 966.71005.41044.310982.01121.4
OBSERVED ATIME N ) .4 .4 -4 o4 Y -4 Y .4 -4
SIMULATED STIME -4 .4 -4 .4 .4 -4 ) -0 <0 -0
E£RROR «0 .0 -0 -0 .0 .0 .0 ~od -4 -.d
OBSERVED MAXIMUM MONTHLY VALUE 1160.100
SIMULATED MAXIMUM MONTHLY VALUE 1028.043

COMPARISON OF DEPENDENCE STRUCTURE (IUTO-SBRIAL CORRELATION)
LAG IN CORRELOGRAH FOR CORRELOGRAM FOR

MONTHS OBSERVED RUNOFF SIMULATED RUNOFF
1 .5284 «5735
2 2296 «3274
3 -1264 «0859
4 -.0109 ~.0866
-] -.1570 ~.2195
6 -.2163 ~+2277
7 -.1232 -.1805
e 0214 -.0787
9 0727 0650

10 .1958 2658
11 .381% «3609
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2R~ PIr™AN MADEL FTED T TNCREVN BNTEA_ CATT - ENT

SYNTHESIZED RUNORF AT GAUGE GOSINC - CATCHMENT AREA= 2198.80.Kh “M.A.P.= 733.MH T e

LA AR S B A L & R LA LR & N

Y3332 2322232 222222202 R R RN R RS

USING MODIFIED PITMAN MODEL FORMULATION

gMIN= &

m/l‘l“ ZHMAX =

I Z2 2222002 R AR 22 R R RE LRSS

Als .00 % PI=" 1.5 =a/D 4.0 450.0 me/M
R= .50 POW= 3.0 _ SL= . .00 mn 10.0 nm/H
GH= 5.0 mm/M TL= .25 MTHS GL=  .0D MTHS NOFTs= 4 PER MTH
I - POWG=s-—2.5 - -~ - 8GLe—- - .O0-mm - — 8G= 120.0 mm 2.0 mm/M
STATISTICS FROM 1967 TO 1985 )
L ALL DATA INCLUDED ‘ .
T T T - ‘———--=— — -— MEAN RUNOF¥ . ST.DEVIATION
P.EVAP 8T RAIN  RONOFF {SMAR) (HCM) (ucH)
(mm) {mm) (SHAP) oBS 8IM oBs SIN 0838 BIN
OCT  108.0 58.0 9.0 0.6 9,2 122.0 130.5 153.9 121.1
NOV—140-0— 58,0 t1:6—12-3— 1t 7—174s0—165+6—164.3—145.6
DEC  160.0 £8.0 13.3 12.9 11.5 181.0 162.2 14f.1 104.0
JAN  150.0 £58.0 17.4 16.5° 17.4 219.4 246.5 204.4  190.6
FEB 125.0 58.0 13.9 16.1 17.4 355.6 246.4 230.4 201.9
MAR  120.0 58.0 12.2 14.5 14.4  204.8  204.1 269.1 224.6
APR 80.0 68.0 5.3 7.1 7.2 101.0 101.9 107.0 97.9
MAY 70.0 58.0 1.8 2.8 2.3 39.3 32.7 26.6 19.6
) JuN 50.0 56.0 .9 1.7 1.4 23.8 19.6 23.5 17.6
JUL 48.0 58.0 1.2 .8 BT 1.8 11.9 11.9 10.5%
AUG EG.0 £5.0 3.1 2.1 2.5 29.¢4 35.7 64.2 60.4
SEP 96.0 £8.0 4.9 3.7 4.0 52.6 57.1 61.7 57.6
YEAR 1203.0 1414.5 1414.3 B67.4 BO6.0
MEAN AND ST.DEVM. OF LOGS 3.085 3.082 .280 .258
MAXIMUM OBSERVED = 1160.1 MAXIMUM SIMOLATED = 846.0
i INITIAL SOIL STORAGE = 17.9 -
FINAL SOIL BSTORAGE = 33.0 mm
TOTAL RAIN = 13179.3 om
TOTAL INTERCEFTION LOSS = 1312.3 oo 10.0 % rain
TOTAL SURFACE RUNOEF = 1318.9 oe 10.0 % tailn
TOTAL EVAP FROM SOIL = 9432.0 om 71.6 % rain
- .— - TOTAL INTERFLOW = 681.9 #w - . 6.2 %.radm .. . ___
INITIAL G.WATER STORAGE = 109.5 m»
FINAL G.WATER STORAGE = 113.1 am
TOTAL G.WATER RUNOEF = 417.0 mn 3.2 3 ratn
CRITICAL PERIOD ANALYS!S
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
SMAR NoM MONTHS  START END
20. SIM 119.5 '8 FEB 1986 SEP 1986
OBS 120.7 € MAR 1970 AUG 1970
40. SIM 308.1 8 FEP 1986 SEP 1986
OBS 267.5 7 MAR 1970 SEP 1970
60. SIM 717.% 18 APR 1985 SEP 1986
0BS  843.5 33 JAN 1968 SEP 1970
0. SIM 1508.0 77 MAY 1980 SEP 1986
OBS 1734.7 48 JAN 1968 DHC 197%
80. SIM 2426.9 78  APR 1980 SEP 1986
OBS 2398.5 71 JAN 1968  NOV 1573
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
OBSERVED SUMULATED PERCENT
) RUNOFF RUNOFE ERROR
TOTAL RUNOEP 26875.4 26870.8 .0
MEAN AMNNUAL RUNOFF 1414.5 1414.3 .0
AVERAGE MONTHLY RUNOFF 117.9 117.9 .0
VARIANCE OF MONTHLY VALUES 27230.4 22347.5 -10.0
RANGE OF RESIDUAL MASS CURVE £934.2 £801.8 -2.2
MEAN OF RESIDUAL MASS CURVE 31.9 743.0 2230.9
INDEX OF SEASONAL VARIABILITY 31.0 31.7 -3
MEAN DEFIC1T PLOW PERIOD(MONTHS) 6.7 7.3 10.2
MAXIMUM DEFICIT FLOW PERIOD({MONTHS) 12 21 75.0
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATRED RUNOFF IS5 DEPENDENT VARIABLE
CORRELATION COEFFICIENT .541
STUDENTS T WVALUE 9,674
REGRESSION COEFFICIENT .490
BASE CONSTANT OF REGRESSION EQUATION 80.077

REACT= 1.000




‘ o . TARE B Gnad
.0~ ~STATISTICAL MEASURES OF CORRESPONDENCE o T e -

CORRELATION COEFFICIENT - ' - «541
. STUDENTS T VALUE 9.674
REGRESSION COEFFICIENT T «490
BASE CONSTANT OF REGRESSION EQUATION 60.077
REGRESSION SUM OF SQUARES 1492081.000
RESIDUAL SUM OF SQUARES 3603158.000
TOTAL SUM OF SQUARES 5095229.000
- -~ STANDARD ERROR-OF-ESTIMATE  — — — " 126,266 - __' T T
- MAXIMUN EQIVALENT CONSTANT ERROR (%) 97.837
RELATIVE ABSOLUTE ERROR(S) 80.080
COEFFICIERT OF DETERMINATION ) 293 -
STANDARD COEFFICIENT OF EFPICIENCY . 160
RESIDUAL MASS CUORVE COEFPFICIENT ’ « 725
SPECIAL COEFFICIENT OF EFFICIENCY ~a125
COEFFICIENT OF PERSISTENCE 2.961
RELATIVE MEAN PERSISTENCE (%) - 3,301
DURBIN-WATSON D~STATISTIC 1.570
SIGN TEST ) B
NUMBER OF NEGATIVE RUNS 35
NUMBER OF POSITIVE RUNS 36
EXPECTED NUMBER QF RUNS 114.9
NUMBER OF NEGATIVE RESIDUALS 110
NUMBER OF POSITIVE RESLIDUALS 118
STANDARDISED NORMAL VARIATE 2 5.562

'"RESIDDAL MASS CURVES
OBSERVED SIMULATED

1987 -, -0 22, <31 -ldh <207 <20, <2810 <385, A0, -0, <704, -2, =114, =136, -737, -361. ~A13. =422, <007, -340, -BAY, -T73. -BBE,

198 -§0b, -6%4, -B33. ~930,-1066,«109%. 1108, -1t 64, ~ 1214, -1 020, ~ 1435, 1590, =022, <179, -99L.-1030,-1044,~1108, -1 200, - 1310, - 1420, ~ 1S4 1.~ 1AM, -5 740,

1968 -1554, - 1504, -1600, ~1518. 1613, = 1724, ~ 1030, ~1932, 2040, -2189, 42301, 2370, ~1877. 1380, 1347, = 14T, « JAFY, = 1472, - 1431, ~1928. -1 630, ~ 1 P42, - 132, ~ 0521,

— —_—— - 1910 2B, -2205. <2200, 2072, -0 20, - 2100, -0 04, - 2207, - 2010, 2428, - 2502, - 2030, -19B0.~20%6, 2092, ~B5L, - 280 1380, 1447, <1904, 1410, 1729, 1001 ~LTTH:
1971 -2140,-2617.-2004, -2838, - 2331, +1990, -2030, -2101,-2200, - 201 2.~ 2028, - 2541, -2041.-20%3,-2110, -2043, ~2042, - 2026, - 2039, -21 59, 2273, ~ V8N, - 2400, « 24 4b.

192 -2630,-2629,-2113. -2072, <2700, -2760,-2009. <2921, 3020, <31 38, 3150, 3187, =2047.-2437,-2018. 2153, <1877, 1850, ~ 1690, ~1938.~207 . - 2123, -21 11, - 2290,

1970 -3170. 320,195, - 2004, - 2000, - 2300, - 2350, ~TA4 1, 2015, - 2024, 2012, -280%,  -2351,-2080.- 1970 - 102, -970, -598. -420; -Tif. -BIV. ~924.-1033.-1051.

1974 <3910, =283k, ~2300, - 2000, ~1 00, <1300, = 1305, ~ 1001, -4 TS0, 1035, 1989, 1999, . =1000. =440, 307, ~®h JOF. 1037, P73, 120, 1070, 970, W&, 023

1973 =1904,-4920. 1000, <280, 173, O70. 1032, M004, 954, B&L. 7Y, 472, 1212, 1810, 1625, (878, 2230, 213), 2797. 2708, IW97. 2480, 2376, 7263

IN78 1208, 1497, LA0A. LAMS. 2004, 2P 320, T334, 2025, 004 1901 1794, ZaW, 2032, 13N, 2843, 2904, 2929, 3204, 3141, 3035, 2927, 29t0. 291%.

19T 1907, 1696, 1817, 2206, 2206, 2287, 28000, AT, 2482, 2093, 220), I24h. 2040, 2800, 3020, 3048, N1i). 3132, 040, 2947, 2031, 27682, 2970, 303n,

1910 2287, 2212, 290, I303, 263, 263N 2332, 1258, 2187, 20%k. 22, B3T3, JU3L, 3036, 3290, 36, IESA. D3N, 3NN, NIM. 024, 2971, 28%3. 2140,

197y 2070, 2479, 2813, 2814, 2NN, 2028 2627, DRI, 240%. 2294 ARV 100, TPET. 20N, 2L, 2. 930S, IMD, 3322, 3250, MifL. 3089, o019, 3031,

. 1980 2072, 2000, 2080, 2487 7821, 2470. 2647, T5EV. 2390, 2020, M 01, AL WAL 199N, 2920, 2902, 2083, D920, 203, 2748, 2437, 2333, 42
1981 2283, I20h. 2000, 2230, 203k, 2004, 2147, 208, 1977, 1866, 1732, 1830, 206, 2971, 2508, 2420, 1534, 2304, 2242, 172 2088, 1997, 1RAL. 17D,

102 1602, 1702, 1493, 1402, 1524, 1431, 1381, 1272, L3187, 1095, w41, B30, 1492, 1880, 1830, 2183, 2094, 2041, 1963, 1893, 1784, 1473, 1351, 1477,

703 7TES. 70, BEY. U4, 10AY. 1028, VeN. GEZ. TR, 46, 4%, MET. 136N, 1TA. I3 INO2. 1604, 18f4. 1322, 1AL, IV 1084, 1071, 9SY.

1990 372, N6, AL 0. WM. SO NOA M9 2B, 171, 90, <B4, 103L 1120, 1372, 1368, 1569, 1363. 1500, 139%. 13t6. 1203, 1115, L082,

1783 -144, B9, 492, 490, UEE, 400, M0 310, 23, 1m0, 1039, 1000. 931, AN, TEh, M5B W3 401 325, 218, 0. 0.

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE .0 38.7 77.3 116.0 154.7 193.3 232.0 270.7 309.4 348.0
OBSERVED STIME 100.0 58.3 42.5 30.7 22.4 17.1 14.9 12.7 11.4 10.5
‘SIMULATED sTIME 100.0 62.3 44.7 31.6 22.8 18.4 15.4 13.5 11.0 10.1
ERROR .0 3.9 2.2 -] -4 1.3 wd -9 -4 ~.d

MONTHLY DISCHARGE 396.7 425.4 464.0 502.7 541.4 580.0 616.7 657.4 696.1 7234.7
OBSERVED ¥TIME 8.3 7.9 5.7 4.4 3.1 3.1 2.2 2.2 -9 -4
SIMULATED RTIME ' 8.3 6.1 4.8 3.9 2.2 1.8 1.3 -9 9 -9
ERROR 0 -1.8 -9 ~.4 -9 ~1.3 -9 =1.3 -0 .4

HORTHLY DISCHARGE 773.4 812.1 B50.7 889.4 528.1 966.71005.41044,11082,.91121.4
’ OBSERVED ATIME .4 4 .4 +4 od -4 -4 .4 -4 .4
SIMULATED XTIME .9 .4 -0 .0 -0 -0 0 .0 0 .0

ERROR .d -0 -.d ~+d -l -ud -.d -ad -4 -4

OBSERVED MAXIMUM MONTHLY VALUE 1160.100‘
SIMULATED MAXIMUM MONTHLY VALUR 845.960

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

4 LAG 1IN CORRELOGRAM FOR CORRELOGRAM FOR
) MONTHS OBSERVED RUNOFF SIMULATED RUNOFF
A 1 .5284 5382
} 2 .2296 2944
‘ a 1254 : 1432
! Il -.0109 -.0413
) 5 -.1570 -.1968
) -.2163 -.2451
i 7 -.51232 ~.1679
] L0214 -.0266
] .0727 L0710
10 .1958 .2633



. . TIARE Y (TETer CAToueeENT)

SYNTHESISED/ORIGINAL RUNDFE AT GAUBE 603
HYDROLOGICAL YEARS GTARTING OCTOBER
(14,20,12(15,A) ,F9.1)

1930  568F 289P S3P 4BOSP 2527P 1909P 1594P
1931 220P 626P A77P B7ZP 3808P 2163P 415P
1932 128P 2137 1375 320P 1152 I485P ASSP
1933 - 99 4277P 4722P B175P 4386P 2672 7E5P
1934 742 S336P 5558P 1705P 1078P 2526P 1005P
1935  241P 253P 387P 793P 1328P 2677P B51P
1936 1380P B463P 3I7HIP 734P 7T3B7P JA64P 676P
1937 347P 243P 1357P 4702P 4209P 1000P 1582P
1938 2344P 9BOP A124P S417P 7250P 2491P 349P

I51P 123p

121p
103P

146P--

205P
Ja3p
108P
395P
9P

1939 1310P 3521P 1899P 1403P 18B5P 1630P &98P 1494P

1940 ° &I3P 1736P 3728P 4617P 3I7I2P 1079P S12P
1941 . 2021P 73BP 11&P JIS7P JLTHP 3171P 1085P

a4
167P

1942 50SP 3103P 4490P 3984P 1052P 1388P 3007P 1794P

1943 54B4P S80P 4508P 2696P 8277P 1650P 22%P
i%44  1212P S17P 182P 3JO5P 2687 SBALP 1750P

195 112P LISP  190P 2024P LL94P 1997P T7OIP 182P

1946 2450P 2496P 75BP 3BIP 1425P 154SP 48P
1947 1240P 1732P 2662P 3171P 1725P 7109P 2415P
1948 260P 177P 128P 2412P 1124P 451P 237P
1949  J17P 1241P 2492P 2494P 2231P 823%P 2133P
1950  1G6P 149P 2372P 1347P I1566P 498P 205P
1951 2022F 904P 211P 2252P M191P 1BI3P 299P
1952 147P 952P 1792P 1163P J942P 1394P 503P

1954  1B3P B9%IP BOTP 588B3IP &O10P 14671P 245P
1955  249P 1543P J0B6P 1077P 4895P A24%P 981P
1936  &95P 3129P S504P H501P 2205P 2141P 751P
1957  7140P Z396P 1149P S204P 1883P T3I2P 1224P

13
1327

15p
13op
112p
185P
i1gp

P
228P

1933— 1058P —786P--1148P-1880P -1574P - 999P - 294P —345P -

143P
156P
132p
92

1
101P

109

1230
158P
103F
23%p
17e
&33P
120p
11p
403p
2659
120p
119¢
190P
105P

4P
111P
100P

9P
101P

190P -

logp
11gp
107P
140P

1998 220P 2432P 2590P BABP 404P 259 BL4P A4TBP 1355P

1957 1894 2331P 3J463BP 1689P 29461P 2B49P 1049P
1960 OLIP 2104P 29539 JISIP 1005P 1892P 1483P
1961 139P J&95P 2B&YP 1T08P 4QBOP 2175P 344P
1962 127P 1622P B16P SO04P 21BOP 3704P 1315P

- 1363 509P J010P 1762P 4757P 16437 3BVTP 14A3P

1964 5206P 1939P 1204P 1603F 514P 133 28IP

1985 140 930P 409P $ISBP 2902P 3ASP  104P

1966  179P 3&5P 2794P 9082P 3276P 3239P 1844P

a2
450P
173P
165P
141P
162P
1089
L3op

1967 I8% 18418 1061% 4468 234 569 512 1005

1968 173 304k IS&3F 1428 M11M B4R (162
1969 1157 476 1220 1013 1188 928 49
1970 2442 1038 1A37H 1832 1597  B97W 1402
1971 162 404 909 3293 3997 &78EW TIIM
1972 288 T190N J4OW  TIW {714M 1043  BE7
1973 142 733 1358 4398 5030W 1684 948
1974 B9 JB02W 189% 355IM 6809 3833 492
1973 199 4609 3718 GOTON 712 11601 2798
1970 6619 5990 54T 1J27W A796M 4506 04
1977 2289 1072 386 5377 177GM 118EW 4528
1978 13940 626N 4329 933 786N 1121k 122
1979 2184 12120 2524 1188 22730 119 237
1980 793W 105N 14BOW 5109 2539 1475 946
1981 221 786 2023 317 235 555 174
1982 Bib 2981 367 233 399 4 2%
1983 442 134 2650M 15430 531e 751, 552
1984 228 &57 437 B27 4840 1355%¢ 203
1985 302 3310 5410 1190 1790 431 480

AVE. 1203 1905 2127 2912 2738 2216 945
5DV. 1636 1736 1873 2303 1961 2027 63t
NOBS & 56 % ¥ S 3 54

59
23
465
539
158
Jo1w
2
yoSu
253
Siew
218
92
am
367
FEM
358
82
In

15
674
36

1o
192p
1P
Hep
320
e
1017
£10P
228
5678
13
%9
162
54
380
1608
7814
92
135
191
87
867
9
125
82
85
3

73|
257
38

Jiep 2520 1eP_ 1373.8

1097 10&F
103p 98P

-Je2p- -398P-

logP 132¢
103P 100P

1zr 9P

209P 1180P
{64P 270P
125¢ 118
122p 113
fogr 370P
1134P 1302P
f67P 118p
112P 108P

99 9P

1P 4P
f02p 99

920 0P
220 2217P

98P 1390
0P 275P

98P 127P
10iP - 98P
1o0r 98P

vaP P
174 724P
1150 11IP
484P 235P
1P 2559
121P 116P
1147 LI5P
192F 1340
176P 109

3390 2P

9&P  L13P
103P 100P
1339 0
1212 3

1315

81y 15

8 N

28 1064
1868 202
14y 53
179 &8

LJ: I

|- B
S56M 2731

B 3

91 562

LI 1

b6 98N

by 59

83 &

B4 222

1644 288
173 504
& 3%

1z
93P

-170P — 2831, t --

1ip
9P
9P
ABop
uw
15769
209P
226P
401P
1428P
105p
P
428pP
9P
136P
7B9P
H4p
ir4p
119P
9P
95p
99
s21p
2349
1oP
I3
191p
f1op
03P
230p
176P
93P
98P
126
25
418
113
30
805
203M
913
I8
125
121t
2113
4894
tH2
2
914
340
38
9188

458
909
34

USING MODIFIED PITMAN MODEL FOR

914.3
155.4

1873.3

1l
3294.0
1622.3
2030.4
1649.7
1684.0

_1442.5

2268.5
2794.9
1307.1
690.7
1039.4
2060.7
34,3
2072.1
708.2
1308.7
1058. 6

8b1.4- —

1623.4
1646.6
3286.2
2082.4
1468. 4
1769.8

REIED |

1585.9
1668.7
1906.5
12656.3
1170.5
2388.2
708.4
368.7
388.5
1153.8
1511.5
148.5
1792.5
2228.2
4082.2
2337.8.
1864.8
1543.3
1150.3
16083.1-
671.3
814.9
1042.8
89t.4
1470, 4

1381.1




MCM PER MONTH

RUNOFF

Al = .0 PI = 1.9 2NIN = 58, ZMAX = 450, Re .5 PON~23.0 MONTH 0 N o o F M A

SL=- .0 FT = 4.0

PONG = 2.5  SBL =
550

.9

G - 5, = .25 6L = .00 NOFT = 4 P.EVAP 108, 140, 460, 150, (5. ji20, @0,
86 - 120, Fa@ = 2.0 ) STMAX = E0. AREA = 7950, AAIN - 857,

AQT = 1,06

500 ~
450 +
400 r
350
300
250
200 ¢
150 r
100+
50

)

550

1967/68 | 1968/69 | 1969/70 | 1870/71 | 1974/72 | 1872/73 | 1973/74 | 1874/75 | 1975776 | 1976/77

500+
450
400
350
300
250

200+
150 } /

1

100+
50

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

A}

SENQU AT GOS : : KOMA-KOMA

1977778 1978/79 ] 1979/80 | 1980/81 ]| 1981/82 | 1982/83 | 1983/84 | 1984/85 | 1085/86 | 1986787

COMPARISON OF ommmm<mmr AND GENERATED RUNOF




MCM PER MONTH

RUNQFF :

525
500 f
475 F
450 }
425}
400 |
375+
350 b
325}
300}
275 ¢
250 b
225}
200
175
150 }
125
100 }

o

£ 3

™

50 |
25

I"’I’f |

10

20

L.LEGEND

~- OBSERVED FLOWS
GENERATED FLOWS

30

SENQU AT GOS :

KOMA-KOMA

COMPARISON OF OBSERVED

A

60
PERCENT.

T
70

T
80

T
80

100

AGE OF TIME FLOW EQUALLED OR EXCEEDED

\

AND GENERATED RUNOFF
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04 NOKHOTLONG - CBSERVED: AXI" NODIFIED PLTAAN NODELLED £ INFILLE:BY REGRESSION
HYDROLOGICAL YEARS BTARTINS OCTORER :

(14,20, 12(18,8) F9. 1) |

WP L M I St 8 @ T Wm0 ob 1089
1968 0 720 3030 A MK 129 k2 %0 B BF o6 9 BNb
1969 123 62 2450 2000- 2380- S 2 7 3 3 4528 . 120
70 S23 B T8 187 M9 % (b &1 29 2 N I 1828
1970 88 112 246 1025 BI0N LOATM 1306 920 L16 OB OF OF 23
1972730 281 129 M B 209283 4910 W TR 1L
93 W5 206 205 1A% 135 A6 ;S A7 I 16 W W A%
1970 34 247 227 /A WI 181 48 M 19 7 1% 8768
1973 26 M 624 1522 175 2926 ALON 192 100 32 i3 47 630.8
976 926 970 173 AT8 1067 eSO 219 6t 2 17 43 2 M2
(977 283 197 70 ISOIN S3M 288 87 2 17 12 9% 37
1978 170 412 7B b 224 S 3 8 3 3 18 20 234
19 132 13 311 309 43 M2 M 25 M4 i1 9 N 1863
1980 AT S 264 852 B0B 183 M 35 28 17 23 49 302
1991 S5 48 213 94 M 237 188 %0 L6 1N W 64 959
§82 S0 ek 20 60 117 45 2B W9 9 8 9 1058
1963 102 86 537 897 1% 246 1S4 30 20 16 18 3 234
1986 26 235 M 36 215 213 W & o ob 0 O0b 289
%85 3 T2 79 21 M 108 S8 32 .28 & 3 a2 218

AVE. 192 2867 295 SM1 712 4d 170 2 2 4 A N 86,9
DV, 239 29 226 532 MM 462 1 41 24 11 & 9
NOBS 19 19 19 19 19 19 1% 1f 19 1" 19 19



GO6 MOKHOTLONG -

HYDROLOGICAL YEARS STARTING OCTOBER

(I4,1X,12(14,7),18)

1930
1931
1932
1933
1934
1936
1936
1937
1938
1939
1940
1941
1942
1243
1944
1845
1946
1947

1948 -

19485
1950
19561
1982

1953

1954
1655
1956
18567
1958
1989
1960

1961 -

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

AVE.
SDEV

101
60
45

vE

72
81
121
68
139
86
51
117
76
222
104
41
127
89
-64
« 74
65
103
54
89
67
63
75
195
- 68
130
80
31
44
104
207
58
70
65
46
119
99
94
87
52
é8
66
138
114
136
98
33
3s
117
129
71
184

90
43

VALUES 1IN

86 130 242 132 137 87 1T _.1._ 46—
106 137 143 191 118 a1 31 6 1
167 126 67 131 124 48 18 12 15
168 176 218 169 132 76 B2 2 38 -~
210 192 105 153 149 63 39 9 4]

93 112 108 130 171 36 60 1 4
262 141 220 224 113 as 1 2 4

74 140 211 143 38 116 12 45 41

91 194 209 265 102 37 52 3 35
167 161 140 140 102 67 94 63 11
126 178 193 193 78 82 4 0 17

38 69 163 143 125 80O 17 - 4 0
192 187 184 72 95 133 56 6 80
162 187 138 198 78 23 25 47 11

a0 71 119 177 232 56 36 1 o

58 83 179 119 147 49 27 1} 2
137 88 103 144 149 70 5. 17 8
150 147 174 137 206 68 16 0 8

87 80- 167 -117- 93 68 --14- & [
136 147 142 18& 279 67 30 4 18

93 170 117 164 81 52 12 7 1

32 86 183 170 1i10 78 4 4 30
101 147 142 177 96 60 15 4 0
100 137 131 134 119 43 63 15 0
124 144 232 238 91 65 27 11 8
128 145 132 234 145 37 a7 0 2
169 238 189 124 138 71 19 20 36
114 158 279 85 129 99 26 0 1
145 142 121 122 99 83 117 7 45
141 161 157 186 156 74 15 2 - 11 -
136 178 149 76 149 84 41 10 14
161 173 186 202 121 72 14. O 1
163 164 241 112 148 52 12 25 34
180 105 226 58 170 53 9 43 1
102 145 145 54 60 74 14 - -71 - 27
110 68 289 120 21 31 30 8 0
130 175 214 184 187 141 22 24 11
101 108 100 88 128 47 32. 6 7
111 178 86 143 188 82 53 10 11

70 223 111 130 87 40 8 12 3
100 63 210 130 170 89 47 6 a1

73 101 207 198 1i81 38 ° 46 6 3
139 60 111 185 120 65 6 0 12
148 143 278 209 183 83 9 38 20
265 208 235 218 167 57 3 1 9
188 207 265 216 292 89 45 11 o}
103 128 198 135 157 73 12 2 0

78 146 245 137 137 105 0 5 0

63 266 87 169 112 37. 53 3 53
160 171 142 133 106 36 10 0 0
121 186 230 211 42 67 13 18 1
191 135 105 90 114 118 7 6 13

65 46 146 70 85 39 19 5 71
149 185 153 141 167 45 33 11 7

73 73 156 226 28 28 4 3 0
125 181 187 133 80 78 0 33 0
126 144 172 183 129 66 26 12 15

49 47 55 49 53 26 23 16 19

TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL

o1

1
3

46

33
1
i

61

39
5

11
_41

86
1
1
0

i12.

7
10
77
40
43

35
66
14
86
3
8
57
3
60

25
26

MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P.

.
laang 2
.2 966 -.- — —.
31 867
13 769
B B ‘1128
29 10564
22 819
12 1139
39 988
47 1213
97 1133
51 983
- 46 843
22 1169
111 1203
7 894
B 710
80 940
19 1021
66 776
4 1192
42 844
50 893
44 868
33 869
9 1015
32 982
170 1305
65 1151
13 968
62 1132
57 982
19 999
10 10056
76 1048
38 986
28 192
14 1181
26 - 736
38 a56
86 950
13 1004
34 994
a5 953
17 1190
160 1377
72 1454
72 1026
54 10586
45 1090
113 983
28 1006
38 859
22 693
14 1091
14 679
31 1092
44 100.0
36
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SYNTHES1ZED RUNOFE AT GAUGE GOb&
ST YRR S IE SIS 2SS SRR 2R L 2T )

USING MODIFIED PITMAN MODEL FORMULATION

I - V=" =R Y S —

CATCHMENT AREA=
Py Y TR R R R R R T Y

1660.50. KM

M AP.=
Ll 2 I3l 2l 2y )

F00. MM

Al= .00 % Pl= 1.5 mm/D IMIN= 7?0.0 mm/M = ZIMAX=
R= .50 FOW= 3.0 BL=s .00 mm FT=
_ ___ @gWw=_  ,0mm/M _ TL= .50 MTHS  GL= .00 MTHS NOFT=
POMG= 2.5 SEL= .0 mm 8B= .0 mm FG=
STATISTICS FROM 1947 TO 1983
—— — .. ALL_DATA._INCLUDED . e —- .
MEAN RUNOFF
F.EVAP BT RAIN  RUNOFF (XMAR) (MCM)
{mm) {mm) (XMAP) 0] 2421 8IM oB8 S
OCT  108.0 80.0 a.4 6.7 5.3 19.2 15.1
NOV  140.0 80.0 11.2 7.3 8.9 26.7 25.4
DEC  1&0.0 80.0 13.5 10.3 12.8 29.9 36.4
JaN  150.0 B80.0 15.7 19.5 17.7 S6.1 50.7
FEB 125.0 g0.0 14.3 24.8 20.1 71.2 S7.56
MAR 120.0 B0O.0 12.3 16.6 18.1 47.6 51.9
AFR 8c.0 80.0 5.9 5.9 9.7 17.0 27. 6
MAY 70.0 B0.O 1.9 1.8 1.3 5.2 3.8
— JUN _ 50.0 80,0 AN 3. 2.9 .9
S JuL 45.0 80.0 1.2 < oh 1.4 1.6
AUG 56.0 B0. 0 2.9 .9 1.9 2.5 S.4
SEP F6.0 BO.0O 4.7 2.7 3.4 7.9 Pl
YEAR 1203.0 286.9  28&.1
MEAN AND ST.DEVN, OF LOGS 2.370  2.374
MAX IMUM OBSERVED 292.4 MAXIMUM SIMULATED =
INITIAL SOIL STORAGE = 31.2
FINAL SOIL. STORAGE = 43,7 mm
TOTAL RAIN = 16029.7 mm
TOTAL INTERCEFTION LOSS = 1477.8 mn 9.2 % rain
TOTAL SURFACE RUNDFF = 2153.2 mm 13.4 % rain
TOTAL EVAF FROM SOIL = 11265.1 mm 70.3 % rain
— TOTAL “INTERFLOW = ~  “ri22,% ma— —— ~7.0 % rain
X INITIAL G.WATER STORAGE *= .Q mm
FINAL G.WATER STORAGE = .0 mm
TOTAL B.WATER RUNDFF = +Q mm 0 % rain
CRITICAL PERIOD ANALYSIS
DEMAND AS FERCENT OF DBSERVED. MAR
DEMAND STORAGE CRITICAL FERIOD
J XMAR MCM MONTHS  START END
20. SIM  27.2 & APR 1583 SEP 1985
;; OUBS 24.3 7 APR 1983 0OCT 1985
H a0. SIM  Ba.7 26 OCT 1967 NOV 1968
- ops Ba.B 32 JAN 1968 AUG 1970
| -
&0, SIM  1563.5 21  JAN 1982 ©EP 1983
oBs 237.9 32  JAN 1968  AUB 1970
0. SIM 300.9 63 OCT 1967 DEC 1971
; 0BS  451.7 (87 JAN 1968 NOV 1571
90. SIM 474.8 54 AFR 1981 SEP 1985
OBS 5&64.0 47 JAN 1948  NOV 1971
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
UBSERVED SUMULATED
RUNOFF RUNOFF
; TOTAL RUNDFF 5451.7 5436. 6
. MEAN ANNUAL RUNOFF 2846, 296.1
' AVERAGE MONTHLY RUNQOFF 23.9- 23.9
! VARIANCE OF MONTHLY VALUES 1674.5 1116.6
RANGE OF RESIDUAL MASS CURVE 13561.4 1171, 2
MEAN OF RESIDUAL MASS CURVE o1 54,1
: INDEX OF SEASONAL VARIABILITY g, 9 ar.3
} MEAN DEFICIT FLOW FERIOD{MONTHS) 6.9 7.7
i MAXIMUM DEFICIT FLOW PERIDD(MONTHS) 13 1g
{
E STATISTICAL MEASURES 0OF CORRESPONDENCE
) SIMULATED RUNOFF IS DEFENDENT VARIAELE
i
] CORRELATION COEFFICIENT LTIO
4 STUDENTS T VALUE 19, 341
H REGRESSION COEFFICIENT . 545
BASE CONSTANT 0OF REGRESSION ERUATION 8.423

450.0 mm/M
3.0 mm/M
4 PER MTH
+0 mm/M -
ST, DEVIATION -
LMEM)

OBS B1M
23.%9 15.3
24.9 22.6
22.6 35.4
53.2 37.6
74.1 49.0
66,2 44.3
146. 46 29.3 .

q.1 4.8

2.1 Y -]

.1 3.3

4.1 Te

.1 13.1

195.2 181.7
. 284 . 292
179.1

FPERCENT
ERROR
-3
-.3
-.3
-33.3
-14,0
45492.8
~#,.0
11.3
38.3

" RFACT= ,.920



-

STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 18 DEPENDENT VARIABLE

179,052

COMFARISON OF DEFENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG“IN CORRELOGRAM FOR CORRELOGRAM FOR
MONTHS OBPSERVED RUNOFF SIMULATED RUNDFF
1 - 5244 «T2TS
2 2028 « 3379
3 . 0528 . 0895
4 —a 0707 ~. 1258
-1 -. 1830 —-. 2425
& -. 2142 -. 2693
T -.1433 =. 2377
B =. Q486 ~.12873
9 . 0387 M 1)
10 1757 « 2940
11 < 3TAZ - 44467
12 4535 4861

CORRELATION COEFFICIENT 790
STUDENTS T VALUE ] 19.361
REGRESSIDN COEFFICIENT « 645 R
BASE CONSTANT OF REGRESSION EQUATION 8.423
REGRESSION SUM OF SQUARES 158830, 000
RESIDUAL SUM OF SRUARES— — -~ — — — ——— §5740.820 — — ———— ~— ——
TOTAL SUM OF SQUARES 254590. 900
STANDARD ERROR OF ESTIMATE : 20.584
MAXIMUM ERIVALENT CONSTANT ERROR (%) 74,4622
"RELATIVE ABSOLUTE ERROR({(%} 8554, 70%
COEFF ICIENT OF DETERMINATION 624
STANDARD CUEFFICIENT OF EFFICIENCY . 623
RESIDUAL MASS CURVE COEFFICIENT 935
SFECIAL COEFFICIENT OF EFFICIENCY 464
COEFFICIENT OF PERSISTENCE 1.634
RELATIVE MEAN FERSISTENCE (%) 8. 700
DURBIN-WATSON D-STATISTIC 1.833
SIGN TEST
NUMBER OF NEGATIVE RUNS_._ __ . __ .. _ _._ .. 48 o .
NUMBER OF FOSITIVE RUNS 48
EXFECTED NUMBER OF RUNS 114.7
NUMBER OF NEGATIVE RESIDUALS 120
NUMBER OF POSITIVE RESIDUALS 108
STANDARDISED NORMAL VARIATE Z 2.487
RESIDUAL MASS CURVES
. OBSERVED s . SIMULATED
Me? - -12. 0. -1V, =36, -50, -&7, -80. -109. -133. -197. -1, <35, 42, -40. -1, 102, -ifd. -127. -190. -O7Y.
198 -205. -272. -15. -235. 250, 268, -I74, <290, LN -33. <357, -380.  -28b. -26%. -276. ~27M. -2B1, -242, -3, -231. -25).
1969 -392, 410, 409, 413, 013, =432, 454, ~4Q7, <500, -524, <544, -5M, <333, -344, -304, 2683, -298. -304. -335. -35. -362,
1970 -51b. -523. -S1. -S4&, -525. -539. -S47. -S43, -586. -807. -420. -449.  -437. 450, -470. -451. -424. -400. -300. -398, -420.
1971 -bbb. -675, -BT8. 59T, -SM, -45), -4Bd, -£79, -S01. -52%, -SA9. -S573.  -502. -520. -S40, ~521. -452, -379, -3%. -378, -401,
1972 —-594- <593 -804 -620, -423. =523, =b2%.-=§45. -688. <891, -708, -706.  -49L, -495. -503.-52¢. -308. -4B4. -89 -516. -562.
1970 -700, -70M, -707, -587. -47B, -M0. -A3T. -ASH, 427, 499, -523. -BA7.  -N7%. -5O3. -578. -502, -379. -29a. -288. -780, -JIL.
197 -571. -53b. -555. -457. -I20. -I57. ~183. -182, -203, -225. -248, -257, 403, =337 -72%. -136. -3, M. %9, W 1),
1975 -2%4. =233, -195. -b6.  BS. IM, 9L, 38h. 372, 352, 3. 0. 20, 42, 108, NS, I3 49t 58, S, SeB.
1976 374, M9, 42, 4eb, 549, 390, 588, 570, S48, S24. SOA. 4B2. 450, 496, {81 %00, 530, S49. %8, 53T, miM
1977 4Bh. A7T9. 453, SI9. 408, 413, BG4S, &)1, 50%. 87, SAN. 550, o, 30, A1, 471 330, 539, Seh. SN. Si1,
1978 43, 330. 582, §7%. 573, 407, %ER. M. $S0. 52V, S, HAR. Mb, B, 503, 5T 344, S7). 595, SM. 512,
1979 509, 499, 503, 3i2. S3. A2 §2%. SO0, €81, 459 435, di8. 457, 469, 499, 509, 303, 9%, 476, 453, 420,
1990 ML, 422 A4, 486, 383, 537, 518, 497, 476, M54, 432, 433, 78 32 L. 413, 567, W3 N2 69E. AT
1981 M3, 39, 393. 9. 38, 136, 35, IM. M2, 289, 5. 242, AW, M3 4R 452, 4. AL 0%, 0L 38,
1992 723 286 242, 226 W0 19T, 076, 1S3, 130, M07. &N, @1, 303, 293, 0. 253 b, 204, 193 L9, k4.
198y 47, 32, 42, 126, 123, 1M, 135, %S, T3 SO W T, 97. 3. 16 189, 17%. 208 AT I L
1980 -18, -35, -56. -4, 150, 147, 37, 105, BL. 9. 3. 4. . & 4. 3 %0. 1M 111, BN AN
1985 -1, 43, 97, 100, 120. 07, BB 48, 47, 23 L o, 17, 83, &% 0%, 130, 1%, 100. 79, Sh.
FLOW DURATION CURVES (FERCENT TIME EXCEEDED)
MONTHLY DISCHARGE .0 %.,8 19,5 29.3 39,0 48.8 S8.5 48.3 7B.0 B7.8
OBSERVED XTIME 100.0 4S5.6 33.3 20.6 17.1 14.0 11.8 9.4 8.3 7.0
SIMULATED %TIME 100,0 47.8B 34.0. 29.4 24,1 17.1 11.8 9.6 8.8° 7.0
ERROR .0 2.2 2.6 8.8 7.0 3.1 .0 .0 .4 .0
MONTHLY D]SCHARGE 97.5 107.3 117.0 126.8 1346.5 1446.3 1556.1 145.8 175.6 1685.3
OBSERVED %TIME 5.3 3.9 3.9 3,3 3.1 2.2 1.8 1.8 1.3 1.3
SIMULATED %TIME 5.3 3.9 A5 zZ.2 1.8 .9 .4 .4 3 )
ERROR .0 0 -,4 1.3 =-1.3 -1,3 ~1.3 -1.3 -.% -1.3
MOMTHLY DISCHARGE 195.1 204,80 214.46 224,3 233.1 243.8 253.6 263.3 273.1 282.8
DBSERVED %TIME 1.3 1.3 1.3 .9 .9 .9 -4 .4 -4 .4
SIMULATED STIME .0 .0 .0 .0 .0 N .0 0 .0 .0
ERROR -1.3 -1.3 ~1.3 -9 -9 -9 =4 =-,4 -.84 -—.8
OBSERVED MAXIMUM MONTHLY VALUE 292. 600 .
SIMULATED MAXIMUM MONTHLY VALUE

-9
-1th.
~403.
-2
-2
~5&35.
=N
-1t
523.
LN
488,
LiLN
404,
1352,
I8,
136,
uz.

.

-220.
-299.
-422,
-142,
~448.
-3N0.
-356.
-3
302,
LL.UN
163,
LN
2.
"y,
ni,
127,
i30.
14,
15,

-3,
-2z
~429.
-48¢.
-§71.
-5635.
-380.
-8
182
(LIS
(LS
3.
380,
7.
s,
tot.
12,
-4
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SYNTHESISED/ORIGINAL RUNOFF AT GAUGE 604 USING MODIFIED PITMAN MODEL FOR

. HYDROLOBICAL YEARS STARTIME OCTOBER '
{13,21,121153,8) F9. 10 ,
1930 . 129 B4P &7P TI4P TBOP 298P 229P 4P 5P J2P ISP SP 2428

1932 6P 207 J26P 4TP TP 16%P 112P 1P 5P 3P 5P 4P - 1043

_— 1333 AP__285P_ D40P_ BOZP_B49P _4B5P _1B7P _ A3P__21P _20P  47P_. 3SR 333.9 _
194 21p SA9P 948P 393 215P 45FP 74P 2P 1OP 5P 1OP 12P 29,5

' 1935 32 SIP SIP 45P B3P AS2P 393 29¢ WP SP I ¥ 1LY

- 1934  128P 1064P 1031P &27P 12037 731P &7 7P 27 ¥ 2 2P 4BA.G
: v 1937 14p 22P &4P 53IP 48P IFIP L1BP I119P  2IP  A4IP 10&P G2 195.1
1938 272 287P 393P E39P 1397P 964P  M4P ISP 1FP ISP JOP  JOP  430.%

1939 43P 353P 18P 264P 219P 1BSP SSP WP 192F TP 12 13BP 2211

1940 143 73P 352 &57P B4ZP 4BSP 4P 3P 4P P 4P ISP 28b.1

194 137 129P TP 189P J12P ZO3P, LSIP JP 4P 3P 1OP  26P  126.1

TTUUTIRI T 9P AP 98P 144P S40P SMAP 9P TP 6P 4P T 3P T 4P T 1504

1942 J3P A74p 498P SU4P 3P AP 290P 2BBP  29F 202P 41BP 22BP  358.2

1943 773P 10B7P &LIP 404P GHGIP SLIP 1°P 5P 21 24P TP 20TP  428.2
1944 293 113p 29 32P 3J7IP 1127 7T94P 1P BP - 4 2P 2P 279.2
1945 Jp SP 10P 252P 292P 284 43P MP 3P 3P 2P L4
1946 150P J1ZP 74P - 2P 155P 399P 279P 23 3P AP &P A% 159.9
1947 110P 274P 346P J72P 3B9P 74P &3P 22 5P 3P 3P P 290.6
1948 12P  29¢ 25P IBGP 223P TOP AJP 20P P 3P IP 4P 63.3
1) S4P 159P 232P 196P 492P 14Q1P 1099P  23F 6P GP 142P 148P  410,9
1950 20P 37P 249P 252 298P 287 23F % 4P 3P I7P 2P 122.)
1951 9P 5P 1IP 276P S96P 379 BOP 3P . 5P BP 0P 3BP  160.9
1952 3P MP 138P 106P 4aBP 3% AP 4P 3P 3P AP 13P 1314
_— . 1953 _ AP _73P. . 93P 102P .ISZP 193F 2P J3P. J4P P 4P TP 84.3
1954 16P  7BP 1&3P 707P 1348P 745P 40P tBP PSP 4P P 54

1955 10P  84P 181 149P 742P 941P 24P 1OP 7P AP IP AP U4

1956 23P J43P 976P 1009P 40BP Z43P 209P 25P 7P 1P 74P &R2P  399.8

1957  1266P TISP 227P 1080P 916P 122P I77P TAF 9P 4P 2P P 462.1

1958 §5P 198P 272p {20P BIP B4P 5BP 314P 206P 3P 3P TP 155.0

1959 183p 348P 3J77TP 3SEP GBSP T29P 329P 0P &P IP 14P  MOP  297.3

1340 STP 167P 424P &0LP 128P 222 231P 4P 13 PSP 2P 174.8

1951 22P 244P 500P GBBP 8AP 628P 124P 5P P P P 300.2

1962 3P 260P 4&SP B74P 03P 275P 247 1P &P ESP ISP 5P Z6B.2

1963 72P A79P A30P 573P SS6P 329P 33 12P 4P 7P T 7P 6OP 28B4

1964 773 TIOP LA0P 198° 10tP 8P 24P ZIP ROP 97P 4P ATP 230.5

1965 18P S&P  S52P 93P 959 SIP 4P AP 4P FP TP 9P 200.2

1311 199 1139 386P TeBP 9I7P 915P &31P 359P 1P TP &P AP A3

1967 1 359 359 5S¢ &9 92 72 N2 2 o 0 o4 1059

1948 0 2% 303t My JeR 129 - 182 S50 3 3 o0 9 B7.6

1969 123 62 2434 2004 23668 1 20 [ 3 I 6 m 123.90

1990 523 148 70 187 449 B f&6 61 29 21 3t I BB

1M 88 112 246 1025 8700 10498 1308 9284 118 O OF OF  352.3

1972 30 251 129 M1 248 A% 233 45 10 95 t3e 144.1

1973 395 206 205 1436 1335 418 25 &7 35 I N IR 4551

1974 0 384 247 1227 3277 T 181 MW H 9 T 158 576.9

1973 266 448 624 1522 1755 2926 A1OW 192 00 32 13 1t 850.5

1976 926 970 173 478 1067 ASON 219 &1 2 17 13 2% 462.4

Is77 253 I9? 78 f39IM 335W 283 S&? Y2 M 11 12 %% 3n4.?

1578 170 112 750 L& 229 ST? 3 6B b I ks 210 255.4

197 132 139 31 309 43 M2 71 2 w1t 7 B8N 1863

1960 . 4740 45M 264 B52 BOB 183 44 35 28 17 23 249 102.2

1981 36 48 213 9% 34 23 18 30 16 1MW T M 93.9

1982 50 e428 21 80 M7 &5 21 W4 9 ? 8 3 103.8

1983 102 Bs 537 B9T 1% 24 14 Y 2 16 18 A 233.4

1984 26 75 M 385 230 N3 B 14 o8 03 0% 0%  788.9

1983 Jok 772 WY 271 M 0B 55 32 e b W 212 2.5

AVE, 155 266 309 472 595 456 206 33 W 17 8] 264.7
Spv. 253 z70 239 397 521 M8 224 73 &b 31 6% 109
NDBS 3% 56 5% 3% W i % 3% 5 3% 5



Alw .0 Plei8 INNw 70. DiAX = 430, A« .5 PON =80 MNTK ©0 N D 4 F N A N 4] 9.

&= .0 FT = 3.0
PoMEG - 2.8 M. - .0

Gle 0. T« .50 G.e.00 NFT= 4  PEVAP 100, (40, 180, 450, 189, 30, €0. 70. 8. 4,

fe- 0, Fé =~ .0 .n TETMAX = 80, AEA = D00, RADFALL = 908, thql . 920
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807 TBOELIXE - OBS
HYDROLOBICAL YEARS STARTING OCTOBER
(14,2¢,12(18,8),F9.1)

ERVED AND-MODIFIED. PITHAN. MODELLED.FLO. INFILLED BY RESRESSION. .. . . _

3%

b

70

M7 0 1% 12 1 B 2 17 $3 12 92
196 4 13 6% M 10 W 7@ 19 2 & 4 2 .8
o _1R69_  o9h ASH 1160 76 137 22 4 2 3 4 4 12 N
1976 1990 88 24 122 200 S 4 % ¥ A 1 12
1971 31 S0 176 2610 421 M7 850N 12 b 4 9
— 97— AR50 30 203 — 5 —225— 20— 8- —4——{5—6—- 7.8
S 1973 28 53 {44 400 &35 426 290 120 83 29 3W 27 248.%
197 10 152 3 W S;2 19 42 15 B 7 4 40 MLl
1995 38 A9 381 998 70 1197 21 &9 2 12 B 15 A0
9% 07 24 ¥ 112 MY A 40 11 7T 6 & S e
1997 A5 148 1530 S50 I78 171 474 87 14 10 7 & 185.B
1978 B9 &6 474 86 322 300 2 18 9 20 B 5 1520
1979 22 B4 170 4O7TW 256K 18% IW 10 & 5 4 3 122
1980 68 36 BA 1L 347 100 18W 228 13 4 9 &1 BS
198 25 53 122 % 30 13 1y 22 10 7 3 5 40
1982 9 13 9 24W 20 M4 4 8 ¥ 3 2 0 24
1993 3% M4 206 A% 137 172 e 12 11 13 11 23 180
1986 13 47 23 116 e M8 187 8 4 ak ot 1109
1985 340 499 Se2e 352 48B4 G130 4 0} b M 45 259.3
AVE, ST 126 180 20 307 223 t07 3 13 9 1323 1364
gV, 75 153 1% v 23 2 20 J0 18 7 485 2
NIBS 19 19 19 19 1% 19 19 19 19 19 19 1§

PR " R ¥ SLACPRNE.

e

- il

e P AL LT R - A S

TAEE |




b M.

1942 89 180 260 169 60 149 147 62

GO7 TSOELIKE - MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P.

HYDROLOGICAL YEARS- STARTING OCTOBER
(I4,1X,12(I4,A),18)

1930 95 < B3 121 236 143 1560 96 1
1931 62 102 130 135 198 109 24 25
1932 52 193 1583 102 126 124 40 7

1933 37 223 234 260 173 143 75 28
1934 099 195_.209 142 143 148 74 38
1935 76 59 110 170 157 139 33 81
1936 95 281 140 222 238 153 28 3
1937 61 .67 157 224 152 62 99 8
1838 106 89 216 204 224 137 15 &7
1939 84 159 167 144 176 122 55 134
1940 59 - 126 200 243 168 126 - 59 2
1941 104 33 86 232 182 127 59 14

N

w

, n
NOWLWEOWODONODO=MNMNUMWOOOOOWN

.
P

1943 219 203 226 189 213 139 11 29
1944 87 93 65 172 186 187 35 32
1945 61 42 104 205 t16. 135 43 48
1946 g7 156 116 143 137 97 36 1
1947 100 1456 174 218 183 241 &3 33
1948 68 56 88 174 126 94 62 14
1949 60 127 181 193 164 220 52 32
1950 38 76 200 121 138 110 56 7
1961 114 22 73 209 187 89 22 14
1952 54 136 145 179 178 65 68 14

[-S

| o

1953 94 109 131 190 137 96 53 101 21
1654 - 100 110 142 280 160 __ 85 55 26 30 .
19558 61 128 173 121 232 200 21 27 1
1956 76 157 322 233 143 164 75 10 13
1957 137 92 123 234 124 121 97 a4 1
1988 50 181 196 106 139 60 85 257 2
1959 108 142 156 141 167 107 B84 34 3
1960 77 169 167 124 95 136 87 40 14
1861 21 167 172 141 171 g8 B4 16 0
1962 61 123 122 226 896 284 57 12 25
1963 108 191 156 246 97 179 63 5 80
1964 173 77 151 148 93 CY: ) 61 8 112
1865 55 168 58 257 136 43 43 33 3
1966 50 90 219 280 111 157 87— 26 16
1967 7% 101 132 82 79 119 45 16 2
1968 36 71 116 94 103 143 70 57 4
1969 133 68 150 86 123 42 17 9 16
1970 141 73 86 227 136 73 42 28 6
1971 81 96 165 226 172 152 26 33 5
1972 103 152 47 125 203 109 67 4 1
1973 31 138 156 254 248 173 67 18 22
1974 . 32 165 142 201 129 129 55 11 4
1978 58 192 215 313 170 355 61 41 9
1976 154 70 130 226 147 147 72 6 3
1977 115 128 157 234 159 126 94 3 3
1978 - 80 85 217 70 181 102 39 24 2
1879 61 119 154 212 116 102 23 12 o
1980 47 121 133 159 186 68 72 i5 16
1981 42 116 109 141 82 1569 85 6 10
1982 120 65 48 172 69 a6 36 12 3
1983 107 154 201 155 109 129 48 41 17
1984 102 96 70 180 273 38 17 4 Q
1885 192 119 207 225 104 118 53 0 42

AVE. g5 122 151 186 150 129 56 30 i3
SDEV 40 52 55 56 46 56 26 40 20

w

w o ‘
RANNOF LRI BN OB WERWNOMN

- N
NBROOOW

61
3
22
42
2

—

3

41

23
3
19
0

n
~

[-N

n

.

- e ~J P ]
ONWrEELNMONNOEHNG KNS

14
17

—
” ‘.n E — _Z-'_ .
1 1 960
3 29 828
8- -9 — _ B42
33 17 1265
36 18 1130
0 23 e85 T T
2 14 1176~ — -
&4 30 390
23 60 1146
3 109 1182
3 27 1033
37 38 912
86 23 1292
& -105 1387
& 9 873
1 10 771
3 61 889
2 8 1120
12 48 748
105 16 1184
38 30 827
3 52 874
33 59 938
1 28 962
0 18 _ 1021 _
5 23 996
60 136 1414
1 40 10156
5 8 1130
28 45 1025
16 39 979
24 14 870
0 10 1050
13 38 1180
55 29 988
34 26 856
g - 8 1069
16 33 710
11 20 729
67 70 793
16 13 868
20 46 1034
96 44 965
34 13 1171
7 127 1014
3 71 1489
13 61 1029
39 @8 1148
79 30 979
2 107 913
62 31 911
6 31 708
9 16 679
45 12 1035
3 17 802
59 43 1162
25 38 100.0
27 31

VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL



¥ STATISTICAL MEASURES OF CORRESPONDENCE
SIHULATED“RUNDFF IS DEPENDENT VARIABLE

CORRELATION COEFFICIENT - 857
STUDENTS T VALUE - 25.045
REGREESION COEFFICIENT .819
BASE CONSTANT DF REGRESSION EQUATION 2.040 &
REGRESSION SUM OF SQUARES ' 30520.710
- _ RESIDUAL SUM DF SQUARES 18203, 140
TOTAL SUM OF SOUARES &8723, 880
STANDARD ERRDR OF ESTIMATE 9.973
MAXIMUM EQIVALENT CONSTANT ERROR o . 60,997 -
— ~— —T7 — RELATIVE ABSOLUTE ERROR({%) ’ " 46.871 :
COEFFICIENT OF DETERMINATION - 735
BTANDARD COEFFICIENT OF EFFICIENCY ' . 726 L
RESIDUAL MASS CURVE EOEFFICIENT - 908 .
SFECIAL COEFFICIENT OF EFFICIENCY - o794
COEFFICIENT OF PERSISTENCE 1.648
RELATIVE MEAN PERSISTENCE (%) 15.314 -
DURBIN-WATSON D-STATISTIC . 1.93%
SIGN TEST .
. NUMBER OF NEGATIVE RUNS ) - S 44 - o
- NUMBER OF FOSITIVE RUNG 43
EXFECTED NUMBER OF RUNS i 110.8
’ NUMBER OF NEGATIVE RESIDUALS 1356 .
NUMBER OF POSITIVE RESIDUALS 92
STANDARDISED NORMAL VARIATE Z 3.138

+

RESIDUAL MASS CURVES
! OBSERVED SIMULATED -

LTI | N N RS N | . LI T A RS R [ 9 eIl -2 300 -40. 43, -8, -42. <73, -Bh. <95, -108,
1968 90, 108, W03, -M3. -12), -129, -132. -142, -152. -183, -1n4. -1m%, =UT 127, -136. -14S, -154. -148, 10, -1S2. -14%. -180. -191, -202.
1969 189, -196, ~198. -200. -197. -207, -215. =224, ~235. -, <257, -257. -193. -199. -199, -203. -208, -217. -228. -2, -7%0. ~361. -265. -272.
1970 =259, -261. -270. -29. -26l. -248. -273. ~210, 208, -390, -304. 217, 350, 281, 272 -23%. <220, 229, -700, -25M. =182, -273. -208. -29%.
1970 <325, -3 -325. -0, -219, -249, -255. -243. =24, -280, -2§5. -308. -3, 301, -360. 248, -233, “N5. <8, 1. =200, -25[, 282, -27).
AN -UD -38, 320,30, 322370, “30b, =3T3, -MPLISI VMR, T -278-285. 2. -ATT. 247, <230, -8, 257, -38. -2W9, -770. -7
Wi =306, <382 =379, -330. -27H. -205. -227. -7, 70, -238, -2th, -258, -280. -28), -273, -227, -IS%, -LIF. 118, -125. =160, -13L. 181, -172,
1 205, -281. -2, -226, -189, -124, -10). ~§91, -0, =212, -223, -230. -1B3. 170, -165, -140, =130, -123, ~131. -§42, -1S). =183, -174. -184,
19 -238, 227, <181, -m. -7, ey, OB T W W, WL -187. -1, -10b. SB35 . 1. He. 108, 100,
197 6. B0 TN a0 133 126, 116, 0% W, 0. n 19, 8. 12, 148, 186, 180. 178, 167. t3e. 145, 1, 1,
1w 5. 89, 88 2. 1R 175 B s%. 8. 138, 120 12, 126, 130. 13, 1% 200 0. 200. 202, 9. 1B0. 170 14,
1978 N9 12, ME. Ms. NI, 188, 177 188, 157, 160, 142, 1w, 180, 152 179. 180. 200. 203, 193, 192, 1ML 189, 175, 149,
1979 128, 135, 1. 0. 4, 162, (. 184, 193, M2, . . 199, 13, 159, 109, 198 190, 180, 187, 198, 17, 13, 138,
1980 19, 4. 108, 108 131 130, 120, 11L. 181, 9. @80, 7. 3. 128, 124, 13 t40. . 151, 140, 130, He. ny o108,
1968 b, 80. &1, B 4h a9, S o€ 3. A0 10 - W B M. M. 7. e e W, 31 .
1962 -12. -10. -2t. -30. -39, -M, -39 -0, -0 <92, -163, -tne. BoAaoos w13, 2 -9, - =30, -8, -5
1983 122, 129, -012. -1, -39, 53, -89, <53, g, ~18. -87. -9, T T | A N . Ty 3. -8t
1988 -100. 14, -123. -12%, -84, -89, -0, -8l -9 <103, ~112, -123, B T D M. MR A -38. 4%, -0,
LR PR A (A TR T T+ non % . "Bo-l B S B, M 4 B B L A

FLOW DURATIGN CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE «Q 4.0 8.0 12.0 16.0 20.0 23.9 27.9 31.9 35.%9

’ OBSERVED XTIME 100.0 48.2 34.2 24.8 20.8 17.1 14,3 2.7 11.0 Y-

SIMULATED XTIME 100.0 4%9.6 35.8 29.8- 25.0 18.9 14,9 12,7 11.0 10.5

. ERROR .0 1.3 2.4 3.1 4.4 1.8 .4 .0 .0 +?

MONTHLY DISCHARGE 39.9 43.9 47.9 S1.9 s5.9 59.9 63.8 7.8 71.8 75.8

OBSERVED %TIME P.6 7.0 &.1 5.7 4.4 3.5 2.6 2,2 1.3 1.3

SIMULATED XTIME 7.3 5.3 4.8 .1 2.2 2.2 1.8 1.8 1.8 1.8

ERRCR 2.2 -1.8 ~1,3 -2,6 -2,2 -1.3 -.9 -4 -4 .8

MONTHLY DI1SCHARGE V7.8 ©83.8 B7.8 91.8 95.8 99.7 103.7 107.7 111.7 118, 7

DBSERVED XTIME 7 .2 .7 2 9 7 -4 -4 .4 -4

SIMULATED XTIME .97 7 -2 -9 .4 -4 4 -4 -4 4

’ " ERROR -0 -0 .0 .0 -.4 —.4 .0 -0 -0 -0
OBSERVED MAXIMUM MONTHLY VALUE 119.700 :

SIMULATED MAXIMUM MONTHLY VALUE 118,159

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SER AL CORRELATION)

LAG IN CORRELOGRAM FOR CORRELDGRAM FOR
MONTHS OBSERVED RUNOFF " SIMULATED RUNOFF
1 .5957 .5721
2 .3358 . 2963
3 . 1028 . 0687
4 -. 1274 -.1203
5 -. 2264 -.2251
6 -.2608 -y 2295
T -.21235 ~.2144
8 =+ 1096 . -.1490
% . 0304 -.0z98
10 L1969 .1851
1t L3472 .3382
1= L3441 L3912
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P.EVAP ST RAIN RUNDFF (XMAR) (MCM)

— _..(mm) — —{mm)_ _¢E¥MAP} _ _OBS _  EIM. oBs _ _ SIM
ocT 108.0 48.0 2.0 4.2 7.9 S.7 10.2
NOV 140.0 45.0 11.2 9.2 T B.S 12. & 11.5
DEC 1460.0 45.0 13.9 13.2 11.5 18.0 15.7
JAN 150.0 43.0 17.9 19.9 23.1 27.1 31.4
FEB 123.0 45.0Q 14,7 22.3 21.3 30.7 29.0
MAR 120.0 43.0 12.5 16.3 1&.4 22.5 22.4
AFR 80.0 43.0 5.2 7.8 4.8 10.7 6.3
MAY 70.0 43.0 1.8 2.3 b 3.1 .8
JUN 50.0 45.0 .7 1.1 .2 1.5 +3
Jut 48.0 45.0 1.2 e & .2 .B
AUG S6.0 43.0 3.1 1.0 2.5 1.3 3.4
SEP 6.0 45.0 4.6 1.7 3.1 2.3 4.2

YEAR 1203.0 136.4 136.2
MEAN AND ST.DEVN. OF LOGS 2.033 2,039
MAXIMUM OBSERVED = 11%9.7 MAXIMUM SIMULATED =
INITIAL SOIL STORAGE = " 14.8
FINAL SOIL STORAGE = 24.5 mm
TOTAL RAIN = 14419.1 mm - —
TOTAL INTERCEPTION LOSE = 1384.&4 mm 9.6 % rain
TOTAL SURFACE RUNOFF = 1827.3 mm 12.7 % rain
TOTAL EVAP FROM SOIL = F778.9 mm 47.8 % rain
. TOTAL INTERFLOW = 1419.4 mm ’ 9.8 % rain
INITIAL G.WATER STORAGE = .0 mm
FINAL G.WATER STORAGE = «O mm
" TOTAL G.WATER RUNOFF =27 T TLOTmmT T .0 % raln
CRITICAL PER!OD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL FERIOD
EMAR MCM MONTHS START END
20. .SIM 13.1 7 MAY 1748 NOV 1968
0Bs 13.0 10 DEC 17982 SEP 1983
40. SIM 37.0 34 OcT 1967 SEP 19679
0BS S0.3 19 MAY 1982 NOV 1983
60. 5IM 108.7 48 OCT 1947 SEP 1970
oBs 113.3 32 APR 1981 NOV 1983 -
BOG. = 8IM  198.6 62 . OCT 19467 NOV 1971
oBS  219.0 47 JAN 1948 NOV 1971
i
%0, SIM 255.5 62 OCT 1967 NOV 1971
0Bs 297.9 86 OCT 19&7 NOV 1973
COMFARISON OF SIMULATED AND OBSERVED RUNOFF
. OBSERVED SUMULATED
RUNDFF RUNOFF
TOTAL RUNDFF 2091.7 2587.5
MEAN ANMUAL RUNOFF 135.4 135.2
AVERAGE MONTHLY RUNOFF R IL 1.3
VARIANCE OF MONTHLY VALUES 330.4 301.4
RANGE OF RESIDUAL MASS CURVE 567.4 521.9
MEAN OF RESIDUAL MASS CURVE -72.% ~37.0
INDEX OF SEASONAL VARIABILITY 39.7 3%9.1
MEAN DEFICIT FLOW FERIOD(MONTHS) T.7 4.0
MAXIMUM DEFICIT FLOW FERIOD (MONTHS) 23 17
STATISTICAL MEASURES OF CORRESFONDENCE
SIMULATED RUNCFF IS DEFENDENT VARIABLE
CORRELATION COEFFICIENT . 857
STUDENTS T VALUE 23.045
REGRESSION COEFFICIENT 819
2.040

. BYNTHESIZED RUNOFF AT GAUGE 807

CRRRRRRREERERERRERBRREB AR EE RS

CATCHMENT AREA=

USING MODIFIED PITMAN MODEL FORMULATION

Al= .00 % RI=
R= - 30 PQW=
GW= « 0 mm/M TL=
POWG= 2.3 SGL=

ALL DATA INCLUDED

1.5
3.0
<23

0

__ STATISTICS FROM 1967 TO 19835

mm/D

MTHS

BASE CONSTANT OF REGRESSION EQUATION

IMIN=' S50.0 mm/M

sL=
_GL=
“86=

797.5Q.KM M, AP,z TRL.MM
ERRARERASHERASREBEHABRAP GRS CHRBRARRRABBARS

IMAX= 4T0.0 mm/M RFACT= 1.Q00

.00 mm FT= 4.0 mm/M

.00 MTHS

NOFT= 4 PER MTH

.0 mm FG= T Q7 /M

MEAN RUNOFF

ST.DEVIATION

{MCH)
__DBS ___ SIM
7.5 11,7 T
15.3 9.2
17.6 14.4

27.7 24.4 -
23.7 23.4 -
7.1 26.0

12.1 8.5
3.0 .7
1.8 .3

.7 2.2
1.5 S.7
2.2 5.8

- 94.7 84.1
317 .273

118.2

FERCENT
ERROR
-.2

~.2

-2
-8.a8

-8.0
-49.3

-1.3

-22.2
-26.1
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HYDROLOGICAL YEARS STARTING OCTOBER -
{14,2x,12¢15,a1 F. 1}

1930
1931
1932
1933
1934
1935
1936
1937
1938
193¢
1940
1941
1942
1943
1944
1945
1944
1947
1948
1949
1950
1951
1952
1933
1954

1953

1936

- 1957

1938
1959
1969
1961
1962
1963
1944
1965
1966
1967
1948
1969
1970
191
1972
1973
1974
1373
1978
1977
1978

1979

1990
1981
1982
1983
1984
1985

AVE.
Sov.
KOBS

&&P
0P
[i4
r
3P
21P
46P
10p
agp
e
0P
7ap
J3r
555F
74P
10p
2P
(i3
14P
14p

.. &P
Hip

tip
TP
6P

10p”

21P
Jiep
gp
B7P
il
L
op
agp
149
W
3
10
A
674

1950

un
§2
28
10
39
307
45
B9
22
68
25

5

34
13
368

80
(3]
36

20P 27P  4B4P
P &SP 90P
348P 2470 . 399
470P &11P T3MP
JBIP  4G%F NP
12P = 28P 207P
THP  J3IP AAbP
1P 144P A73P
9P 3B2P A469P
2P 2540 1647
93P J40P &10P
P 9P 45TP
308P &bZ2P 3BTP
S84P  353P #23P
B¥P 1P 2039
3P 18P JGIP
08P 94P 08P
189P 259 46%P
§F  fIP 215P
98P 263F J75P
12P 310P 131P
P 5P 58P
129P 144Pp Z74P
57 T0P 303P
64P 106P B92P

101P—232P— 93P~

07P BIP T44P
93P &P 7P
97P J9IP 116P
193P 193 139P
258P 267P 100P
43P 27 158P
g4P  SBP AA4P
J74P  25BP 408
189 23 128
107 51 199
I8 121 0
196 122 73
13 8% 14
A5 116 T
8B 21 1z
30 176 260
B4 50 30
33 14 00
152 2%
219 S81 998
L L IR ) N BV
148 113% 330
4 e B
B4 170 407W
B B 1N
a3 127 5%
1320 7 24
W28 819
w3 s
6% SbZe 552

155 208 302
167 193 2
b 3% 3%

KL
4130

92p
n2p
1B3P
20tP

701P

33p
&17P
nwp
43P
4

0P
5499
407P
172p
153p
Ja9p
16iP
J39F
142p
454
8P
226P
434P

265P
1a9p
140P
282p
25
235
4P

%
3P
203P
08P
232p
201P
J23p
48P
trap

T1P
b43pP

5P
594p
106F
136P
105p

TP
101P

342P—608P

e
240P
141p
281P
3P
JoTP
153P
124
i
3N
b3k
29
10
137
201
121
203
636
322
760
413
178
N
236M
5L
30
20
137
708
484

3
195
.

Erily
128p

bl
134P
1357
112p
788p

183

b
16
451
34
57
22
33
417
3
LY
229
1197
434
i7l
300
1850
100
137
1
172
148
9l

28
1y
54

154p 0P IP

2 P ®
we _ @ 1P
8P 1P P
9P 13 7P
5% 6SP 24P -
w1 1P
B8P 3P . BP
5P 10P 5P
4P M7 105
5P 5 1P
StPSP %P
4P 126P 129
s8¢ 3P 18P
12 P
5% 122 S
17 @ 15
206P . &P 3P
0P P 2P
LTI B
%P4 P
® » »
T I
16P 153 5P
1P 6P P
M5P-- PP
P %P 2
1P 3P 5
1P B4SP Z84P
P 1P WP
18P 3P 5P
P 4 2
0P S 4P
N 93 9%
9 4 7
T s
W82 80
2 17 b
7?19 12
29 2% 3
B 5% 19
529 12
25 2 8
290 120 83
2 15 8
2 8 2N
0w 17
w8 1
2% 1B 9
IW 10 b
188 20 13
3 2 1
8 3
6 12 11
B 7 5
N n
% 45 19
101 120 43
6 56 5

P
P

AP

20P
w
Fid
1P
2P
p
Ll
Ip
1p
54p
-9
1P
»
g
2P
1P
P
Fig
p
1P
¥
¥

JR— 2P_

4P
i
20P
2p
I
1P
13
190
&b
2
35
4
[
]
i
b
4
n
7
12
]
10
20
3
4
7
]
13
4
be

14
28
54

25P
P

L

18P
¥4

2P,

Ip
49p

& -

a4

3°.
12p -

187p
i
2
%
?
tp
2
245P
14p
up
9
iz
2

_._2P.

Sep
P
fop

H

?
"
»

£34

AP
t

1}

3
X
'

— P

P 1453
3 834
T
w2124
P 1605
? - 933
®  206.9
200 1260

WP 2082 -
150p  181.0
- 3P 1814

1P 136.2
P 286.5
1390 321.1

?  135.4
P 80.5
220 7.8
P 2.
e 50.7
BSP  221.0
8 6.5
210 120.1
HP 111,84
P 1016
2 150.9
305 299.4
P 145.8
® 20,3
1P 110.7
P 1033
S FV R |
2  184.8
87 219.5
200 71,8
y SR (W
53| 188.5
12 57,2
2 30.8
12 54,1
12 7.0
9 147.1
g .8

21 M8.¢
40 181.1

15  #14.0

S8 181.4

&t 185.8
&5 152.0

/1226

b1 87.5

5 0.6
0 23.4
23 153.0
1 110.9

5 259.5

27 149.5

W

56

- SYNTHESIBED/ORIGINAL RUNDFF AT GAUBE 507~ — - ~—USING MODIFIED- PITMAN-NODEL FOR — —- —’-\_Ag\f L‘l‘ — =




MCM PER MONTH

RUNOFF

Al = .0 PI = 1.5 ZMIN= 50. ZMAX = 450. ' R =

SL = .0 FT = 4.0

POWG =~ 2.5 S6L =

.0

POX = 3.0 MONTH o N o J F M A

G = 0, T. = .25 EL = .00 NOFT = 4 P.EVAP 108, 140. 450. 150, 1125, 120. B80.

S6 = 0. F6 = Q@

STMAX '= 45. AREA = 797. RAINFALL =  79%.

M J

70. S0.

48. 56,

AFACT = 1:000

150

100

Do ol MA_ A

1967/68 | 1968/69 | 1968/70 | 1970/71 | 1974/72 | 1972/73 | 1973/74

1974/75 |

1975/76

| 1976/77

150

100+

|
1

Il i
1

1977/78 | 1978/79 | 1979/80 |

WA A i/f

1880/81 | pmmp\mm ummm\mw_ 1983/84 | 1984/85

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

oo o e

TSOELIKE AT GO7 : TSDELIKE

COMPARISON o_u OBSERVED AND mmzmmb,jmc RUNGFF ﬂme,mn

1985/86 | 1986/87

\

_

P
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J740h PARAY (TOTALY  GRGHAVED D WUDIFIED PLTWAN NODELLE INFILLED BY REGRRSSION

{  FVORICORTEAL VERRG GTARTING OCTORER TagLe §
(18,28, 12015, £9.1) '

cped Uzl e % 8 N2 W0 105 134 105§ 102 4SO
8 173 42 Glb 7B &2 WS T d3 I &7 @ W 3o
e St M9 B B M %W B 10 10 12 23 39l
WT0 133 M 070 Moz T8 S Lo 28 % 47 27 TMbD
R e R B R (TN I R L)
G 0 6 & WM MY N8 M 13 T M0 47
(073 49 388 GAIN 4BICIME 3R OGN 212 2 109 13 183 027
Do SR 3008 1S LB 2SN 220K 319 150 48 78 26 T3 12118
975 199 3300 1863 20390 20600 3SNIC L3830 A4 410 115 48 303 1880
76— 36 306 200 T8 U756 2553 AOB0 1B AW 31 19 9 12438
A R R T T TR T AR T
78 8% I AN MY W WA & 10 137 A7 228 183 9122
79 193 B8 087 %2 98 33 ST 2 W 8 7 Wb 458
g0 8 979 70 S E3 12 e 31 513 % 40 S8 924
1981 102 743 1509 143 144 200 1330 k[ J'Y SR 1T I C B 473.4
’ 1992 678 2119 194 A& 141 264 JO0MD 4220 103 38 &8 43 444.4
b e o ek todeass @ e a7 23 3 2 p1 2 4
1984 169 539 260 156 1310 708 139 TP 1 ! ! 3.2
l_ 1985 17508 B&9 2660 294 BO1 177 M7 91 283 37 156 4B 801.6

: AVE. 783 1081 1017 1057 951 B87 432 207 140 . 68 218 34 744.8
- SOV, @s3 1017 746 1073 753 1002 2 249 149 91 519 4
I NOBS f9 19 9 19 19 19 t% 19 19 19 19 19

Ld
»

a

v

” =

P
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G08 PARAY - MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P. sy T T T T T

{IYDROLOGICAL YEARS STARTING OCTOBER - . AR LE 2
(I14,1X,12(14,R),18) -
1930 77 75 127 212 113 122 115 . 8 2 49 0 0 900
1831 78 123 102 126 179 128 17 30 2 0 0 31 816
1932° 49 139 124 53 134 128 40 - 23 14 17 2 15. . . _. 735
1933 40 211 268 290 136 153 40 29 7 55 53 9 1291
1934 121 230 217 128 99 149 83 49 9 1 23 25 1134
1935 72 g1 123 111 108 137 18 75 "2 "2 0 4 743
1936 130 285 146 321 201 135 23 9 1 6 i 7 1265
1937 108 . 78 140 210 187 37 130 26 53 21 85 45 . 1120
1938 139 88 225 214 215 95 76 67 7 34 53 50 1263
1939 136 183 125 139 123 128 98 77 15 4 1 100 1129
1940 37 166 191 177 164 76 105 8 2 22 2 65 1005
1941 147 34 41 191 136 182 76 35 5 0 62 39 948
1942 119 162 206 189 79 143 152 102 11 71 50 28 ° 1312
1943 232 205 200 150 175 94 8 47 52 6 0 104 1273
1944 104 121 a7 a5 149 209 23 36 1 o 0 1 786
19456 40 52 89 156 113 135 52 52 1 3 0 21 714
1946 189 135 89 117 132 127 67 13 15 18 4 72 978
1947 117 130 174 150 105 283 72 25 0 5 3 12 1076
1948 91 57 61 182 96 109 51 27 6 10 3 39 732
1949 g3 123 177 168 119 194 96 57 6 58 g7 23 1198
19560 76 73 150 140 125 91 69 35 13 1 27 34 - . 834
1951 181 27 120 150 188 126 29 19 9 46 40 38 973
1952 68 133 153 94 206 76 129 24 5 0 23 23 934
1953 128 109 151 153 121 112 27 46 16 1 0 34 898
1954 45_.126__108__244 _200__97 62 __47_ _ 13 9 0 7 958
1955 92 154 208 90 189 138 32 63 2 g "1 34 < 1012
1956 129 178 2353 187 126 126 56 19 31 38 59 225 1627
1957 232 127 129 207 86 96 105 60 4 0 0 64 1110
1958 68 154 168 107 90 70 114 142 11 59 Tt - 3 977
1959 147 145 214 114 159 151 94 28 6 11 53 68 1190
1960 119 146 175 233 74 148 112 87 35 13 19 51 1212
1961 20 228 143 127 190 130 87 16 0 0 i8 26 ° °~ 985
1962 49 140 91 265 104 149 98 256 28 36 3 12 1000
1963 g5 150 143 216 90 208 77 13 42 0 28 50 1112
1964 210 ge 135 153 61 68 94 6 46 25 36 31 953
1965 56 121 89 261 116 46 25 28 10 o 18 15 785
1966 72 109 166 356 186 137 g1 55 15 6 17 21 1231
1967 88 132 136 64 76 130 62 80 4 12 22 12 817
1968 64 ge 128 126 80 149 76 88 7 6 15 18 845
1969 145 76 192 124 69 57 28 17 22 21 39 76 866
1870 101 69 178 194 115 116 72 61 3 20 12 11 952
1971 66 g4 103 183 170 151 29 31 8 3 15 36 879
1972 81 142 37 97 165 108 57 11 1 11 93 46 849
1973 44 129 138 211 152 131 59 22 31 5 32 24 978
1874 57 258 135 219 176 147 48 12 8 23 16 142 1241
1975 84 223 169 221 186 270 79 40 30 0 8 92 1402
1976 180 184 104 196 113 1895 47 22 4 0 3 81 1129
1977 176 60 154 224 ¢0 132 101 6 8 4 34 84 1073
1978 95 71 224 72 126 70 23 53 6 62 98 57 957
1979 130 124 145 117 143 68 28 10 2 1 6 135 909
1980 31 161 105 265 159 105 74 15 34 1 64 16 1030
1981 40 116 127 109 67 89 104 10 18 22 3 25 730
1982 147 96 50 84 72 76 33 29 11 29 3 19 649
1983 103 166 141 160 86 123 34 43 7 4 50 13 g30
1984 105 82 94 102 203 52 22 3 2 1 2 10 678
1985 159 128 206 101 107 72 72 1 45 1 61 32 985

1

AVE. 104 130 145 167 132 125 66 37 13 15 - 24 42 100.0
SDEV 651 55 57 66 43 49 34 28 14 18 28 41
VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL
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* USING MODISIED PITMAN MODEL FCRMULATION

Ahon=

Al= .00 & Pl= 1.5 mm/D CZMINs 61.0 oa/H  ZMAXs
Rx  .EO PON= 3.0 L= .00 mn FT=
GH= -0 am/M ‘TLe .25 MTHS GL= .00 MTHS  HNOFT=
POWG= 2.5 SGL= .0 mm 8G= .0 oo ¥Gs
STATISTICS FROM 1567 TO 1985
ALL DATA INCLUDED
MEAN RUNOFF
P.EVAP 8T RAIN  RUNOPF (SMAR) {(MCM)
(zn) (mm) (SMAP) oBg SIN 08§ SIM
QCT  108.0 55.0 10.0 10.5 10.3  718.3 _ 77.0
NOV™~"140.0 "7765,0 T T12.6 ° 14,5 T 13.8 1068.1 102.9
DEC  160.0 £5.0 13.5 13.7 12.6  101.7 95.4
JAN  150.0 £5.0 15.1 14.2 16.1  105.7 1:19.8
FEB  125.0 55.0 12.4 12.8 13.8 95.1 102.4
BAR  120.0 55.0 11.8 11.9 13.2 £9.7 97.9
APR 60.0 55,0 £.5 8.5 5.9 63.2 3.9
MAY  "70.0 55.0 2.9 3.6 2.6 26.9 19.2
JoN £0.0 55,0 5.3 1.9 1.4 14.0 10.5
JuL 48.0 65.0 1.2 .9 1.3 6.8 9.5
AUG 56.0 55.0 3.0 2.9 3.5 21.8 25.9
sgp 96.0 55.0 4.9 4.6 5.4 34.6 40,0
YEAR 1203.0 744.9  744.8
MEAN AND ST.DEBVH. OF LOGS 2.823 2.831
MAXIMUM OBSERVED = 353.3 MAXIMUM SIMULATED =
INITIAL SOIL STORAGE = 22.5
FINAL SOIL STORAGE = 26.7 en
TOTAL RAIN = 15697.4 mm
TOTAL INTERCEPTION LOSS = 1460.6 mm 9.3 & rain
TOTAL- SURFACE RUNOFF = -2141.1 mm 13.6 & rain
TOTAL EVAP FROM SOIL a 9867.9 mo 62.9 % rain
TOTAL INTERELOW = 2224.7 & 14.2 & rain
INITIAL G.WATER STORAGE = .0 mm
FINAL G.WATER STORAGE = .0 mnm
TOTAL G.WATER RUNOF® = .0 o .0 % rain
CRITICAL PERIOD ANALYSIS
DEMAND AS PRRCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
AMAR HCM MONTHS  START END
20. SIM 58,7 & APR 1985 SEP 1985
OB8  6l1.t 6 MAR 1976 AUG 1970
40, SIM 134.6 10 DEC 19892 SEP 1983
OBS 135.6 € MAR 1970 ADC 1970
60. SIM 330.8 29 MAY 1981 SEP 1083
oB3  362.0 28  JUN 1968 SEP 1970
B0, SIH 618.4 54 APR 1981 SEP 1985
0BS 737.9 33 JAN 1968 SEP 1970
90. SIM 1§53.5 54 APR 198t SEP 1985
OBS 1167.5 71 JAN 1868  NOV 1972
COMPARISON OF SIMULATED AND OBSERVED RUNOFFP
OBSERVED SUMULATED
RUNOFF RUNOFP
TOTAL RUNOFVW 14151.6 14143.2
MEAN ANNUAL RUNOFF 744.8 744,48
AVERAGE MONTHLY RUNOFF 62.1 62.0
VARIANCE OF MONTHLY VALUES 6200.6 4901.6
RANGE OF RESIDUAL MASS CURVE 2807.2 2507.3
MEAN OF RESIDUAL MASS CURVE -81.3 189.3
INDEX OF SEASONAL VARIABILITY 21.7 ' 30.0
MEAN DEFICIT PLOW PERIOD(MONTHS) 5.9 6.4
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 12 12
A3
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE
CORRELATION COEFFICIERT .958
STUDENTS T VALUE 26.077
REGRESSION COEFFICIENT .763
BASE CONSTANT OF REGRESSION EQUATION 14.700

XX 1Y 17N .y |
(2 A R AR S R0 2R 2 A R0 R 22 adltZhysl)

Fafala=

LI 1 |

AR R L ELL L L] E Y J ettt

450.0 ma/M
25.0 am/M
4 PER NTH
«0 sm/M
ET.DEVIATION
{MCM)
[+]:]: SIM
_ B6.3 _ G4.7
101.7 2.3
74.6 60.5
107.3 91.0 -
75.5 19.5
100.2 91.6
71.2 5.1
2¢8.9 17.9
14.9 T.2
9.1 10.4
51.9 36.7
41.1 £3.6
372.3 349,.2
213 +193
404.9
PERCENT
ERROR
-s1
"-i
-1
=21.0
=-7.8
-307.3
8.3
7.5
«+0

 RFACT= 1.000



e

SIMULATED RUNOFP IS DEPENDENT

CORRELATION COSFFICIENT

STUDENTS T VALUE

REGRESSION COEFFICIENT
BASE CONSTANT OF REGRESSION EQUATION

REGRESSION BUM OF SQUARES
RESIDUAL SUM OF SQUARES

“TOTAL SOM OF BQUARES

STANDARD ERROR OF ESTIMATE
MAXIMUM EQIVALENT CONSTANT ERROR (%)

RELATIVE

lBgOLUIE_ﬁRBOR(l)__"

COEFFICIENT OF DETERMINATION
STANDARD COEFFICIENT OF EFFICIENCY
RESIDUAL MASS CURVE COBFFICIENT
SPECIAL COEFFICIENT OF EFFICIENCY
COEFFICIENT OF PERSISTENCE
RELATIVE MEAN PERSISTENCE (%)
DURBIN-WATSON D-STATISTIC

SIGN TEST
NUMBER OF NEGATIVE

. .NUMBER OF POSITIVE

EXPECTED NUMBER OF
NUMBER OF NEGATIVE
NUMBER OF POSITIVE

RUNS
RUNS
RUNS
RESIDUALS
RESIDUALS

e

VARIABLE

859
25.077?
«763
14.700

822104.300
2954556.300
1117560.000
36.157
51.419
.. 41.389

+736
- 735
.024
+658
1.341
1.796
2.097

53

63
110.4

91
137

STANDARDISED NORMAL VARIATE 2

.

-6023

RESIDUAL MASS CURVES

=0, =23, 10, -20, -@2. 108, -12%. -@0. -12V. -1080. <230, -24Y.

=330, -583, -443, -102,

*20%, -1, =728, -M46. -T44. -800, -BOD. ~920, ~§B1,-1042.+1103.-1137,

<907, ~1063. 1100, ~116b

~1228,-1270.- 1270, 1210, -1 192, -979,~1011. 1033, ~1087. 1144, ~1208. -1 244,
<1300, - 1303, 1399, = LLT <1 342, « L 35, -1 079, ~ 1434, - 1493, -1 580, -1 340, -1 834,

~1418, ~1453.-1504. ~135). -1878.

=F73,~1030. 10BN, ~ 1104, ~ 1132, ..

-4,
3.
B4s,

~bl. ~14). ~187, -if1.
. 40, 9. N
™. 1L M.
833, M2 ML .
Mo, 8. Wr. TS,
118, 1039, 1042, 1038,
38, 980, 822, T4,
5, WL .
S, 1L WL OB
e " 5 -8

at,
1001,
1.
.
1118
70,
167,

OBSERVED

197

1968 =334, =329, 350, -4t -470. -410, 401, -30).
1

§970 -1074.-1074.-1029, 9% -93h, -93%, -G9Y. -93M,
11

im

1573 1572, - 1390, <1574, - 1486, -1 381, -137%. 1307,

1974 =100, -1814. -1 34T 1280, - 1035, 833, -92h.
I3 =100, =197, -702, -551, -305. -§5, -I2.
i978  BA 328, . W1 ML E0h. SET.
1917 409, 401, 3b3. K21, 430, 638, gA3.
1978 730, 704, €% B3, 81, TER. ML
197% 982, 1003, 1122. 111, BA7, LLL7. 1080,
1960 752, 787, 793, 108), 108Y. 1133 1132
1981 9B&. 99M. 1023, 10TV, 991 949, 1022,
1982 M0, 920, B7I. €. TN TN, MM,
1983 435, 43, 53, MO, 6% M. A,
198F 307, 0L 284, 218, 267, 278, 249,
196y 8, 81, NI IN, . M.

19, 0% 0 W 0

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGER
OBSERVED %TIME
SIMULATED 3TIME

: ERROR

MONTHLY DISCHARGE
OBSERVED STIME
SIMULATED ATIME
ERROR

MONTHLY DISCHARGE
OBSERVED &TIME
SIMULATED STIME
ERROR

OBSERVED MAXIMUM MONTHLY
SIMULATED MAXIMUM MONTHLY

.0 11
100.0 68
100.0 71

.0 3
117.8 129

18.0 16
17.1 15
9 =~}
235.5 247
5.3 4
3.5 1
-1.8 =3

VAL
VAL

+8 23.6 35.3 47
<0 57.5 48.2 37
+9 60.1 49.1 43
.9 2.6 -9 6
.5 141.3 153.1 164
.7 14.0 12.7 1t
.4 13.6 12.3 9
.3 -4 -.4 =1
«3 289.1 270.9 202
.0 3.9 3.5 3
-8 i.3 1.3 i
ol 22,6 =2.,2 =2
UE 353.300

UE 4C4.939

< <k 1L

TR 2A G

SIMULATED

-1 -4 -,

«330. =360, <302, -3T4. -430. <308, <37V,
=304, 547, 013, -392. -43). 401, D%,
=Ml <18, N1 =310, <531, <347, 341,

=849, -89, -%13,

~638. -8, -iéiT.

136, -0§%. -920. ~973. 907, -BGY, -9IB,
S1090.-1092, 1017, -132, 028, -TI. -MY.

COMPARISON OF DEPENDENCE STRUCTURE (AUTQO-SERIAL CORRELATION)

LAG IN
MONTHS

OO~ Wk

-
=0

CORR
OBSE

ELOGRAM FOR
RVED RUNCFF

+3756
-1828
«.1096
~.0063
~.1597
-.1984
-.1510
~.0064
-.0042
«1374
.36326
.3514

=100, -841, T4k, -38Y. 434 -334. -MAY.

49, <238, <120, S, 2L O M.
029, 008, 823 17 N 1L LN,
1023 1030, 103K, 1239, 549, 1208, 130,
114, 108, 1230, 1246, 3230, 1210, 1491,
1A, 12M0 142, 1232, 1245, 1200, 4193,
1023, 1003, 1083, 1321, 1404, D491, 1487,
1204, 1197, BIGY. LIS, 100N, 1083, 1090,
Hi. N0 070 B2, TR, TN MM,
4, 193, 7. . SIS, SBO. MR,
0. M, w0, W4, I WL ML
T, i I, 2. M. 2. TR
«3 58.9 70.7 82.¢ 94.2
«3 33.3 29.4 23.7 21.%
+4 36.4 31.6 25.9 21.5
.1 3.1 2.2 2.2 -4
.9 176.7 180.4 200.2 212.0
-0 9.2 8.9 8.3 7.9
6 9.2 8.9 7.5 5.3
«3 «0 «0 .9 -2.6
«8 294.4 306.2 316.0 329.7
.5 3.5 3.1 2.2 t.3
-3 1.3 9 «d -4
2 «2,2 =2.2 =1.8 -.9

CORRELOGRAM FOR

SIMULATRD RUNOFF

5329

«3147

.0872

~.0711

~.2342

-.2563

-.1881

-.0793

0579

2647

3677

4861

=09, 128, -162, -2%5, -2%0.
=348, -40L. -492, -N13. -2,
<594, =431, <702, -2, -152,
<383 <540, -493, -T41. -800,
~684. -742, <799, -BIY, -908.
~970.-1029,-1085, 1043, - 1031,
=03, -B9Y. -945. -94.-1044.
=800, ~4h1. -S14, -888, AT,
827, WM. 320 M. m,
1667, 1011, 932, 693, 671,
1218, 1220, 1983 114N, M0NA.
103, 1042, 1091, 1127, E13A.
1% 1T 1017, 938, 4032,
1%, 1370, 1317, 1308, 1287,
1039, 1008, 932, 990, &%),
30, 3. W &Y UL
N, 4, 389, 3. 310,
. 182, 122, 43 L
r, w2 2., W o
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CORRELATION CORFFICIENT — T TJesa ”"A&h("
STUDENTS T VALUE _ 25. on_ . ZA G:N"'D
REGRESSION COEFFICIENT . : .763 S
.O BASE CONSTANT OF REGRESSION EQUATION : ‘ 14.700
REGRESSION SUM OF SQUARES 822104.300
[ ) RESIDUAL SUM OF SQUARES 295455.300
- - ~°  TOTAL SUM OF SQUARES - © T T T T T TT 1117560000 T T T T T
STANDARD ERROR OF ESTIMATE 36,157
= MAXIMUM EQIVALENT CONSTANT ERROR (%) £1.419 : : :
_ ____RELATIVE ABSOLUTE ERROR(%) _ L _ 412389 _ -
- COEFFICIENT OF DETERMINATION .736
STANDARD COEFFICIENT OF ERFICIBNCY +735
RESIDUAL MASS CDRVE COEFFICIENT .024
L] SPECIAL COEFFICIENT OF EFFICIENCY .658
COEFFICIENT OF PERSISTENCE 1.341
RELATIVE MEAN PERSISTENCE (%) 1.796
] DURBIN-WATSON D-STATISTIC ) 2.097
SIGN TEST
NUHMBER OF NEGATIVE RUNS ' 53 .
. NUMBER OF POSITIVE RUMNS - - - 53 - - - -
EXFPECTED NUMBER OF RUNS 110.4
L] NUMBER OF NEGATIVE RESIDUALS 91
NUMBER OF POSITIVE RESIDUALS 137
- STANDARDISED NORMAL VARIATE 2 «603
- RESIDUAL MASS CURVES
- OBSERVED SIMULATED
.“- 1967 40, =25, 1%, -28, -2, -104. -120. -0, -120, 180, 237, 200, S <5 e <1 ST bl <ML, -G 128, -162, -235, -TRO,
1968 <334, =379, 380, -NL4, -ATO, <495, ~4B1, <303, -330, <3EN. ~443. -702, 235, -36W. ~3B2, -304. 430, ~3IW. 37V, -3aD, 401, -4%7. -Ui3. -847,

1969 <709, <72h T30, ~T44. <244, -B00, -840, =920, -90(.~1042.-1103.-1130. -S04, -507. <013, 392, 433, <403, 839, -89, -4OL. -T702. -M42, -1S2.
. 1970 -1074,-1074. <1029, <030, -934. -39, -0¥0. -931, -¥61.~108%.-1105.-11bb. “T40. =17, =12, 379, -T1. =341, -347. <393, -840, -49). -TAZ, 003,
1971 «1226.-1200. 1290, 1218, 1132, «779,1011,«1035. 1087, 1144, =1 204, 1204, <0 -683, -915. B30, ~TI% -BIT. <833, -0H, VA2, -TOV, -935. -908,
1972 ~1306, -1303,~1338. <1417, <1342, <1 354, -1 319, 1434, 149, -1 330, ~1 343, -1 534, +85h, 899, 128, -97). -907, -BS3. -0IB, -910,-1027.-1084,-1043.-1071,

T A T TN R0, - 19, 1488, TS -39, 1377, - M1 1403 1908, 395, 1S9, -109T.-1092,-1007, -932. -828, <TPA, 793 -BAY, -BS3. -9ds. SW.-0@e.TT
AT LN MIA - ENY 1200, 1058, 893, 920, PIT 101080 -LEML =100 L SI0L <BAL. R, B8V, A3, <33, -JO%, {03, ~881. +S14. -Sib. -3
INTS o100, <797, -302, -E3L, -3BR MR 22 <MD, <L, oML N, RRL. M, 2S5, -120, 3N DML WL OBAD. 62 WA, 83 MT. WM.
.‘- Co M #6 NN W 0L 613, 608, 37 E3h ATV 420, BN MR a2 WS, B2S. MR, 93, DI0A. (130, IBT.IOL. 932, O3, ATI.

1977 0%, A1, 36X, 427, 437, 43D, 0A3. B4, %1, 7N TS, OO, 1023, 1030, 1698, 1275, 1203, 1200, IM4 12T0. 1220, 1080, 1115, UL,
1979 T30, T0M, @36 B9, P14, TN, M3, 6L, 433 B2, TS, N, NIk 1083, 120, 1244, 1239, 1210, 1057, 1183 1082, 1091, 1137, 1134,
L 1979 992, 1003, 1122, D110, D47, 1007, 1040, 1001, %40, OMY. BIT. lEd, 184, 1217, 1202, 4232, 4243, 1206, 1193, 1135, 1074, 407, 950, 3032
1980 Y42, 187, 9. 1047, t083, 1133 1192, 1124, 1115, 1099, 1042, 1009, 1023, 1083, 10BS, 1321, 1474, LAGL, 1847, $41%. 1370, LD, 130N, 1247,
1901 W04 9%, 1083, 1039, 991 WS 1022, TR, 938, #30, ML, M. 1214, 197, 138%. 1184, 1319, 1083, 1093, 103%. 100%. %32, §98. M.
- 1M 6. 820, EB77. 621, TTY. T3 700, 68A. 3%, 3TN, 2L, Mad. 1, W0 W, 828, TS, T3S 4R4. B30, BTV, W25 4TY. M.
1993 34, 63 3310 MI 692, &6, B04, 570, Sif. 432, WM, W, 0, 193, 330, M0, 373, RO, ML, 49Y. A%, 3A9. TN, 0.
1980 0%, 04, 284, 0. 287, 2%, 249, IB%. (28, 4. 5. oMM, Nl 2 w0, e ML, T oM. 2 182, 2L B, A
1965 5. W1, 208, 182, 200, 226, 206 1SN, M9 0. W 0, M.t M0, [ M. N, M. 1. 102, RN O,

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

s MONTHLY DISCHARGE .0 11.8 23.6 35.3 47.1 58.9% 70.7 B82.4 94.2 106.0
OBSERVED STIME 100.0 68.0 57.5 48.2 37.3 33.3 29.4 23.7 21.1 19.3
SIMULATED STIME 100.0 - 71.9 60.1 49.1 43.4 36.¢4 31.6- 25.9 21.5 19.7

ERROR -0 3.9 2.6 .9 6.1 3.1 2.2 2.2 -4 T ed
© MONTHLY DISCHARGE 117,08 129.5 1€1.3 153.1 164.9 176.7 188.4 200.2 212.0 223.8
OBSERVED STIME 18.0 116.7 14.0 12.7 11.0 9.2 9.8 B.3 7.9 6.1 .
SIMULATED STIME 17.1 15.4 13.6 12.3 9.6 9.2 8.0 7.5 5.3 3.5
y ERROR -9 ~1.3 -.4 .4 =1.3 .0 -0 -.9 =-2.6 -2.8
MONTHLY DISCHARGE 235.5 247.3 259.1 270.9 282.6 2946.4 306.2 3108.0 32%.7 341.5
CBSERVED %TIME 5.3 4.8 3.9 3.5 3.5 3.5 3.1 2.2 1.3 .4
) SIMULATED 2RTIME 3.5 1.8 1.3 1.3 1.3 1.3 -9 .4 4 =4
ERROR +1.8 +~3.1 -2.6 =-2,2 -2.2 =~2.2 -2.2 -1.8 ~a9 .0
OBSERVED MAXIMUM MONTHLY VALUE 353.300
SIMULATED MAXIMUM MONTHLY VALUE 404.939

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN CORRELQGRAM FOR CORRELOGRAM FQR
MONTHS OBSERVED RUNOFF BIMULATED RUNOFF
1 +3756 .5329
2 .1828 «3147
3 . 1096 0872
4 -.0063 -.0711
5 -.1597 -.2342
6 -.1984 -.2563
? -.1510 -.1881
:] -.006¢ -.0793
9 -.0042 «0579
10 «1374 . -2647
11 <3628 L3677

12 «3514¢ - 4861
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SYNTHESIZED RUNOFPF AT GAUGE GOBUNQ)CATCHMENT AREAs 102B.50.KM

P2 2R XN EZ 2RI RS 2R R R RN RRR SR L)

USIMNG MODIFIED PITMAN MCDEL FORMULATION

0.0 mm/M

Al= .00 & PIs t.5 mm/D ZMIN= M

—— - Re _.50 _ _ POWa __ 3,0 . SLa «00 o
GHs +0 mm/M TL= +756 MTHS GL= «00 MTHS NO

PORG= 2.5 SGL= +0 mm 8Ga -0 am

*-STATISTICS FROM- 1967 TO- 1985
ALL DATA INCLUDED

MEAN RUNCOFF

I E R SR ZIRRREA LR 2 R R A R A SR &SR]

AX=
FTa
FT=
FGa

P.EVAP ST RAIN  RONOEF (SMAR) (MCN)
{mm) (mm} (SMAP) oBs 81N 088 SIM
ocT 108.0 53,0 8.6 10.5 9.4 78.3 69.9
HOV  140.0 53.0 11.2 14.5 13.9 108.1 103.9
DEC 160.0 53.0 12.7 13.7 12.7 101.7 94.7
JAN 150.0 53,0 16.4 14.2 14.7 105.7 109.6
FEB  125.0 53.0 13.4 12.8 14.6 95.1 108.9
MAR 120.0 53.0 12.1 11.9 13.1 88.7 97.8
APR 80.0 53.0 4.8 8.5 9.0 63.2 67.0
— T T MAY C  70.0 53.0 2.4 3.6 — -2.8 26.9 20.8
Jun 50.0 53.0 1.0 1.9 1.6 14.0 1.8
JUL 48.0 53.0 1.1 .9 .8 , 6.8 5.9
Ave 56.0 53.0 3.0 2.9 2.7 21.8 20.2
SEP 96.0 3.0 4.5 4.6 4.6 4.6 34.3
YEAR 1203.0 744.8 744.8
MEAN AND ST.DEVN. OF LOGS 2.823 2.812
MAXIMUM OBSERVED = 353.3 MAXIMUM SIMULATED =
INITIAL SOIL STORAGE e 16.8
FINAL SOIL STORAGE = 22.0 mm
TOTAL RAIN = 13463.1 om
TOTAL INTERCEPTION LOSS = 1315.9 om 9.8 % rain
o TOTAL_SURFACE RUNOFF =  1316.B mm 9.8 % ratn
- TOTAL EVAP FROM SOIL = 9053.2 mm 67.2 ¥ rain
TOTAL INTERFLOW = 1772.3 o 13.2 % rain
INITIAL G.WATER STORAGE = .0 mmp
FINAL G.WATER STORAGE = .0 mm )
TOTAL G.WATER RUNOFF = +0 mm 0 % rain
CRITICAL PERIOD ANALYS!S
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
AMAR MCH MONTHS  START END
20. gIM  65.7 9 JAN 1986 SEP 1986
0BS  61.1 .6 HAR 1870 AUG 1970
40. SIM 220,9 17  MAY 1935 SEP 1986
0BS 135.6 6 MAR 1970 AUG 197C
60. SIM  431.9 17 MAY 1985 SEP 1986
0BS 362.0 20 JUN 1968 SEP 1970
80. SIM 732.4 65 MAY 1981 SEP 1986
- ‘0B 737.9 33 JAN $968  SEP 1970
90. SIM 1135.8 65 MAY 1981 SEP 1996
0BS 1167.5 71 JAN 1968° NOV 1973
COMPARISON OF SIMULATED AND OBSERVED RUMNOFF
OBSERVED SUMULATED
RUNOFF RUNOFF
TOTAL RUMNOEFF 14151.6 14151.2
MEAN ANNUAL RUNOFF 744.0 744.8
AVERAGE MONTHLY RUNOFF €2.1 62.1
VARIANCE OF MONTHLY VALUES 6200.6 5228,2
RANGE OF RESIDUAL MASS CURVE 2807.2 2653.3
MEAN OF RESIDUAL MASS CURVE -91,.3 389.0
INDEX OF SEASONAL VARIABILITY 27.7 29.2
MEAN DEFICIT FLOW PERIOD{MONTHS) 5.9 7.0
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 12 19
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE
CORRELATION COEFFICIENT .454
STUDENTS T VALUE 71.649

REGRESSTINN rOEFFTTTENMT

-416

M.A.P.=
500.0 mm/M
19.0 ma/M
4 PER MTH
.0 umlﬂ
ST.DEVIATION
(MCM)
oBs SIM
86.3 67.4
101.7 89.7
74.6 67.5%5
107.3 88.5
75.5 75.1
100.2 93.0
1.2 64.9
24.9 11.2
14.9 11.1
9.1 6.7
51.9 39.6
41.1 36.1
372.3 372.4
213 «2567
331.0
PERCENT
ERROR
.0
0
.0
-15.7
=5.5
~526.0
5.4
9.0
68.3

717.MH

L2 8 L AR R AR RERERSDR S}

RFACT= 1.000



STATISTICAL MEASPRES OF CORRESPONDENCE
- SIMULATED RUNOP¥ IS DEPENDENT VARIABLE — ——

CORRELATION COEFFICIENT .454 -
STUDENTS T VALDE 7.649
REGRESSION CCEFFICIENT 416
BASE CONSTANT OF REGRESSION EQUATION 36.220
— .- REGRESSION 50UM_OF SQUARES__ _ Sl o oo _245159.400
RESIDUAL SUM OF SQUARES 946880.800
TOTAL SUM OF SQUARES 1192040.600
STANDARD ERROR OF EBTIMATE 64.728
MAXIMUM EQIVALENT-CONSTANT -ERROR--(%)- —- ——— -100.332 ---—— - - - - -
"RELATIVE ABSOLUTE ERRCOR({%} 80.007
COEFFICIENT OF DETERMINATION »206
ETANDARD COEFFICIENT OF EFFICIENCY -a010
RESIDUAL MASS CURVE COEFFICIENT -504
SPECIAL COEFFICIENT OF EFFICIENCY -.301
COEFFICIENT OF PERSISTENCE 2.438
RELATIVE MEAN PERSISTENCE (%) 5.556
DURBIN-WATSON D-STATISTIC 1.825
SIGN TEST
-~ NUMBER OF -NEGATIVE RUNS — — - —-— -~ - e
NUMBER OF POSITIVE RUNS 3
EXPECTED NUMBER OF RUNS 115.0
NUMBER OF NEGATIVE RESIDUALS 113
NUMBER OF POSITIVE RESIDUALS 116
STANDARDISED NORMAL VARIATE Z 5.176

RESIDUAL MASS CUORVES

- : OBSERVED SIMULATED
1987 -80. 7). 10, 20, -B2. -106. -1%. -BO. -129. -1EO, -237, -289, =03, =680, -M. =120, <174, -197.°-18%. <210, -238, -292, -349. -0
1966 =334, <319, <380, 414, -ATQ, -493. 4L, -30%, -N30. ~NEN. M43, -T2, =428, =042, -M7, -430, -801. -A2B, -440. -30B, -341, -41T. -4TA, -T1]
1989 -70%, -724, -720, -744, -7AA, -BUO. B8O, -920. -9B1,-1042.-1103.-1030. ~b8), -Bb0. -39, -49Q, -4T4, -491, -4E0. -A90, -334. -610, -84Y. -M?
1970 ~1074,-1076.-102%. -931, -938, -739. -899. -93(. -987,-104%,-1103, 1146, ~18%, -B0%. -811. -499. b3, 40, -A00. -527, -S79, 437, -40h, -TO4
e AL 21220, 20270, 20204, 221821132, =979, <1000, =1035, <1000, ~ULAE. 1208, 1248, . <793, -803, -E3L. -B77. -PMA. -TSY. -T8M._-G03. 881, -922.--9). -95).
1912 -1308,-1300, 1300, - 1417 <1 342, - 1 30, - 1379, - L34, - 1493, -1 393, -1 543, -1 935, 978, 990, -940. -097, 797, -804, -BIY, -G53, -902. -959. -998.-1030.
1973 1572, 1398, <1574, - 1400, 1350, - {379, -£377. <1418, -1 458, 1306, - 1953, - 1290, -108%, -070, -QI7. -T17, -340. -812. -433, -4B0. -537, -39, -4%0, -&%)
19 <1603, - 1414, -1219,-1200,-1038, -B7Y. -924. 9713 -1030.-10B4.-1144.~ 132, =825, =310 290, -11%. Th. M43, 423, A0, WA, M4 2%, ),
1975 -1004, -7¥7, ~702. -531. -38h. -9, -2 40, ~di. <ilL. <140, -I9M. 435, bbb, 882, T2, 883, 1100. 1145, 1112, 1058, 999, 938, g8,
19 N, N8, 2%k 101 418, 408, %87, 33 MV 420 3BT 0%, 981, %02, 934 1192, H{BL. 1219, §435. 1396, 1340, 1281, 1221, 1299,
97 0%, 401, J), 627, 630, 436, 8B). EAA. T¥l. TN, 47N 70T, 1273, 1260, 1372, 1372, 1268, 1345, 1299, 1231, 1201, $171, 1284, 1374,
1978 730. 70k B3A, O30, BIA. 78R, TI2. 4BL. AN M2, TN B4 1430, 1448, 1333, 1330, 1981, 1330, 1486, 1428, 1370, 1014, 1271, 1282,
1979 92, 1005, 8022, 1510, 1147, IML7. 1040, 1001, 940, 67%. 617, 708, 1232, 1253, 1240, 1445, 1401, 1346, 1300, 1TIT. 1IN QAST. 1430, 1M,
1960 T2, 767, 796, 1043, 1083, 13, 1132 1126, 1813, 1037, 1042. 1038, 1371, 1380, 148D, 1453, 14BN, D474 1339, 1504, 1448, 1390, 1334, 1260,
1981 96N, 995, 1083, 1039, 9L 949, 1022, 9. ). 680, 022 Thh, 18, 1396, 1338, 130, 1249, 14, 1200, 1079, 1120, (071, 4004, G40,
1982 0. 920, 87T, 421, MY, M, 0. ARA, DL, W7, S21. ek, Vi, 1003, 1084, 1269, 1133, 1010, 1041, 1021, WAL, WON. @43. OO,
1903 4 W3 551, ML W92 M. E04. 570, SI0. 5L, 391 BN WhOTI. T, 729 01, 02T T TNV, AT9. B9, O34, WRR.
f99% 309, 301, 284, 218, 287, 2%, 209, 18%. 2. 4. 5 -5, e 803 e M9, 131, BST, ESA, BOL. TAL. 0L, M3R. 430,
1988 %A 01 203 252, M0, 236, 208, 13, 19, 0. M4 - O, 38, 353, SI3. 4E). 403, 4% M. 228, mS, 108, R O,
FLOW DURATION CURVES ({PERCENT TIME EXCEEDED)
. HONTHLY DISCHARGE .0 1.8 23.6 35.3 47.1 58.%9 70,7 82.8 94.2 105.0
OBSERVED ATIME 100.0 68.0 57.5 48.2 37.3 233.3 29.4 23.7 21.1 19.3
SIMULATED 3TIME 100.0 71.5 59.6 48.2 41.2 34.2 30.3 25.9 21.9 20.6
ERROR -0 3.5 2.2 .0 3.9 -9 .9 2.2 8 1.3
- MONTHLY DISCHARGE 117.8 129.5 141.3 153.1 164.9 176.7 188.4 200.2 212.0 223.8
OBSERVED 3TIME 18.0 16.7 4.0 12.7 11.0 8.2 8.8 . 8.3 7.9 6.1
SIMULATED %TIME 18.0 16.7 14.9 1.4 9.6 7.9 7.0 6.6 5.7 5.7
ERROR .0 -0 «9 «1,3 1.3 -1.3 -1.8 =-1.8 =2.2 -.4
MONTHLY DISCHARGE 235.5 247.3 259.1 270.9 282.6 294.4 306.2 318.0 329.7 341.5
OBSERVED STIME 5.3 4.9 3.9 3.8 2.5 3.5 3.4 2.2 1.3 -4
SIMULATED 3TIME 5.3 4.9 4.4 3.9 1.3 1.3 -9 -4 .4 .0
ERROR .0 .0 .4 4 «2.2 2.2 -2.2 -1.8 -9 -ed
QBSERVED MAXIMUM MONTHLY VALUE 363.300
SIMULATED MAXIHUM MONTHLY VALUE 330.97t

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATICON)

LAG IN CORRELOGRAM FOR CORRELOGRAM EOR
MONTHS OBSERVED RUNOFF SIMULATED RUNOFF
1 .3756 .4806
2 .1828 .2009
3 .1096 .1245
4 -.0063 -.0405
5 -.1597 -.2028
6 -.1984 -.2437
7 -.1510 -.2028
] -.0064 -.0529
Y -.0042 .0399
10 L1374 .1939
1 L4069

»3626



RN A

SYNTHESISED/ORIGINAL RUNOFF AT GAUSE G0B USING MODIFIED PITHAN MODEL FOR TTARLE L
HYDROLOGICAL YEARS STARTING OLTOBER | ‘ (vorav)
(14,2, 12415,A), F9. 1) S —
{930  332P Z6BP 3MSP 1276P 1849P BI2P 959P GOBP 1B6P (BYP 214P 0P  6B2.8
T1931  W4SP MZP SOTP AIOP 10BYP 1434P 711P 1%P BOP ABP 3P AP 5IS.S
1932 92 A96P TMP 352P 43P 795P SUSP 19IP 4P BOP T4P SeP  395.1
1933 . bIP (182 2936P 3974P 3J024P 1855P 1019P 289 117P 236P AMP 3P 1527.5
1934 SISP 1863 2767P 181SP 70% 8STP 930P ASTP 225 9P 74P 9P 1039.8
1935  163p 276P 67 J8OP 36SP TOAP G39P MASP 297P 110P SIP 3P ITR.0
193  SOLP 2502P 2793F J0S7P 3022P 2322 963P 2P TOP P P 3P 14372
1937 299 442P 491P (369P 2173P 1371P B4 7%0P 3SIP 27IP OGP T07P 9762
193 869P 32P 1AZ6P 2433 2741 1924P 680 AM6P 303P T3P 299 4P  1259.2
1939 7B4P 1647P 141G 7B0P 732° BI9P BS4P 7I4P MASP 166P 7P AISP  BES.0
1940 573P 839P 1623P 1733 ISTAP 977P 629 SOIP 14BP 7sP. 7P (77P G693
{941  B92P 926P 226P BOIP 1303P 1SYSP {399 484P 182P TSP 256P 3S8P  @49.7
1942 S72P 1217F 164SP 2070P 1263P AP 1S3P 1650P B77P S77P 454 3BIP 13482
1943 1708P 301BP 2576 1785P 1S34P 1237 416P 160P 235P 235 110P 465P  1346.1
1984 829 770P AS%P 191P 611P IBJP 1618 JGGP 142P 4IP3 25P  496.7
193 3P &P 1P SHP T2TP 780 402P J01P 1B4P BOP  MAP 4P 360.9
1995 1140 1762P 859P 401P S74P B33P G6eP 269 106P BIP TGP 18P 700.9
1947 §4IP 922P 1175P 1252P 79%P 2283 29SP 93P 19GP TIP AP 40P 1068.5
{948 204P 275P 137P 726P 93P S26P 3BOP 1BIP 9P 43P SO 79 Jes.d
1949 271P S43 1071P 1333 9BZP 1500 1642P 7A% I24P 294P BOSP BATP 10489
1950  356P 278P 522 798P 742P GBLP 3JeP 23 3P 7BP 79 115P  A3LE-
1951 1127° 1296P 48P G4TP 1A3AP 15R0P 733 200p B2P 164P 285P 255  B24.9
1952 228° S3IP 9HP 630P 1295P 1429P 9h4P B29P 240P B2P &P B3P  735.2
1953 SHP 796P 762 TSP BBOP 6%0P -423P 1GOP M2P BOP S2P &P S39.b
1954 95 373P 520P 1571P 2710P 1774P 611P 295P 1BIP 100P &3P 4ZP  E31.5
1955 203 B8P 1702P (361P 1246P 1HA4P BA3P 342P 233P 100P 58P 47P 8637
1956  559P 1459P 3358P 3922P 1876P 1059P 664P 200P 129P 162P JB6P 20447 16080
1957 376IP 2736P 1127P 1405 1332 S0P 603P 625P 312P L12P  49P 1S1P  1272.5
1958 270P 749 1204 B30P 3P 243P 542P 1A47P 1258P S41P JBP (3P 798.5
1959 &95P 1309 1779P ISO4P 10SZP 1440P 1139 S10P 178° 2P 207 398P  1029.3
19650 TI2P.1106P 1372P 2131P 1720P 973P LISIP 1009 637 272F LAJP 164P  1143.0
191  ISIP 13547 1913 93IP 1316P 1613P 933 AI3P I3 S0P M 48P 692.1
1962 96F S0SP 626P 1749P 2039 115IP 11147 S73P 207P 18BP 170P 9P 852,
1963 238 BO7P 1035 1598P 1474P 1563 1452P SUIP 213 154P 112P 147P  956.6 .
1960 14927 1800P 763P GMO0P 632 227P 317P 304 1B1P 198P 206P 194P  715.4
195  162P 37 A31P 1643P 205tP 676P 108P 4P 70P 4P SIP  64P  5B7.4
195  140P 319 793P 1050 4056P 2239 1140 383 671 190 M7 27 1180.5
197 2 %1 971 23 87 32 30 1105 134 105 55 202 4560
(968 173 162 B16 78 62 373 7 403 I &7 M 3/ 30
199 531 49 59 43| b8 2 A 25 10 M 12 a3 I
1970 1733 637 1071 1402 705 5M 1017 W 9 4 B 7 763
1971 22 176 387 1376C 1282 238 3 3 101 I A 0 b4
1972 200 b7 64 2WYIINC 4T3 I 72 29 13 T2 A0 4547
1973 459 365 GGSW L4TIC U978 337 639 212 256 109 1S3 M5 7027
1974 SN 3038 1S64W 1418 2454 230N 319 150 A8 73 26 743 12LS
1975 1199 33908 1563 20390 22648 3533 13330 41 410 15 68 313 1685.0
1976 336 3065 200 768 1756 2553 408K 11BN AN 31 19 99 1243
1977 1640 A3 241 3258 718 634 3064 257 b6 M 41 BT 11443
1978 BS6 362 237 M9 311 34 49 10 137 M7 2225 M35 9122
1979 1695 BSA 1787 502 986 323 S 2 14§ 7 I 650.5
1980 338 879 730 3245 623 1122 807 381 513 5k 40 50 9924
1981 102 743 1509 163 144 200 1350 I} &2 MW 3 M 473
1982 678 2013 199 66 141 264 3060 4220 105 3B 6B A5 ML
1983 33 494 17038 25620 B3 176 187 283 35 25 11 ISt 639
194 16?539 20 155 1310 708 155 23 % 41 1 1 32
1985 17508 869 2660 294 BOL 177 47 91 283 37 IS 4RI BOL.g

AVE, 448 1028 {119 1259 1271 1097 BO7 411 220 124 {93 282 845.8
Spv., 74l 821 822 93 B7S w45 577 326 221 118 3B N
NOBS 5% 5% S5 3% 56 3% 5 56 S 3 % 56
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Al = .0 Pl = 1.5 ZNIN = €1. 2MAX = 450. A= .5 PON=3.0 MONTH, O N B J F N A M J

I ' :

SL e .0 FT =25.0 &d= 0. TL= .85 BL = .00 NOFT = 4 P.EVAP 408, 140. 460. 1S0. 412%, 420, €0, 7VO. £0. ,L48. B8, 88,
POWG - 2.5 B6L=- .0 8S8= Q. F& = 00 STMAX = 55, AREA = 3240, RAINFALL = @77. RFACT =~ 1.000
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617 MARAKABE] - OBSERVED AND MOBIFIED P[fHAN MODELLED FL INFILLED BY REGRESSION

IVEROLOBICAL VEARS GTARTINS OCTOBER
(14,21, 12(18,A) ,F9. 1)

1957 2% 938 M 4 16
988 91 2 s 12 9
1959 320 162 86 92 1%

1920 278 121 SI3 %0 i

1974 12 30 191 1204 837
1972 108 273 20 11 4B
1973 &8 98 277 B&Y 1003
il N OHes 220 W N2
1979 236 1207 Si1 (188 1331
1976 1349 TMAE 42 260 724

17 B23E 209 1626 13088 3210 SM4E 1EMME

1976 407 119 80% i1 193
1979 81§ WM 8% 122
580 70 3% N9 138 402
t98t 50 613 49 w4 24
1982 454 72 61 W W

983 - 516 11 387 I &3 W

1984 g6 383% 1290 &9 258
1985 - {138 150 524 74 22

AVE, 277 M0 276 MY A1b
SOV. 34 383 212 497 Jgb
oo loBs___ 1% 1% 19 1§ 19

S45E 100 116 49 - 3% - - 2223
169 B4 2 W 18 122,46
9 8 8 8 12 183
08 12 RS U T TN
My 01 M & U wnt
X 13 N 8 04,9
& 2 13 128 309.0
™ 20 1w o1& 208 420.2
24 3138 55 23 289 139,46
8 2% 20 17 132 471.8
BO 27 t4 W 383 520.4
6¢ - 40 298 B20 205 M4

a1 10 Ul 2144

148 I I My 32 461,17
106 32 W A 22 243,35
Bt 71 3% 4 1B 190.8 .
209 #5104 158.B
AE 9 ] 2 1 140.1
I 1460 13F 45F 1h0R  170.8

13 79 &4 119 1A 290.1
133 % 48 218 107
19 19 1% 19 19




(18,1X,12(14,A) ,1B)

1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941 -
1942
1943
1944
1945
1944
1947
1948
15949
1950
1951
1992
1953
1954
1955

12586

1957
1958
1759
12460
19561
19462
19463
1964
19465
1944
19267
19468
1569
1970
1271
1972
1273
1974
1973
1976
1977
1978
1979
1980
1981
19782
1783
1284
1285

AVE.
SDEV
VaLUES

9z
97
oo
29
135
88
133

i

141
170
30
158
164
1562
T
40
111

60
99
78

176
71
69
81
29
49
56

197

158
55

119
10
41

146
79
G2

144

78
wh

Th
152
125
209
198
104
324
105

e

(]
145
141

&
181
276
102

83
T2
5
&7
163
71
31
157
173
94
138
91
141
155
140
168
279
227
179
60
113
101
117
&3
44
7O
47
99
Th
212
21k
75
80
a4
97
152
134
119
184

87

113

127

&H4

o2
e

85

152

259

16&--

134
146

1bb

169
89
196
62
202
180
S4
112
145
208
54
212
208
21
130
179
113
221
347
134
189
293
1446
i44

—

[

159
166

o0
131
108

139

105
1897
117
g2
101
129
142
81
136
181
117
B1
1383
52
132
B&
182

141

=t
sl

I TENTHS OF

180 130
128 121
71 117
333 119
153 - Bb
119 PO
283 206
197 195
198 184
&8 1113
154 2200
198 1329
184 568
108 185
ii4 101
198 g4
101 114
134 82
122 131
1932 163
219 124
i44 171
118 1922
10%] 152
=81 209
21 238
1646 106
231 84
118 119
89 178
173 g4
108 219
236 121
108 a9
ilé 44
303 121
376 141
49 45
T3 123
1146 63
173 122
224 180
89 202
247 195
170 171
219 198
192 1460
225 e
80 150
0 as
211 190
TS 100
81 av
130 59
117 153
95 233
158 134
Tl o
AN FPERCENT

161

4

137 T
123 11 21 9
125 &9 22 16
153 - 83 15 T
161 . . B4 &6 .13
113 34 71 1
143 37 24 4
TTR4 128 T 26T 743
&b 20 &5 3
126 123 83 6
TP O117 2 1
1466 @7 28 1
102 165 112 14
T3 38 48 40
180 33 44 10
135 52 ié6 17
44 44 27 ié
244 &7 473 0O
108 37 44 Q
198 181 84 11
122 T 29 ol )
114 22 28 AT
122 102 33 <
139 47 o7 22
93 Th 40 10
167 &T &9 1
113 g& n 3
102 107 g5
98 142 101
135 @3 42 17
180 T2 &4 &9
134 2?4 18 )
174 134 39 21
253 68 15 29
48 129 1 46
&0 51 30 13
123 154 &4 20
124 84 T3 S
249 122 102 .11
46 22 14 22
Q4 T2 9o 2
192 40 44 19
101 &0 e 3
T 35 19 14
168 353 2 18
229 103 45 a7
193 42 23 3
181 135 2 13
o8 356 5o
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116 TO 36 3
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BYNTHESIZED RUNOFF AT GAUGE G17 . '

LA A2 AR R LR Rl R AR R R

0BING MODIFIED PITHMAN MODEL FORMULATION

Al= .00 % PIs 1.5 mm/D ZMIN= 60.0 mm/M  ZHMAKe
R= .50 POW= 3.0 SlLs= .00 pm FT= 16.0 oa/M.
GW= 5.0 mm/M TL= .25 MTHS GLz .00 MTHS  NOFTe & PER MTH
POMG= 2.6 8GL= .0 ®mm 8Ga 100.0 mm FGr 10.0 mo/M
STATISTICS PROM 1967 TO 1985
ALL DATA INCLUDED B o 7
T s MEAN RUNOFZ ST.DEVIATION
P.EVAP 8T RAIN  RUNOFF ($MAR) (MCH) {MCH)
{mm) {mm) {SMAP) oBs SIM o3 SIM oBS 8IM
0CT  108.0 38.0 9.2 9.3 9,2 27.7 27.4 4.4 29.6
NOV  140.0 38.0 10.9 t4.8 10.6 48.1 1.6 30.3 25.9
DEC  160.0 38.0 11.9 9.2 9.2 27.6  27.6 21.2 19.4
JAN  150.0 38.0 14.0 15.1 14.4 45.0 42.9 49.9 36.2
FEB  125.0 36.0 12.7 14.0 16.0 at.6 47.6 38,7 3%.1
MAR  120.0 38.0 12.1 11.9 15.7 35.6 46.8 4.1
APR 80.0 38.0 6.6 9.1 . 8.6 27.1 25.7 37.6 26.2
MAY 70.0 38.0 3.4 4.5 3.9 13.4 11.5 13.5 13.3
JUN 50.0 38.0 1.9 2.5 2.0 7.5 5.9 9.7 E.0
JuL 48.0 368.0 1.5 1.5 1.8 4.4 5.2 6.0 6.9
AUG 56.0 38.0 3.3 4.0 4.2 11.8 12.6 21.9 16.7
SEP 96.0 38.0 4.5 é.1 4.6 12.3 13.e 10.7 12.6
YEAR 1203.0 208.1 2908.6 165.6 132.5
MEAN AND ST.DEVN. OF LOGS 2.416  2.435 .229 4192
MAXIMUM OBSERVED = 161.1 MAXIMUM SIMOULATED » 131.1
) INITIAL SOIL STORAGE = t2.8 ’
FINAL SCIL STORAGE = 19.3 om
TOTAL RAIN = 16482.2 mm
TOTAL INTERCEPTION LOSS = 1487.1 mm 9.0 % cain
TOTAL SURPACE RUNOFF = 2714.0 on 16.5 % cain
TOTAL EVAP FROM SOIL = 9776.2 mm 59.3 % rain
- TOTALINTERFLOW & — I1935.5 ms ~— 1127 % rain — - o=
INITIAL G.WATER STORAGE = 64.8 nm
FINAL G.WATER STORAGE = 57.8 om
TOTAL G.WATER RUNOFF = 570.2 mm 3.5 % rain
CRITICAL PERIOD ANALYS1S
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
SMAR . HeM MONTHS  START END
20. BIM  13.2 & MAR 1980 AUG 1980 -
0B 24.3 € MAR 1970 AUG 1970
40. SIM  48.1 10 DEC 1992 SEP 1983 -
oB8 . 57.7 11 DEC 1982 OCT 1983
60. SIM 102.7 11  DEC 1982 OCT 19@3
0B3 173.7 &5 DEC 1982 AUG 1986
- 0. SIM 239.1 40  JUN 1982 SEP 1985
_OBS 401.9 46 DEC 1982 SEP 1986
90. SIH 367.5 89 MAY 1978  SEP 1988
0BS - 516.2 46 DEC 1982 SEP 1986
COMPARISON OF SIMULATED AND QBSERVED RUNOFE
OBSERVED SUMULATED PERCENT
RUNOFF RUNOFF ERROR
TOTAL RUNOFF 6663.6 5674.3 .2
MEAN ANNUAL RUNOEF 298.1 290.6 .2
AVERAGE MONTHLY RUNGFF 24.8 2¢.9 .2
VARTANCE OF MONTHLY VALUES 1087,7 859.9 -20.9
RANGE OF RESIDUAL MASS CURVE 1181.9 912.2 -22.8
MEAN OF RESIDUAL MASS CURVE 81.0 134.5 66.1
INDEX OF SEASONAL VARIABILITY 26.1 25.3 o7
MEAN DEFICIT FLOW PERIOD{MONTHS) 5.9 5.9 .6
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 11 12 9.1
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATFD RUNOFF IS DEPENDENT VARIABLE
CORREI ION COEEFICIENT .827
STUDE : T VALUE 22,140
REGRF "~ rOEFFICIENT .736
BAR" "* REGRESSION EQUATION 6.616

CATCHMENT AREA= 1087.8Q.KM

- w I EE 22 S AR 2R R AR REELDE 2N

CSO.OAmnIH

M.A.P.»

CPERR TR ARSI NN E

42.9- -

RFACT= 1.000



TS 7T ST MAXIMUM DEFIC

e

IT’FLOW’PERiOD(HONiHS)'""_.'Lfm‘ -
- _ . _ . . e — ..

STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS8 DEPENDENT VARIABLE

CORRELATION COEFFICIENT

STUDENTS T VALUE

REGRESSION COEFFICIENT
BASE-CONSTANT OF REGRESSION EQUATION

REGRESSION SUM OF SQUARES

RESIDUAL SUM OF SQUARES
“TOTAL "SUM OF SQUARES

ETANDARD ERROR OF ESTIMATE
MAXIMUM EQIVALENT CONSTANT ERROR (%)
RELATIVE ABSOLUTE ERROR(%)

COEFFICIENT OF DETERMINATION
STANDARD CCEFFICIENT OF EFFICIENCY
RESIDUAL MASS CURVE COEFFICIENT

SPECIAL COEFFICIENT OF EFFICIENCY

COEFFICIENT QF PERSISTENCE
RELATIVE MEAN PERSISTENCE (%)
DURBIN-WATSON D-STATISTIC

SIGHN TEST

NUMBER OF NEGATIVE
NUMBER OF POSITIVE
EXPECTED NUMBER OF
NUMBER OF NEGATIVE
NUMBER OF POSITIVE

RUNS
RUNS
RUNS
RESIDUALS
RESIDUALS

STANDARDISED NORMAL VARIATE 2

— I7P 220,

197 -23, &, 20, &
1960 -92, ~104, -108. -132,

=20, -5, <N
1910 431, -400. -418, -3ES,
1971 -3t4, 536, 34, -0
1572 -M03, -403, -423. -9,
1973 -500. -315. -$12, -§%0,
194 -403, -4f7, -410. 301,
1973 -350, -254, -228. -1,
190 200, 23, W, .
1977 297, 93, 8% 393
1378 811, 473, S, 40,
1979 37, S7N. 6%, 5.
1960 400, &2, €30, M.
199t 570, 400, 420 EOR.
1982 %38, &30, 12, 592,
1987 408, 435, 829, M2,
198% 270, 284, MM, 290,
1903 1od 130, 12,

1118

OBSERVED

=13
~135.
=21h,
-3718.
-3,
«407,
-3,
=34,
-2,
8%
401,
535,
3.
55,
405,
LTAN
LIS
an
124,

-3,
-140.
-32%
-3,
=328,
~421.
=350
=254,

120,

Jbk,

.

"

o™,

592,

840,

Lrif

m.

1.

.

-3
“1bb.
=299,
=390,
1.
=414,
-84,
-2

1.

.

4%,

i

1.

36N

nn

0.

.

W%

195,

-
=168,
=341,
=154,
-1
-4,
-7,
-18t.

122
.
5.
.
s,
|2,
426,
"L
316,
2.

4.

.027

22.140

736
6.616°

134165.200

__61867.200_ _

196052.400
16.545
58.200

46.285

684
.681
817
610
2.273
7.373
1.758

a4
44
111.8
95
133
3.2565

RESIDUAL MASS CURVES

=il
-180,
-3
-4t
bt M8
-07,
~428.
-3k
13

5.
L1
L8
%8,
504,
Lith
N
20,

2.

=35
-207.
<338,
-4,
18
=431,
-8
-1
.
0%,
07,
L1
L1158
- 18
I,
L1 8
nn.
180,
o,

-5,
-220,
-9,
-4,
-,
-4t
-4,
-3,

5,
o,

.

s,

40,

.

40,

",

32,

19,

0.

-18.
2.
-4,
450,
=391,
-482,
-,
=349,

2,

.

3.

ae.

(1A

30,

e,

430,

200,

130,

ol

-3
-3
1.
-188.
R TH
-=181,
=23,
-5
=122
4.
4L
LI
Ho,
.
0.
W
08,
188,
L1

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

" MONTHLY DISCHARGE

OBSERVED $TIME

- SIMULATED sTIME

ERROR

~ MONTHLY DISCHARGE

OBSERVED ¥TIME
SIMULATED $TIME
ERROR

MONTHLY DISCHARGE
OBSERVED STIME
SIMULATED sTIME
ERROR

OBSERVED MAXIMUM MONTHLY
SIMULATED MAXIMUM MONTHLY

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL

LAG IN
MONTHS

@D WA

5.8
67.1
66.2

-9

.0
100.0
100.0

.0

53.7
14.5
15.¢4

+9

59.1
11.8
14.0

2.2

107.4
4.8
1.3

-3.5

112.8
4.4
-9
-3.5

VALUE
VALUE

10.7
50.0
80.4

Y]

64.4
11.4
13.6

2.2

118.1
4.4
.8
-3.5

16.1
39.9
42.1

2.2

63.8
11.0
11.4

.4

123.5
3.1
«9
-2.2

161.100
131.110

CORRELCGRAM FOR
OBSERVED RUNOFF

.3544
.1974
.0991
-.0038
-.0837

1068

-.0980
.0050
0101

21.5
3i.e
36.8

3.1

75.2 8
10.5
9.2
-1.3 -

128

2.6
.4 .
.2

CORREL

SIMOLATED

), -2
132, <148,
=13, - =20,
-191, =184,
~296, ~230,
207, B3,
292, 212,
172, -0,
B oa
%% M.
. 5%
5. 527
;. o
34 419,
"y, A,
403, 32,
m. .
1. 1%,

LT

-4
=183,
-3t
132,
-3
“t7.
=123,
-88.
127
.
s,
.
00,
2.
.
M1,
82
158,
m

-1
=61,
-5
=134,
-,
~159,
~110,
-3,
m.
‘“l
851,
LY
i,
1ne,
n.
.
=,
14,

ATION)
CORRELOGRAM FOR
SIMULATED RUNOFF

5274

.1750
~.0256
-.1392
-.1703
-.1452
-.1510
~.1253
-.0559

2
-1
-8,
-14%.
2.
=i,
-128,
=3,
mn.
.
4.
320,
9.
LITR
480,
0.
nhn
1,
40,

-3
i
=108,
-84,
-93.
=193,
=130,
-3,
3.
6.
410,
303
L33
9,
LI
298,
11,
112,
19,

=55
14,
=124,
~18%.
=114,
=t
=172,
-T8.
.,
2.
8,
462,
Hn.
448,
M.
2.
.
B,
19

48.3
17.%
18.0

-4

102.0
4.8
3.t

-1.8

185.7
.4

-0
-.4

14 A
-4,
=149,
-203.
=134,
=240,
-19%
-1
ar.
401,
5435,
L
390,
LU
418,
%2,
08,
&

‘l

-9,
rin
=189,
=un
-1%8.
~228,
=14,
-110.
203,
b1
.
o
1.
452,
398,
m,
HIN
",
it

=121,
-48.
ol L P
=248,
“11%.
=234
~238.
-2
228.
.
o,
330.
349,
452,
.
21,
175,
i,
0.
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BYNTHESISED/ORIGINAL RUNOFF AT GAUSE B17

HYDROLOSICAL YEARS STARTING OCTOBER
(14,2%,12(15,4) ,F9.1)
133P. 229P 4U5P
Si4p 200 239P
210P 439P 143P

1930
193!
1932
1933
1934
1933
1934
1937
1938
1939
1940

1941-

1942
1943
1944
1943
1944
1547
1948

1949

1930
1951

1952

1933
1934

- 1958

1938
1957
1938
1959
1940
1981
1942
19583
1964
1943
1984
1967
1968
1949
1970
1
1972
1973
1574
1973
1976
1977
1978
1979
19680
1981
1982
198}
1984
1985

. AVE,

sV,
NOBS

218p
204p
w»
P
4320
{52P
3P
32p
502P
123
208P
- 43P
854P
651P
101p
23
2P
P
P
24P
3%
1083P
W
577P
2T
[38P
404P
1410P
83p
2449
3880
P
5P
185P
907P
97p
A
23
91
520
278
12
108
48
3
2%
149
523
W0
813
70
50
454
3
8
1044

306
kXY
3b

B33P 1338 19T4P

3P
199
1769
139P
24P
b38pP
nw

226P -

gseP
15220
1639
e
40P
1779
AP
4P
93P
JB1p
488P

03P
3027
8a2pP
§93°
89
191P
776P

24P
2P
988pP

69
140P
J20P
748P

29P
733
230

bép
383

33ep
2351P
1376P
T82P
ga9p
47P
$13P
&70P
gop
298P
143P
4569
170P
J06P
G46P
&34P
1070p
7P
237P

T83P TP 293P
101P 156P 1296P 1291P
392P 93P 326P loBIP
215P 1706P 10399
T41P  350P 1000P

4B4P

T50P

43P 1178P

£82P
1317P
o
b92p
3307
233
144p
938
2
162
124
30
n
98
1106
1207
TTHE
209
119
)
369
413
m
34
4038
150

o
401
3

q08P
T45P
J40P
b14p
457P

g9p

Jo4p
402p
429
241P
938p
3P
99
1410P

- S43R
-B18p
231P
7837
190P
1250
1275P
974p
9287
1987
93P
bL4P
2247
THP
174p
24P
2209
139P
s545p
74P
5599
714P
BO4P

512

J20P
JsiP
293P
bb7pP
2339
3P
sne
103P

P
7289

260P 1972P 1042P

70
304
b6
323
%1
0
mn
220
i
2
162E
g0y
389
339
A9
L}
179
1280
324

55
383
36

4

12 -

92
360
1284
131
B4
LA
1184
260
13324
i
122
1356
"
b
387
9
174

380
493
%%

H
9
150
M
g7
668
1003
892
1351
24
325k
193
rAH
402
214
3
144
236
a2l

$id
383
38

S3p
J63P
396P

ki

e8P
264P
132P
216P
274p
I9ip
J30P
T33P
L77P
289P
T46P
4220
8epP
1159
e
1011P
400P
432P
358P
STP
HIP
TP
294
194
230P
b10P
721?
692p
THP
12299
28P
124P
444P
1
144E
13
13
853
1358
13¢
ga?
1400
13872
ST6E
3
4]
I
"
2
32
bAY)
57

433
pLT
54

BeoP
128P
175p
43P
Iz
102p
171p
Ab4P
6P
S70P
414p
AS3P
giop
43P
234P
162p
3
W3p
BeP
1144P
235P
105P
393P
170P
15
2499
2359
383P
s41P
J3ep
Jr2p
J64P
T35P
471pP
Ui
43P
T19pP
216
Jon
3
7
1300
188
24
133
540
130
1611E
13
53
299
T78E
LY
498
1058
92

330
J0b
36

280P
28P
439

e

180P
132P
0P
1739
112P
392P
134P
106P
687P
Sap
109P
0P
2
0P
42p
337
1P
26P
128P
B4p
(14
150P
gop
Ja1P
S63P
1135p
150P
10fp
24P
5P
183P
pLl
J39p
S45E
1684
9
203
343
29
T
L]
264
63
80
o4
21
148
103€
84
2188
UE
H

133
153
38

4P
2P
r{g

29

114
0P
24P
40P
6P

. 104F
29

2P
172p
b8P
J&P
23
3P
3P
3P
1039
3P
2P
3P
48P
33p
bap
3P
f09p
1457
Jsp
249P
259
J3p
3P
s4P
299
biP
160
Bs
]
12
101
fb
62
20
338
29
a
40
13
3
n
4|
]
§
1434

L1
48
56

220
0P
25P

y5F

2%
21
25P
3pp
35P
Jop
26P
3P
294P
41P
riis
247
24P
24P
24P
177P
J2p
2099
rild

30P

28p
2P
P
309
e
29
6P
2P
1P
30p
AP
2P
30P
118
3
8
I
&0
13
24
70
3
20
14
298
§
n
n
39
1]
]
b

58
77
54

139
239
24P

123

130p
2P
Feld
4P

e

1037
2P

140P

409P
Jop
2P
bvid
ap
23
2w
b3p
gp

1330

2P

8P

2P
23p

USING MODIFIED PITWAN MODEL FOR

3P
29
2P
i
b3P
23
3P
43p
103P
STp
48P
8P
130P
100P
2P
22P
1me
2P
AP
rlig
3P
4P
33

2P

25
ap

194P 1029P

26P
jiap
70P
43
24P
4P
2P
113p
23p
32p
49
38
8
i
&0
9%
139
16
23
1
20
820
10
41s
21
)
0%
2
94

i)
163
1]

[1id
28P
[2d
3t
2P
299
9P
amw
24p
29
33
1]
102
4
H
89
128
208
283
152
353
208
113
312
2
18
9%
i
1524

103
16)
34

408.8
an.e
183,46

" 420.1

420.9
169.2
YL
393.3
380.1
394.8
393.8
371.8
618.9
482.7
189.4
163.8
1345
Jre.e
183.8
698.2
333.3
38,7
37,2

8.7

3629
.9
562, 1
50,8
3988
4225
1.3
4508
480.7
.2
305.3
2686.5
51,1
222,3
122.5
1s.3
241.8
3.4
206.9
309.0
4202
7.6
475.4
5232
3134
24,4
41,7
245.5
90,8
54,8
11,4
167.4

359.4
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OBSERAVED FLOWS
GENERATED FLOWS

SENQUNYANE AT G17 :

COMPARISON OF OBSERVED AND GENERATED RUNOFF  fiewre |

Al = .0 PI = 1.5 ZMIN = 60. ZMAX = 450, R= .8 POW - 3.0 MONTH o - N v] o F . [ A ,
S - .0 FT =16.0 G = 5. T = .a5 L. = 00 NOFT = 4 P.EVAP! 108. 440. 1B0. 1S0. 125. uwo. a80. 70. 50. _hm. Am. a6,
POWG =~ 2.5 Se. = .0 S - 100. =g - 0.0 STMAX = 3B, AREA = 1087. m>H2ﬂ>TT - 944, RFACT = n.mcu %
200 , _ ._ _ W
| ,
|
| _ k
150} - i , i
T X |
T
Z L
o 100
=
- , _
0] 50
o ‘ \k _
) |
= 0 @ - . “ —
m 1967,/68 | 1968/69 | 1969/70 | 1970/71 ] 1974/72] 1872/73 | 1873/74 [ 1974/75 | 1975/76 | 1976/77
. _ ,
200 _ , -
_ _ | !
T , ! | |
L 150} __ | , 4
Q _ _ _ ,
pd _ _ !
) ! ‘ _ [
T 100+ | | | |
' , f
| |
I
50 _ ! .
|
0 . ]
1977/78 | 1978/79 | 1979/80 | 1980/81 | 1981/62 | 1982/83 | 1983/84 | 1984/85 | 1985/86 | 1986/87
LEGEND 1 MARAKABEI (REVISED RAINFALL)




|
| ! |
§ _ |
| | |
A _
, , _
I'd , “
FLOW DURATION CURVES i !
_ '
175 , _
i “
1 _ w
150 _ . _ ,V
_ |
/|
125 w J 7*
= | |
=
g
100 .
g ,
=
[ ]
M I
.. 75 ] :
L. !
L |
[ ] b
E | |
50 _ - f
i
25 m
, o |
0 T _ T _ _ 1 T r ] _
0 10 20 30 A0 50 60 70 80 g0 100 _
PERCENTAGE OF TIME FLOW EQUALLED OR EXCEEDED .
LEBEND . _ :
 OBSERVED FLOWS SENQUNYANE AT G417 : MARAKABEI (REVISED mmEzErC | “ :
—-— GENERATED FLOWS COMPARISON OF OBSERVED AND mmzmm\:mu RUNOFF R
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32 NKAUS (TOTAL) - OBSERVED AKD HUD[FIED PITHAN NODELLE INFILLED BY REGRESGION

FYORGLOBICAL YEARS STARTING OCTOBER

(14,2X,12(1%,A) ,F9. 1) ' '
} 1967 U3 llBS $77 158 73 U8 732 662 104 182 47 80 382.3
: 1960 188 48 739 53 32 39h 494 A0 183 43 8 D) 284,35
' O IRF 1050 332 94 27 M1 5% M 45 3 38 W 23 263.%
' 1970 710 323 (370 944 S&7 3IOF SASL 3980 Y2 408 232 & N0

_ 1871 210 _JIN_242K-1986A 1600, 2643F _291L 4140 fe6N 91 27 28 _ 778.2. -

1972 225 284 T4 39 948 242 M0 eB) 258 791 B19. 207 3254
1973 127 159 422 1649 2832 2991 M2, 1al0 1S9 BY 298 1% 4797
{978 74 2029 &91- @78 1774 1697 284 164 63 125 S22 489 83!
1973 S14 2206 1469 2624 2328 2689 1228 BOO 925 220 107 1846  171S.b
1975 3554 2761 273 488 1419 2586 330 110 23 29 15 184 11774
1977 1016 700 237 2844 407 334 3029 246 100 T4 3 ME 979.4
1978 986 236 1870 311 -84 1% 1B 119 A7 448 1740 414 - 4727
1979 1140 S50 94 322 405 126 B2 38 4 3 35 28 Il
1980 243 722 &S50 3019 707 1086 476 316 ABL 76 627 491 909.%
198 124 1016 1049 B0 294 197 1490 28 €3 W W &3 4919
1982 792 2122 28 S 132 177 135 146 93 69 93 42 4184
{983 205 96 754 1045 97 287 176 482 144 116N S7E 2621 4591
(98¢ 498 3SSH (108 200W SS7H G1G 2660 19 OO0 O Ob 346
1965 1408 12860 22500 7108 7SOR 1758 1114 430 1720 OF 12 ABTH  b1%.

AVE. 586 911 732 931 880 77l G427 282 {83 - 9% 2B 320 644,2
SOV, 818 822 42t 1016 Bl4 923 B 2 213 101 42 423
NCBS 9 19 19 19 18 ¥ v ¢ {5 18 1 B0



'YX ZIXZEEES RS RS R R 2 0 R ad o iR by

USING MODIFIED PITMAN MODEL FORMULATION

62.0 pm/M -+ ZMAX= 400.0 mam/M

~ gyNTHES13¢D RUNOFF AT GAUGE G32  -CATCHMEN? AREA=.—3480.8Q0.RNi M.N.P.s . B78.MM_

AR EA BT AR ARARABASTNNTTRET T -

't:'..t""l‘l’"'

REACT=

Al= .00 % PI= 3.5 mm/D  ZMINs - .900
R= .50 POWs 3.0 SL= .00 mm FT= 22.0 mn/M
GH= .0 nm/M TLa .25 MTHS GL= .00 MTHS  NOPTs 4 PBR MTH
- - POWG 2.5 SGL= .0 mm - 8G= +0 nm FG= +.0 mo/¥
T " "STATISTICS FROM 1967 TO 1985 . - - I T
NOT INCLUDING MONTHS FLAGGED WITH "S*
) MEAN RUNOFE 8T.DEVIATION _
e i p BVAP— - -— 8T ——RAIN — RUNOFF—{¥MAR)— {MCH) {MCW).
. {mm) (mm)  ($MAP) 088 8IM 0BS g8I4 _ OBS SIM
OCT  108.0 50.0 8.3 9.4 10.1 £9.6 63.6 81.2 68.9
NOV  140.0 50.0 8.6 13.9 10.5 ge.0 66.5 81.7 53.5
DEC  160.0 50.0 10.9 11.3 8.4 71.2 53.4 55.3 38.9 i
JAN  150.0 50.0 12.3 14.6 12.8 92.6 81.1 102.8 75.8
FER  125.0 §0.0 11.4 13.2 14.5 83.4 91.7 79.9 87.0
‘MAR © 120.0 50.0 11.0 11.9 15.8 75.5  100.0 92.4 97.2
APR BO.0 50.0 - 5.9 8.6 8.6 64.3 54.7 71.7 57.9
MAY  70.0 50.0 . 3.2 4.5 4.0 28.4 25.3 25.6 25.8
JUN £0.0 50.0 1.7 2.6 2.2 15.7 14.0 21.6 12.6
- JuL 48.0 £0.0 1.3 1.6 2.1 10.0 13.3 10.1 18.9
T AUE - 56.0 50.0 3.0 3.6 5.1 22.5 32.4— - 42.7——45.0 - -
SEP 96.0 50.0 4.2 5.0 5.9 31.5 3r.s 82.4 36.5
YEAR 1203.0 632,27 632.7 370.7 298.7
MEAN AND ST.DEVN. OF LOGS 2.741  2.756 .229 .205
 MAXIMUM OBSERVED = 355.4 MAXIMOM SIMULATED » 286.7
INITIAL SOIL STORAGE = £7.2
- - FINAL S0IL STORAGE = 25.0 om
TOTAL RAIN = $3796.1 mm
TOTAL INTERCEPTION LOSS = 1339.9 mo 9.7 % rain
TOTAL SURFACE RUNOFF = 1874.2 mm 13.6 % rain
TOTAL EVAP FROM SOIL = 8990.4 mm 65.2 % rain
TOTAL INTERFLOW = 1585.0 om 11.5 ¢t rain
- . _INITIAL G.WATER.-STORAGE.=__ . . O.em_ . . e
FINAL C.WATER STORAGE = .0 am
TOTAL G.WATER RUNOEE = .0 mm .0 ¥ rain
CRITICAL PERIOD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND  STORAGE CRITICAL PERIOD -—
_ SMAR HeH MONTHS  START END
- 20. SIM  35.4 & APR 1980 AUG 1980
_ OBS  ¢8.6 "5 MAY 1985 SEP 1985 B
40. BIM 102.9 @ JAN 1980 ADG 1980
) 0BS 108.3 6 APR 1985 SEP 198§ -
- - 60. -SIM 24B8.0 34 DEC 1982 SEP'1885 -~ — - —
0BE  297.4 28 JUM 1968 SEP 1970
80. SIM 606.2 3¢ DEC 1982 SEP 1985 R
oBg  713.1 48 JAN 1968 DEC 1971
0. ° SIM 908.7 85 MAY 1978 SEP 1985
OBS 965.9 48 JAN 1968 DEC 1971
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
) OBSERVED SUNULATED PERCENT
RUNOFF RUNOEF ERROR
TOTAL RUNOFF 12015.9 12034.7 .2
MEAN ANNUAL RUNOEP 632.4 633.4 .2
AVERACE MOMTHLY RUNOFF 3 52,7 52.8 .2
VARIANCE OF MONTHLY VALUES ~ 4911.8 3909.9 . -20.4
RANGE OF RESIDUAL MASS CURVE 2458.3 2041.9 -16.9
MEAN OF RESIDUAL MASS CURVE 63.1 127.6 419.4
INDEX OF SEASONAL VARIABILITY 24.6 22.3 -9.3
MEAM DEFICIT FLOW PERIQD(MONTHS) 5.9 §.7 -2.8
MAXIMUM DEFICIT FLOW PERLOD{MONTHS) 12 12 .0
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 1S DEPENDENT VARIABLE
CORRELATION COEFFICIENT .816
STUDENTS T VALUE 21.188
REGRESSION COEFFICIENT .728
14.434

BASE CONSTANT QOF REGRESSION EQUATION



—ar

i

- o el S

- NUMBER OF POSITIVE

STATISTICAL MEASURES OF CORHESFONDENCE
STMULATED RUNOFE, 13-DEPENDENT VARIABLE

CORRELATION COEFFICIENT

STUDENTS T VALUE '

REGRESSION COEFFICIENT

BASE CONSTANT OF REGRESSION EQUATION

REGRESSION SUM OF SQUARES

RESIDUAL SUM OF SQUARES

TOTAL SUM OF SQUARES |

STANDARD ERROR OF ESTIMATE

MAXIMUHM EQIVALENT CONSTANT ERROR (%)

- "RELATIVE: ABSOLUTE ERROR({%)

COEFFICIENT OF DETERMINATION
STANDARD COEFFICIENT OF BFFICIENCY
RESIDUAL MASS CURVE COEFFICIENT
SPECIAL COEFFICIENT OF EFFICIENCY
COEFFICIENT OF PERSISTENCE
RELATIVE MEAN PERSISTENCE (%)
DURBIN~-WATSON D-STATISTIC

SIGN TEST -
NUMBER OF NEGATIVE RUNS
RUNS
EXPECTED NUMBER OF RUNS
NUMBER OF NEGATIVE RESIDUALS
NUMBER OF POSITIVE RESIDUALS

STANDARDISED NORMAL VARIATE 2

.816
21,109
728
14.43¢

582957.600
298506.800
991464.400
36,343
60.178

T TAS

L€ " BA _Cowm»_ 7

- 45.664

666
+659
.742
591
2.318
3.439

1.789 |

46
49
114.4
106
122
2.326

RESIDUAL MASS CURVES

OBSERVED SIMULATED
19 -4 19, W, =l =30, BT, 114, <79, 121, -197, -203, -2%0, T < < =43 =1 =105 <110, -5 -121.
1958 -291. =338, D14, <AL, -A1L. =424, <407, ~419, -4, -202, 34D, <590, 269, -320. 322, <3S4, )AL <134 <13, 2. A,
1959 -346, ~345, =009, -#), =604, =491, =740, 76D, -BI7. -BES. -7)Y. -%ET. -0, =3 =3, -89, 97, {44, -193, -243, -200,
J970 =940, <FAY. -DBN. -BAY. -BIV. -BUD. -832, -89, -OLT. -948.-10Lh. 1048, <315, -40%. -390, =330, -32%. 33, 3B, -37A, <419,
1L ~1100.-1188, = [190,=3080, ~F43. =731, 735, =Tdb, =702, -BI5. =873, -¥23,  -502. -422. =43V, <317, <311, <047, ~140. <§7V, -221.
1972 -9%5, -§B0.<1029,-1074,~ 1032, +1080, - 1008, ~ 13K, -1 I8, -1220,~1200. 1232, <381, -MOD. <444, -AE3. <343, <320, <335, 400, W9,
1173 ~1212.-1300. 1019, -1207, =977.-1000.-1011,- 1048, ~108%, 1129, ~ 1092, <1065, -50%. =344, =574, ~304. <170, =132, -1, =219, -248.
1878 -1230,-1080,-1084,-102Y, 908, -T8T, =811, -B4Y, <894, <934, ~981. -9§3.  -43), <290, 28K -145. 183, -85, -4, -1, -13B,
§975  +900, BiY, 726, -WME, -NIN. <90, 20, <L ML & L R0 %A, -SH. 12, 1950 360, SHL A2, 43N 40N,
197 40, Al WY, SR AGN. BRO. OTO. 029, TN, 728, 477, W, 809, B38. 793, B3, W43, 1070.°107%. 10%0. 982,
1977 692, T0%. 4RO, 912, 900, B8N 1170, 1100, 1080, 1014, 985, 990, HO07. 1013, 1000. 1147, 1160, 128, £403. 1394, 1305,
1978 100 1008, 113%. BT, $143. 1069, 1017 76, 9§29, 920, 1042 1030,  §210. 1178, 1240, 9202, 1249, 1220, 104, EU3V. 1082,
17T 1092, 10940 3121, 1000, 1OBB. 1043, 1007, 934, %05, 856, B07. VIS, 0220, 1222, 1202, B1AE. 1134, $092. 1044, 995, 4%,
1580 730, 770. 763, 1032, 1030. 1106, 1021, 1100, 10§93, 1030, 1080, 1038, 811, 093, M3, §42, 1081, 141, 1120, 1008 10W9.
1981 1018, 1089, 1117, 1083, 1059, 1020, 1173, 1099, 1054, 1009, 942, 916, 0031, 1035, 1035, 1607, 9BO. %40, 1043, 1043, 1003,
1982 938, 1098. 1070, 1009, 98%. 934, MY 87V, €34, 90, 44, 700, 933, fH4, 049, WA @3, Wb T TM. 493,
198 648, M2 7M. TRA. TN, IV, 6OA. B0, dkL. 400, S8). 321, 158, 833, 498, 843, £0), 57D, 529, %0, 0L
1984 459, 49k A3A. M7, A4V, ALY, 420 NT%. 3TN, 290, 8. Q4. |20 ML XA, WL NN BN 0. Y. 184,
1969 130, 139, 260, O 4, 20N A6, 1M, MO S 14 O 4 6. teh A 1%, M. M. W T,

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE .0 11.8 23.7 35.5 47.4 59.2 71.1 92.9 94¢.6 106.6
OBSERVED 3TIME 100.0 68.9 52.2 38.2 32.9 27.2 22.8 19.3 17.1 13.6
SIMULATED STIME 100.0 71.5 652.6 41.7 35.5 28.9 24.6 21.5 16.0 16.2

ERROR .0 2.6 .4 3.5 2.6 1.8 1.8 2.2 .9 2.6

MONTHLY DISCHARGE 118.5 130.3 142.2 154.0 165.9 177.7 189.5 201.4 213.2 225.1
OBSERVED 3TIME 12.7 11.8 1.0 10.1 9.2 7.5 6.6 6.1 5.3 4.8
SIMULATED $TIME 15.4 12.3 $1.0 9.6 9.2 6.6 5.3 3.1 3.1 3.1

ERROR 2.6 .4 .0 -.4 0 «.9 1,3 -3,1 -2,2 -1.8

MONTHLY DISCHARGE 236.9 248.8 260.6 272.5 284.3 296.2 308.0 319.9 331.7 343.6
OBSERVED STIME 4.4 4.4 3.9 3.1 1.8 1.3 -2 .4 .4 .4
SIMULATED ATIME 3.1 2.6 1.8 .9 .4 0 .0 «0 N .0

ERROR =143 =1.8 +2.,2 =2.2 «i1.3 -1.3 -.4 -.4& -.d -4
OBSERVED MAXIMUM MONTHLY VALUE 355,400
SIMULATED MAXIMUM MOMTHLY VALUE 286,651

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN CORRELOGRAY FOR
MONTHS OBSERVED RUNOFF
1 . 3848
2 1996
3 .0992
4 .0239
5 -.0323
& -.0694
7 0751
] .03177
9 . 0556
10 -1778
11 .2503
12 2540

CORRELOGRAM FOR
SIMULATED RUNGFF

«50686
«1416
-.0246
-.1131
-.1196
-.06756
-.0737
-.0801
-.0811
.0899
.2433
- 3067

~185,
~42.
-0
-3
=,
=437,
=N,
-t82,
254,
3%
1292,
1128,
18
1604,
962,
[H
34,
[}[B
il

-210,
-83.
-8,
-§%0.
=313
=451,
-39,
-228.
un
083,
1355,
.
LIS
togo,
.
(N
3,
.
i,

T
-126,
380,
-S4,
-3,
-4at,
384,
-19%
oL
%2,
1200,
1218,
.
1078,
-8,
588,
.
1
°I
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BYNTHEBIZED RUNOFF AT GADGE G32INC CATCHHMENT AREA=

.I'I’"*"'..‘.'..t’l'*"l"l-ll'.

2393.8Q0. KM M.A.P.s

.".I.t""...."'l"""l".

DSING MODIFIED PITMAN MODEL FORMULATION

948.MM

REERARNSFTAEENT RN

nn I'Il

AASE CONSTANT OF REGRESSION EQUATICN

23.366

Ms .00 & Pin 1.6 mm/D  ZMINe 62.0 sa/M  ZMAX= 450.0 REACT= .900
R= .50 POW= 3.0 SLe .00 m2 FTs £9.0 mm/M
GHa .0 om/M TLa .25 MTHS = GL= .00 NTH8 NOFT= 4 PER MTH
PONG= 2.5 SCLx .0 Bm 86= .0 ma FCa .0 an/M -
STATISTICS FROM 1967 TO 1985
NOT INCLUDING MONTHS FLAGGED WITH "8° :
S MEAN RUNOFF  8T.DEVIATION
FLEVAP ST RAIN ~RUNOPF (SMAR) {HCM) (HCM)
(o) (am)  (SMAP) 0BS g1 088 SIM 088 BIM
0CT 108.0  60.0 8.3 9.4 9.9  59.6  62.8  981.2  56.2
NOV  140.0  60.0 9.5 13.9  1i1.8  88.0  74.7  81.7  B7.9 .
‘DEC  160.0  60.0  10.8  11.3 8.7  71.2  54.9  55.3  26.7
JAN 150.0  60.0  12.2 ' 14.6  13.9  92.6  87.8 102.8  €3.7
FEB  125.0  60.0  11.3  13.2  14.4  83.4  91.2  79.9  082.2
MAR  120.0  60.0 11.0  11.9  14.6  75.5 92,4  92.4  B83.7
APR  80.0  60.0 5.9 8.6 9.0  54.3 .BB.7  71.7  47.8
MAY  70.0  60.0 3.2 4.5 3.8  28.4  28.3  25.6  16.0
JUN 0.0  60.0 1.7 2.5 2.3 16.7  14.5  21.8 9.6
. JUL  48.0  60.0 1.3 1.6 1.7 10.0  10.9  10.1 _ 11.2
AUG  56.0  60.0 3.1 3.6 4.7  22.5  29.4  42.7  29.4 -
SEP  86.0  60.0 .3 5.0 5.2 31.5  33.1  42.4  26.7
YEAR 1203.0 632.2 632.2 370.7 297.1
MEAN AND ST.DEVN. OF LOGS 2.741  2.758 .229 197
HAXIMUM OBSERVED = 356.4 MAXIMUM SIMULATED = 287.3
- el —
INITIAL SOIL STORAGE = 21.6 a
FINAL SOIL STORAGE = 31.4 on
TOTAL RAIN =  13326.5 mm
TOTAL INTERCEPTION LOSS = 1310.6 mm 9.9 % rain
TOTAL SURFACE RUNOEF = 1345.6 oo 10.1 & rain
TOTAL EVAP FROM SOIL = 9216.0 nm 69.2 % rain
TOTAL INTERFLOW =~  1444.9 mn 10.8 & rain
- INITIAL  GVWATER STORAGE =" ~ ~ .0 mm - CoThT . et e — s s s =
FINAL G.WATER STORAGE = .0 om
TOTAL G.WATER RUNOFF = .0 mm .0 % rain
CRITICAL PERIOD ANALYSIS -
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL FERIOD
AMAR MCM  MONTHS  START - END
20. 'SIM  18.9 3 JUN 1977 AUG 1977
oBS  48.6 5 MAY 1985 SEP 1985
a0. SIMN  69.7 o FEP 1993 OCT 1983 —= .
OBS 108.3 6 APR 1085 SEP 1988 -
60, SIM 336.3 42 FEB 1983 JUL 1986 )
088 297.4 28 JUN 1968 BSEP 1970
80. SIM 888.1 56 DEC 1981 SEP 1966
oBg  713.1 48 JAN 1968 DEC 1971
50. SIM 1194.9 65 MAY 1981 SEP 1986
OBS  965.9 ¢ JAN 1968 DEC 1971
" COMPRRISON OF SIMULATED AND OBSERVED RUNOEF
OBSERVED SUMULATED PERCENT
y RUNOE§ RUNOFF ERROR
TOTAL RUNOFF 12015.¢9 12025.6 .1
MEAN ANNUAL RUNOFF 632.4 632.9 | .1
AVERAGE MONTHLY RUNOFE 52.7 52.7 .
VARIANCE OF MONTHLY VALUES 4911.5 3136.7 -36.1
RANGE OF RESIDUAL MASS CURVE 2458.3 2233.3 -9.2
MEAN OF RESIDUAL MASS CURVE 63.1 476.0 656.0
INDEX OF SEASONAL VARIABILITY 24.6 23.9 -2.9
MEAN DEFICIT PLOW PERIOD(MONTHS) 5.9 5.8 -2.1
MAXIMUM DEFICIT PLOW PERIOD{MONTHS) 12 12 .0
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE
CORRELATION COEFFICIENT .698
STUDENTS T VALUE 14.635
REGRESSION COEFFICIENT 557
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~ STATISTICAL MEASURES OF CORRESPONDENCE

SIMULATED RUNOFF IS8 DEPENDENT VARIABLE

CORRELATION COEFFICIENT ' 698
STUDENTS T VALUE = 14.635
REGRESSION COEFFICIENT «557
BASE CONSTANT OF REGRESSION EQUATICHN 23.366
REGRESSION SUM OF SQUARES . 347979.500
RESIDUAL 8UM OF SQUARES 367193.5800
TOTAL SUM OF SQUARES 715173.300
STANDARD ERROR OF ESTIMATE 40.308
- MAXIMUM EQIVALENT CONSTANT ERROR (%) 74.610
RELATIVE ABSOLUTE ERROR(%) 60.300
COEFFICIENT OF DETERMINATION 487
STANDARD CCEFFICIENT OF EFFICIENCY 476
RESIDUAL MASS CURVE COEFFICIENT .621
SPECIAL COEFFICIENT OF EFFICIENCY «371
COEFFICIENT OF PERSISTENCE 2.102
RELATIVE MEAN PERSISTENCE (%) . 3.978
DURBIN-WATSON D-STATISTIC 1.919
SIGN TEST
NUMBER OF NEGATIVE RUNS 51
NUMBER OF POSITIVE RUNS 51
EXPECTED NUMBER OF RUNS 112.8
NUMBER OF NEGATIVE RESIDUALS 98
NUMBER OF POSITIVE RESIDUALS 130
STANDARDISED NORMAL VARIATE 2 1.4%6

RESIDUAL MASS CURVES

TaRvE BB Comned

BIMULATED

OBSERVED
1987 -4 10, . 13 <30 -7, <114, <79, <131, <157, -208. -230. -20. <37 -Al =87, -138. -147. -148. ~130.
1960 207, =33, Q4. 341, 411, -A24. 40T, 419, 454, -302, -S4B. -390, -89, -Jib. <330, =372, -30E. -274, =227, -2M.
1969 =345, -85, -40%. -433. -BAG. -890. -T40, -7BO, -BIT. -EEM. <938, 947, <332, -3VD, 329, -1, -32%. -3&. ~DON. -41R.
1970 -948. -040, -08%, -B43, -B)9, -BA0. -85, -BE9. -PIT, -0A4,-1008.-1088,  -80%. -343. ~8d3, -3IB, -43), -393. ~k1h. -4i7.
1971 =109 -1080, 1196, 71080, -943, =731, -158, =745, -TH2, -623. -B7%. -923.  _ -409. -427, -4%B. =bI%, ~497, <340, -381, -394,
1972 -935, -980.-1025.-1004.-1032,~1040, 1088, ~1 134, -1 163, ~1229, 1200, 1232, <539, ~581, -bll, -570. -A24, =416, =433, -470.
1913 -0302.-0308, -1 310, -1207, =970, -2000,~1011. ~1040. 1085, 1129, - 1152, 11683, -b14, -S49, -34%, ~422, =204, ~127, -1%0. -200.
974 -1230,~1000.-1044,-1029, -F04. =787, -B11. -B47. -B%H. -9M4, -981, -98%,  -3BL. -210. -i83, -7H. 5% 2. 292, 270,
115 -187. <MY -1240 -AMS. S-S, <98, <20 <L 3% A ML M, WL 43 A%, N3, TIT. 952 9B, WL
(976 401, 83 39V, 39N, 4N, B9O, 870, 29, TIB. T0. 4TY. 443, 1017, 1034, 1002, D343, 190. 1287, 1428, 1387,
1977 492, 70%. 880, WL 900. B8N, 1131, 1103, 1040, 1014, TS, 990, 1333, 1324, 1370, 1AAM, 1450, 1504, 1558, 193¢,
1970 1084, 1000, S130. 1007, A003. 04N 101D, U756, 92B, 020, DOMT. 1030, 183N, U517, 1373, (%80, 1332, 1816 1471, 1429,
IN9 1092, 4094, 1120, LD00. 10BG. 1048, 100N, 34, W5, BIA. BOT. TP 363, 1378, 1371, 1462, 1650, 1489, 1480, 1411;
1980 78, 70 783, 1032, 2030 1006, U021, 1100, 1093, 1030, 10RO, 1034, 1297 13%h. 168, 1404, 147, 1494, 1541, 1908,
1980 1014, 1043, 1117, 10B3. 105%. 1028, 1123, 1099, 1084, 1009, ®42, ®1b. 3430, 1503, 14B1. (445, 412, 1372, 1403, 1309,
1982 WO 1099 1070, 1027, 9OY. BA. WIS, TR, 034, MO0 Teh. OO, IZ6A. 1293, 1288, DZST. 1208 LMA4. 1123, 1500.
1363 688, M2, T, 6L, M3 MO. s6d. GEO. GAE, 400, 35D, N7 %0% VL. WS MB. WO, B8N, ML 622
I9BE B9, A3h A3 4IT. W9, A3, A20 3PS M2 270, 8. 185, T 429, &R, 4G, 999, BB, 55N, 9b. 470,
1985 I3, 130, 280, L3N W& 205 Ih. 130, 102, 8. 12, 0, 2, 66 306 I, 7, 195 1N N

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE +0 11.8 23,7 35.5 d47.4 59.2 7i.1 ©2.9 94.8 106

OBSERVED 3TIME 100.¢ 68.9 52.2 38,2 32.9 27.2 22.8 19,3 17.1 13
SIMULATED STIME 100.0 78.1 59.2 46.1 36.8 31.1 25.0 21.9 19.4 14
ERROR .0 9.2 7.0 7.9 3,9 3,9 2.2 2.6 1.3
MONTHLY DISCHARGE 118.5 130.3 142,2 154.0 165.9 177.7 199.5 201.4 213.2 225
OBSERVED STIME 12.7 11.8 11.0 10.1 9.2 7.5 6.6 6.l 5.3 4
SIMULATED STIME 12.3 9.6 8.8 7.5 7.0 5.7 4.4 2.6 2.2 1
ERROR ced 22,2 =2.2 2.6 =2.2 -1.8 -2.2 -3.5 =3.1 -3
MONTHLY DISCHARGE 236.9 248.9 260.6 272.5 284.3 296.2 308.0 319.9 331.7 343
OBSERVED $TIME 4.4 4.4 3.9 3.1 1.8 1.3 o4 -4 -4 "
SIMULATED STINME 1.3 .9 .4 .d .d -0 .0 .0 .0
ERROR -3.1 -3.5 -3.5 -2.6 «1.3 -1.3 .od -.q -.4 -
OBSERVED MAXIMUM MONTHLY VALUE 355,400
SIMULATED MAXIMUM MONTHLY VALUE 287.256
COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)
LAG IN CORRELOGRAM FOR CORRELOGRAM FOR
MONTHS OBSERVED RUNOFYF SIMULATED RUNOFF
1 .3848 L5083
2 .1996 .20082
3 .0093 L0654
4 .0239 -.0612
5 -.0323 -~.1182
6 -.0594 -.0734
? -.0751 -.0675
8 .0377 ~-.0473
9 .0556 .0544
10 .1775 .2154
! .2503 4457

-183,
-3,
=44,
~§32,

-

-3
-8,
.,
§08.
[RAN
1491,
1364,
1391,
1446,
1330,
1034,
18
3,
1

-6
«6
.0
4

«1
«8
-8
.1

.6
4
.0
.4

=208,
RIS
-3,
-4,
-481.
-3,
-2,
it
-BEd,
19,
e,
1.
13,
HH N
130,
119,
KN
.

.

=23,
388,
-338,
-3,
-487.
-Jas.
-3

184,

813,
1248,
1308,

1,
1.

LN
1285
¥k,
9.
i

H A

-302,
-402.
-5,
-978,
-an,
=31
-3,
.
83,
1240,
1492,
1381,
13
uy,
1214,
o8,
818,
01,
o
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ALl = .0 Bl = 1.5 IMIN - 61. ZMAX -~ 500, a = .5 T0W=-3.0 MONTH 0 N D o F M A M J 1 d A S

’ i
SL = .0 FT - 8.0 GW - 0, Lo .25 BL = .00 NOFT = 4 P.EVAP 108. 140. 1{60. {50. 125. 120, 20. 70. 50. 4a, 56, 86.

POWG = 2.5 SGL. = .0 56 - {20. 6 « 10.0 STMAX k- 60. AREA = 3480. RAINFALL = B78. HRFACT =~ 1.000

MCNTH

MCM PER

FF

RUNG

400

350
300
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200
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100 -
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50

1967/68 | 1968/60 | 1969,/70 | 1970771 1871/72

400
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350

300
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100 -
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RUNDFF : MCM PER MONTH

4

350
325
300
275 /
250 + °
225
200
175 +
150
125+
100 }
75
50

25

|
FLOW DURATION ncm<mm

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

T T _ | T 3 — T
30 40 50 60 70 - a0 90 100

PERCENTAGE OF TIME FLOW EGUALLED OR EXCEEDED °

SENGUNYANE AT G32 : NKAUS

COMPARISON OF OBSERVED >ZU GENERATED rczomv
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(14,21,12(13,8),F9, 1)
18 1938 1938
9 2% 1626

1987
1940

90 2
N
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1923 189
1978 - 4N
1973 200
9% 8%
97 B
978 12
U
1990 M
198 2
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193 S5
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"

U
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%
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636 TLOKDENS - CSSERVED AND NODIFIED PLTHAX MODELLED §LO INFILLED BY REGRESSION
FYGROLOBICAL YEARS STARTINS OCTOSER |

o 3

o6 Ob
i &
& 3

i -
9t I

e o
s 8

it o
2 12
6 N
198 213
rl S
20 19
4 1
4 ]
I 2
o 0
B 11
8 50
50 &8
19 19

68.8
53.4
5.4
124,14
160.3
M2
181,48
289.9
J07.4
236,17
{143
128.0
108.0

RUN

30.7
4.3
173.3
103.1
178.%
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G36 TLOKENG - MONTHLY CATCHMENT RAINFALL IN TERMS OF M.A.P. - VTABLE
HYDROLOGICAL YEARS STARTING OCTOBER .
(I4,1X,12(I¢,A),1I8)

i
)
i 1930 97 75 135 238 124 118 97 4 1 53 0] 1 043
', 1931 74 105 130 140 188 119 25 37 5 1 o} 28 852
} - 1832 .52 162 128 65 147 126 33 19 13 15 . 2. .12 __ _774..
1933 42 180 191 216 172 142 52 46 2 54 56 6 1159
L 1934 95 218 217 111 123 152 74 a4 11 0 25 28 1098
{ ~71935 " 70 90 117 116 133 1851 78 - 2—— -3 - O0— 9-— -786---

17
1839 1233 233 188 33L 238 133 134 4 si . oY .5 18l
1838 1iF B4 3BE 2063 235 QG 48 64 E 40 42- BO ~ 1181

1939 103 177 153 165 136 131 87 98 44 4 2 106 1206
1048 B4 143 3186 3064 1iR4 A3 a8 R 24 B G $638
1941 133 35 E7 175 148 178 72 29 7 0 55 42 929
1942 87 168 193 192 83 132 122 106 16 99 55 23 1276 _
1943 243 164 204 130 202 102 6 37 59 4 0 116 _..1267.. ____
1944 113 106 49 108 174 212 28 39 1 0 0 2 832
1945 42 45 90 177 129 " 144 44 45 1 5 0 8 730
1946 162 134 79 99 148 15% 58 7 16 11 6 84 955
1947 97 134 138 180 116 272 60 19 0 3 ] 16 1038
1548 75 76 60 180 102 112 65 18 6 6 5 53 758
1949 93 144 175 176 141 206 57 34 5 26 86 20 1163
1950.. 71 77.. 145 107 148 81 .64 22._...9 2 33 34 783
1951 108 24 95 164 207 97 21 ) 8 43 41 42 859
' 1952 52 119 146 121 233 66 67 13 3 0 23 30 873
1953 g9 81 134 121 12§ 99 34 54 20 1 1 37 806
1 19564 56 109 123 238 214 98 56 38 9 5 1 5 952
y“ 195 70 I35 7149 136 T214TTU65TTIOCTEOTT 27T "4 8 T 31 T U989 T
‘ 1956 105 198 278 191 136 120 57 22 26 47 68 230 1468
' 1967 211 118 152 227 93 104 97 a1 3 0 0 69 1116
l 1958 66 163 131 105 98 72 91 145 8 54 3 5 941
( 19569 154 148 171 159 161t 129 81 16 4 13 55 64 1155
j 1960 112 128 193 175 61 150 101 77 17 13 10 59 ‘1096
i 1961 286 177 167 184 194 116 . 78 12 0 0 17 33 . 1006 °
| 1962 57 139 ‘144 277 111 138 79 16 33 37 1 14 1046
; 1963 99 138 169 208 92 194 &7 12 58 0 a2 57 . 1106
! 1964 198 72 137 171 64 B1 83 7 56 29 38 33 969
1965 53 1256 94 239 137 39 23 29 8 0 22 23 792
| 1966 56 106 170 244 188 161 = 86 _ 47.. _21 8 . 18 15 1111
n 1967 79 113 154 86 92 131 60 58 3 10 28 10 823
9 1968 57 90 120 92 80 154 76 68 5 5 12 18 777
! 1969 126 69 185 144 78 63 27 18 17 14 54 74 869
i 1970 123 72 118 199 128 142 75 65 4 21 20 10 977
| 1971 81 95 112 212 205 151 21 25 5 . 16 27 954
1972 76 146 b4 126 181 96 55 6 1 10 a3 58 900
1973 489 144 166 264 213 126 73 16 32 5 25 21 1133
1974 56 241 151 219 225 160 47 8 4 20 12 173 1315
1975 92 216 189 2560 197 263 73 41 20 0 B8 64 1413
1976 169 183 137 197 123 159 62 18 2 0 3 96 1149
1977 148 52 163 279 96 142 96 4 2 2 29 72 1085
1978 111 75 267 69 154 83 34 47 3 69 87 62 1061
1979 96 133 155 125 152 89 24 10 2 2 5 140 933
: 1980 40 132 128 258 165 58 76 9 25 2 66 28 987
1981 39 113 134 126 67 106 98 8 10 20 4 23 748
1982 151 ft 56 121 77 96 27 27 9 31 7 18 701
1983 121 138 176 179 109 131 37 47 10 6 57 10 1021
i 1984 102 88 87 136 261 41 29" 5 2 1 3 14 769
; 1985 188 129 231 149 128 81 81 , 1 40 1 57 3s 1124
!
i AVE. 97 124 146 172 148 124 59 33 13 15 24 44 100.0
SDEV 46 51 49 56 50 48 28 29 16 21 27 43
VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL
.1 -
1§]




T GYNTHESITED RUNOFE AT BAUGE B34 =~ CATCHMENT AREA=  BS2.S50LKM M.A/P.=  924,MM° —~ ——— ~—
ARSBBREFRARBERRAR LR SRR ERERREBRN FYTesry s Y rY YT s 22222 2 2 20 2 (2 22T 2222 221 E 2]
USING MDDIFIED FPITMAN MODEL FORMULATION .

T YA - S T T T T T T T T T T

Ale . .00 % Pl= 1.3 mm/D IMIN=  &0,0 mm/M IMAXE [00.0 mm/M RFACT= (909
R= « 50 FOuW= 3.0 SL= .00 mm FT= 3.0 mm/M
Gl= 5.0 am/M TL= .50 MTHS GL= +00 MTHS NOFT= 4 PER MTH

POWG= 2.8 86L= «0 mm S8= 100,00 mm FB= 5.0 mm/M

STATISTICS FROM 1947 TO 1985
ALL DATA INCLUDED

MEAN RUNOFF ST.DEVIATION ! .
8T RAIN T RUNOFF (%MAR) ~— - (MCM) - - -~ (MCM)- -~ - s = s = -

T T PUEVAP
(mm) tmm)  (XMAP) oBS SIM OBS SiM oBs 8IM
ocT 108.90 62.0 F.1 7.8 7.4 11.8 11.2 14.8 10.8B
NOV 140.0 52.0 11.0 ?.4 10.7 14.3 16.2 13.6 13.0 L

DEC 160,0 &2.0 13.3 10.5 12.5 15.9 18,9 14.3 16.7
JAN 150.0 &£2.0 15.5 i18.8 18.90 28.4 27.3 24,9 19.9

FEB 125.0 62.0 13,1 19.0 20.4 28.7 30.9 32.0 25.8
MAR  120.0 62.0 10.9 1B.8 15.5 28.5 23.4 41.0 21.3
AFR 80.0 62.0 5.1 7.1 7.1 10.7 10.7 3.0 12.3
May  70.0 62.0 2.3 2.3 1.3 3.5 2.0 3.2 1.5
JUN 50.0 £2.0 .9 .8 .8 1.2 1.1 1.0 .5
. aw 38.0 2.0 1.1 .5 .8 .7 1.2 .4 1.3
AUG 56,0 &2.0 2.8 t.a 2.0 2.8 3.0 5.0 4.5
SEP 96,0 62.0 4.6 3.3 3.8 S.0 5.B 5.9 8.0
VEAR 1203.0 151.1  15:1.%  108.3 90.2
MEAN AND ST.DEVN. OF LOGS 2.093  2.105 L2777 . 274
MAXIMUM OBSERVED = 1B85.8 MAXIMUM SIMULATED = BO.2
INITIAL SOIL STORAGE = 24.6
FINAL SOIL STORAGE = 35.4 am
TOTAL RAIN = 15739.2 mm
TOTAL INTERCEFTION LOSS = 1462.1 mm 9.3 % rain
TOTAL SURFACE RUNOFF = 1820.5 mm 11.4 % ratn
TOTAL EVAP FROM SOIL = 10907.7 mm 49.3 % rain
TOTAL INTERFLOW = 1319.3 am 8.4 % rain
- - — INITIAL-G.WATER STORAGE = S 695 mm - - - - R
FINAL 65.WATER STORAGE = 49.7 mm
TOTAL B.WATER RUNCFF = 239.9 mm 1.5 % rain
CRITICAL FERIOD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND ~  STORAGE CRI1TICAL PERIOD
XMAR MeM MONTHS  START END
20. SIM 12,3 10 DEC 1982 SEP 1983
0BS 17.9 10 DEC 1982 SEP 1983
40. SIM  48.9 . 30 APR 1981 SEP 1983
ops  a3.1 10 DEC 1982 SEP 1983
&0. &IM 124.4 30 AFR 1981 SEP 1783
0B  102.4 32 APR 1981 NOV 1983
80. SIM 215.4 46 APR 1981  JAN 1985
O0BS 196.4 47  JAN 1968 NOV 1971
50; SIM 273.3 45  APR 19981  JAN 1985
0pS 280.1 68  JAN 1948  AUG 1973
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
OBSERVED SUMULATED PERCENT
RUNOFF RUNOFF ERROR
TOTAL RUNOFF 2971.6 2879. 4 .3
MEAN ANNUAL RUNDFF 151.1 151.5 .3
AVERAGE MONTHLY RUNOFF 12.6 12.8 . .3
VARIANCE OF MONTHLY VALUES 437.8 283.5% -34.1
RANGE DF RESIDUAL MASS CURVE - 485.8 644. 56 -6.0
MEAN OF RESIDUAL MABS CURVE -10.5 T 3.0 -128.3
INDEX OF SEASONAL VARIABILITY 34,9 35.3 1.1
MEAN DEFICIT FLOW FER10D(MONTHS) 6.7 6.6 -7
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 12 18 50.0
STATISTICAL MEASURES OF CORRESFONDENCE
SIMULATED RUNOFF IS DEPENDENT VARIABLE
CORRELATION COEFFICIENT .78O
STUDENTS T VALUE 18.741
REGRESG1ON COELFFIGIENT . 633

BASE “ONSTANT OF REGRESSION ERUATION 4,654



4 ~ _ . STATISTICAL MEASURES OF CORRESPONDENCE
_ BIMULATED RUNOFF 1S_DEPENDENT VARIABLE

CORRELATION COEFFICIENT . . 7HO 1 ABLE 2 Conv®
STUDENTS T VALUE 18.741
REGRESSION COEFFICIENT L4633
DASE CONSTANT OF REGRESSION EGUATICON 4,654
' REGRESSION SUM OF SQUARES 40026. 400
RESIDUAL SUM OF SQUARES - — — - — — - - - 25754.970 --
TOTAL SUM OF SQUARES &£5780. 960
STANDARD ERROR OF ESTIMATE 10,675
MAXIMUM EQIVALENT CONSTANT ERROR (%) . 74.749
"7 7 7 T TRELATIVE ABSOLUTE ERRDR(XY T T 7T 77 B ' - ¥ T -
., COEFFICIENT OF DETERMINATION . 608
1 BTANDARD COEFFICIENT OF EFFICIENCY : . 8407
: RESIDUAL MASS CURVE COEFFICIENT .964
! SFECIAL COEFFICIENT OF EFFICIENCY .479
COEFFICIENT OF PERSISTENCE 1.558
RELATIVE MEAN PERSISTENCE (%) 16.238
DURBIN-WATSON D-STATISTIC 1.774
SIGN TEST
NUMEER OF NEGATIVE RUNS o a6
NUMBER OF FDSITIVE RUNS 44
EXFECTED NUMBER OF RUNS 107.1
NUMBER OF NEGATIVE RESIDUALS 94
NUMBER DOF POSITIVE RESIDUALS 144
STANDARDISED NORMAL VARIATE 2 2.155
ol
i RESIDUAL MASS CURVES
ORSERVED _ SIMULATED
H W -t b 2 -b -Il - -3 <M. <45, ST, -W0. -BZ. ~10. -18. ~18, ~20, -30. -3, <M. -db. ~Sb. -8 -7%. -%0.
1968 B0, -193, <100, 111, -122. ~128, ~127. -138. -143, -155. <047, -180.  -10L. -[42. =121, ~130. -2, -13F. -135. -145, -155. -§et. -178. -190
1969 -180, <185, -106. -1€, -168, -198, -209, -222, -10%, 247, -6, -266. <192 ~1%4. -180. -177. -192. -193. -208, -217. -228. -240. -250. -739
' 1970 -235, -250. 250, -240. 281, -243. -237. -5, -257. -266. -280. -29. =289, -260, ~270, -250. ~242. -235. -IM. -2M. -254, -266. -279. -269
! 1971 <304, -M2 32 <282, -ISL -206. -4, 239, -148. -259. -0, <263,  -300. -310. -370. -300, -259. -226. -222, -2M, -8k, -350, -26%. -7B.
i <1972 -29%, -295. -308, -39, -320, -320, <325, <336, -9, 340, -), <363,  -292. -29%. -I0M. -304,--293, -283--293,--305. -M7. -329, -329. -124.
= 1973 357, -36S. <40, -370. =290, -2B4. -6, -2Bb. -297. <309, -3, -3L -W9. -0L, -3, -207, 223, 1SN, -197. -208, -220, -23%. -i%%. 35S,
1970 -5, -328, <130, <301, 169, -158, -18%, -174, =186, =196, -200, -214.  -266. -23B, -202. -170. -123. -80. M. -GS, . -%7. -10%. -121. -102.
1975 <207, -84, -159, -89, 20, 1S3, (9. 186, 170. 445, 1S4, M2, -§2, -SB. 1O, 28, @3, 1%0. 191 180, 189. 157, Q4. 3.
197 19). 2%, 8. 7. 25, 307. Wb, 9. 2, M2 Y. M. M9, 193, 200. 215, 230, 200, 247, 2%, 24, 22, W0, 193, .
1977 259, 5%, M. 292 197, 298, M6, i, Y. 280, M. . 05, 22, L. 57, 7M. 295, 0. 293, 261, ;4. 250, 248,
1978 210, 265, 285, 5. 280, 27, 5. 254, M), 32, . M8, M5, 20, 2. 303, 303, 303, 292, 20L. 269, 3. 269, 280,
1979 2. S, L. G . 200, 2K 352 MO, 227, S, WS, 262, 1. 6. Y. 268, W 8. 7. 5. 23 2. 28
1980 19, 189, 189, 223, 6. 248, I3, 6. UL 2 1N, 1. 275, 20, NN, WP, 79 0L 290, 209, 267. 1255, A 260,
1991 191, $60. 176 16k, 136, 150, 3. 14B. 137, 125, M2, tOr, 220 218, 212, S, 195, 1€5. {80, 17%. 1b2. 150. 138 125,
1982 . NS, 103 9. B0, 4%, S 44 32 . 8. -4, 0, 13 126 15 105, W, 8. 7h. 5. 48, 3. M.
! 1989 -t -8 T TR . TH 6% &% 55 A% M. 2o 0. 7. 3. 3B, &3 . S 4. 3% ;. 1h 4
LTI NPT N A R - N R T | O T ¢ M7 LA AT N TIPS T A A T+ TS O S T -}
e - <12, B 2 1A 4. M. 2 1% % L 0. -1l 12. 3%, &1, &%, 4N SN 4%, W, (% % 0.

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE -0 6.2 12.4 18.46 24.8 31.0 37.2 43.4 49.5 S5.7
DOBSERVED %TIME 160.0 43.9 29.8 22.4 14.9 13.2 10,1 7.0 3.8 3.9
SIMULATED %TIME 1006.0 44.3 33.8- 22.8 17.1 13.2 11.4 9.2 &.% 3.2
ERROR .0 . 4 3.9 . 8 2.2 .0 1.3 2.2 1.3 .0
MONTHLY DISCHARGE 61.9 &B.: 7T4.3 80.5 B86.7 92.9 99.1 105.3 111.5 117.7
OBSERVED %TIME 2.6 1.9 1.8 1.8 7 .? .7 -7 .7 .9
SIMULATED XTIME 1.8 .7 .9 N .0 .0 .0 .0 0 O
i ERRDR -.? 9 -.9 -1.8 -9 -.9 -.9 ~.9 .9 -.9
i
} MONTHLY DISCHARGE 123.9 130.1 1356.3 142.4 148.6 154.8 161.0 1467.2 173.4 179.6
: UBSERVED %TIME -9 -4 -4 .4 -4 .4 -4 .8 .4 .4
SIMULATED ZTIME 0 0 .0 .0 .0 -0 0 .0 . 0 -0
' ERROR -.9 ~.4 -.4 ~. 4 -.4 -.4 -.4 -8 =9 -8
ORSERVED MAXIMUM MONTHLY VALUE 18%, BOC .
SIMULATED MAXIMUM MONTHLY VALUE B0. 73

COMPARISON OF DEFENDENCE STRUCTURE (AUTD-SERIAL CORRELATION)

LAG IN CORRELOGRAM FOR CORRELDGRAM FOR

MONTHS DHSERVED RUNDFF SIMULATED RUNOFF
: .
4 1 .5233 L4937
g 2 L2229 . 2983
i 3 L0943 . 0958
J 4 -.0382 ~. 1024
) 5 -.1495 -,2299
4 - & -.1813 -. 29545
i 7 -, 0735 -, 1930
. g -, 0180 -, O7?%
. 7 L0007 . 1024
; 10 L1412 . 3007
4 it L3332 L4542

J

A0V 3 L5042
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SYNTHESISED/QRIGINAL RUNDFF AT BAUBE 636

HYDROLOGICAL YERRS STARTING OCTOBER
(14,20, 12415,81 ,F9.1)

1930 7P P
193t-— - 2 P
1932 12P  164P
1933 % uX
1934 9P  J44P
1935 i 2P
1934 BIP S78P
1937 19¢ - 21P
1938 BP  9IP
1939 51P  236P
1940 0P 107P
1941 151P 142P
1542 7 7 AP 197
1943 4BBP 454P
1944 197P 100P
1945 :]
1946 2087 291P
1947 T3P 124P
1948 15P 18P
1949 26P 134P
1930 14f  17P
1951 5% 5%
1932 10p  42P
1953 3P 3P
1924 5P 20P
1933 1P 90P
1954 46P J19P
1957 F10P  AS0P
1938 28P 174P
195%  1B4p o8P
1360 93P 149F
1951 1P 201P
1962 tip 9P
1943 P 126P
1968 356P 3J52P.
1963 1P 3P
1966 9p 24P
1967 168 1938
1968 % A
1969 1228 0
1990 21 W
197! w4
1972 30 104
1993 1y &
1974 LU
1975 200 348
1976 837 453
1977 23t B0
1978 142 SOM
1979 121 110
1989 41 32
1981 8
1982 b BN L
1983 55 M
1984 12 A
1983 98e 287
AVE. 103 138
V. 183 151
KBS b S

b&P
-39
187p

106P

6229
289
826P
54p
9P
300
283P
%P
383p
43P
22p
1P
92p
136P
1P
267P
72p
1P
108P
4P
3P
140P
730p
1370
201P
270
24P
328p
158P
205P
5P
81p
158P
1938
1624
129
1548
134
19
%
B6K
38
3
24
324
282
1R
89
1
563
20
170

18
172
36

411P
y3p
e

A8tp

294P
jop
aHy
Jite
485p
217P
831p
143p
£15P
274p
17e
159
13¢
2209
157P
Juep
[hid
122P
Bep
a3p
34eP
122p
685P
40P
A6P
251P
Jeop
314
545P
1114
e
350
e
L
158
1664
2028
24
3
323t
4100 1
a1
209
609
129
125
464
23
10
647
itA
230

271
200
36

423p

R sly

107P
480P

58P

gop-
671P
489P
$28P
2109
4167
261°
219
329p
203pP
216P
116P
197
166P
256P
123p
24P
406P
(1
£87p
e
255
J3op
vy
267P
162P
433
494P
24P
148P
439p
825P
184
124
1268
193E
430
103
4240
230%
el
619
173
70
156
355
20
14
Bte
138
iy

302
21
36

125
JteP
181p
J22p

224P
442p
211pP
J96P
9P

18P .

J53p

P
J14p
AP
196P
263P
573

S0P

£29p

1220
J25p
394P
6P
351P
3P
147P
3P
15p
247
140P
J24p
130P
292p
15P
4P
4079
54t
ase
408
112
180
130
269
4338
18580
4141
137
93
224
u?
12
10
162
2
59

261
263
3

2020

. 24P

S R —— 3,

-+ USING MODIFIED PITHAN MODEL FOR

[24P TP 2P 4P AOF

-71P
8P
134
fa9p
156
W
U 2P
2P 2P AP
115P 121P L1IP
MP 2P 10
1P 10
209 WF 137

15P - - 14P
1P 10P
1p
2P
5P

12
35
9P

23° 1P 29
KETU F S 1
136P  tiP 10P
140P 10P 6P
yep 1p WP

45p  12¢ 7P
3w e 9

150 102 Bp

15 gp W

1 13F o

0P 13P  13P

21P 1P 9P
04 17P  17P

LY VU [

7FOS9P 1P

Jop 217P 259P
105F  21F  10P
201P 107F  45P

&9p 20  10P
12ip 20 1P
2090 12F 24P

6P 21F  23P

9 9 @
174F 2P 12P

48 105 15
1238 51§ 3N

0r oF 08
189 43 1

L U 4

2 D Y A
02 2 15K

688  2iW BN
0w W W
{1 2 8
325 54 1§

4 135 1

22 g L

n 0
195t 48 9

b 4 4

% 110 ]

9 te 04
N 131 1

19y
121
38

»n 22
ST I U
S 3

1

130
%
P
1P
9P
9P
24p
1P
14P
11p
9p
158P
26P
9P
BP
{3
gp
2
9
8P
17p
®
7P
Tt
8P
22P
10P
33
10p
10p
10P
16P
24P
25P
gp
%P
51
138
04
o
W
9
10
B
15
4
]
17
™
&

12p
P
a5

10p

6
8
100P
P
1p
10P
30
1780
10p
%
8
P
o
L
104P
10P
23
[
P
i
®
48P
%
33P
30P
10P
9P
e
1P
5P
o
8P
of
o)
17
b
W
91
B
5
1
2
b
198
i
20

87

ki
40
36

1e

e~ -

%
3P
10p

ap

P
98P
20P
gep
167
31P
0P

118P

9%

I
40P

8P
12p

1030
10P
15¢

Lz
8P

L2

[

535
rild
9P
4P
18P

9%

P
189
18P

gP

;{4

3

o8
7

3

3

127

&N
87

oM
12
9

215
3
194

1

'l
22

0

16

LM
82
34

146.7
-90.7

8.9
219.3

85.8
295.9
151.5
206.2
168.4
162.1
£39.8

-231.8
2%.4
148.8

7.8
121.7
192.2

50.7
199.7
-48.4
108.9
110.4

3.0
152.8
154.9
298.2
245.2
113.1
174.4
157.1
176.4
143.4
167.2
123.4
107.0
197.1

68.8

53.6

85.4
124. 1
160.5

7.2
181.6
289.9
507.4
256.7
178.3

. 128.0

108.90
147.4
50.7
46.9
175.95
105.1
- 176.9

153.8

180.0



Al = .0 PI = 1.5 2ZMIN = 60. 2ZMAX = 500, A= 5 PON=-3.0 MONTH ] N 0 J F M A M J
| !

SL= .0 ﬂ.q.l 3.0 GN = s. = .80 BL = 00 NOFT = 4 v.m<_bv i08. 140. 160. 150. 1i25.  120. BO. 70. 50. 48, . 56. a8.
POWE = 2.5 SEL = .0 S6 = 100, FE = 8.0 md.zh« = B2. AREA = 852. AAINFALL = _ 924. RFACT = - . 909
200 h ! _
m | i
150 + ‘ _ o | “ N
H . L A _
= | |
P i | _ -
o 100
>
(r ! 4
- > |
a
|
s , LNa AA_ A ; | |
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200 | .
T8
L 150+ | 4
D . '
yid
-
O 100+ _ -
: |
50 = \l/ m -
o . } \/ ” e
1977/78 | 1978/79 ] 1979/80 | 1980/81 | 1981/82 | Ewmxmw% 1983/84 | 1984/85 Emm\mm | 1986/87
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—_ OBSERVED FLOWS KHUBELU AT B36 : TLOKOENG _
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! ;
| .
| |
| |
i o
! _
_ FLOW DURATION CURVES |
i . ]
_ 200 , i
A ] !
| o
175 4 [ , m
_ 150 } “ ; .
|z |
! w Hmm 1 + -
PR .
. ) _
LR _ !
C = 100} _ - _ _
. _
" | _
75 . 1 |
= I |
= . |
S o |
m o
m 50 J !
m 25 | 4 i
H | | |
ﬁ o
i Y T T 3 T ] T T : T
m 0 10 20 30 40 50 60 70 80 0 ' 100
i PERCENTAGE OF TIME FLOW EQUALLED OR EXCEEDED
I
i : \
w .
m o owwmqu%m LS KHUBELU AT 636 : TLOKOENG . .noe.ﬂ
| = seiendTEo FoWs | COMPARISON OF OBSERVED AND GENERATED RUNOFF ™%




P L . — - - - ‘

a
L By 2
|

e

’ T e < WA
GRE ror N Uy AT BoRe NG

1
' 14

1
FA
NI

RN BT/, L YLl AN A el RN K IS/ e

k¥




64 BOKONB - GBSERVED AND NODIFIED PITHAN NODELLED FLOWS INFILLED BY REGRESSION
'HYOROLOBICAL YEARS BTARTING OCTOBER

(14,28,12(15,8) ,F9. 1)
1967 140 1300 1300 400 2D
1968 3 S 10 2 1N
199 79 &sb BN aSE 90
19701620 T 89K 1420 1825 1080
970 &4 15 48 5 280

AL I | & T A I LT L 7
1995 116 37 168 218 3
1976 289 29 23 14 1R
1977 26 67 103 4MC 113
1578 113 &2 35K AN 45
1979 2240 123 2 W 1M
1980 260 131 1240 3AIN 149

1981 17 15% 2100 22 3

192 116 41 1 2 ¥
1983 23 1% %% 127 ]
1984 33 15 M 17 107
1983 B W N W

AVE. 8 M 1 1% 1
Sbv. 86 101 B 158 103
NOBS 19 19 19 B 19

3¢ 3% 1450 204

mn
189

84 13 -

mn

o1

403
o
]
38

183

i3]

26
12
124
19

109
1135
19

104
143

48

LT . U 1 S DU J - I [ Y (.
1973 &0 &2 1T 284 2850 JIN  AMM
33

L]
213
L]
s
]
10
106
327
23
a
4
4]

100
118
{9

08 34
144 120
8 I8¢
w18
i [
n o«
3 4
g W
2% 8
% ]
¥ 2
4 1
LIS
LT
% 18
B3 4
i8 b
- .-
8
¥ ®
v 19

il
% 1
13 1
1
3 3
I
11 &
13 4
a1
3 3
6 .5
B 33
0 0
%
L .
118
3 3
2 0
6 u
13 38
18 7
19 19

184

24
144
LH
¥
3

2
104
119

13
180
182

1

93
-8

14

n

0

30

54
5
19

-V S W =2 R

69,3
8.0
1.3
100.%
103.7
8.1
111.8
1419
204.4 -
142,0
1748
132.1
86,7
1508
86,2
ﬂlb
58,4
55.6
.5



G4l B

(14,1X,12(14,A),18)

1930 80
1931 83
1932 42
1933 29
1934 120
1935 69
1936 135
1937 52
1938 132
1939 137
1940 26
1941 168
1942 131
1943 230
1944 94
1945 46
1946 132
1947 116
1948~ 64
1949 119
1950 54
1951 195
1952 42
1953 145
1954 32
1955 79
1956 133
1957 255
1958 67
195¢ 132
1960 122
1961 13
1962 58
1963 100
1964 194
1965 80
1966 50
1967 91
1968 72
19693 183
1970 81
1971 73
1972 84
1973 36
1974 54
1975 77
1976 206
1977 219
1978 99
1979 162
1980 23
1981 38
1982 140
1983 89
1984 102
1985 145
AVE. 102
SDEV 57

75
142
145
255
245

93
355

89

64
161
129

6

200 -

278
109
62
104
99
68
172
94
44
155
141

81 -

131
191
156
159
167
204
255
202
170

55
128
108
150

59

50

76

72
156
124
236
240
155

61
110
143
179
132
125
170
107
136

139
67

127
95
142
252
185~
138
166
153

145
67

201

-125

45
306

159

114
247
203
258
98
172
215
183 -
100
94
165
93
122
218
163
141
124
93
110

268

104
203
135
109
112

156
65

123
179
127
106
88"
71
226
200
175
138
160
140
79
190
155
82
93
126
95
11
116
179
179
143
204
208
139
102
103
103
112
198
123
83
61
103
190

131
46

26 -

135 143
125 .
12 54
137 87
139"~ 627
115 28
133 33
31 103
56. 30
102 109
62 99
174 86
114 122
78 20
169 50
126 46
75 87
209 66
73 43
206 129
86 65
62 15
80 63
109 44
94 70
127 45
120 94
9% 113
78 118
176 106
148 111
146 94
145 109
210 54
40 104
67 42
120 113
131 85
156 88
53 33
119 82
164 24
108 50
99 65
170 51
280 97
197 27
139 123
56 24
0 36
114 . 81
76 83
53 36
102 51
50 27
68 62
15 70
51 34

4
33 4
14 10
42 6
60 6
74

9
28 4
70
77
3
35
147 2
32 5
43 0
46 2
5 24
18 0
32 3
58 4
3t 17
14 9
21 6
57 17
43 11
79 1
19 35
94 2

152 8
36 7
85 42
20 0
29 26
14 38
2 51
39 1
58 30
90 6

108 8
16 26
59 1
44 13

4 1

28
16 13
43 45
28 7

9 15
48 6
4 1

21 38

16 24
25 14
63 8

7 3
1 67
40 15
34 16

QL = 2 NN ) - W

66

18
25

- MONTHLY CATCHMENT RAINFALL IN TENTHS OF M.A.P
HYDROLOGICAL YEARS STARTING OCTOBER -

VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL

45

o123

TARLE

956
- 847
727
1329

715
1334
1014
1107
1058

938

984
1451
1291

744

681

819

977

687
1417

854

885

815

857

917
1005
1666
1151
1048
1313
1254.
1040
1083
1013

887

813
1189

853

827

770

896

886

865

911
1259
1485
1097
1166 - -
1013

887
1003

719

638

916

673
1039

100.0



jif o, _i \ F\65\1F; bt

SYNTHESIZED RUNOFF AT GAUGE Gd1

LA AR R AR LSRR RRERRERREERSSSESESERRDR])

M.A.P.= 930.MM

ARATTRAR AR AT

' CATCHMENT AREAs  403.5Q.KM

--".‘I""!'-'.I.'I.'.'.'-.

] : USING MODIFIED PITMAN MODEL FORMOULATION . :
o . A= .00 % Pls 1.5 mm/D ZMINs .20.0 mm/M ZMAXs 500.0 mm/M REACT= 1.000
: Ra= 560 POW= 3.0 SLe= 00 mm © ETa 4.0 pa/H
- GH= .0 ma/H TLs .50 MTHS. GL= .00 MTHS NOFT= & PER MTH
POWG= 2.5 SGL= .0 oo 8Ga 0.0 ma FGs 20.0 mm/M
L - mn 0 mm/M
STATISTICS FROM 1967 TO 1985
ALL DATA INCLUDED
L N . : o o MEAN RUNOFF = ST.DEVIATION
P.EVAP ST RAIN  RUNOEF (%¥MAR) (MCH) (MCH)
{mm) {mm) (SMAP) oBS 8IM oBS 8IM oBs SIM
OCt 108.0  50.0 10.9 8.3 9.3 8.4 9.5 8.6 8.1
NOV  140.0 0.0 13.2 13.8 14.2 14.1 14.6 10.1 10.8
DEC  160.0  60.0 14.5 12.7 15.1 12.9 15.4 8.7 ., 11.6
JAN  150.0  60.0 15.5 14.7 16.5 15.0 16.9 15.8 10.8
FEB 125.0  50.0 12.4 12.9 15.4 13.1 15.8 10.3 11.8
MAR  120.0  50.0 11.7 10.7 12.6 10.9 12.9 11.5 10.5
ABR 80.0 - 50.0 5.7 9.8 7.6 10.0 7.9 11.8 7.4
MAY 70.0  50.0 3.0 4.3 2.2 4.3 2.3 1.5 2.7
JUN 50.0. 50.0 1.3 2.8 1.0 2.7 1.0 2.8 1.6
— Jue, d8.0 50.0 1.3 1.3 .5 1.3 . .5 1.8 T — - -
AUG 56,0  50.0 2.9 3.7 1.6 3.8 1.7 7.6 2.8
. SEP  96.0  50.0 5.2 5.3 4.0 5.4 4.1 5.7 5.3
] YEAR 1203,0 101.9  102.3 46.9 53.9
MEAN AND ET.DEVN. OF LOGS 1.967  1.988 .193 .225
MAXIMUM OBSERVED = 56.1 MAXIMUM SIMULATED =  44.7
_ .. .. INITIAL SOIL STORAGE = 23.5
FINAL SOIL STORAGE = 27.8 om
I . TOTAL RAIN = 17225.5 mm
TOTAL INTERCEPTION LOSS = 1535.0 om 8.9 % rain
TOTAL SURFACE RUNOFF = 3051.4 om 17.7 % rain
| . TOTAL EVAP FROM SOIL = 10873.3 om §3.1 & rain
d TOTAL INTERFLOW =  1762.3 me___ 10.2 & rain o
- INITIAL G.WATER STORAGE & 12.1 om
FINAL G.WATER STORAGE = 1.8 mm
TOTAL G.WATER RUNOFF = 10.3 om .1 % rain
i
CRITICAL PERIOD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
| . AMAR MCM  MONTHS  STAR?T END
: 20. SIM 9.5 6 APR 1985 SEP 1965
o8s 8.6 6 APR 1980 SEP 1900 - : .
L, .
40. SIM  24.2 10  DEC 1982 SEP 1982
088  19.6 7 APR 1980 OCT 1980
. -
; 0. SIM 62.0 30 APR 1981 SEP 1983
oBs  42.7 36 DEC 1982 OCT 1986
80. BIM 133.1 54 APR 1981 SEP 1985
. - 0BS 111.7 53 MAY 1982 SEP 1986
90. SIM 179.0 54 APR 1081 SEP 1985
0BS 156.8 53  MAY 1982 SEP 1986
. COMPARISON OF SIMULATED AND OBSERVED RUNOFF
OBSERVED SUMULATED PERCENT
e RUNOFF RUNOFF ERROR
v 7T TTOTAL RUNOFF- ~——  —— —— ___ _ 1936.6 __ __ 1943.8 __ .4
: HEAN ANNUAL RUNOEF 101.9 102.3 a - = —
b : i
AVERAGE MONTHLY RUNOFF 8.5 8.5 .e
: VARIANCE OF MONTHLY VALUES 100.0 99.7 -.3
.. .
: RANGE OF RESIDUAL MASS CURVE 371.8 413.0 11.1
| MEAN OF RESIDUAL MASS CURVE 14.5 11.6 -19.9
q ‘
I INDEX OF SEASONAL VARIABILITY 24.6 33.1 34.7
MEAN DEFICIT FLOW PERIOD([MONTHS) 5.5 6.8 22.5
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 11 13 18.2
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 1S DEPENDENT VARIABLE
| CORRELATION COEFFICIENT .706
] STUDENTS T VALUE 15.004
; REGRESSION COEFFICIENT .708
B? - "~V TANT OF REGRESSION EQUATION 2.838
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_al L T\ABLE

Als .00 % PI
R= .50 POW
- CU= .0 nm/M TL

‘2.5 SGL

PONGs

STATISTICS FROM 1967 TO
ALL DATM INCLUDED

BYNTHESIZED RUNOFF

LA A4 AR R Rl AR RSN A RREREESERSSSS)]

USING MODIFIED PITMAN HODEL FORMULATION

AT GAUGE G4l

= . 1.5 mm/D

= 3.0

= +«50 MTHS

= -0 mm
1985

"CATCHMENT AREA=

LA AR AR RS ARl Rl XS 2]

ZMIN= 20.0 mm/M TMAX -
SL= .00 mm FT=
GL= .00 MTHS NOFT=
5Ge 50.0 om FGw

. ..—MEAN RUNOFF..___ SBT.DEVIATION

403.50.KN

. 20.0 ma/H

-

M.A.P.= 330.MM
LA R AR AR RS X2 X
mnm /M
mm /M
HMTH

500.0
4.0
4 PER

RFACT= 1.000

"7 P.EVAPT T ST RAIN  RUNOFF (SMAR) (HCH) (MCM)}
(mm) (mm) (SMAP) o8BS ‘SIM oss SIM 0BS SIM
0CT 108.0 50.0 10.9 8.3 9.3 9.4 9.5 8.6 8.1
NOV  140.0 §0.0 13.2 13.8 16.2 14.1 14.6 10.1 10.8
DEC  160.0 50.0 1.5 12.7 15.1 12.9 15.4 8.7 .. 11.5
JAN  150.0 50.0 15.5 14.7 16.5 15.0 16.9 15.9 10.9
FEB 125.0° 50.0 12.4 12.9 15.4 13.1 15.8 10.3 11.8
MAR  120.0 50.0 11.7 10.7 12.6 16.9 12.9 11.8 10.5
AER 80.0 §0.0 5.7 9.8 7.6 10.0 7.8 11.8 7.4
MAY 70.0 50.0 3.0 4.3 2.2 4.3 2.3 3.5 2.7
JUN 50.0 50.0 1.3 2.6 1.0 2.7 1.0 2.8 1.6
. _JUL. . 8B8.0_ _ BO.O_ _ 1.3 - _ 1.3 . - .5 - 1.3 — — .5 1.8 - - .7 -—_ - -
AUG 56.0 50.0 2.9 3.7 1.6 3.8 1.7 7.6 2.8
SEP 96.0 50.0 5.2 5.3 4.0 5.4 4.1 5.7 5.3
YEAR 1203.0 101.9  102.3 ¢6.9 53.9
MEAN AND ST.DEVN. OF LOGS . 1.967 1.985 .193 .225
MAXIMUM ODSERVED =  56.1 MAXIMUM SIMULATED = 44.7
INITIAL SOIL STORAGE = 23.5
FINAL SOIL STORAGE = 27.8 om
TOTAL RAIN = 17226.5 om
TOTAL INTERCEPTION LOSS = 1635.0 om 8.9 ¥ rain
TOTAL SURFACE RUNOFF = 3051.4 mm t7.7 & rain
TOTAL EVAP FROM SOIL = 10873.3 s 63.1 ¥ rain
TOTAL INTERFLOW = 1762.3 mm _ $0.2 % rain _ e .
- = TTINITIAL G.WATER STORAGE =~~~ 12.1 mm
FINAL G.WATER STORAGE = 1.8 mm
TOTAL G.WATER RUNOFF = 10.3 mm .1 % ratn
CRITICAL PERIOD ANALYSIS i
DEMAND AS PERCENT OF OBSERVED MAR
i DEMAND STORAGE CRITICAL PERIOD )
sHMAR MCH MONTHS  START END
20. 8iM 9.5 6 APR 19895 SEP 196%
oB8 9.6 & APR 1980 SEP 1980
L, .
40. SIN  248.2 10 DEC 1982 SEP 1983
OBS  19.6 7 APR 19890 OCT 1960
i
6. SIM  64.0 30 APR 1881 SEP 1983
0B3  42.7 35 DEC 1982 OCT 1385
C
B 80. EIM 133.1 54  APR 1981 _ SEP 1985
. - ©0BS 111.7 53 MAY 1982  SEP 1986
90. £IM 179.0 54 APR 1981 SEP 1985
OBS 156.8 53 MAY 1982 SEP 1986
COMPARISON OF SIMULATED AND OBSERVED RUNOFE
OBSERVED SUMULATED PERCENT
— RUNOEF RUNOEF ERROR
TOTAL RUNOFF—~  —- —— — - . ___1036.6__. _ _ 1843.8 i .4
MEAN ANNUAL RUNOFF 101.8 102.3 T T e — =
AVERAGE MONTHLY RUNOFF 8.5 8.5 o8
VARIANCE OF MONTHLY VALUES 100.0 99.7 -3
RANGE OF RESIGUAL MASS CURVE 371.8 £13.0 11.1
MEAN OF RESIDUAL MASS CURVE 1¢.5 11.6 -19.9
INDEX OF SEASONAL VARIABILITY 24.6 331 34.7
MEAN DEFICIT FLOW PERIQD (MONTHS) 5.5 6.8 22.5
MAXINUM DEFICIT FLOW PERIOD(MONTHS) 11 13 18.2
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 1S DEPENDENT VARIABLE
CORRELATION COEFFICIENT .706
STUDENTS T VALUE 15.004
REGRESSION COEFFICIENT .708
BA« TONSTANT OF REGRESSION EQUATION 2.53%6



]
STATISTICAL MEASURES OF CORRESPONDENCE
— — — -BIMULATED RUNOFPF 1S _DEPENDENT -VARIABLE

CORRELATION COEFFICIENT e SR ,706

STUDENTS T VALUR 15.004
REGRESSION CORFFICIENT © .708
BASE CONSTANT OF REGRESSION EQUATION 2.535
REGRESSION SUM OF SQUARES  11338.440 X

T T 7T RESIDUAL SUM OF SQUARES T T T T " 11382.890
TOTAL SUM OF SQUARES 22721.320
STANDARD ERROR OF ESTIMATE 7.097

e __._... HAXIMUM EQIVALENT CONSTANT ERROR (%) . . _ _ . ___.72.5822 _ _ . _.- . . .
RELATIVE ABSOLUTE ERROR (%) 56.696 -
COEFFICIENT OF DETERMINATION . .499
STANDARD COEFFICIENT OF EFFICIENCY : . .414
RESIDUAL MASS CURVE COEFFICIENT , .897
SPECIAL COEFFICIENT OF EFFICIENCY .254
COEFFICIENT OF PERSISTENCE _ 1.948
RELATIVE MEAN PERSISTENCE (%) : 22,821
DURBIN-WATSON D-STATISTIC : , 1.072
SIGN TEST
} NUMBER OF NEGATIVE RUNS  _ _ 48 -

NUMBER OF POSITIVE RUNS 48
EXPECTED NUMBER OF RUNS : 111.1
NUMBER OF NEGATIVE RESIDUALS . 13% :
HUMBER OF POSITIVE RESIDUALS 93 - -
STANDARDISED NORMAL VARIATE % 2.080 .

RESIDUAL MASS CURVES
OBSERVED SIMULATED

S T R A T M [ M RS A DA L A A OO T T M S N M NI T T B N N
I8 -8, <43, <8l 470 -S4, BB SN, BN <60, -8 TR -BE, -3 -8 oA, -B2, -0, B9, -6, -6, -S9. -8B, -Th. SN
1969 -85, -@3, -6, -8%. -BS, ~?1. -9, ~104. -11). -124, -127. -13t, B 8L SN 80 <72 SR, -E7. -9, =104, <112, -119, <120,
1970 =123 -123, 117, -100. =108, ~105. =104, =104, -111, =118, -123. -132, “12 =122, <10, 112, ~102. <97, -94. -7, -102, -110. -110. =177,

1970 <140, ~142, ~130. 133, -133, 9%, <99, 90, -104, -104, -122, <130, =133, -13. <100, <180, 129, -4, =10, 122 <1, 139, M40, -ESA

- T o TN -k R -1 -1, 13N <108 <139, SUATL 4135, M3, -06-IBY) T <183 -282. -182, =148, -18b. 18], -188, -173. -182. -190. =491, il
INTY =180, =170, -161. =581, ~120. -125, -128. <13, <138, -143, -149, 153, -198, =199, -194. <102, -147. -197, -157. ~164. =172, 1B0. -1EB. -94.
IST4 -161, -138, -132. -118, =100, B, -B2, -92. -100. -107. =118, ~L{3, ~204, -1TE, U9, SN %, +19. <76, -BA. <92, -100, -109. 9B,
1975 -f10. -8, -7 -8, -2, <5, B 8. 0. Y -4 - b LU TR P LN L A YR A T O T N
19 4% W 3 3. 4 TR T R B 5345 W, S B 105 1A 200 13 14, 133, 125, mn el 03,
1977 S3. 3. E, 68 W 9. 139, 124, 1A, 108, 100, 110, M6, 127, 126, 1R, 183, 143, I8B. 163, 195, 144, 19, 1M,
1978 U2 10, 130 135 03, 125 LT, M2 106 106, £30, 140, CUXS, 133 45). 17, 17 TON. 1ek. 199, 981, Uds. 4B, L4R.
LA L PO L R P T PO A T TN £ NS T (A T T+ RS+ T8 1%, 188, 178, 182, 183, 183, 73, 140, 0. 130, B4, WD,
1980 N%. 123, 120, 675, IBL. 16N, 19, 1B 18T, I8K. QBM, I35, 137, 199, 079, 204, 200. 29, 98, 90, 182, TR, 7L
1991 13, 182, 194, 1E. I8, 179, 202, 197, MO%. 100, 173, Q64 164, 181, 140, 135, 131, 14 0N Q0), 1O, 120 0%, 00,
(AT 1 SO { LPO E L A 1 PO 1 PR T | W T PRS- RO . | O L R 11 2 14, 188, ML, to4, 97, 9. B3 TS, 4T, M, 8. AN
1983 10 LR 120, £24. M08, 109, 103, 103, %5, e M N B o8 W 4 N 8OO BN
1984 8% T% T 6% AL M. & W0 S M. W I FATR P { N N O A A | A A A A
(L1 B N NS - N N R L A P T | A T A % U UL N LN TP N R O A T R

FLOW DURATION CURVES (PERCENT TIME EXCEEDED)

MONTHLY DISCHARGE .0 1.9 3.7 5
OBSERVED &TIME 100.0 69.7 B5B4e.4 a4
SIMULATED %TIME 100.0 61.8 53,5 d46
ERROR 0 -7.9 -.9 2

+6 7.5 9.4 11.2 13.1 15.0 16.8
«7 308.2 32.0 26.3 21.1 8.0 14,9
+9 41.7 34.6 20.5 23,7 21.9 19.3
+2 3.5 2.6 2.2 2.6 3.9 4.4

.

- MONTHLY DISCHARGE 18.7 20.6 22.7 24.3 26.2 20.1 29.9° 31.8 33.7 35.5

- OBSERVED sTIME 13.2 13.2 11.8 9.2 B.3 6.1 4.8 4.4 3.1 2.6

SIMULATED $TIME 16.7 13.2 11.0 8.2 7.5 6.1 5.3 3.9 3.9 2.2

ERROR 3.5 0 -0 0  -.9 .0 4 -.e 9 .4

N

MONTHLY DISCHARGE 37.4 39.3 41.1 43.0 44.9 46.8 48.6 50.5 52.4 64.2

OBSERVED NTIME 2.2 1.9 1.3 1.3 .9 .9 .4 .4 .4 .4

SIMULATED %TIME 1.8 1.3 1.3 .4 .0 .0 .0 N .0 .0

B ERROR « ..t 0 -9 -9 -9 -8 -8 -6 -.4
OBSERVED MAXIMUM MONTHLY VALUE 56.100 .

SIMULATED MAXIMUM MONTHLY VALUE 48.726

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN CORRELOGRAM FOR ' CORRELOGRAM FOR
MONTHS CBSERVED RUNOFF SIMULATED RUNOFPF
1 +3417 «7131
2 «2032 .3533
3 .0909 -1412
4 -.0433 -.0983
5 -.1366 -+2759
& -.1725 : -.33563
7 -+.1640 -.2478
8 ~.0331 -.0B84
9 -.0193 1301
10 -1659 . 3479
11 3243 -5008

30486 .5402



EI' "= == - —— - SYNTHESIBED/ORIGINAL RUNOFF AT GAUGE 641 - USING MODIFIED PITNAN MODEL FOR “TAGLE
' - WYOROLOGICAL VEARS STARTING OCTOBER .. ... .
> (14,2%, 1201541 F9, 1) | |
a 1930 73 S0P S1P 189P 23 (A I22P BIP 3P 24P 2P 1P 1035
1931 14p ASP 64P 75P MSP 169 9P I ISP &P P B 667
- So— - .- 1932 - S5P- -73P LISP—-6OP AP 100P 0P 25P 1P _SP 3P . 2 532
- 1933 2P .126P 261P 328P 3P 227P 18P S4P 25P 2P AP 2P IS7.7
1934 40P 216P 363P 272P 135 NP I26P 63 2P 1P SP 4P 140.4
o 19357 TBP TUTPC 8P T 42P 64P 10BP 9P K0P SOP 18P TP 3P 4.9
i 1936 59 207P 3MP 3J19P ISP 291P 1P MP 1P 8P P 1P 192.0
: 1937  MP 20P AGP 161P 200P 15SP 102P- BSP AOP 26P GIP TSP 102.7
s 1938 B3 B8P 145 273P 320P 235P 9 AP 2% 15P ISP 2P 137.6
1939 BOP 1BIP 20 14% 135P 126P 117P 105P 4GP - 24P 9P 4P 1230
1990 6P 8% 177P 237P 226P 133 6P 6P 2P WP &P 13P  111.B
1941 98P 110P 3JGP 110P 1BSP 200P "176P 72P 20P 10P 24P 3P 10R.8
1942 4GP 139P 241P 276P 1927 127P 179P 210P M42P 106P 120 9P 1BA.7
- - 1943 239P A0SP 349 247P 204P 173 0P 25P 28P 28P 1P 41P  1B4.O
1984 {L4P 10ZF 1P 26P BSP 229 207P T TP 1P 4 P 940
: 1945 2P 3 &P TP 116P I8P 9P 3P 20P 7P 3P 2P 478
, 1946 116P 207P 126P SIP 63 120P 03P 4P 16P 8P 5P 1P~ 8A.5
1947 GO0P 109 135P I4TP 1M4P 264 265P 9GP 4P 1P 5P 2P 1279
1948 P 20P 11P B9P 119P 58P .30P 1P P 4P P 4P 30.b
1949 33 79 147P 166P (AJP 230P 230P 98P 3P 40P LOSP 1O1P  140.8
1950  ASP 32 P SAP S0P B4P 4P 2 P S PSP 42.7
1951 B2 108 43P 74P 18P ISSP SWP 2P TP 1P 2P 2P 7.0
1952 17F 47 BIP 65P 134P 155 H12P 9P 3P 1P SP S 75.5
] 1953 3P S6P 4GP 6SP TSP AP JP 20P MP TP I I 43.2
{956  SP 17p 33 185P 348P 256P 106P ASP 2P 6P 4P 2P 1029
" T 1955 7 T i2F T 63 121F 106P 187P 223F 123P SEPT 3P 1P 5P 4P T 926
1956 - GBP 2P 422P A39P 2TAP ISIP GIP 36P 14 15P AP 24P 202.4
1957  46P 382 199P 202P 1B5P O3 6B WP AP 1P &P LGP 179.1
195 9P 8P 143P {07P 79 6P 79 193P 1B2P AP SOP 18P  111.b
1959 9P 193 229P 208F 165P 199 172P BOP 28P 10P 24P AP 144,
1960 73 124P 173P 2P 1TAP 103 122P 127P 8P 3P 1P LP - 128.0
1951 18P 132 226P 184P 25P AP 136P. L6P 2P &P 4 I 1A.2
1962 5P SIP BeP 232P 287P B3P (45P 74P Z6P 1P 14P 4P 113.2
1963  26P 105 ISIP 190P 166P 18SP 16%P 7OP P 25 2P {P 1163
1964  180P 237P 96 108P 10SP WP SIP KPP 2P ISP 1P 93.9
1935  10p SeP 7P 178P 250P 132P AP 7P B8P 3P 2P 2P 781
1965 5P 28P 79 269P JB2P 285P 165P 98P AP 1P EBP 5P 1401
1967 14 1300 1308 AOF 220 SBE S9N l4AR 288 240 1B 244 49.3
1968 30 3UE 1LE 210 190 STE 1084 60D S4F 198 148 1F 540
1969 798 66% 84D BSE BB 18 14 1AM 120 13F (38 45 513
1970 1620 BYE M420 1B2B 1060 B4 1358 48 1BR 17 140 128 100.9
1971 4 15 48 265 280 70 48 18 18 5 3 3 1037
972 3 103 8 3 28 § 75 10 3 1 12 B 9.
1973 40 62 1704 284 2850 W &8 33 M 11 45 82 111.8
1974 M 35 123 47 M2 255 48 30 7 15 4 104 1419
f 1975 116 7 168 278 3ISL 301 A5 BE 97 A 13 119 244
‘ 1976 289 279 25 144 162 403 49 2 8 5 3 3 2B
- S 1977 216 67 103 CAMC 113 BN 4B 26 B 6 5 B0 I7LS
1978 113 82 35 60N 45 24 b 36 2 83 325 182 13
979 M0 123 233 S} 14 58 10 &t 0 0 U BeT
_ 1980 26M 131 124W S6IN 149 183 106 41 88 8 98 93  150.8
: _ 1991 17 1S9 a0 2 3F W W M S b 3 8 Bb2
982 116 M1} 2 9 2% 23 0w 18 11 18 14 53
193 23 159 % 127 B 42 W 8 & 3 3 ;W 584
: 1984 33 1S3 48 17 107 126 43 18 % 2 0 O  S5.b
; 1985 38 B9 2% 40 99 19 74 15 S5 & M S0 7AS
: AVE. 70 125 13 181 146 143 (11 S? 32 17 25 M 108
S, 8 $8 101 120 97 88 B 4 33 20 S0 50
r NOBS S S6 56 S5 S5 56 56 56 56 56 S5 S




AL = .0 PI =~ 1.5 ZNIN ~ 20. ZMAX = 9500. A= .5 POH=3.0 MONTH 0

— OBSERVED FLOWS
GENERATED FLOWS

BORONG Al G41 : mQIGZO i ;

COMPARISON OF Dmmmﬂ<mo AND GENERAT

N 1] J F N
SL s 0 FT = 4.0 GH = 0. L - ) BL - .00 NOFT = 4 _u.mh;v 108. 340. 1B0. 150. umm._ 120. 80. 70. 80. .S.. o8, 9
PONG = 2.5 86, - .0 sg ~ 50, "E « 20.0 mq:h,x.. 50. AREA = 403. RAINFALL = 830, a.»q_.l_u.oao _
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842 SESIH-JTEB = OBSERVED AND MODIFIED PITMAN MODELLED FLO INFILLED 3Y REGRESSION-

RYDROLGBICAL YEARS STARTING OCTOBER A8 V0

(14,28, 1211581 ,F9.1) | o
1967 OF 1298 1290 260 S 460 ATO 1480 14 T 0F M S48
1968 176 IS0 L07M 3B 19 4S990 ASe 420 24 Ob O 3E.0
1969 00 S 7eb SHR 8D O 03 Ob O 00 OF 30 I
1970 tese B20 1430 LS00 1018 TeN 120 N 7 3 W N 920
970 03 12 ¢ 2.8 137 M7 €€ 2 9 3 3 3 9.8

1972 - 26— -90—-&—ON—10B-—B1 23 & 3 .3 _.93_ B3 . 5.4 __ -
1 9 21 55 166 358 I BY 1Y i8 6 B U 88.4 -
1974 7 009 7 O125 33 ONW 4 13 4 7 3 138,3
197 244 579 161 483 W 00N 224 W3 35 (! b ™ 2760
1976 A2LN 49N 24 99N 323N deNN &3W {3 3 4 3 ? 182.4
1977 222 66N 12 331 103 34 34 AW 9 b b 19 i%3.2
1978 1530 52 224 M WM 0 6 B 16 I 3N 131.9
1979 2009 113w M2k 72 HT M 8 s 3 3 2 N 104,1
1980 40 F4  BY N7 T M &Y T AIN BN 3 108 106.9
1981 t3 &3 29 20 10 M 104 s 1] b 3 3 53.0
1962 9 6 IS 10 10 I 2 1w 12 3 3 1§3 80,4
1583 1 39 s MM 0§ 7 [ 1) 4 2 I a - wm
1904 b W 1 g 1t ¥ 13 2 | { 0 0 2.1

4

1983 3 115 M9 %0 50 14 3 10 3 18 &08 8.1
_AVE, 100 45 127 &Y 127 144 T W% 1S 6 28 N1 97.2
V. 115 148 1S 183 126 172 8Y M b 8 n 75

NOBS 19 19 19 19 19 1¥ 18 1F 1y 1% 19



e, bl .~ W g

G42 SESHOTES - MONTHLY CATCHMENT RAINFALL IN TENTHS OF M.A.P
HYDROLOGICAL YEARS STARTING OCTOBER

(14,1X,12(14,A),18)

1930
1931
1932
1933
1934

11935

1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953

1954. _45

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

AVE.
SDEV

81
77
43
37

12
64

131
87
122
117
44
145
103
267
107
40
181
110
86
101
79
146
64
107

84
135
231

77
161
118

20

50
100
227

57

56

81

67
138
119

87

8¢

59

59
106
192
187
105
157

39

45
148
108
114
175

105
53

79

- 118

157
210

239

90
291
N

83
197

154

30
178
193
114

48
142
136

58 -

127
80
25

124
94

2100

134
225
133
155
157
137
212
137
158

79
137
111
142

132

132
59

129
119
122
193
225

112

157
137
208
136

182

42
201
201

34

81

78
152

59
178
118

98
132
121
115
157
287
127
149
195
183
159
122
148
109
108
150
177
124
176
142

95

45

150
157
181
120
152
274
174
106
112

45
159
1
248

142
53

231
137

51
239
122
121
232
208
21
147
195
197
191
130

93
169
102
154
185
146
127
155
105
131

251

112
196
207
112
138
192
154
271
191
166
236
282

79

85
140
192
158
112
183
237
239
195
251

64
112
266
121
105
181
105
120

165
57

116
168
135
149
112
119
207
158
199
129
139
140

86
176
159
112
127
131

79
132
136
174
186
113

204 _

199
116

91
120
147

53
183
116

.97

68
135
178

94

64

69
122
157
151
159
180
187

95

72
146
141
146

66

83

98
209
125

133
41

116
117
117
138
146
138
118

37

78

123

74
172
139

92
202
133
142
241

96
210

79

82
80
98

95

129
117
95
84
162
128
127
140
195
79
50
140
126
140
57
134
149
106
130
152
256
193
127
89
63
105
89
82
106
44
75

120
46

101

64
33

38
31

= PO LI NDN -

— - (N
AN BEBEOMN

a1

14
16

49
0
15

17
21

0
0
1
52
20

-0

1
86
45

0

3
62
03

63

54
2
51

24
27

VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL

0
30

8
23

— 5

23

8
15
37

45
45

TTARLE 2

912
830

722-

1184
1136

753
1179

1050 -

1173
1153
993
949
1354
1289
779
702
976
1034
712

1212 .

793
847
885
808
946
956
1537
1137
1045
1215
131
1002
10319
1103

978

823
1145
910
779

864

997
841
851
999
1367
1437
1186
1077
1053
980
1003
752
682
948
711
1085

100.0
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i - SYNTHESIZED RUNOFF AT GAUGE G42 CATCHMENT AREBA=  652.80.KM M.A.P.=  759.MM
't'l'.'.---.'ll..-!"'-i't"IIII.I l.'.."-.I‘.-‘-.."-."-_"I’.' (2 22 220 222220 2
- _ USING MODIFIED PITMAN MODEL FORMULATION : _
. Al .00 % Pla 1.5 sm/D EMINa B50.0 mm/M  ZMAX= 500.0 mo/M RPACT= 1.000
Ra .50 FOWa 2.0 SLe «00 oo . FTwm 10.0 am/¥
GHs .0 oa/M TLas .50 MTHS GL= ..00 MTHg NOFT= 4 PER MTH
o POWG= 2.8 SGLa .0 na 5G= <0 mm FGe .0 ma/M
4 STATISTICS FROM 1967 TO 1985
ALL DATA INCLUDED
J& — e o ___ MEAN RUNOFF _ ST.DEVIATION
B.EVAP ST RAIN ~ RUNOEF (R¥MAR) (MCM) (MCH) =t
* (mm) {mm) (SMAP) oB3 gIM oes 81N oes sSIM
OCT  108.0 3.0 . 10.9 10,3 5.8 10.0 9.6 11.5 8.8
) NOV  140.0 £3.0 13.2 . ,18.0 16.6 14.5 13.2 16.8 12.7
j DEC 160.0 53.0 14.5 t3. 1 14.9 12.7 14.5 11.5% 12.9
JAN  150.0 53.0 15.5 15.1 16.2 14.7 15.7 16.3 11.5
FER  125.0 £3.0 12.4 13.1 15.0 ¢ -12.7 14.6 12.6 12.7
MAR  120.0 53.0 11.7 12.8  ‘11.8 12.4 11.5 17.2 11.5
APR 80.0 53,0 6.7 7.5 7.3 7.2 . 7.1 9.9 8.2
MAY 70.0 53.0 3.0 2.9 2.0 _2.9 2.0 3.4 1.9
JUN 50.0 53,0 1.3 1.5 1.4 1.5 1.1 1.6 1.1
. JUL _ 48.0 _53,0 1.3 .6 .8 .6 .8 .8 1
AUG 56.0 53.0 2.9 2.9 1.9 2.8 1.9 7.7 2.7
: SEP 96.0 53.0 5.2 5.3 4.5 5.1 4.4 7.5 5.7
YEAR 1203.0 97.2 97.3 60.0 60.3
] MEAN AND ST.DEVN. OF LOGS 1.919 1.917 .249 .253
T MAXIHMUM OBSERVED =  60.9 MAXIMUM SIMULATED =  49.%
! INITIAL SOIL STORAGE = 22.9
'! FINAL $OIL STORAGE = 26.9 mo
TOTAL RAIN =  .14050.2 mm
: TOTAL INTERCEPTION LOSS = 1365.3 oo 9.7 & rain
, TOTAL SURFACE RUNOFF = 1370.0 oo 9.7 % ralin
. TOTAL EVAP FROM SOIL = 98565.2 me 70.1 & ratn
I TOTAL INTERFLOW = 1465.2 am 10.4 % rain
i INITIAL -G.WATER STORAGE = <0 om . S e
FINAL G.WATER STORAGE = .0 mn
TOTAL G,.WATER RUNOFF = -0 mm .0 % rain
| 4
CRITICAL PERIOD ANALYSIS -
. DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
SMAR MCM MONTHS  START END
! 20. SIM 8.0 6 APR 1985 SEP 1985
] - 0BS 9.7 6 MAR 1970  AUG 1370 ‘
40. &IM  21.4 10 DEC 1382 SEP 1983
0BS  26.2 20 FEB 1984 SEP 1985 ;
0. SIM  65.8 ‘31 APR 1981 OCT 1983
OBS  60.0 21 FEB 1984 OCT 1905
BO. SIM 138.4 54 APR 1081 SEP 1885 . .
0B8 111.0 72 JAN 1968 DEC 1973
" 90, SIM 191.4 891 FEB 1968 OCT 1974
: 0B2  169.3 72  JAN 18968 DEC 1973
L]
] COMPARISON OF SIMULATED AND OBSBRVED RUNOFF
J OBSERVED SUMULATED PERCENT
~ RUNOFF RUNOEF ERROR
E TQTAL RUNOFF 1846.9 1848.2 .1
MEAN ANNUAL RUMOFF 97.2 97.3 o1
AVERAGE MONTHLY RUNOFE 8.1 8.t : .l
VARTANCE OF MONTHLY VALUES t42.0 106.4 -26.5
|
RANGE OF RESIDUAL MASS CURVE 452.6 462.8 2.3
MEAN OF RESIDUAL MASS CURVE 5.7 2.2 -139.1
INDEX OF SEASONAL VARIABILITY 29.3 32.3 10.2
MEAN DEFICIT FLOW PERIOD(MONTHE) 6.0 7.6 25.8
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 12 19 £0.0
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 1§ DEPENDENT VARIABLE
CORRELATION COEFFICIENT L7237
STUDENTS T VALUE 16.411
REGRESSION COEFFICIENT .636
2.951

BASE CONSTANT OF REGRESSION EQUATION




STATISTICAL MEASDRES OF CORRESPONDENCE

SIMULATED RUNCFP IS DEPENDENT VARIABLE Nag e 3B Cowmd -
CORRELATION COEFFICIENT kL
STUDENTS T VALUE 16.411
REGRESSION COEFFICIENT 636
BASE CONSTANT OF REGRESSION EQUATION 2.951
REGRESSION SUM OF SQUARES 13184.560 L
RESIDUAL SUM OF SQUARES 11063.330 T
TOTAL SUM OF SQDARES 28247.510
STANDARD ERROR OF ESTIMATE 6.997
_ MAXIMUM EQIVALENT CONSTANT ERROR (%) 75.919 - o e -
RELATIVE ABSOLUTE ERROR(%) 57.012
COEFFICIENT OF DETERMINATION .584
STANDARD CORFFICIEN? OF EFFICIENCY .528
RESIDUAL MASS CURVE COEFFICIENT -955
SPECIAL COEFFICIENT OF EFFICIENCY P 422
COEFFICIENT OF PERSISTENCE 1.349
RELATIVE MEAN PERSISTENCE (%) 21.418
DURBIN-WATSON D-STATISTIC , 2.025 -
SIGN TEST
NUMBER OF NEGATIVE RUNS 'B3
NUMBER OF POSITIVE RUNS 53
EXPECTED NUMBER OF RUNS 111.1
NUMBER OF NEGATIVE RESIDUALS 93
NUMBER OF POSITIVE RESIDUALS 135
STANDARDISED NORMAL VARIATE 2 705

RESIDUAL MASS CURVES

OBSERVED SIMULATED
vt -6 X L -0, -2, <15, -t%. <12, -t - <ML -2, L T T R SR MY AR § PN | R - N « MO + X
198 -4, -3 -5 -0, -0, =72 M, -, 7T, RS, <83, -10L. M, -3, -B <80, 0T, -8, ebh <10, -Th. <02, B0, -9,
1967 =102, =103, -10%. <100, -107. ~104. 124, ~132. 140, ~148. -1%4, -1AM. -9 %4 -9 <80 92, -§%. -108. -1f4. -122. -120. 133, IOV,
1970 ~15% -152. <144 -134, -130, 134, -129. -135, -143, -1%0. -1%0. -léd, =130, ~13%, =145, -134. <127, <128, -126, -100, -BY9, -142, -130. -152.
e -1 =181 =083, <170, +183. 130, -R3N, 04D, -0, 156, <1840 070 <183, <167, <172, -113. -186, -19%. <194, <180, 189, <07, UGN, oM§L __ .
1972 7 077, 078, “l64, -192. -169, -18%. 199, 202, <210, ~218. -2I%. -2ib ~198. -199, -200. -207, -206. -204. -210. <217, =224, -232, -232, 231,
1973 <218, -224, -228, -216, 18, -193. -192, -1¥%. -208. -213. -219, -208, =237, =200, -230. =230, 20, <200, 210 =218, 228, 132, -2N9. 244,
194 =202, -} -2UL =200 109, -193. ~1OT. -lb4. -172, -ITV, <187, =1BA, =18 -222. 105, -184, 130, <UD <108, -120, <130, -I33, -143. =13,
1993 <167, ~110, <410, -i% 43, 10. W, 22, 1 10, L -8, =z 97, -1 - -1 B % W 2, 3 2 2
1996 2% . A5 8. 91, 119, U1h L 100, 9N, 69, B0, 4. 0. 100, 107. M4, 125, 134, 129. {31, 1EX. 10, 1DL.
tm W, 1. BA 13 133, 128, 13T, 133, 145, 139, 130, M38. M. 130, 127, 130, 148, 143, 183, 180, 152, 14h X7, 132,
7 fE 100 100 15, 1930 100, MY 135 120, 24, 1A%, AN 13, 126 130, 173 17t. 171, 184, 197, 180, {45, 148, 169,
iTe Mev. 91 6. 216, 220, 218, N8 208, 19, (B4, 160, M7, N 170, 177, 100, ITR. ITI. 100, GRL. 134, A4, 138, 1A,
1960 178, 170 172, 204, 204, 202, 201. (99, 194, 10%, 1B%. 18, 15, 137, 138, 180, 209, 210, 0%, 9B, M. IB%. 7Y, A,
1901 18 G7R. 192, 1%, BT9. 14, A7e. D730 MRA. 159, 13, 143, 167, 143, 139, 133, B4R W42, 1. 139, 132t U7, IO,
1982 Q5. 17, 168, L6201, 130, DM 03, B30, 120, 118, 0%, B3 10 16 04 ., %L 3, M. M. W . M
1983 100 100, 126 M43, 138, 128, 120, 413, 104, YA, 90, g4, G, 0 8. 0L W 82 3. W 81, N, o 1,
1984 N 1 % %5 M 8 3% . 0, B/ U, I 1 10, 5. 18 3. 2L 1L T <l %, -l
19682 15, 18 @ 4 0 B W U W b L n oL o N W N % 1% 12 & o
FLOW DURATION CURVES (PERCENT TIME EXCEEDED)
- MONTHLY DISCHARGE -C 2.0 4.1 6.1 8.1 10.1 12.2 1d4.2 16.2 18.3
OBSERVED 3TIME 100.¢0 656.1 46.5 35.1 28.5 23.2 19.3 16.7 14.9 14.0 )
SIMULATED ATIME 100.0 60.5 46.1% 3%.5 33.3 25.4 22.4 24.5 18.0 14.9
. ERROR .0 4.4 -4 4.4 4.8 2.2 3.1 4.0 3.1 «9
- MONTHLY DISCHARGE 20.3 22.3 24.4 285.4 29.4 30.5 32,5 34.5 36.5 38.6
CBSERVED STIME 13.2 12.3 11.4 10.1 9.6 8.8 6.3 6.4 3.9 3.5
SIMULATED STIME 13.2 10.5 9.6 8.3 7.0 5.3 4.4 3.9 2.6 2,2
ERROR «0 -1.8 -1.8 -~1.B8 -2.6 ~3.5 =-3.9 -2,2 =1,3 =-1.3
MONTHLY DISCHARGE 40.6 82.6 44.7 46.7 48.7 50.7 52.8 54.8 656.8 58,9 .
OBSERVED 3TIME 3.1 2.2 2.2 2.2 2.2 1.3 1.3 «9 «9 .4
SIMULATED ITIME 1.3 1.3 1.3 -9 .4 -0 .0 -0 .0 -0
ERROR ~1.8 =-.9 -+9 ~1.3 -~1.8 -1.3 -1.3 -.9 -.9 -.d
CBSERVED MAXIMUM MONTHLY VALUE 60.900 -
SIMULATED MAXIMUM MONTHLY VALUE 49.080

COMPARISON OF DEPENDENCE STRUCTURE (AUTO-SERIAL CORRELATION)

LAG IN CORRELOGRAM FOR CORRELOGRAM FOR
MONTHS OBSERVED RUNOFF SIMULATED RUNOFF
1 <3743 «6941
2 .1825 -3349
3 .1432 .1671
[ .0530 -.0293
& ~-.10863 -.1856
6 -.1550 -.2344
7 -.0984 -.1421
8 .0320 -.0166
9 0383 -1570
10 .1363 » 3532
11 3479 4754
12 AEn anLC



SYNTHES1SED/ORIBINAL RUNOFF AT BAUBE 642 USING XODIFIED PITMAN MODEL FOR

WYDROLOGICAL YEARS GTARTING OLTOBER

TAsE L

1930 3P 2 &
1931 1P 3P AIP 4SP 123P 144P SBP 1P W % ¥ 4 49,3
1932 7TU8P TGP 103P JBPC NP G MP I T MP S T ST 4P ALt
1933 4P 130 200P JSOP 320P 184P 9P 3P (7P 2P MP 3P 195.4
1934 42p 257P 24P 298P OIP %P 102P AP 1BP BP 6P &P  134.4
1935 10P 19P 24P 30P 3P G2P 7P 4 P 1 B W 3.0
1935 S0P JBIP 43P JU4P AOAP 27SP BSP 20P 6P 3P P P 199.2
1937 ISP 23P 3IP IAIP 242P 127P TP 48P 0P 24P 46P BIP 947
1938 GOP 7BP IS0P 293P 3IS0P 229 4P 3 P (3P 2P 2P 1367
1939 59 199 203 8P B&P B3P TSP G4P AP 18P &P AP 9B.3
- 1940 58P B4P 172P 233 203F 9P AP MP 1P TP TP 1P 96,8
1941 106P 116P 26P I1IP 173P 157 (7P SIP 1P TP 2% 3% 103.3
1942 JSP 140P 252P 271P 165 GSP ITIP 215P I3UP 107F 126P 42 178.3
1943 323P SO7TP 3S5P 2050 143P 4P AP 12P 23 0P 1Y TP 189.2
1944 109P 72 32P 13P GOP 298P 223P SIP 1P 6P 3 2P B6.S
1S 3P W TP 9P 93P B &P P 1% P ® P 382
1945 ISP 232P 104P I3 AOP OGP 93 NP LIP. 8P P 23 3.1
1947 6IP 93 107P 100P 10IP 292P 0T THP IBP &P 4P P 1ID.7
1948 1P 2P 10P 91P 111P 40P 26P 1P EP SP P W 35,8
(949 20P 4P 126P (1P 98P 238P 2MP 1P 2% 3P 122P 1P 130.4
195 40P 2% 2P ISP 43P 1P 20P 18P 1P PSP @P 3.9
C 1951 9P 111P 3P SBP 1SBP 43P 0P (0P 4P {2P 26P 24P 7L.A
1952 20 38 5P 36P I35 ISSP I 7P AP TP SP P 6hS
1953 3P AP 3P MP MP 3P 2P 1P 1 9P S 5P 30.4
1954 7P BP 0P 226P 3P ZS6P 7P 26P 1P B SP 3P 108.0
1955 14P 5P 101P 80P 170P 222P 9IP 4P 24P 0P 3P &P  B8LE
1955 73 277P SIS 4SSP 208P 98P SIP 0P 1P 1GP I 3P 214,
1957 626P M 1MP U179 176P S6P &P 8P 3P 122 P L7 181.8
1959 P 9IP 120P 7SP MP 36P &SP 220P ZM1P 7P WP 14P 1034
1959 113P 2UUP 227 17TSP 117 179P 150P AP (4P 4P 26P 4P 131.4
1960 7P 1P 159P 226P 1S3P 40P O 107P 4P 6P (WP 18P 112.3
1961  16P 147P 248P 48P 193P 198P 9P 3P 1P 4P 4P &P 112.6
1962  BP AP 48P 273P (3P 140P (0SP 4ZP 14P TP 1P BP  10%.4
1963 24P 104 137P 140P 147P 190P 18P S0P 26 23 (3P 1P 109.7
1964 24P 204P 8P GOP B3P 2P 3P 9P 18P 20P 2P 7P 9%.2
1965 14P SIP 6AP 204P 202P 9GP 2P BP GP 4P 4P 5P 741
1966 6P 2P 63 J15P A36P 261P NP 5P 24P 12P P 8 135.%
1967 OF 1290 1290 260 56 46k ATH 4B 114 T OF M 55,8
1968 170 150 1070 30 1h 4SH SSE 4B 428 0 08 O 38,0
1969 700 540 7Teb SAN OMF 0RO OF OF 00 OF 38 30
1970 t60 826 1430 1908 1014 ek 127 24 7 3 W W 92,0
1971 3 12 430 22 13 M7 42X 2 % 3 3 3 9.8
972 26 %0 & 0% 108 Bl 2 6 3 3 8% 88 52,4
1973 &9 21 56 186 335 3™ 83 13 18 & 18 2% 886
1974 7 299 7? 125 353 %M 4 15 & 7 3 111 138,58
1975 244 579 A1 489 43w G0N 2248 53 3 11 & W 27,0
1976 4200 4%6M T4 9N 325W 363N &3 13 6 4 3 7 1824
1977 222 46H 12 53 103 34 4 A0 9 b b 139 1532
1978 150 52 254 M 4 0S4 6 8 10 3 I} 0t 1319
1979 W UM MW 72 107 e 8 03 3 03 2 % fokd
1960 80 94 B 32 7T 46 &9 55 6N BN 39N 108 106.9
1961 13 43 2098 20 10 34 14 $4 11 & 3 3 80
1962 % 8 15 10 10 320 it 12 3 3 16 60,8
1983 41 59 36 w80 S 7 7 4 & 2 3 A M7
98¢ 6 M 17§ 181 M 3 2 1 1 0 0 3
1985 350 1SE M9 S0 40 14 3% 10 30 4 18 508 78
AVE. 82 133 133 1S5 155 134 &7 43 23 13 23 3 101.B
SV, 115 (3B 124 130 & 117 74 M 317 S0 &
NOBS S Sb Sb S6 56 Sb % S 56 S % S

- {14,2X, 12015, F9. 1)

WP 19 2P 8 7%

oW P

20p

9.1



MCM PER MONTH

RUNOFF

Al = 0 Pl = 1.5 ZMIN = &50. 2ZMAX = 500. A= .5 19-..@.0 MONTH | © N o] J F ‘N

&= .0 FT =10.0

POMG ~ 2.5 S8t -

0

G- 0. = .50 6L = .00 NOFT = 4 v.m<>1, i08. 140. 160. 450. 12%. 120. &0, 7O0. 5O,

86 - 0. FG = .0 STMAX = B83. AREA = 852, PAINFALL, =

_
|

A " R A 8
lag, =8. o8,
_

759. RFACT = 1.000

100

850

]

| 1967/68 | 1968/69 | 1969/70 1970/71 | 1971/72] awww\ww_ 1973/74 | 1974/75

_ 1975/76 | 1976/77

100

ézﬁ% A A

»mqu\wm_\_mnmxum | 1979/80 1 1980/81 ) 1081/82 | 1982/83 | 1983/84 | 1984/85

1985/86 | 1986/87

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

!
,
MATSONU A7 G42 : SESHOTES

1

COMPARISON OF OBSERVED >2D GENERATED RUNOFF ﬂmwcmm ,




MCM PER MONTH

AUNOFF

——

FLOW DURATION CURVES

75

LEGEND

OBSERVED FLOWS
GENERATED FLOWS

I —T : 1 )
60 70 B0 a0 100 _
PERCENTAGE OF TIME FLOW EQUALLED OR EACEEDED _
_ |

MATSOKU AT G642 ; SESHOTES _ n. oe.Nm

COMPARISON OF OBSERVED >ZD mmzmmb..ﬁmo _uczo_u_u _N




-.?A

KRR I
TP CATNRTN . VP
s

L]




)

643 PELANEXG, - OBBERVED AKD NODIFIED PITAAN NODELLED FLO INFILLED BY REERESSION . _
HYCROLOSICAL YEARS STARTING' OCTOSER _ N AR |

(14,25, 12(15,A),F9. 1) -
1967 250 S36B S360 1410 419 2200 2240 08K BTH I8 A4 6TD 2820
1942 1080 1020 4S3F STé 480 2160 421% 230 2000 510 3 3M 1940
1969 3100 2550 I35 2508 3630 43 8% 28k 200 21% 2tk 1610 1BN?
b 1970 o770 3570 5000 TTE AJIE 3P S6iE 173 Ash 400 278 180 402.)
1971 - 268 1098 2226 YS3F 038 127%H 1778 217% 40 328 2k 23 N4
‘ 1972 1230 JTB 2v B ASY 195 234 MW 0§ 302 2080 228.2
| 1973 280% 223 547 631 782 170 7@ 101 BY 3 52 &0 340.3
197¢ 27 2040 BO% TIELONPE M9 114 71 2% 32 AW JFAN A2N2 |
1973 St4 19218 B354 1209 1280 19450 7Te28 213 13 43 2 213 N7
1976 18460 1428C 98 431 906 1419 283 3% 1l . 1T 45 474.0
) 1977 882 249 117 1383 327 479 1420 o4 27W 16M 22 413N A9
] 1978 474E 176N GBI 198 198 2T 19 49 &b 200 10830 97I  443.8
‘[‘ 1979 859 416 653 201 373 1% 48 4 ¥ T & 28I ML
' 1980 1520 574 290W L7670 470 794 632 179 AW N2 a1 tyw B
1981 48% 3724 B25F B0 53 100 IOE t 28 A 13 28 0.7
1982  3T9B 11520 100 46 16! 247 166 232 62 W A2 268,2
1983 326 4B 96t 1430 44 183 93 101 1B 12 10 183 402.4
198¢ 107 IST 143 138 1080 93 48 17 ¥ 1 4 2 40,9
. 1985 968 933 2140 135 710 104 3! 43 i3 22 199 M 358.1

AVE. 429 437 374 557 520 489 360 136 70 36 113 1E9 440
8DV, 462 604 497 532 384 532 s 13 W0 & 2 @
NoBE 19 19 19 1% 19 19 18 19 19 1§ 19 18

e e

S =




— G845 PELANENG - MONTHLY CATCHMENT RAINFALL IN TENTHS OF M.A.P-- T~
HYDROLOGICAL YEARS STARTING OCTOBER o o teABlE 2
(14,1X,12(14,A),18)

1930 67 80 130 226 109 117 118 ~ 7 1 44 0 0 . 899
1931 77 119 107 128 176 123 16 48 1 0 O 33 828
1932 42 143 121— 50 134 116 40 22 14 11. 0- 17 — 710
1933 37 233 219 285 132 148 37 29 9 61 58 -8 1256
1934 122 257 225 122 99 146 8 51 8 1 16 24 1156
1935 66 92 119 1127105 132 16 64 2 ~2 0 3 73 - -
1936 125 284 148 247 201 127 23 8 1 4 1 7 1176
1937 97 71 130 205 184 33 122 28 68 16 91 44 1089
1938 122 74 188 212 200 67 72 71 9 35 48 45 1143
1939 132 203 118 137 127 129 106 8 12 3 1 95 1149
1940 36 152 181 167 149 71 106 7 2 24 2 69 966 -
1941 149. 23 4% 217 134 185 82 41 8 0 70 34 984
1942 118 166 214 201 81 147 147 111 14 67 42 32 1340
—- 1943 245 205 208 146 173 90 5 37 71 22 0 114 - 1316
1944 107 129 38 91 149 205 23 37 + O 0 1 781
1945 38 53 89 156 119 123 54 60 0 4 0 17 713 .
1946 190 135 82 110 141 139 82 12 14 21 3 76 1005 -
1947 121 143 167 143 109 255 82 24 O 4 4 15 1067
1948 92 56 61 1950 87 100 54 27 9 11 1 32 720
1949 108 126 178 15t 125 207 102 68 6 57 89 25 1242
1950 82 77 149 155 126 79 81 53 13 1 21 38 875
1951 178 34 116 160 173 84 27 14 8 44 37 36 911
1952 71 136 143 87 204 97 141 28 5 0 20 22 954
1953 125 107 141 146 117 112 24 48 17 2 0 37 876
1954 46 114 111 250 215 97 69 50 13 9 0 "9 983
1955 7 97 "163° 179 89 188 129 36 80 1 10 1 38 ~ 1011
1956 150 212 295 198 117 121 59 15 37 37 58 246 1545
1957 235 138 114 178 79 89 110 65 5 0 0 73 1086
1958 71 149 156 111 100 74 124 163 14 59 1 2 1024
1959 158 149 208 131 162 163 102 28 5 15 58 69 ° 1248
1960 123 162 191 194 73 125 122 97 41 17 19 54 1218 -
1961 17 205 135 138 190 132 90 15 O O 18 27 967
1962 53 136 94 263 111 142 101 30 35 36 3 10 1019
1963 94 156 138 172 93 185. 70 _13 .52 0 34 45 1052
1964 216 82 124 162 56 64 105 6 40 26 29 30 940
1965 57 144 85 246 121 51 29 25 9- 0 15 16 798
1966 63 108 152 312 213 129 91 63 13 6 19 29 1198
1967 81 140 143 64 76 130 73 8 5 13 24 12 848
1968 68 93 119 85 78 133 8 9 6 6 12 16 797
1969 150 77 173 127 58 53 34 19 24 852

N
M ~3
[#%]
|
~J
(5% ]

1970 105 70 181 190 123 118 84 74 3
1971 75 100 92 149 161 143 27 27 10
1972 84 139 31 104
1973 53 125 137 187 136 137 60 23 29
1974 61 292 140 206 168 141 44 16 8
1975 95 222 173 197 192 261 85 35 31
1976 187 224 109 189 93 203 43 23 3

12 12 094
16 34 837
91 44 834
29 21 939
19 137 1258
11 92 1394
3 N 1148

-
o
L]
il
o
o
[=)]
(AN
—
N
-l
™N it

o
- = WP ROONNPPOOMN W
—r
—t
~J
(2]
~n

1977 184 49 148 241 78 142 99 8 g 33 82 1077
1978 92 66 250 70 117 73 2% 567 9 990
1979 149 145 157 105 150 59 25 9 2 5 147 953
1980 33 161 101 270 150 135 68 11 34 68 16 1047
1981 38 129 128 102 58 80 123 12 14 2 3 29 740
1982 146 90 49 9t 8 78 30 34 15 2 1 19 659
1983 110 168 150 177 90 116 34 44 11 64 9 976
1984 116 74 117 94 172 48 20 3 2 2 13 662

1985 155 125 232 97 127 81 88 0 45 5t 33 1035

100.0

—
(=2}
Ny
¥y
£
W

AVE. 106 134 142 161 131 121 69 40 15
SDEV. 53 60 53 61 43 48 37 32 17 19 29 43
VALUES IN TENTHS OF A PERCENT OF ANNUAL AVERAGE RAINFALL
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EYNTHESIZED RUNOFF AY -GAUGE .G45

2R R R RS R R AR A AR LR AL DR S8}

USING MODIFIED PITMAN MODEL FORMULATION

. CATCHMENT . AREA=

(2 X222 22222 R R AR NRR LSS D} ]

Ala .00 % -Pl=s 1.5 mn/D ZMIN= $5.0 zm/M
Ra +.50 FON= 3.0 SL= .00 mm
GW= 10.0 no/M TL= +25 NTHS GL= .00 MTHS NO
POMG:= 2.5 SGL= «0 mm SG= 50.0 mm

STATISTICS FROM 1967 TO 19985
ALL DATA INCLUDED

'MEAN RUNOFF

1157.8Q0.KM

FTw
FT=

FGe

12.0 em/H
4 PER MTH
.0 nu/M
" 8T.DEVIATION
(HCH)
[4):}:] SIM
46,42 32.5
60.4 45.2
49.7 35.2
£5.2 42.0
~3B.4 ©36.3
53.2 42.3
3e.s 2t.5
13.7 14.2
7.0 t.3
4.3 4.0
24.9 19.0
22.7 21.0
196.3 171.5
200 .182
184.1

P.EVAP ST RAIN  RUNOFF (%MAR) (MCM)
{om) (mm) (SMAP) OBS SIM ops SIM
oct 108.0 268.0 10.4 10.4 10.0 . &2.9 £1.6
NOV 140.0 28.0 13.1 15.9 132.8 65.7 57.3
DEC  160.0 28.0 13.9 13.9 14.0 57.4 58.0
JAN  150.0 29.0 14.4 13.5 15.3 55,7 63.2
FEB 125.0 28.0 it.9  12.6 13.2 52.0 54.7
MAR 120.0 20.0 1t.8 12.1 13.1 49.9 54.4
APR 80.0 28.0 5.8 B.7 7.1 36.0 29.2
MAY 70.0 28.0 3.1 3.3 3.4 13.6 13.9
JUN 50.0 . 28.0 1.4 1.7 1.5, 7.0 6.4
Jut, 48.0 28.0 1.2 .9 1.2 3.6 6.0
AUG 56.0 208.0 3.1 2.7 3.1 11.3 12.9
SEP 96.0 28.0 2.9 4.6 4.3 18.9 18.0
YEAR 1203.0 414.07 414.5
MEAN AND ST.DEVN. OF LOGS 2.673 2.582
MAXIMUHM OBSERVED = 214.0 MAXIMUM SIMULATED =
INITIAL SOIL STORAGE = 11.8
PINAL SOIL STORAGE = 12.3 on
TOTAL RAIN o 18274.5 mpm
TOTAL INTERCEPTION LQSS = 1603.0 on 8.7 % rain
TOTAL SURFACE RUNOEFF = 3722.3% mm 20.4 % rain
TOTAL BVAP FROM SOIL = 9082.3 om 54.1 % raln
- - - TOTAL INTERFLOW o——-2242.6-pm- - —--12,3 $-rafn-—-
INITIAL G.WATER STORAGE = 41.6 oo
FINAL G.WATER STORAGE = 43.6 an
TOTAL G.WATER RUNOFF = 843.1 oo 4.6 % ratn
CRITICAL PERIOD ANALYSIS
DEMAND AS PERCENT OF OBSERVED MAR
DEMAND STORAGE CRITICAL PERIOD
EMAR MCH MONTHS  START END
20. SN 23.1 6 APR 1985 SEP 1985
- oBs  30.7 6 APR 1965- SEP 1985
40. SIM  75.6 i0 DEC 1982 BEP 1983
oBS  72.1 6 APR 1985 SEP 1985%
60. SIM  154.5% 16 JUn 1982 SEP 1983
0B 172.9 28  JUN 1968  SEP 1970
@0. SIM 359.8 £3  MAY 1981  SEP 1985
OBS 396.1 B2 JAN 1960 OCT 1974
90, SIM 543.4 LY’ APR 198 SEP 1985
0BS 679.0 82 JAN 1968 OCT 1974
COMPARISON OF SIMULATED AND OBSERVED RUNOFF
OBSEZRVED SUMULATED
RUNOFF RUNOFF
TOTAL RUNQEF 71666.7 7876.9
MEAN ANNUAL RUNOFF 414.,0 418.6
AVERAGE MONTHLY RUNOFF 34.5 4.5
VARIANCE OF MONTHLY VALUES 1917.4 1325.5
RANGE OF RESIDUAL MASS CURVE 1367.3 1319.2
MEAN OF RESIDUAL MASS CURVE -156.4 44.0
INDEX OF SEASONAL VARIABILITY 28.5 29.4
MEAN DEFICIT FLOW PERIOD{MONTHS) 5.9 5.6
MAXIMUM DEFICIT FLOW PERIOD(MONTHS) 11 11
STATISTICAL MEASURES OF CORRESPONDENCE
SIMULATED RUNOFF 1S DEPENDENT VARIABLE
CORRELATION COEFFICIENT .870
STUDENTS T VALUE 26,549
REGRESSION COEFFICIENT 724
BASE CONSTANT OF REGRESSION EQUATION 9.685

IMAX= 450.0 mn/M

PERCENT

MoAsPoe= 1013.HMH

AR AWNIEE DR TR

RFACT= 1.000



- STATISTICAL MEASURES OF CORRESPONDENCE

SIMULATED RUNOPF 18 DEPENDENT VARIABLE . '_f2§554_EE' EE, CormrD
CORRELATION COEFFICIENT : e . .870. :
STUDENTS T VALDE 26.549
REGRESSION COEFFICIENT 724
BASE CONSTANT OF REGRESSION EQUATION 9.50858
REGRESSION SUM OF SQUARES 229939.900
RESIDUAL SUM OF SQUARES 73372.260
TOTAL BUM OF SQUARES 302212.200
STANDARD ERROR OF ESTIMATE 16.018 T e ——
- .-MAXIMUM EQIVALENT CONSTANT ERROR (%) - .47 :
- "RELATIVE ABSOLUTE ERROR(%) 39.432
COEFFICIENT OF DETERMINATION ) . 157
STANDARD COEFFICIENT OF EFFICIENCY .756
RESIDUAL MASS CURVE COREFICIENT .668
SPECIAL COEFFICIENT OF EFFICIENCY 679
COEFFICIENT OF PERSISTENCE 1.458 - :
" RELATIVE MEAN PERSISTENCE (%) 3.201 - -

DURBIN-WATSON D-STATISTIC 2.033 -
SIGN TEST

_ NUMBER OF NEGATIVE RUNS o 51
NUMBER OF POSITIVE RUNS 51

ﬁ EXPECTED NUMBER OF RUNS 108.6

NUMBER OF NEGATIVE RESIDUALS ©oB? -
NUMBER OF POSITIVE RESIDUALS 141
STANDARDISED NORMAL VARIATE 2 ) .929

' RESIDUAL MASS CURVES -
- OBSERVED SIMULATED

LT - S R TR Y Y R AR LT UL L M +{ N1 + 3 LS TR - N M| T S AT ) -85, =80, =110,
1989 -173, -200, -109, -218, -247, -240. -253, -2, <270, <308, -339, -3, 30 -L38, -8, ~1B4, 210, <190, -162, -184. -160, <UL -1 -2,
! 184037, 362, -390, -393. -390, -421, -AS2. -4p, <37, -My. -%82, -500, e ~U& -2, <19, 211, -3, -371, 302 =33, <383, -39t -408,
1970 «347, S48, -AL. -499, -490, <492, -470, -447, -317, -S40, 379, -alZ, A0, -418, -2 -N0O. <278, <298, -2%), -730,.273, =302 -3 -3, - -
oo IR B0 46T, <880, -839, 503, 310, 320740, 987, S99, <30, 442, =306, <399, <020, -403, -332, -303. -3%4. 348, “3, -108, -39, -470
i 1912 -683, -881. ~74Y. -7H1, -T18, =731, -T2, -172, -BY. -03%. -3, -BSY, =507, ~46%, 430, -503, -472, ~4%0, -A7Y, %0, -334, B3, -333, -0,
1993 -83%, 871, -85). -B02. <74, 719, -TRS, -B10, -G38. ~Bbb. -B¥S, -4, -3, 593, 819, 521, -ATH. -04), 43D, -4E2, =L B -, el
J 1998 =934, T84, -0, -700, -523, -34D. -5V, 40 830, 482, TN -TIY. -p39. 4, AN, =302, 290, -242, -293. 283, -M1), -343, -N4 -,
1918 -4%4, <530, <482, 401, -307, -147, -108, =18, <140, =170, -201, -20, a0 AL PR R T TR T N T T Y 1w n,
978 -8, 85 W, oW, 103 212, 8, 1, W, 1, w8 243, 260 T MY 422, 6. . N, m. ny. s,
W0, %, 1 189, 183, 311, 288 o8 221, 188, %, 3 B WA 67, a9, 300, 127, %00 479, W LI A I+
1970 208 192, W, 2, 22, 213, g6, I3, 128 100, 18y, e, 04 38, A%, s em0. 472, 443, &2, ¥ I e A,
1919 267, 36, 3. M. 383, M. 3%, 2. 49 UL . 1. 5,500, N, ML %2, MY 8L an, o, 5. a1,
1980138 40, 7S 38, 3200 373, 402, s, Wb, mLom., BYOW%, WL SN 652, R0, 608, 4%Y. &30, 400 59 91,
IR B, w6 WL oMY o2ms. 41 30, 9, LA mwo. . Ho. St 3N fu, w8, 45s, Am si0. 00, €30, 419, Jes,
! 1962 132, 292 00 07D, 180, 30, 132 131, Y. o I 1, 20, 418 3. By, . ., 88, M. 228, 107, G461,
\ ELLL I PR R TR * TRV T8 LT TP 1 A [ M T T L 19, Rt 2% 278 33 0, 2. 207, 1, 5. 142,
1960 =38, -3 -8 -7 -3 12, I8, 48, -8, <114, -1%, -184, 150, 13, 17, 109, 481, t4n, 1. W W, 22 o0, -2,
I8 -120, -8 126 100, 138, 112 404, LU A A T g LA 10 12, 18, 12, 12, 02 LL S A T N

\1 FLOW DURATION CURVES (PERCENT TIME EXCEEDED)
) MONTHLY DISCHARGE 0 7.1 14.3 21.4 28.5 35.7 T42.8 49.9 57.1 64.2
g OBSERVED ATIME  100.0 64.9 54.4 44.3 34.6 31.1 26.8 23.7 2i.5 18.3
oo - SIMULATED ATIME  100.0 66.7 58.3 48.7 42.1 37.3 33.0 26.3 22.9 20.5
T ERROR 0 1.8 3.9 4.4 75 6.1 5.3 2.6 - 1.3 1.1
‘ .MONTHLY DISCHARGE 71.3 78.5 85.6 92.7 99.9 107.0 114.1 121.3 126.4 (35.5
OBSERVED ATIME 17.1 1.5 11.8 10.1 7.9 7.5 6.6 5.7 4.8 4.8
i SIMULATED STIME 16.2 12.3 10.1 8.3 7.9 6.1 3.9 3.0 2.2 2.2
‘ ERROR .9 -2.2 -1.8 -1.8 0 ~1.3 2.6 -1,8 -2.6 -2.8
N A MONTHLY DISCHARGE  142.7 149.8 156.9 164.1 171.2 178.3 1gs.5 192.6 199.7 206.9
OBSERVED %TIME 3.9 3.5 3.5 2.6 2.6 2.2 1.8 1.3 .9 .4
SIMULATED STIME 1.8 .9 .9 .9 o .t .0 .0 .0 .0
_. : ERROR T2:2 -2.6 -2.6 -1.8 -2.2 1.8 -1.8 -1.3 -.8 .4

1{ OBSERVED MAXIMUM HONTHLY VALUE 214.000
SIMULATED MAXIMUM MONTHLY VALUR 194.075

COMPARISON OF DEPENDENCE STRUCTURE (AUTQO-SERIAL CORRELATION)

LAG IN CORRELOGRAM FOR CORRELOGRAM FOR
MONTHS OBSERVED RUNOFF SIMULATED RUNOFF
1 «3671 «53E55
C 2 1880 -3212
3 «0608 -0810
4 -.0286 -.0973
5 -.1882 -.2811
6 -.2226 ~+3230
7 -.1831 -.2629
8 -.0671 -.1325
9 ~.D213 .0280
19 21126 .2383
11
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_SYNTRESISED/ORIGINAL RUNDFF AT GAUGE BAS

HYDROLOGICAL YEARS STARTING OCTOBER
{14,210, 12015,A},F%. 1}

1930
193t
1532
1933
1934

1935

1936
1937
1938
1939
1740
1941
1942
1943
1944
1945
1945
1947
1948
1949
1950
1951
1952

1933
1954
1935
1936
1957
1958
1959
1950
1981
1962
1963
1954
1965
1956
1967
1968
1949
1970
1971
1972
1903
1914
1973
1978
1977
1978
1979
1980
1781
1992
1903
1764
1985

AVE.
Sy,
NoBS

102P §7° 347P
132P 359 25%P
3P 505P 413
" 26P 1208P 1400P
475P 1560P 1527P
7P 10p 277P
499P 1765P 9B9P
266P 134P 328P
WP U
582P 11B1P
137P 583P 900P
TP 58P 34P
452P B3BP 1201P
L4LBP 1494P 1274P
S17P 522P 169P
WP 0P S4P
1010P 775P 196P
S27P 663 74P
234 108P 40P
362p 4889 BO7P
180P 118P 48P
93P 336P 222P
1OGF 4B7P S73P

375P

1205P
Jarp
e
1878P
651p
Joop
1406P
1027p

788P 1248P 1343P

496P
BIp
1019p
12279
796P
B&pP
933P
220P
635P
ai1p
738p
T04P
648p
204P

6&63P
921P
a79p
979P
321P
333
14259
11ree

697P 174
322P 157P
THP 2049
403P  498P
Jg4P  201P
793P 189P
J22p 573
39ap  180P
375P " 627P A1EP
B10P 244P ATOP
812P 1068P G42P
IB9P &45P  §94P
956P #49P  90P
520P 1271P 393°
536P 538P 1877
400P T2BP 444P

MEP 1565P 763P

Juge 282p 1308
J82P 1226F TBAP
bIOP 287F 2?3
TP INP BOP
1052P 576P B14P

op
4op

CUMPTO39P pT

181P
168P

Atp
223p
2059
SHP
187p
136P
828pP

Jp

3tp
148pP
123p
12%p

S0P
J4eP
176P

AP
2086P

B Lk

L1 H
24P

3P AP b0SP
286P 265P 13359
T49P 913P  300P

- 309P
1342p
925P

860P 131P
602P  214P
175P 97

128
119p
298P

7037 1280P 1947P 1411P

1916P 950F 375P
150P 5S8LP 704P
T64P 80P 11007

a02p
J90P
671pP

S36P B25P 1016P $119P

aip 1002¢
P 4387
257F  H92P
1242p 492p
&0P  533P
SIP 245P
268 5368
108t t021
J10¢ 2548
671 3574 908
268 1098 2214
123t 3188 7
2618 223 W7
21 2041 809
Jte 19218
18480 1628C %8
882 249 17
4748 176W  9BIN
B39N 416 83]
1528 76 290N
6BN 372N 8254
Jrot H53% 100
26 683 981
107 357 163
968 953 2140

0P

3839
30%P

5368
4334
B

31 417 406
Ml 495 4t
3 3% 56

4P

226P 1442P

BOZP
£95p

234P 1271P
S57P 1914P 1806P

1418
37
2504
7578
[ERL
B
a1
13E

LM
1383
198
20!
176710
80
44
1430
138
133

[AL]
S04
W

b47P
arop
3J00p
823
4P
1039
9P
Jggp
244p
B03P

3P 202P
193¢ S47P
154P  &20P
9P 474P
463 T3P
808P 495P
§77P 029
971P  4354P
65P 455P
172P 48P
BA2P  489P
2208 2241
2168 A218
b3k a3 288
3t 3340 Sl
703 12798 177h
657 195 2N
792 10 a8l
1097 919 114

61
L]

BI5E 1209% 1280 19430 oM

906 119 293
32T A9 188
198 215 19
W3 1% 4
70 9 02
a3 10 1IN
161 241 186
4 183 53
1040 435 48
710 108 38l

663 577 I
83 407 300
36 5 56

59P
7P
1184
182
bAap
147
179
8BP
181P
4P
P
4088
il
280
1754
AN
4
10t
7
23
55
94N
1
18
179
1t
232
101
17
1

192
20
54

Sip
J5p

3P
3P

b7p
gip  37P
35p  30P
271P 121P
114p 75
156P 43P
42P 43P
-30P— ISP
225P  304P
J0tP 136P
420 34p
7P 3P
42p 4P
4P 36P
39P 4P
106P 215
P 45P
3P 107P
48P 39
5P 9P
k2P AP
130p  39p
L4P  B9P
98P 4P
363P 239
48P  4)P
219P &3P
L1 T
bap
149p
&8P
- J4P
np
a7¥
2034
208
L1 I ]
69% 328
L1 -
By 3

Hp

ap
61p
3P
a5p
g1
518
210

% 32

138 &
1 9
210 1M
b6 200
28 W

239 2
FERRS
62 30
18 12

9 7

13 2

g 43
- B ¥
5% 56

BbP

£84P B3P 22tP 43P -110P 43P

"30p
28p
24P
399
3P
27p
AT6P
147p
38p
3P
291p
186P
44p
299
3%
36P
3P
3P
529P
42p
93p
7P
33p
I8P
3P
227
3w
112
2019
S0P
3P
58P
b3p
sep
28P
e
i
K}
214
274
24
302
52
230
n
7
2
£08IN
3
220
15
15
10
'
159

102
173
3%

3P

ne
9P
98P
3sp
20P
24p
208P
1oop
321p
1446P

130P -

3P
483pP
25p
287
1989
29P
Jzp
133P
48P
38pP
P
39
J2p
4P
1614P
175p
LH
214pP
iy
e
40P
b9p
S0P
26P
40P
498
33
1610
188
20
218¢
80
JseM
213
43
LYk ]
ETbL)
281M
1994
28
LV
163
2
232

i5t
253
5

USING MODIFIED PITMAN MODEL FOR .

§05.2.
5.2
238.0
7209
608.4
226.0
121.5
$12.8
338.4
3731
449.0
i13.3
736.3
733.3
3.9
224.b
£41.5
366.0
7.0
438.0
300.5
392.5
425.8

2.7

458.3
467.5
B77.4
9.4
484.5
&51.4
608.6
493.5

" 485.5

TABLE Ly

859.9

352.0
8.3
621,46
282.3
196.0
183.7
402.3
3634
226.2
J40.9
$25.2
N2
674.0
343.9
453.9
383.5
35,7
283.7
2658.2
402,56
240.9
598.1

464,1



AL = ..o PI = 4.6 2MIN = 45, 2ZMAX = 450. R= .5 POV =30 MONTH 0 N D J F M A M J J A s

S~ .0 FT =42.0 GW = 10, L= .25 BL = 00 NOFT = 4 P.EVAP 108. 140, 160. 150, 125. .umo. ag. 70, B0. 48, 56. 28,
POWG = 2.5 8BL = .90 86 - 50. FEg = 5.0 STMAX = 28, AREA = 1157, RAINFALL - .10%t3. RFACT = 1.000
250 _ _
200+ -
T
- 150+
yd
O
= 1004
H i
uf so ]
iy
2 9
Ww 1967/68 | 1968/69 | 1969/70 | 1970/71 ] 1971/72 | 1972/73 | 1973/74/] pmuaxum_ »wum\qm_ 1976/77
250 : _ :
.. |
L 200t _ -
TR ! _
S -
3 150 F . m ..
@ _
100 | l SR
50 F , E
o A , |
1977/78 | 1978/79 | 1979/80 | 1980/81 | pmmp\mm 1982/83 | 1983/84 | 1984/85 | 1985/86 | 1986/87
LEGEND

OBSERVED FLOWS
GENERATED FLOWS

MALIBAMATS0O AT 645 : PELANENG

COMPARISON OF OBSERVED >ZD mmzmm>amc RUNOFF ﬂMW$ﬂn




MCM PER MONTH

RUNOFF

225

FLOW DURATION CURVES

200

178

100

75

50

-
25 . q 1
o T ; T - 1 T S ! T . :
0 i0 30 . 40 850 60 70 B0 . 90 100 w
tmmnmzﬂ>mm OF TIME FLOW EQUALLED OR mxnmﬂcma _

LEGEND

OBSERVED FLOWS
GENERATED FLOWS
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| | |
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COMPARISON OF OBSERVED >zc mmzmm>ﬁmc RUNOFF. "S5
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1930
1
1932
1
1934
1933
193
H A
1938
1939
1940
1741
1942
1943
1944
1943
1944
1947
1940
1949
1950
1931
1952
1993
1954
19353
1934
19597
§9%0
1939
1960
1981
{942
1743
1984
HH
1944
1967
1948
1949
1970
197
1372
1913
1974
1973
1976
191
1978
1979
1980
1981

1982

1983
1984
1983

RVE,
oy,
NGBS

e
14y
n
3
L1
3
Jb4
n
LM
Y
218
Bh
529
1178
660
n
1230
813
L1
{00
m
1ot
125
J82

L
175
2552
1
68y
b3
68
LE]
28
1520

L1
%
138
42
883
n
152
3
28
&78
2188

1137,

813
1113
202
L]
53
356
143
1087

527
348
b1

18
413
350
1364
1883
i
a0
8
4o
1449
(L4
"3
101
wn
850

1
B08
12
s6d
14
"3
b1
LH
RH|
861

134

1494
i

1043
581

{2852
e
823
L)
389
2
890
14
bEM
455
14
08
n

Fill]

2392

4969

2
M
349
749
130
1459
Bee
519
1

20y
807
36

409
336
L))
vz
wn
33
1310
04
1108
830
1241

]
13y
173
248

3
380
173

L
949
33
306
¢4
n
b
1220
2848
L]
915
44
1213
fent
2
13
484
mn
Mo
L
]
LA
Bog
{f ]

5
13
1012
1na
143
(L1
1349
1094
19
1034
133
113
02
nun

803
392
3%

1442
e
168

L

1032
Jo4

2081

1m

1753
L

1234

113

1603

L4y
113
443
o
poy
"y
§34
187
18
A
17

1608
m

2202

1548
338
938

1344
768

1788

1200
Bl

1399

343
L}
183
435

1981

13

13

1243

1082

1634
bis

1898
7
285

‘A2

128
4
1611
150
205

994
&N

L
113
bR
1363
499
L
29
130
1900
"
1133
1629
633
nn
™
878
714
b4t
320
78
™
1234
1302
b4
2020
1168
1038
859
388
1029
73
RAL)
1169
m
357
20
LN
87
1n
94
633
1179
740
1234
1504
1818
1172
310
263
mo
8]
99
164
62
12
813

§32
N
56

487
ey
86
1142
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L]
1267
Je
m
T
it
i
M
89Y
1633
(]
8y
2070
389
1318
336
780
L]
i
"
1108
73
n
218
1213
482
1110
933
1322
113
ny
1280
i
348

&9
Hy
1494
m
A |
1297
2480
1934
398
9
5
1041
1%
it}
218
g}
mn

803
527
38

B35
0
m
L]}
in
W
400
1]
I
m
600
L Fif
1298
152
e
BAL]
378
13t
M2
1081
R
302
1003
21
AL
385
RN
433
[l
L]
T4
670
822
809
33

]|
T4
302
00

39
[iE
')
338
399
i)
118t
419
2120

22

[
743
1073
189
182
138
437

Jab
3ee
b

334
L

1)
i
amn
29
1]}
387
)]
839
an

8

1134
1)
152
I52
i
279
14
80
0
101
"3
100
163
359
b
LLM
1413
281
12
Y]
m
12
m
3
%2
LY
n
n
a0
302
b3
148
1
3
98
13
8
17
29
164
238
195
29
33

270
240
34

|
1]
4
3
"
b1

3
{54
Fri)
n
19
m
hA L)
by
100
53

b1
LM

L
LM
0

A
167
[
il
391
89
s
&8

87
)
b

LA

13

i
3
b}]
4]
13

12¢
%

38
18
n
B8

30
a
I3
1

183
126

13
b

142

102

107
M
b
1]
7
8
3
M
I

"

LM
1]

m

m
33
e
A0
87
13
89
n
(1]
i

5
15
10
]
]

"o
7
M
"

b
1454
-1

323

13

69

14

193
129

30
36

3.1
408.2

- 0.3

1001.3
00,7
294.3

10836
§96.4

02,9

38,8
4213
i55.4
83,4

1008.1
509, 2
288.%
ER
ma
2?!.‘
B14.9
.2
583,14
$34,2
12,9
4083
425.6

1180.8
838,1
8213
BI2.1
8145
468.7

" 819.4

&b4.2
5.3
43,1
IR
0.3
91,9
212,%
0.3
it
323.1
313.8
829.3
123%.7
84,7
n.e
blé.4
3.0
189
333.9
0.7
67,3
3125.0
695,13

822,46
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1930
19
1932
19
1"
1933
193%
1937
1938
M)
1990
1941
1942
194
1744
1943
194
1947
1948
1949
1950
1951
1932
1753
1954
1938
1938
1857
1758
1959
1950
1981
1962
1943
1964
1965
1564
1987
1948
1989
1970
1m
1972
1913
1974
1773
1374
1907
1978
1979
1980
1981

-1982

1983
184
1983
AVE,
spv.
NDBS

M0
174
)
18
390
t)
n
n
LA
824
mn
L] |
5
1|
87
20
5
n
0
202
"
34
40
98
a
19
A
1217
[}
210
m
]
19
159
182
B
10
183y
L4
[ 1H]
107
b4
103
rAl
be]
123
E7 ]
619
L1}
0

83

i
452
87
"y
o
263
3]
5

134
L1
m
"y
788
172
1326
R 1
N
HH
2
193
(L))
1313
14
62
121
153
k)
512
82
29
2
873
B
33
183
839
e
382
g8
1134
BA3
mw
203
201
1
2%
LH]
20
N
i
138
H
(L1

L
- 304

'AY)

1
198
ITe
280
4
602
104
I8
373
Ju

3b

198
in
ne
1112
607
280
AL
L
422
183
1}
2
ie7
852
5
¥y
i)
L]
3
B0S
LY
33
3
633
133
B0y
1472
3
838
1015
438
643
300
330
37
n
2
153
m
B0
1}
130
[
74
LA
o7

5

FAll
493
162
153
s

A
bl

L]
AL
m
n

54

S48
208
1
1703
11
m
1189
438
33
L[
330
396
714
238
124
mn
0
38
338
o7
T4
2%
203
253
1120
281
By?
Be3
M
347
33
182
au
210
250
1216
1102
L
100
19
361
)
0
04
LIM
204
i
824
189
]
678
103
3
288
17
208
194
392
36

448
104
197
1)
184
100
1100
L1
801
in
BIo
hA L]
193
639
152
208
197
120
0
583
483
816
674
"2
114
3
ki)
iy
235
378
201
Bte
492

By

628
899

2
ALl

b
A
a3
(4]
82
663
523
(L1}
28}
0%

8
838
s

Vi)

88
b

80
1]
n

36

443
494
L]
m
507
21
LK
3]
23
]|
283
&2
15
50
[13]
1]

1]
1000
it}
ar2
R H
350
81
199
57
R
Fh
187
198
7
§22
597
642
1040

]
107
B :h]
268
1093

]
183
bt
B J: 1)
M H
108
1131
40
1]
137

7
438

89

4
L}
161

423
292
3

150
110
131
9%
Jo8

L]
i
L

|
92
m
N
697

n
FH|
149

%
84

T
708
07

"
e
147
173
m
YA
MA]|
353
Jo9
RH|
AL
852
0wy
29

6712
i)
m
2
103
260
0
80
209
y62
232
812
a
U
14
641
3
4]
i

201
233
34

H
i
n
&

15

M

11l
%
3%
133
1
402
30
"
P}
3]
L)

-3

LX)
L}
H

109
12
83

138
L)

i

8%
Al

138

162
N
138

i)

m
191
b
A
g2
40
M)
3
8
124
7
173
82
2
3
224
3
2%
n

128
12
-1

3
2
2
n

i

B
5
1]
"
2

e
59
"
21
21
2
27
9
3
23
28
R
2
5¢
29

125
1
215
2
0]
2
5
2
52
M
126
20
3
3
2
n
2
73
2
P
”
2
3%
2
25
102
2
s
50
W
%

13
20
H|

108

113
2
2
1)

-

2
rd)
138
LA

v

t9
20
2
0
e

113
3
i)
A
2

167
H
78
L
39
|
4l
KA
1
22

an

F{]
n
12
F{]
2
M1
kM)
23
b{]
il
2
593
19
s
H
L1
119
20
amn
hy
129
3

M
2
1)
L5
n

20

20
n
0
498

%

8
112
86

0
"

193
2
30

209
)
1)
8
Fh)
22
2

ges
&
A
8
2
20
3

N

L)
|

23

2
a
1
3
42
i3

F{

i
108
263
104
189
a
132
un
a
M
18
120
§3
1435

2.9
2014
150.4
52,1
334
143,
5823
307
3.8
M2
1.4
26,3
.
Hb.4
163.4
1414
133.3
3.1
1407
8023
2879
329
287
33,8

Ly

38t
484.7
7.3
AN
MIN
333.0
360.9
4,7
320.3
263.2
247.2
e
148,3
9.0
147.2
194.9
8.7
209.3
2348
Jeb.3
530.4
AEAN S
84,0
238, %
17.9
3304
190,
12%.0
218.9
123.2
29,9
0.1
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HYDROLDGICAL YEARS STARTING OCTOBER

114,11, 12115, A1 FB.
1990 252 140 207 593 9L 485 7% 253 3 M 40 ] WL
' 1931 185 465 181 28 MO 509 M6 25 M W 0N 2 2812 MOHHLE

1932 38 244 397 129 209 I8 1B 39 : 2 2w 1sh.
1933 19 754 1229 1786 709 538 310 70 23 8 113 47 Sea.d L:'near')
1930 409 826 438 467 172 532 323 143 S8 26 18 ST 360.9 S
1935 138 180 273 27 1) 29 92 138 63 M 3 AN 150
1936 392 1601 780 1247 1154 662 155 25 M 23 23 2t 410.5
1937 29 144 M8 850 881 250 420 157 0S4 35 67 &1 325
1938 454 203 M2 M8 B4 B II 101 51 S0 1S5 95 3439
1939 654 577 173 43 179 357 S18 IS 94 27 93 52 3500
1940 186 338 702 557 850 299 IS 139 2 25 M 7 350.2
1940 577 205 24 424 536 663 K12 % M 23 S 71 L9
1942 603 785 825 751 203 160 733 631 156 265 370 1B 5400
1943 589 1377 894 8 671 262 I 52 42 3T 27 90 438
194491 1 62 129 159 &5 W2 99 SI W W A 1A
1945 2t &0 127 M3 2B 2 W7 W 0B 2 W W 182
1946 264 127 290 156 206 B0 28 M 23 2 2 140  139.8
1947 393 160 677 440 126 1049 A0}  S& 31 24 23 2 39
198 31 41 2 585 493 267 80 3B B 2 M 3 188.
1949 212 537 BM 574 612 915 1037 486 95 a0 27 29 43L.8
1950 35 86 654 968 506 32 216 64 31 2% K 30 I0Lb
1950 980 M5 S8 I & 409 95 B M 189 120 &7 3203
1952 42 442 38 24 728 505 356 M3 29 2 I I 2870
1950 522 709 b6 45 463 524 US4 76 43 2 35 W 39
1950 26 91 141 1475 1168 34 142 46 30 25 4 23 34
1955 125 355 849 95 9% B9 243 M5 &2 4 13 12 3.9
1956 365 195 1SM A0 290 265 234 72 3 43 176 93 5086
1957 1276 671 333 NS I} 1T T 3! 0w W [ N0 ASB.e
1958 75 440 88 329 267 208 580 509 131 252 103 25 30.9
1959 221 401 1086 36k 604 S52 3 104 I3 26 43 5 323
19650 348 617 4S8 59 21t 452 3 M5 225 B M 33 34
1961 28 1192 674 191 655 26 3 9 26 W 2 A M9
1962 51 8B4 35 BM4 517 A73 683 U910 30 73 43 2 4350 _ e

Fl

4 1963 167 626 536 220 93 1112 426 41 % 1 M 5 BSH
. 1964 821 299 M4 771 &4 25 450 166 58 43 102 52 2763
1965 B8 211 Bl 1276 45% 112 41 M % W W 22 259.2

o 1966 43 130 233 1784 43 404 703 307 55 27 29 2% A4B.8
197 21 B4 83 3 14 &5 195 493 %0 105 44 32 2012

e 1968 82 24 217 1 B 132 278 152 W 21 33 14 f1.B
. 1969 471 147 &0 83 113 12 8 8 7 7 792 1045
T 1996 252 109 475 507 23 119 2 18 1 110 4 218.8
h 1978 11 - 27 (73 1162 775 772 M4B 312 §1 S Sk 4% 359.6

1972 58 247 1B 10 &04 143 {76 2% 12 49 81 1872
1993 62 89 751 783 908 126 194 b6k 56 4 [26 114 279.% - .-
1904 28 1001 199 491 BO? 803 122 47 1B 63 14 188 380.2
1973 214 1092 462 1073 1222 1267 48% 239 304 S0 21 258 &49.2
1976 1221 700 38 235 455 1079 58 S92 18 15 138 430.2
1977 413 189 147 1205 294 521 1458 72 M 13 B39 4734
1978 368 108 732 100 176 46 14 585 34 270 742 18  281.%
1979 737 263 352 10 209 &8 48 19 12 B T 104 1940

1980 63 334 307 1229 34 501 21 134 283 3 Inp 282 417.8 : : o
b 1981 43 535 379 B3 194 &7 704 95 29 3 19 20 2271 B
1982 411 B8O 35 46 49 1% I T A4 0I5 I 16 177 {.
1983 31 467 182 30 13 2 82 1w 0 0 0 50 140, d
- 1984 74 3bh 110 42 232 300 95 2 8 3 Z i 128.1 _
_J 1985 9% 136 474 157 200 52 47 1B 13 = 31 138 1517 i

AVE, 277 412 Mz 535 M5 a9 2
SDEV 301 383 330 M I u3 2
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_ IﬁDEPENDENT DATA SET HAR  AREA HAP

M sq.ke 1]
PITI7.DIN 11,0 1087.0 905.0

- INDEPENDENT GAUBES

TOTAL MAR = 177.0 mCA
TOTAL AREA = 1087.0 sq.ke
AREAL MAP =  905.0 mn/year

DEPENDENT RECARD
AREA =  938.0 sq.ka
MAP = 949.0 ma/ysar
NEIGHT = 9049
MAR = 325.2 KCM/year
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SYNTHESISED RUNDFF AT GAUGE MAS USING MODIFIED PITHAN MODEL FGRNULATION NG
HYDROLOBICAL VEARS STARTING OCTOBER ‘
(14,28,12(13,8) F9. 1)
1930 510 290 583 47! 2536 1114 1801 433 f24 M 233 if6 1IN0,
1931 720 &2 478 B7R 3620 2170  Af4 121 113 t10 107 112 §17.9
1932 129 2144 1380 321 1156 1490 437 108 101 103 %8 99 Tie.0
1933 99 4291 AT43 8203 01 20A1 760 147 110 MY W 171 2840.8
1934 744 5354 S77 ITH1 1082 2433 1008 206 125 108 132 114 - 1BIR.
1935 242 234 3B 799 1332 4B6 B34 383 198 103 100 98 179.3
1935 1383 OS2 3123 TITE 797 MATH 478 108 103 f02 99 97 305
1937 B 244 1381 4798 4220 1003 1387 397 240 209 jled 482 1427.7
1938 232 9B 4130 SA3s T274 2700 331 298 572 1Y 770 248 24088
1939 1313 3333 (905 1408 1893 1833 701 1701 43S 128 1f9 IDEL 143N
1940 819 1762 JTA1 4033 3NS5 1082 SI4 23 120 122 144 200 1E89.8
1941 2028 740 116 3167 31B7 3182 1068 148 112 108 372 22 1MTA
1942 407 JI13 4504 3997 1036 1392 JOIT 1802 403 1MIB 1307 603 22743
1943 8508 5910 4820 2707 4291 1855 230 138 264 148 110 1433 28044
1944 1206 518 183 306 2494 3Bt 1786 133 120 M2 109 106 13MLLb
1945 113 119 191 204 1198 2004 703 182 {1F 99 % W £92.%
1946 2459 2504 7AL  384 130 1534 481 115 100 97 %4 429 10418
1947 1244 1758 2671 3182 (731 T 424 130 105 102 §9 V1 208%.
1948 251 178 128 420 1127 A2 38 142 % 92 %0 1N 535.9
1947 318 1245 2301 2303 2238 4260 2141 184 111 213 2223 1M1 M2
1950 5% 17O 2380 1352 1571 700 205 .41 101 98 139 113 0.4
1951 2530 907 212 2240 4205 1819 300 100 % 252 21 174 1M
1952 147 956 1798 {187 3953 1399 304 220 101 98 128 f§9  1062.0
1953 1042 789 1172 1098 1%7% 1003 297 3A6 190 101 9% 99 B&d.3
195 184 B94 B0 5903 4030 1677 248 143 108 100 %8 §b  120.9
1955 250 1349 Jogh 1081 4710 4263 984 156 117 98 %4 8% 14SAIC
1996 499 3140 9639 6323 2293 2149 784 132 107 1718 727 200 3D
1957 Te4 2406 1153 5224 1889 734 1230 493 140 115 112 23¢  208%.4
1958 221 440 2599 651 407 250 949 494 136 486 237 HI 17Ne
1939 1901 2537 3650 1694 2971 2857 1053 228 119 13 200 ¥ 1NY
1950 B14 2191 2983 33A2 1007 1898 1488 853 193 121 119 Im2 1920.3
1951 139 3708 2876 U714 4093 2182 %&h 174 118 14 113 110 139LI
1962 128 1428 19 3823 2187 3IMY 1320 1&6 1% 193 133 105 - 1674
1983 591 3020 1748 4773 1649 3890 1454 141 321 179 109 23 1BI2é
1964 5224 1946 1208 1611 S16 134 282 182 794 M1 NI 1T 1270.8
1968 140 933 441 8380 2912 M6 104 10B 101 97 113 99 LITAA
1988 160 SAT 2804 9113 5296 3270 1870 432 115 103 101 %9 2393
1987 314 718 TOA 258 162 1078 A48 187 124 85 99 ® 428.1
1968 114 259 983 AE? 267 2698 1117 B4 207 9% 93 0 LT, 7
196 2241 BIY 077 1264 303 14 100§t BY BT 4T) 448 37,4
1970 1420 SHI S0 3839 2220 1144 435 221 128 113 103 93 j08e.9
1971 216 228 384 IJ4L AITE ITIY %61 fi4 103 %6 W 117 1Nl
1972 379 2213 770 233 2948 1S40 3M 122 % §1 2084 %07 11702
1973 - 132 1478 1781 4028 %945 4033 1106 146 122 107 118 104 21020
1974 109 3h66 3372 3043 4791 3209 BI1 1f4 103 101 99 202 28620
1979 1269 4570 4399 7370 &0B6 10314 3235 213 12% 112 109 bE7 3842
1976 3BSR 2632 799 3706 2172 3283 1143 t40 113 111 108 02 B3N
1977 2930 1096 1360 35382 2623 1753 1504 428 11 {11 182 642 183%.8
1979 1198 501 4508 1592 1707 ¢y 1% {38 124 682 2038 723 14340

© 1979 BAS (434 1733 1747 1512 824 177 1t4 M1 107 104 2238 10B2.6
1980 824 1593 870 4973 4B%8 Q274 280 1S4 11 108 922 36 1AM
1981 108 1190 986 490 207 7§ 1128 I 102 100 98 102 Sbe. 1
1982 2036 656 134 30 12 220 ~§35 93 %0 204 126 @b 4582
1983 91h 2716 2930 2750 822 108 3B6 112 99 92 MW 1% 1228.7

-

1 I I

1

—

o 0 0 0

S

1

3

Bt ™M

L-‘
; 1964 490 3% 180 917 3737 1887 93 %0 @8 B6b 84 82  100%.0
e 1985 3871 25A1 3651 2270 716 286 218 121 16 f14 634 293 M9
0 AVE. 1209 18B 2104 3099 2726 29 A74 M5 180 175 330 480 1583.3
D §pv. 1551 1701 1888 2322 1%07 1870 7?16 472 223 16D NOO 94

NOBS S5 % % S8 % % 3 % W S ¥ 3




=iatatn

1 I
L —

I o I e [ e
e G e SO e Wy

1 ]
o .! [

r
[ %

—

LS S

L

k_f L_f——‘t

m———

1730
1934
1932
193
1934
1933
1935
1997
1938
1939
1940
194
1942
1943
1944
1943
194
1947
1949
1949
1950
1954
1952
1953
1954
1953
1955
1957
1958
1959
1980
1941
1962
1963
1964
1983
1966
1967
1968
1969
1970
1974
{972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1983

AVE.
sV,
NDBS

- TH4

210
150
%
733
263
87
18
177
1048
!
1357
o
Wb
1463
10
1583
1410
m
30
122
1655
308
783
285
212
664
8693
m
itea
928
m
147
513

3454

228
19%
A}
riJg
1403
312
154
23
1072
b}
1810
+LEL

453

1339
1997
1007

213
1048
04

"7
24

Hn
1334
36

i
3
1844
2
048
382
6210

330

1554
2818
A
1269
nAn
LY
1054

1t
28
1379

L]
1004

AL}
1573

833
1150

11
1143
M2
120
1779
2402
700)
27
1030
rM{)
323b

[{L)

557
1624

e

k]

1083

nt
157
73
120
019
4754
1121
L1
1209
1182
928
prat
138t
m3
2587

181t
1433
58

ETE]

[k}
1637
5894
Lk

S8
3230
1152
30
U
247

m
un
720

i

PAM
1484
2458

i
2082
1982

507
1383
1HH

iy
259
7380
161
2391
oty
5%
3226
1330
FaLl
134

670
2243
1815
1398
1318
187
113

163
1623
2180
3519

5t8

54y
3633
340
1212
1943

248
3300

180
U1}

2082
1392
]

32
823
|

7388

2913

1224

o

1578

LEAL

1497

LML)

290

3814

135
AL

1382
[AM

3o

1384

e

1391

1m

11

1878

1282

1842

1303

AT

1296

2354

3066

2014

1002

847

1443

4244

4708
n
L)
83

670

359
136

3028

4003

LEEA

FALY

bz68
B8d

1943

857

438
b4l
L
1381
1504

2780
1880
3

hYSL]
2802

191
L]
1388
1300
740y
M1
4483
1879
[1T]
us
1971
395%
1948
1428
1106
2085
1498
2278
1304
k{1
7
1619
5576
hET4)
nn
3215

713
2316
a0
323
3533
2489

952
3999
$319

199

£133
2001
3389
2312
358
111
6243
011
2493
1112
1939
28U

278

13

18}
3443
1710

2803
1818
b1

1983
2442
131
2897
1N
2083
%2
1930
29
18t
1923
2681
1313
7
1517
1981
1803
4683
18
4901
i
2540
2
191
0
"
2140
978
a
27%
1547
2820
381
2042
28
(L]
3953
824
103
23
)
Wi
1099
276
3%
1281
390
£448
1258
1073
174
113
03
"2
1643
832

an
1193
16

1378
”
™

151

1592

1

1352

1214
"

1146
14

1609Y

un
39

3049

1184

113

40
m

J338
435
m

won
600
[L3)

1889

1218

1059
e

1743

1843

1N

un
aun
I
Fri)

2398

dbt

123

"
13t
1)
793

1521
(M

A
858

LILY)
13
22
!

1963
m
438
22t
93

1302
780
3h

e
Y}
3
03
HL)
43
m
1933
m
190
803
L1
Do
i)
438
380
b
163
9
CIE
204
m
il
a1
139
0
333
CLEg
N
833
171
L]
b43
570
302
128
619
1249
370
o
LA
S13
1%
327
58

1

u
"W
223

8
n
"
40
"

8
189

m
801
54

23y
130
180
184

m
112
n
b
109
1
)]
1081
it
LA
m
L48
FAM
1%
1|
1

LT

129
n
13
152

10
20
m
FiL
m
U
LiL)
n
10
120

“§22

1
L
3%
110
m
122
¥d)
1)
141
53
18
613
133
b rA]
10l
LT
m
S

m
137
138
L]
%
&
=]
183
121
i
L}
5
1
¥
102
|
12
10
n
[}

199
£63
56

37
-1
112

1w

m

233

181

m

"
1478
pall
&0
122
80
122
30
3
819
70
i
[&]
b
09

kM |
3
-1

139
1384
182
m
183
i
B

253
il
n
s
3
102
120
78
30
to9
299
10

({1
8
]

992

208

1353
He
179

1323

2203

m

£048

83
n

u
33

gge

83
484
34

- 19HY.2

945,53
.0
rM A
19482
n.2
12131
1474.4
50%.2
18%6.0

1746.7

14519
2376,
2781.3
13089.2
57,8
HM A

2009867

b14.0
2140.3
812.9
1349.0
t1228.4

959.2

16332
154%.8
J043.4
rAM R
15%2.2
1781.1
1414.2
19933
1110
1935.0
1.8
1160.2
22840
6%8.2
3844
703.4
1213.4
1456.8
59,4
1987.1
2.4
£043.1
g
208).2
}310.9
119t.1
18643
1140
121.4
1242,3
1030.7
16217

fo14.9

MASHAI (INC)




I
—

)
o

s L'

1 1
—

r.h\.j [ 1
..._.,"" s [ A,

et

[ S

T

il

L3

L & *"L i

——
u
2

L

[

VAT LA LAV F Ve g}

1930

1
1373

nm
1934
1933
193
1937
1938
199
1940
194
1942
15943
194
1943
1944
1947
1948
1943
1950
1931
1952
193
1954
1933
1758
1957
1938
1959
1960
1941
1962
1953
1964
1963
1986
1967
1988
1549
1970
1971
1972
1973
1974
1978
1978
1977
1378
1979
1980
1981
1992
1983
1984
1983

AVE.
5oV,
NOBS

701
2600
10
§03
180
m

b}
T
a1t
ot
$048
2%

1439 10439

363
2518
1403

832
2143

L]
1243
13

13
un
1350

ns

Mg

1]
2809

212
1444

253

Fif]

™
8499

L
a7
1226

130

iR
1383
8199

0

in

fo

15
1y
an

208

it

1373

112
033
62

- 2408

1303
2230
687
me
B33
m
[t
1870

12
1869
3%

283
1112
3807
e

[LA]
307
LA |

389

n
am
2001

1%
3%

107
AL}
1102

AL

12
1832
Wt
2741
Ho
m
29
4741
an
13
2610
t297

(13}
n62

330

893
1164

m
1304

822
I
1948
LU
1981

108
1317
1238

8o
4
142

Y]
§468

24
06
54

630
38
1978
B0%
84
n
4516
1975
330
sy
ui?
124
1754
6843
]
e
891
2965
15
2914
Joar
23
1742
1281
™
Ha7
11998
018
8973
4oy
ey
LEMM
111
5%
1
30
3430
2100
1754
1351
t4s8
12
LH|
1330
2475
3689
&7
1033
5483
258
111
2193
k]|
3083
LEY
4374

183
2470
56

mmn

"

303
1798
23
1028
7043
481
1238
1342
6208
nu
8842
2073

188
2850

300
R
i)
9%
1623
083
1743
a1
VA3
1439
B433
811
1373
220
3847
22
[p1]
kb
1823
(AN
99a7

120

H0
1
2383
1203

£33
3522
L)
L
1793
o187
1318
19468
6331

50

89
4720
1088
FiT

48
a8
o

2%
it
1258
5132
1387
1813
8612
432
8497
2
ans
3802
1274
5040
3548
154
1
3038
137

31390

173
3078
4943
1820
1%
6438
052
2208

m
AL
fe92
S020
2800
1904

633
3590
8366

m

4
1498
2007
J3bb
2n
LT
[pL

28
LAY
1634
nn
2946
19
41
1092
3203
1088
HH
b,
1829
2013
8347
238
ta97
82

3
7801

981
rAL
1100
1344
20
8303
2456

4l

n
3982
238
3058
T4
4448

182

3

un

T
2678

1L
1119
LERA
nn
FiFs)
02

8730 14537

3593
2148
1427
rkf)
4883

m

m

823
be4|
2685

441
2343
b1

sigd
T
1353
1393
2304
8?
463
AL
1927
39

7830
2537
34

m

LA L]
s
134

nt.

11
LH]
i
620

161

im
29

1718
123
o

M
303

2563
m
e
535
L2
A

1558
928

1882

"

1484

29
1]

Jo14

1897
m
128

2920
L]

2093

[4)

15
18

113

1369
ie?

I35

1022

287
143
278
§19

1982
2
m
300
526

1228
1038
3

~

5
14
n
10
m
13
118
830
23
2007
Fb]
187
21
149
148
YA
123
188
138
202
128
107
38
N2
162
208
130
m
N
2687
177
I
m
268
198
1
674

it

673
58
i3t
387
184
319
Y
§92
FEL
1) |
FAL)
1t
AL
398
307
47
9%
203

-]
848
18

L)
13
1]
im
13
n
1
n
189
"
M
123
L1
389
138
138
m
124
103
124
115
11
HE
b |
118
10|
118
218
1967
13
|
130
1
160%

1384

1
99

1] 3

893

N
119
2%

i
ChM
17%
820
§09
160
208

i
&89
123
1
139

820
i

390
38

1438

120

18
08
1?
"r
14
a
178
136
138
13
189
12
1
108
167
1
104
308
106
m

108

1
i
toe
190
A
08
1
143
136
123
m
1]
i1
il
153
140

it
213

93

H
13
1
194

78
109
a3

%
107

8l

8

LH

£
160

31
s
34

L]
11%
104
417
i
116
108

12%

wn
12t
127
379
1761
128
13}
108
103
108
10
3201
163
33
13
10
107
107
822
1%
29
283
133
146
29
33
o
137
162

92
w
180

1144
w2
&4
%
"
103
933
L1
B3&
58
104
8
H
N

1T
622

A
132

103

187
147
106
106
LFL]
308
2100

S Uk

244
873
1643
118
108
an
104
1
119
153
2%
303
131
108
108
7703
2%
13
2
12
134
120
m
3%
1y
"

.y

L)
wr
138

4

LU

m
964
498
160
1319
2303
Jed
1503

106
02
M
1053

i3
1104
38

19393
10935
1.8

HILY -
FAFI I I

"7

392.4
18664 -
. 2985.7
U

20874
1645.7
3030.0
3604,
1557.8
LA
1182.4
1.4
12,2
#H0.0
8734
1681.7
13134
1y
A04.7
22904
40494
26004
Hw.T
221).8
1993. 4
2175.2
81,8
2542,%
1748.8
1448,9
2947.8
41,3
q?llz
632.2
1390.0
1880.4
7035.9
.8
H38,9
30931
22880,%
2077
1710.%
1394.4
0An.
823.2
633.2
1.7
11949
ane

1971.5

TSOELIKE ;ﬂ

-

I S

oy

k)




L

.
L ?i
L

o U e W

[N

~

S

BYNTHESISED RUNOFF AT BAUBE mAL
HYDROLOBICAL YEARS STARTING OCTOBER

U420 02018, 00 FR. 1)

1930
HEM
1732
A
1934
1938
193
1937
1938
1939
1940
1941
1942

- 1943
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1943
1944
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1942
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1930
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1936
L
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1950
§961
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L1

1963

- 966
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"
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8
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3
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L
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164
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USING WODIFIED PITHAN MODEL FORMULATION
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M
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H
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1
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(14,28, 120134179, 1)

, 1930 799 385 &40 6077 3IBII 2907 M3 &MY 139 I93F TR 1} 2039 NTOAHAE
- 1930 MO0 772 &1% 1022 019 2648 487 134, A3 132 13 14 (1547
1932 152 2534 2099 32 1249 1473 %27 127 12d 126 UT 11% 954,46
1937 114 43RS 8392 10332 5294 3301 994 (82 128 41b 426 197 MaJ2
1934 2043 6249 7499 2023 1421 2992 1136 284 IS0 1207 Y2 2027 90
1935 290 318 409 1031 1948 3089 9IT 19T 479 126 1% 113 10103
1936 148] 11209 4799 788G 8§29 4357 832 12% 127 {26 113 (& 401002
1937 W9 274 2263 5937 4723 1106 1753 6bB 261 247 1288 343 1%42.4
o 1938 2576 1ish 9929 BON2 9196 332 424 340 200 1BA 2% X2 320L.0

1939 1444 3847 2234 L4101 2393 1922 803 2023 TS 146 10T M0 19ENY

1940 728 1899 4150 8923 173 (402 633 I W8 M8 13 6 2225.2

- 1940 2075 796 133 MIT 3898 JMAD 1491 204 133 124 410 287 14§21
1942 705 3570 9306 4405 1366 1436 013 224& 473 1210 1972 M43 330

~ 1943 7370 B941 7830 Abds 5176 2043 310 180 40 243 (39 1699 39047
1944 {363 611 231 957 3027 44BY (947 139 148 137 127 126 183L.6

1945 147 B34 470 J148 1636 2444 B70 254 133 f16 U1F 113 10328

- 1946 2511 2820 921 512 1894 1749 522 134 431 Y 14 491 122
1947 1389 2043 3029 4023 3833 9629 3091 1% 138 127 16 113 209

1948 344 211 173 2480 {372 53§ 3B 18y 4 113 (12 @2 6349

1949 3s4 1428 30%1 J0I9 3BB4 @383 2723 2T 133 324 48 1273 28M0.9

1930 174 198 3281 (719 17BB 1094 A 13 123 13 16 1@2 1332

1951 3041 1089 233 3322 4605 2042 322 U7 1% N6 WY 267 1BINT

1952 237 1122 2029 1932 §347 1825 580 28 I 116 4% 410 140L.%

- 1953 (448 1003 I31% 2230 1837 1517 3B 1200 B2 128 U117 18§ (2164
' 195 281 985 949 9259 8289 230t 37 176 129 128 11T {16 2307.3
1935 289 1967 AeTT 1403 7156 7452 1Bl 42 15% 18 UT 18 2575.

- 1936 743 37B4 12896 9177 3392 2836 e 162 129 202 653 BMY  A35%.4
f 1957 9123 2928 25014 4384 2258 993 2178 1083 264 1M 142 2 2820.%
[958 258 3812 4149 1947 844 419 1838 4605 2080 &A% M1 143 Z301.)

1959 2208 134 3239 2482 3487 4SS 16%6 21 156 W45 297 3N 0.

b 1950 1462 3301 5250 4083 1129 2881 2479 BY0 240 136 147 225 2222.3
1961 - 162 5223 5349 247% J40f 3521 897 203 142 1M 167 149 23854
1962 262 2481 1260 B247 3074 9215 IMF J2  iM 539 212 133 297h.8
1963 1614 4423 3043 U793 1990 Jofs 2047 288 2317 1020 247 342 28344
1964 7667 2908 1314 1888 697 181 387 218 2037 6% 1234 %09 1997.1
1965 524 1436 57T 7804 3963 482 (43 Y 186 123 184 136 1576,
1966 203 684 J739 10434 4631 4864 339 R4 A9 J28 1Y IS4 3204.3
1967 120 2731 3429 BA3 283 7t AT 1072 288 1By 10B 276 10923
1968 242 342 1822 294 1119 A2 2610 7SS T07 182 129 ¥ 1194.%
1969 2022 1002 Iy&4 §228 1929 320 %0 A9 B 44 707 70} 9919
¥ 1970 2929 1220 147% 2947 2183 1223 {1353 544 130 28¢ 210 148 1465.8
_ 1971 218 485 ‘1137 4591 4253 5737 %6 A w6 U3 % %6 20019

; 1972 353 1324 424 164 ZHI6 1296 U I8} 72 A2 1220 670 747.8

- 1973 138) 995 1596 5639 £B11 2985 Q484 34} S4b 224 285 47 2290.8
1976 126 4013 2714 4094 7336 A140 B20 3N 1BY 183 72 972 2503.4
) 1975 2043 3031 4322 9549 9268 15608 3oe2 1011 632 206 8% 3@ M9
1976 7791 6324 734 2012 5746 3276 1070 M3 120 88 71 184 299%.1
1977 2436 2440 1337 &M% 2272 1943 3. T} 172 121 122 1M 4710
- 1979 1522 736 244 1301 1622 1632 176 231 219 1031 3027 2923 2043,4 /
1979 2247 130] 3437 2199 2633 1410 288 128 BT 46 33 A3 1470 //!
1980 908 1320 1494 7327 4073 2623 996 649 700 117 1001 (583 2300.4 : )
1981 303 909 2224 802 445 {169 2017 09 137 % &9 0™ 883.7
1962 849 J&¢ 333 300 436 505 36 37 1M By 01T 1N 87,9
1983 761 1364 JUT7 5000 923 49 37 4T (8B 9T 120 M6 1423.9
1984 224 741 482 1150 el 2188 31 193 84 B} B3 52 (348

3 1983 2887 4744 0933 3378 293 415§ 214 7Sl 207 480 1117 2431.5
AVE. 1538 2454 3058 3940 3ITM0 3041 1333 568 359 249 424 598 213.)

‘ 80V, 2010 2254 2734 2928 2483 2787 1139 922 476 M1 663 193
1 NOBS S %% 56 S Sb % 3 3 %6 3% S 3
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KaTtSE
SYNTHESISED/CRISINAL RUNDFF AT BAUGE KAT USING MODIFIED PITMAN WODEL FOR
. HYDROLOBICAL YEARS BTARTING OCTOBER
~:+: o (I‘|2!|12(IS‘A’|F’|I) ’ 7 )
= TTUTTTO1930 196 161 A09P LAZP GGIP GGTP B33P JIEP  GLP 142P 93P - P - 339.1
1931 149P 415P 335P 4G6P 1136P 6% 320P 114P &P 3P JIP 3P . M0A2
1932- _ 37P S00P_ S49P 188P 357P &BeP 27P TP dGP 3P 2P 28 309.3
1933 25P 1354P 1920P 2827P IS6SP 1142P 4bAP 1f1P 3&P 269P 332P 130P 10013
1934 SASP 1043P 2027P 1032P 40P BTIP 482P 273p W4 S4P  J4P  3BP  €00.7
1935 85 171F 315P 3MP AL4P TALP JATP 209P S4P 49P P 22P 2943
1936  S6bP 2207P 1510P 2081P 2258P 1269P 400F 1O01P 4P JIP 23 22P 1033.6
1937 329p 228P 404P 1291P 1590P SBBP 741P 3IBTP ISP INIP ITAP J24P  69h.4
1938 843P A00P 1105P 1733P {S00P 652F 39SP 3B1P 154 91P (7BP 1S7P  BO2.9

1939 7120 1469 S0P 690P 74BP 792P 7TIP 639 229P 4P JSP 382P 7388

1940 218P 749P 1241P 1254P 115SP 471P HOOP 276P 7IP 43P 4P ISTP  427.3
TTA9ALT T BAAP L3P THPIIITP 1029P 1371P 627P 228P 9P MP JIWP ITFP 4564
1942 S29P 10197 1529P 1403P &33P B16P 1296 1134P J97P 4L7P 7P 142P  983.4
1943 1778P 20470 1737P LL4SP 1277P 499P 192P 89P 33P [3OP 34 361P  1008.!
1904 640P S0P 246P 113P 7TIIP 1435P TIMP ISP &P MP 2P 22P 3092
1943 22P P 58P AASP 47&P 706P 334P 192F 100P YIP 33 24P 283.9
1946 1230P 1131P 3B0P 310P 714P B99P 574F 1TIP  SSP  MP WP 21IP S7N.E
1947  A15P 808P 973P 689P 4IP 2070P 1311F 279P BP 4GP 33 2P MTN.Y
1948 257P 142P 40P §ITP 520P B8P 212P 74P 3P P I P - 27141
1949 A00P SA4P 945P 9SAP 7B2P 1S18P 1081P &40P 1437 263P &7IP JMP  BLA.?
{950  242P 154p S)&P 7B7P 731P JBAP 3P 202P O5P 43P 47P  BOP 3302
1951 1307F SAIP 3J0&P TGIP 1254P TBOP 302p 10tP 43P 122P 127 B3P 5.1

— e 1952 {26PSABP 721P 334P 1302 _BABP_1003P _ M43P . GOP. 4P ISP J6P 5342
’ 1953 542P 499 ST9P 74P 46AP S72P 211P 100P k&P 3P 33 JP MZ.9
1934 AP ISP J66P 1808P 2028P 94IP JAIP 143P S0P 44P 4P I 8053
1995 294P BAIP 1220P S72P 1188F 1106 3JBP IS9P (47 WP 33P  MP  623.4
1956 775P 1334P 2548P 2202P 103BP 765 3430 9%P 77P  99P 272P 1940P  1160.8
1957  2592P 1494P &27P 1188P 459P 3J21P 4ASSP 433P 40P S4P 3P 16FP  B3E.
_ 1938 179P 707P 9Q16P S36P 3JBeP 216P 707P 1A5P SBIP 33IP 179P AP 621.3
; - 1959 803P tO4IP IAL4P 938P 1029P 1213P B74P 201P &9 3IP 230P 270P  E32.1
% 1950 438P 981P 1215P 1544P 73P 4B2P 964P BI12P 31BP 102P 47P B 814
1960 - 48P 1257P 1071P 764P 1339P {110P 470P 2227 6P 3P 3P IWP 44T
1962 45P S18P 3J22P (706P 1169P 933P B22P 273 VIP 9P 49 43P AIV.4
1963 283 B823p 77SP 1200 7TOP 1322P @09P 212P 1B7P 10OP WP 79P  G4d.2
1964 1520P BALP AG4P B51P JATP 113P SI1SP 232P Q1P 93P 7P TP 8245
193 0P 389P 3LIP 1599P 1243P JA9P 1P SAP 3P 3P 24P 2P ML
1966 48P 204P 710P 2543P 2438P [2B0P TASP 392P (43P 5P MP  AJP  B77.0
1967 22 971 9m 23 @7 382 390 1103 134 103 85 102 434.0
1948 173 th2 B16 78 42 375 W7 43 Wi & M 03 332.0
199 551 449 398 43 M8 52 4 23 10 11 12 M 309.4
1970 1233 637 1071 1402 775 504 1017 299 ¥ 47 01 1 716,3
1971 22 176 387 137eC 1282 2348 303 3 o W A 20 (11N
1972 201 &7 &4 20037C M5 398 72 2% 13 T 4% 34,7
1973 459 355 BASW 1491C 1970 337 439 217 2% 109 153 143 702.7
19 SON 3038 1564 1418 24540 2230w 319 130 48 73 % W 12113
1975 1199 33508 1565 21394 22540 33IIC 13836 441 410 113 &8 ITT 1685.0
1976 3374 J08% 200 6B 1756 2353 A08M L8N 43 31 19 99 12434
1977 1440 43 241 3298 MIB 634 J0ad 257 s A 41 937 LMD
1978 856 Y2 I MY 3 I 49 110 137 MY 2228 1835 912.2
1979 1495 858 1787 502 984 32 N A 4 g T 3% 638,39
1980 35 679 730 3265 823 1122 @07 3 S 56 440 G50 992.4
1981 102 743 1509 183 14 200 1330 N7 62 M 34 44 3.4
1982 478 2119 194 66 (41 264 3060 4220 105 Y6 68 A3 Wb
1983 339 494 {7034 2%2h B3 176 187 283 W 2 11 2% 634.9
1964 169 539 260 156 1310 08 133 [ it 1 { 3,2
1985 17508 D49 2680 294 BOT {77 MY §t 200 § 1% 481 B01.4

AVE, 612 893 697 1089 1004 E74 651 298 135 &% iSt 225 687.4
SOV, 478 TAS 85T 797 402 bb4  A7B 204 128 90 320 343
NOBS S 56 S5 % S 56 S S S ¥ % %



Morta W&

BYNTHESISED/ORIGINAL RUNDFF AT BAUBE MOH
HYDROLOBICAL YEARG STARTINS OCTOBER
oo (18,20, 12015, 80,FR. 10

1930
1931

T 18k

1933
1934
1933
193
1937
1938
1939
1940
1941
1942
1943
194
1945

L
1947
1948
1949
1950
1951

1952

1933
1954
1933
1936
1957
1936
1959
1940
1961
1962
1763
1964
1943
1966
1967
1968
1969
1920
1M

1872

1973
1974
1978
1976
1977
1978
1979
1980
1981
1982
1983
19684
1963

AVE,
8oV,
NOBS

240P
176P

18P
390P
131P
ITap
21
433
6247
1erp
e
J7%P
1P
8P
209
252°
JTaP
Jop
2029
P
734P
" 40P
498P
3P
119

4P

1w
[t
210p
3P
26P
45
13sp
182p
84p
40p
N
)
520
278
12
108
&8
)|
23
1349
323
407
813
70
30
454
W
]
1064

217
303
36

134P 198P S66P

4P (72P 204P

233 Y19p 123P

T19P 1172P 1703P

88
172p
15289
137P
1947
J31P
Jap
1930
T49P
13139
141P
2P
121P
153
399
312P
B2pP
329p
1p
675P
g7P
338p

409p
260P

4b4p
247P

150P

706P
199
676P
164
108P

7447 1189P 1100P

427p
4220
165P
bb5P
3 g
7877
8s2p
5%
121p
276P
b4sP
23
B8OSP
24P
55p

6335P

638P
7339

40P
530p
994P
Ti4P
255p
124p
393P
{47P
438P
S38P
S4TP
Y24p
299p

"332P 205P

253

BALP
801
71
B10P
$30P
193
§39P
1520
208
197
120
470P
583P
183
816
§94P
442

{33P 1120P {114P

8o%pP

165P 1472P

639P
A15P

J18P
b36P

3820 1014P

¥88P
1136P
843P
397P
285P
201P
124p
938
2
162
i21
30
rig!
L
1104
1207
THE
208
119
291
349
613
972
34
4034
150

432
362
38

436P
643P
J00P
S30P
J94p
(L4
24
70
306
bb
323
191
20
an
220
3t
2
162E
0%
369
339
49
&1
e
1268
3

403
3
56

281p
ge7p
B&3P
J14p
Jap
43P
-182P
824
210P
298P
12149
1702p
4
12
92
bl
1284
1
B63%
"3
1186
260
13324
i
122
1356
%
b}
g7
&9
174

524
WS
56

933P
6P
Hwp
233
STsp
201P
o1sp
L rid
B9
1P
b28P
699P
14
9
138
31
837
668
1003
872
1331
[l
J2%
193
2
402
a4
34
144
236
221

443
3
Sé

443P
486P
J42p
HIP
So7P
e
b32p
230p
236P
341P
2835
632P
153p
230P
43P
Joep
6P
1000P
rif s
grep
J43p
Jqop
481P
499
I3
a3ep
3%
147P
j98p
sare
b22p
59
[1Yid
1040P
Up
1o7p
Jgsp
(]
L04E
13
131
B3N
138
139
ga?
1400
11924

UBING MODIFIED PITMAN NODEL FOR

760 242P
110 24P
184P-- 37P
9%P 7P
J0BP 133P
gep 131P
148 24P
401P 1497

3P 98P
492F 338P
357 133P
93P 9P
699P  602°
3P S0P
221 4P
140P-  26P
2P 23P
g 32
[{1 1
988 4437
207 61P
9iP 24P

“JI9P 08P

147p 2P
135P &P
233 138P
2P 9P
WP wp
S33p Agsp
309  99p
J21P 138P
Ji4p  BP
b32p 1820
0 39
4297 138P
9P 2%
b72p 2929
216E S4SE
3078 1480
? 9
57 203
1308 343
teg 29
4 N
13 "
40 264
130 &

ST6E 1811E B0

51
't

554
74
2
3

12
57

W07
320
5é

15 &
JoAu
299 148
778 105E
YRR ]
b4 2164
1058 24E
27 A

297 138
204 137
56 3

JP Z7EP 113P  J0P
2P 2P 0P 2P
2P 2P 2P 19
2P 82P 108P 4SP
3P %P 113p 39
60P 23P 2P 20P
2% 2P 24P 2P
JIP P BHP 9P
9P 47 14TP S0P
8% 26P BIP 49BP
PP P NP
2P 2P 138P  6BP
149p 283p 353P 112P
3% J&P 24P BoP
8 P 22 2P
1P 21P 197 19P
2P 21P 207 133P
P 23 21P 20P
P AP AP 0P
PP 153 398F 209P
3P 28P 3P 29P
2P 1BOP 11UP  b4P
28PT 23P J6P T 26P
2P 2P WP 2P
2P AP 2P 22P
e 2p 2P 21P
2% 40P 147P BBEP

94P 24P 24P ATH

125P 241P 98P 24P
JIP 23p 40P AP
A% 6 /P WP
2P 2P 2P 20P
8P &% 4P 20
2% WP P WP
SIP AP TIP ASP
ap p up 2P
S 2 P 2%
100 s 44 3
B 23 3% 13
8 ] g 102
12 I § ]
101 & &0 351
16 13 4% 6%
2 b 19 B
20 W 15 208
ML I 5 B
29 2 17 13
2?7 U 20 MW
4 298 0820 205
3 § 10 13
HI N s M
Y S T S S ¥
m ¥ 4 18
o0 00 0
9 ] [ 1
1458 5% 59 1520

8 52 %
b6 6% 153 143

3 % %

352.9
.4
138.4
4.1
363.4
143.9 -
582.3
306.7
3209
J42.4
3414
328.3
5341
416.4
163.4
141.4
133.3
3261
160.7
602.3
287.%
12,0

T T

kAN )
33
36t.4
484,7
LA
4.t

- 3644

355.0
388.9
414.7
320.3
263.2
7.2
45,7
2223
113.3
241.8
397.4
206.9
309.0
420.2
739.4
473.4
521.2
334
2144
41,7
3.3
190.8
134.8
141.6
167.6

e
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SYNTHESISED/ORIGINAL RUNOFF AT GAUSE MASINC  USING NODIFIED PITNAN MODEL FOR
HYDROLOBICAL YEARS STARTING OCTOBER

(14,28, 12(18,) ,F9.1) L
1930 7I4P 4E7P S75P 3392 JZMP 16A3P 1STAP Q6P Z36P AIP J6TP 136P  1389.5
1931 200P &30P 9P G2UP 2002P 2642P 931P 241P 130P BOP 7BP 9P 40,5
1932 150P [446P 1637P SB3P 792 1316P 6MP 251P 140P 120P 112P BEP - 9.8 - -
1933 9P 20M4P S94P 73G0P S4BIP Z557P ISI3P AO3P 1B4P JAJP SOAP 4MP  2816.4
1934 735P 3910P US10P 2915P I38P 2137P 15920 5P 204P LAIP 1ATP WATP  1940.2
1935 285 392P 548P 1224 L309P 20437 I371P 456P 39IP 152P 91P 0P 633.2
1935 B47P 6270P B230P SP08P 7ABSP 4523P 1352P 270 12P 70P &P 48P  3213.1
1937 356P S30P 1152P 3SIBP 4110P 1930P 1214P 0SSP AP 420P 976 Se4P 16744
1938 1773P (SSIP 031P 493GP B3P 4293° TATP 53IP 379P 2330 JBAP 4S8R 2503.2
1939 1046P 2B18P 2521 1497P 1820P 1611P 1186P L796P 1039P 2049 133 1246P  1698.8
1940 991P 1191P 3247P A390P 3644P 1925P B10P &0 I93P 122P 121P 230P (7447 - -
1941 1337 1269P 277P 2250P 3130 2401P 1859P ST0P 232 110P 336P 44GP  (4b1.8
1542 710P 2424P 4133P 3B14P 1971P 1313P 2473P 2396P 1081P 996P 1699P BOSP  2376.9
1943 GA16P 6149P 4720 3353 3SO9P 2734P 384P 213 NITP 13P 180 105%P  2761.%
(944 (4S3P 1054P 5SIP A34P 1546P ASI7P JONGP ANP IS3P 1O1P 0P PP 1389.2
1943 6P 111P 233 1342P 1435P (SO1P 1184P 3BOP 237 120P 7P 78P  4BT.4
1945  1563P 7051P 1468P 793P 1106P 1603P 1136P 330P 14BP 122P 108P 369P  t159.%
1947 1110P 1378P 2450° 305IP 2086P 4E8SP 4140P 765P 233p 111P BOP 79P  2089.6
1948 273P 344P 224P 1S64P 1698P TBAP S23P I3 125P 8P B7P ISP 61A.0
1949 390 1004P 2062 2449P 2228P 4301P ISSAP BI4P 36IP 390P 1BA4P 1384P  2140.8
1950  422P 352P 1982P 1501P 1344P 1117P 4SSP 2840 171P 110P 138P 162P  B12.0
1951 16595 157%P SO7P 1771P 3364 2540P 671P 270P 119P 2370 402P 347P  1388.0
195277 306P B35P 1585F 1732P 2747P 2078P 1077P ESIP 203 122P M43 145P  1228.4
1953 705P 1160P 1144P 1676P 1616P LISIP &00P 827P 344P 124P 9P 101P  959.2
1954 285P 4GP 979P AZB2P S7T6P 3004P 40P ISP 237F 4P 102P BIP  1453.2
1995 272 1145P 2599P 1942P ISTIP 4574P 1680P 03P 282P M4IP GOP  S9P  1469.8
1935 6B4P 2412P 7TSBOP 7S03P 3177P 2140P 1218P 325P 143P 253P 724P 4253  3045.4
1957  6495P 4120P 1631 JG75P 3215P 97SP 10SEP BATP J6%P 153 62P 281  2330.3
1958 374 17789 2591P 1706P 715P 437P 74OP 33TP 2434P &TIP ASHP 173  15%2.2
1957  [184P 2602P 3079P Z384P 256P 27SLP 1745P 835P 226P 133P 204 S27P 17071
1980 920P 2001P 2537P 3064P 2102 1SA7P 1865F 1221P 724P 32IP (93P 235P  1474.2
1961 222 2274P 322P 2014P 3236P 2820P 11737 494P- 1637 101P 8P 102P  1593.5
1962 LATP 1030F L330P 4002P IS3IP 36B1P 22130 S4P 262P 252P 235P 120P  17AT.0
1963 515 2378F 2044P 3647P 2680P 27A2P 2493P S7BP A42P 277P 1e3P 263P  1035.0
1964 3AB4P 3236P I341P 1AA3P 9620 Z281P 3I0AP 3GZP 947P S34P AP 330  (370.B
1985  228P 7700 670P 4260P 3999P BBSP 2240 126P 113P 0P 18P 109P  1160.2
1965 I99P S57P 2245P 4706P 6319 3933P 2308P GIGP 733 232P 18P 299  2284.0
1967 340 18810 16610 Ads® 234 369 512 1005 228 139 73 126 708.8
1968 173 3040 15630 1420 1114 BA9 1162 539 s6Te 1214 3t 26 Se8.7
1969 1157 676 1220 1019 1188 928 &9 25 43 13 156 418 568.5
1970 2042 1038 1437W 1852 1597 BOTW 1402 &5 99 BIW 115 113 1153.8
1971 152 AGH 909 3295 J9OTW ATBEW 1IN 539 182 61 37 30 18M4.8
1972 288 1150W J4OW  OIW 714N 1083 B87 155 54 20 104N 806  768.5
1973 1342 753 (358 439G SO%OM 1886 943 JALW AJGW 186M 202 203  1792,5
1974 89 30020 199 3SN2M 6809 3853 682 M2 160N 149 53 913 2228.2
1975 1996 4400 3710 6A76H 7123 11601 2798 9OSN 7BIM (79 &8 348 4082.2
1976 8619 5950 47 L3N AT94M-AG06 904 25 92 6B 49N 125 Z537.8
1977 2289 1072 386 5377 A7TSN 11BGN 4528 526N 135 83 71 1211  1844.8
1978 139AM 626M 4329 933 7HEN 1121 122 216 191  S66W 2734w 2413 1543.3
1979 2084 12020 2524 1188 2233 LI93M 237 92 &7 49 34 40N 1150.3
1980 7950 10SIW 140N 5109 2958 1475 946 597 467 97 562 1312 1685.1
1981 221 785 2023 377 235 535 (714 867 94 o4 A0 42 4745
1982 816 2981 307 253 399 M4 276 293 125 &b 9N 9 6149
(983 642 73 20%OM 3643C S3te 7St S52 3% B2 eb 59 360 10A2.8
1994 220 657 437 B2 440 13550 275 B2 6% 63 49 38 891.b
1985 302 3310 5610 1190 1790 43 480 173 34 8h 222 9188  1470.6

AVE. 1073 1799 2103 2455 2606 2291 1263 397 J40 194 305 ASE  1391.2
EDV. 138 1508 {443 1842 1866 1B6Y 938 398 3T 178 493 469
NOBS 3% 3% S 5% 9 % % W % S W 5
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SYNTHEBIBED/ORIBINAL RUNOFF AT BAUBE T80 * "USING MODIFIED PITNAN MUDEL FOR
HYDROLOBICAL YEARS STARTING OCTOBER - \ S -
(14,21,12(15,R) ,F%. 1) : :

1930 6B4P 3P A26P SGTP J176P 23%IP 200P 3B2P 144P 1371P SS2P 132P  1T94.%
1931 268P TL4P STZP 909P Ab37P 2300P ASIP 139P 128P I17P 11&P 127P  1075.8
1932 136P 2497P 190BP A7EP 1233 1644P SOTP 113P 113P 112P 102P 102P  B94.7

--1933- - {01P-J444P-BOOIP 9704P S103P J104P- 922P - 167P -113P 404P 414P 184P- - 3380.7

1936 1339P GOOAP &D4AP 2204P 1305P 2917P 1107P 220P 1377 114P 243P 1S5P  2283.9
1933 276P 204P 3JBZP LOI7P L748P 29B4P 92T BATP 3577 114P II5P 10SP . 914.0
1936 [449PIO376P 4473P 7823 BIITP 4107P 793P 11BP 7P 116P 10SP 10SP  3BIf.!
1937 344P 203P 1892P SUGLP 4624P 1089P 1702P 6A4P 246P 235P L243F S21P  1641.9
1938 2483P (0B2P S3L1BP P141P 8614P J1O0P 411P 322P IB%P 176P 2B4P 204P 2949.6
1939 13B7P 3B00P 2184P 138UP 2267P 1B43P 74AP 2002P T44P 13SP 123° 2040P  1890.2
1940 BOOP 1BBP 4100P G201F 4714P (417P 402P 250P 138P 137P 124P 215P  2034.B
1941 2126F 773P 124P JB4XP 7S8R J424P L148P 1BZP 124P- 113P 3OS 239P  1625.%
1942 43P JAJBP 7TG6LP 3360P 1286P 1616P J7QIP 2079P 4A3P 1199P 1730P 3534P  2992.4
1943 71B1P T946P 6754P J901P 3008P 2008P 293P 1S0P 3J&OP 203 129P {419P  3I%63.4
1944 1320P S74P 212P TOSP J462P H4BAP 1904P 14BP 137P 126 11SP 115P  1530.2
1943 134P 500P J4LP 2776P S04 2273P BOIP 209P 133P 1OSP 104P 104P  698.&
1946 2495P 2749P B77P AG4P 1T03P 1647P S0SP 124P 281P {S0P 104P 443P  1159.7
1947 [343P 198BP 2949P JBI7P 2930P GBATP 2092 161P 122P 117P 104P 10SP  2541.9
1940 304p 191P 130P 2644P 1319P S532P 269P 132 103P 103P 102P 172P  404.3
1949 J40P 1382P 2B44P 2927P JI09P 7714P 2339P 200P 126P 297P J{37P 10997  2593.4
1930 184P 156P 2983P 1392P 1740P 923P 27°P 128P (18P 105P {159P {43P  851.8
1931 2833P 1017P 225P 2004P S772P 2291P 30BP 10&P 123P 293P J25P 226P  1447.5
1952 202P 1095P {974P 1678P 4B42P 1671P 533F 238P 117P 104P 13SP 240P 1285,

1953 1376P 924P 1247P 2204P 1B13P 1279P 412P BB8&P 373P 18P 107P 122P 1088.%

1954 202P 9A9P 923P BLISP 7479P 2033F J0AP 141P 18P 117P 104P 106P  2073.3
1933 270P 1794P A079P L41SP L340P 4407P 1S36P 193P 137P 108P 107P 107P  2249.5
1936 728P JI47P11502P B343P 3016P 2634P 913P ISIP 119P 189P G10P 7438P  4001.2
1957 B43IP 2729P 1941P L047P 2184F 913P L795P BL9P 205P 133P {32 250P 25%98.%
1958 242P JGP 4B80P L342P 670P J34P 1411P 4044P 1973P SBIP 282P I31P  2148.3
1999 2109P 2911P 4626P 2181P 3327P J674P L427P 277P 138P 1J3P- 200P 381P  2144.7
1960  1148P 267BP 4400P JB24P 1077P 249%P 2161 7787 2199 143 133 211P  1948,7

1961 . 149P 4044P 4430P 2220P 4929P 2970P TESP 191P 130P 128P [3BP- 131P  2088.4

1962 1B9P 2010P 1047P TH18P 2742P 7438P 2949P _262P 132P 3JVOP 204P 120P  2300.9
1963 1298P 4078P 2394P JABIP 1B70P 4578P 1B62P 243P 1S33P 751P 254P J19P 2488,
1964 6724P 23BP 1263P 1782P 629P (S7P J30P 190P 1SOBP &47P 672 377P  1708,7
1965 321P 1234P 3LAP 7223P JG02P 414P 125P 159P 130P I10P 145P 114P  1409.8
1966  189P 421P 3371P GBBIP 4289 4J47P 2040 438 433p 23IP 162P 14IP 2917,3
1967 39 1330 1340 420 239 620 427 1040 {82 ii? 5§ 120 632.9
1968 122 144 1130 203 GOB 3RE 1380 288 225 M ¥ & 442,35
1969 1160 768 1210 924 1290 1% 57 13 b 2 N M 38%.1
1970 2790 1290 1290 2010 2030 906 1390 486 117 83 54 4 (28,2
1970 90 374 1090 3980 4720 6730 949 523 I 63 ¥ 39 1879.0
1972 304 1230 438 526 2080 1160 1210 161 51 22 %9 M8 854.9
1973 1270 713 1400 6190 72728 3030 2090 442 483 189 2948 183 233.4
1974 66 4050 2330 3100 8030 4850 7264 1%0 40 94 26 BB 2462,7
1973 2480 5180 3380 9320 8760 127508 3348¢ 983 583 203 96 413 49%0.8
1975 4330 5980 570 14190 SAA3 5380 1010 278 93 B 023 ¥ 282.0

1977 2030 13128 4280 4290 2300 1250 4410 433 142 67 08 13684 2031.0

1978 1430 723 49470 9800 1040 12930 70# 1470 1214 M9 2520 2270 1403,2
1979 2210 1200 2630 1920 22928 13430 224 190 37 1% 6 1 12631
1980 919 774 1490 4530 3360 1720 - 042 564 369 173 549 1310 1482.0
1981 243 7AL 2030 42 329 B2 tes0 %09 B4 33 19 45 694,1
1582 714 34078 270 L4TH 403 I 242 283 99 27 55 54 608.7
1983 523 463 20887 4702 59Y B4 750 39Y 39 JME 85 289 1182.2
1984 147 550 337 792 AN14 1383 286 3O 91 M2 3 ! 812.8
1983 414 5621 6918 3424 2604 405 78R 2t1 W8 Sl ¥ {027 22332

AVE, 1350 2239 7256? 3575 3323 2731 1188 488 273 205 332 512 1866.4
EDV. 1840 2141 2475 2762 2344 24B) 995 841 371 239 GBY 1089
NOBS 56 9% ¥ % %% 3 3 % 56 ¥ S 9



SYNTHESISED/ORIGINAL RUNOFF AT BAUBE TSD - UJSING MODIFIED PITMAN MODEL FOR
HYDROLOBICAL YEARS STARTING OCTOBER

(14,21,12015,4) ,F9.1) o - i o

1930 707P AP &30P S779P 3298P 2826P 21637 S97P 144P 1436P TSP 133P  1B39.3
1931 280P 726P JA3P O0UP A7I7P I532P ASSP 141P I3IP 120P (ISP 132P  1093.5
" <1932 ° 140P 2510P 1978P 503P 1736F 14%4P S13P 117P -114P 116P 104P 103P- —91Li6——— -
1933 10SP S771P OF6P §798P S132° 3170P AP 170P 117P 0GP 417P 1B7P 34313
1934 1639P S04SP 6943P 2232P 1387P 2044P 1115P 231P 139 117P 279P 147P  2321,3
1935 279P 294P 39IP 1026P 1B13P J0ISP 93P ISP 379 117P LL4P 104 9307
{936  {ASTPIOASOP 4316P 7843P B6I12P 4175P T797P 118P 117P 114P 106P '106P 38424
{937  3J55P 26%P 1976P S6BIP 4652 1092P 1719P 430 249P 237P 1250P 526P  1Béh.4
1938 2518P {112P 5396P 7236P G697 3203P ALIP- 32 189P 74P 207P YOSP  2985.7
1930 1405F 3807P 2199P 1392P 2324P 1688P 776P 2007P TATP 136P 127P 2U09P  1911.7

1940  BI2P 1BT7P 4117P 6280 4793P 1478P L20P 251P 13TP 13BP 127P 214P 2087.6 . - . . ..

1941 2043P 7I9P 126P 3024P 3B0ZP J430P 1141P 1B7P 125 ISP J99P 206P  1843.7
1942 4789 JIS07P 77S6P S642P 1274P 1429P I77IP 212(P A4SP 1199P 1769P 3S75P  J039.0
1943 7243P BO3IP £B43IP 4073P S040P 2015P 295P 149P 389 212P 128P {443P  Ja06.!
1944 13327 S65° 216P 7BAP JSA8P 4S47TP IG18P 148P 138P 127P 117P 114P 15%7.8
1945 137 S77P 349P 285BP 1534P 2338P B2SP 223P 13BP 104P 108P 106P  931.7.
1946  2499P 2772P B9LP S00P {777P 1697P S510P 123P 311P 147P 105P 472P  11B2.4
1947 1350P 2001P 298P JA74P 038P B932P 2311P 188P 124P 117P 106P 104P  2572.4
1948 316P 194P 157P 2658P 1337P SIOP 3J03P 136P 105P 104P 104P 174P - 613.2
1945 348P 1391P 29i4P 2959P 33I00P 7B0IP 2545P 2029 126P 304P 3201P 1119P  2432.0
1950  164P 1B7P 3057P 1423P 1735P 9BLP 297P 128P 114P 104 te3P (SSP  B73.4
1951  2888P 1034P 225P 3053P 587sP 2316P 310P 107P I3IP 299P JMP 238P 14817
T 1982 0 212P 1102P 1992P 1745P 4945P 1700P S3SP 238P 117P 106P 136P 3J0&P  1310.4
1953  1444P 930P 1201P 2211P 1620P 1346P 449P S42P 391P L17P 107 131P 1117.7
1954 © 265P 972P 93P B253P 730P Z103P 323P 142 11BF 117P 107P 106P  2104.7
1958  273P 1B52P 4147P 1439P 4436P 4503P 1558P 208P 141P 10BP 107P 108P  2290.4
1956  731P 3511P11998P BASSP 3092P 2694P 928P 130P 11BP 190P B22P 7703P  4049.4
1957  B499P 2051P 2014P &119P 2206P 941P 1B42P B7IP 218P 1JIP 1J0P 230P  2600.8
1958 244P 3J404P 4973P 1575P TIIP 37SP 1497P H134P 1987 &0SP 290P 13IP 21947 .
1959  2075P 2977P AT09P 2231P 339%P JV42P 4h4P 287 139P 137P 283P 382P 2213.B
1960  1228P 2974P 44B9P 3IBATP 1092P 2567P 2229P 199P 221P 143P 13SP 212P  1993.4
1961 150P 4741P 4S3IP 22447 5020P JOSBP 7TSP 191P 130P 130P 146P 134P  2125.2
1962 213P 2177P 1111P 75117 2800P 7523P 3014P 274P [3iP - 423P 219P 120P 2351.B
1983 1383P 4159P 24597 SS54P 1904P 444BP LB97P 264P 140P 774P 253P 323 2842,
1964  &799P 2510P 1279P 1825P 453P 162P 3ATP I9LP {SEAP T04P TI7P 3F0P  174é.6
1965  300P 1297P S30P 74P J&90P 433 128 TSP 3P 1P ISTP 119P  1448,9
1966 192P 43P JAJ0P 9967P 4304 MA29P 2020P— ATAP 98P 254P 162P_ fAIP  2960.4
1967 39 1530 1340 420 239 420 627 1040 182 147 55 120 39
1968 122 144 1150 208 904 9398 1350 286 225 34 3 40 4628
1969 1160 768 1210 924 1290 i76- S 13 & 2 33 22 %A1
1970 2790 1290 1290 2010 2050 904 1390 4B& 117 B3 54 & 1281.2
1971 90 374 1090 3980 4720 4750 949 525 M4 &3 36 3P 18I0
1972 304 1230 458 126 2080 1140 1210 181 St 22 949 778 8349
1973 1270 713 1400 4190 72720 3030 2090 442 483 189 2940 163 2333,
1974 &6 4050 2550 3100 9030 4850 7260 190 &0 % 26 883 24627
1975 2480 5180 5300 9320 8740 127504 33480 985 5B 203 94 AL3%  49%0.8
1976 4550 5780 570 1410% SAA3$ 5360 1010 278 93 S8 23 34 2680
1977 2050 13120 4280 6290 2300 1250 4410 453 162 87 O% 1348F 2031.0
1978 1430 729 4567% 9608 1040 (2938 7TOR 1A7F 1218 A49 2320 2270 14032
1979 2210 1200 2850 1920 22928 13454 2244 194 ¥ 15 & M1 1243,
1980 919 774 1450 4330 3360 1720 B42 5S4  %6Y 17 549 1310  1482.0
1981 243 741 2080 423 329 B23 1450 %09 84 33 19 43 %A
1982 714 3407 270 1478 405 394 242 233 99 21 33 M4 08,7
1983 523 44 2887 4702 %99 G444 798 399 39 ME B 89 11622
1984 147 330 357 752 4814 {383 286 30 91 12 3 1 812.8
1985 414 5621 6918 3b24 2684 605 788 211 358 8t 3 4027 2232

AVE. 1367 2263 2699 3613 33bt 2742 1205 496 280 210 338 519 19414
SDv, 1832 2138 2499 2784 2338 2494 1003 872 )82 248 394 1098
NDES S S 56 S %% Sb % 3 J ¥ 3
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