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PREFACE

This manual contains a rational set of flood estimation
techniques applicable throughout Java and Sumatra. The techniques
include 2 'no data’ method for use at ungauged sites and various ways
of using_data from the site of interest or nearby flow gauging
stations. If used cautiously, the techniques can also be used on
other Indonesian fslands, certainly where good quality flood flow data
are available. The report is the product of a two year study of
Indonesian hydrology which the authors believe to be the most
comprehensive assembly and analysis of Indonesian flood data
undertaken to date. The 'no data' method has been developed from the
project's large data base followling a review of existing methods and
drawing heavily on experience galned from numerous similar studies
performed elsewvhere in the world. A comparison of this method with
previocusly used methods shows it to be a superior technique over a

wide variety of catchment types.

Foldout maps sHowing the locatlion of study catchments can be

found for Java, as Figure 1.1 and for Sumatra as Figure 1.2.

The study has been carried out in two phases; Phase I in 1981
exawined flooding in Java and Phase Il in the following year extended
the study to include Sumatra. The report produced during Phase 1 is
superseded by this report. The study was a cooperative venture
between the Institute of Hydrology, Wallingford, United Kingdom (UK)
where many similar studies have been carried out for different regions
of the world and the Direktorat Penyelidikanp Masalah Air, Bandung,
Indonesia, custodians of Indonesian flow data and the primary

hydrological and hydraulic research i{nstitute of Indonesia.

The following staff worked on the project In both Indonesia and

the United Kingdom.

Dr CcS Creen 1H Phase I and I1
Mr FAK Farquharson iH Phase I and II
Mr DB Boorman In Phase I1I
Ir Sunad ji Josoadiwi jono DPMA Phase I

(ix)




Drs Trenggono DPMA Phase I
Ir Moh. Arief Ilyas DPMA Phase II
‘Drs  Petrus Syariman DPMA Phase II

Both organisations provided support staff for the duration of the

project in their respective fustitutes.

The project was jointly funded by the Indonesian Government and

the British Overseas Development Administration.
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INTRODUCTION TO FLOOD ESTIMATION

1.1 Flood statistics, return period and probability

For any flood estimation problem it is necessary to specify the
return period, or probability, of the desired flood. This will vary
according to the nature of the project and the ceonsequences of the
design fiood being exceeded. In practice it is often useful to
construct a curve relating the size of flood to its probability of
occurrence. Such a curve, called a flood frequency curve, enables
flood magnitudes corresponding to varfous design criteria to be
estimated and the implementation costs and implications of failure of
such criteria to be appraised. Figure 1.3 shows such a curve. The
probability scale gives an exceedence probability (fie the probability
of a flood level being exceeded in any one year); the scale beneath
this shows return period, or average interval in years between floods
exceeding this level. Return period, T, is the reciprocal of the

exceedence probability and can give a more tangihie appreciation of

the severity of the flood.

If a very long record exists for a point on a river it is

, possible to construct a flood frequency curve from an examination of

the record. Figure 1.4(a) illustrates one approach to this; the
record is divided into hydrological years {to ensure independence of
flood peaks) and the biggest flood in each year is noted. By raonking
the floods and assuming a particular form for their distribution each
can be assigned an exceedence probabllity and so a flood frequency
curve can be constructed. 1t 1s Interesting to note some of the
properties of this annual maximum flood serfes. Tt might be expected
that the mean of the annual maxima-1s exceeded by approximately half
of the floods and so have an exceedence probabllity of roughly 0.5 and
a return period of about two years. However, since {t is possible to
have floods very much bigger than the wean and because there {s a
limit to how wuch smaller they can be, the distribution of floods Is
skewed. In fact the mean of the annual maxima fs vsuvally taken to
have an exceedence probability of 0.43 and a retucn perfod of 2.33
years. VFlgure l.5(a) shows the probability density function and Fig
1.5(b) the distribution functfon for the annual maximum floods; this

shows the skewed nature of the distribution and fntroduces the concept
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Identification of floods and their associated retum periods
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The probability density function of annual maximum floods

Probabllity of flood occuring in any one year
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of . non-exceedence probability (the probability of a flood not being
exceeded in any one year) which is frequently used in preference to
the exceedence probability as it leads to ecasy estimation of the risk

of fallure of any scheme (see Section 1.3).

When considering only the biggest flood in each year, the return
period is8 not the average interval between floods of a given magnitude
but the average interval between years containing floods of that size
or greater. In Figure 1.4(a) it can be seen that the largest flood in
some years {s exceeded by the second or third largest flood in others;
a second approach to flood frequency analys:is that avoids this problem
considers all the floods over a certain limiting size, not Jjust the
biggest in each year. Such a flood sequence is called a partial
duration, or peaks over a threshold, serles. 1In Figure 1.4({(bd) all
years containing floods over a certain size have been marked and in
Figure 1.4(c) all floods over that same size are indicated.
Immediately it can be seen that the average Interval between floods is
less than the average interval between years with floods. The return
period of the wean annuval flood fromw the annual maximum series is
about half a year greater than from the partial duration series, but
the difference decr;ases as return perfiod increases since as the
threshold is raised the two series become identical. Although the
partial duration series approach is the more fundamental one, the
small difference at large return periods and the easy application of
the annual maximum wethod makes it the more popular choice for flood
frequency studies.

1.2 Flecod estimation methods

When a long record is available estimation of the flood of
specified return period is a straightforward task as outlined above.
However, it is usually the case that only a limited period of data is
available and it is either impossible to construct a flood frequency
curve or to éxtend it to the required return period. There are three
broad classes of method that can be used in such clrcumstances;

statistical wmethods, rainfall-runoff methods and international

eapirical methods.

The international empirical methods are usually simple formulae

relating flood magnitudes to phystographical properties of the




drainage area. They are often based on a straightforward conceptuali-
sation of the rainfall-runoff process and calibrated on a specific
data get. The growth of flood magnitudes with return pertod is
achieved through using rainfall frequency relationships which are
generally more widely available than flood frequency curves. Because
of the wethods' generality and in the absence of anything better they
have been adopted for use all over the world and several variations
are currently used in Indonesia. Examples fnclude the Rational method

and the Creager and Franco-Rodier equations.

Rainfall-runoff methods also require rainfall frequency
information although often over a variety of durations. The rainfall
iaput 1is routed tﬁrough a rainfall-runoff model to glve the design
flood. The methods have the advantage of giving a cowmplete design
hydrograph but require a considerable amount of good quality data for
calibration before they can be applied to an ungauged site. This

requirement makes them unsuitable at the present time for use in Java

and Sumatra.

Statistical methods are based on the regional generalisation of
statistical properties of flood distributions. Typicaliy the methods
involve the estimation of an index flood and the scaling of this by a
factor dependent on return period to give the design flood or T year
flood where T is the required return period. This wethod has been
adopted for use in the current study as it wmakes best usec of the
available data, provides for the easy incorporation of local data in

application and links in well with flood frequency concepts applicable

*to long records.

The index flood chosen was the mean annual flood (the mean of the
annual maximum flood series) as this can be estimated at a large
number of sites in Java and Sumatra from existing records. As stated
earlier this can be estimated from the annval maxima for long
records. However, for short records {t {s better to use the partial
duration series {or peaks over a threshold) method as this includes
information from more floods and i{s therefore more accurate. This
method is a]'so useful where a longer record centalns breaks as the

start of year ls not important and incomplete years of data can be
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included, see Figure 1.6. For very short rccords even this method 1is
not suitable. Here the no data method of an empirical locally based
equation relating mean annual flood toe catchment characteristics 1is

the best. This equation is the only wmethod available when no data at
all exist.

As described above, for a very long record & flood frequency
curve can be constructed from the record itself. However when a flood
estimate is required for a return period much greater than the record
length, averaged ratios of the magnitude of the T year flood to mean
annual flood are required. These 'growth factors' have been derived

in this study using local data and depend not only on return period

but on dralnage area as well.

1.3 Choice of design flood

The decision of what return period is appropriate for the design
of a particular project s not solely a hydrological problem. The
engineer 1s constrafned by economic, political and environmental
factors in his design and so cannot {mprove the safety or reliability
of the scheme without incurring costs elsewhere. It is however useful
to consider the probébility, or risk, of the design flood belng
exceeded during the expected life of the project. If the design flood
has a return pericd of T years then the risk, r, of the flood being

excecded in the L year projected life of the project {s given by

- - Ht
T

Thus given an expected design life of 50 ycars for a road bridge or

ma jor irrigation offtake, there is a risk of 0.64 or 64 per cent, of
the structure experliencing the 50 year flood durfing its lifetime. The
risk of the same structure experiencing a 1000 year flood is only

5 per cenr or put another way, only one such structure in 20 would be

likely to cxperience a 1000 year flood during a designed life of
50 years.
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The methods presented in this report are suitable for estimating
the magnitude of floods up to the 500 year event and for tentative
estimates of floods up to 1000 year return period. This is generally
adequate for the design of bridges, small irrigation works and channel
improvement works and to assist in the planning of urban development
or the assessment of alternatfve large dam proposals. Many detailed
studies'for larger projects will require a more extreme flood to be
estimated; for example the 'probable maximum flood' may be required to
design the spillway of a major dam. The methods of estimation

preseated in this report cannot be used directly ian such cases.

Users of the manual will note that with each method an estimate
of likely errors is gilven; again it is the problem of the design
engineer te decide how hest te incorporate this uncertainty in esti-
matioe into his design. The accuracy of flood estimation depends
greatly on the quality and quantity of available data. Although a
flood estimate can be made at any site using the no data method, as
little as two year's data recorded at the site will lead to a better
estimate of the deslgn flood. At a site where data has been collected
for several years but the rating is good only for low flows, a flood
estimate will be greatly improved by the development of a flood rating
following a period of frequent flow gauging. Since the quality of
rating equations is of great importance in flood hydrology, rating
equations for all stations used in this study were reviewed, and
frequently revised prior to use. The rating accuracy should be

considered in the engineer's adoption of the design level.




HOW TO USE THIS REPORT

The flood estimation methods presented in this report use a
common approach; an index flood, the 'mean annual flood' is estimated
and then scaled by the appropriate 'growth factor' to give the flood
of required return period. The meanr annual flond (MAF) at any site is
defined as the mean of all annual maximum fnstantaneous flood peaks.
The floda of return perfiod T years, written throughout this report
Qr, 1is the flood that on average will be exceeded once in a period

of T years.

The flow chart in Figure 2.1 illustrates which methods should be
used according the availability of data.

Where a long flood record is available the mean annual flood can
be estimated by the mean of the annual maxima io the sample of
available data as described in Chapter 3. For a long record the
sample mean should be a good estimate of the true mean but for shorter
records such an estimate becomes less good. For this reason where
only a few year's data are available a better estimate of the MAF is
obtained by considering all flood peaks that ecxceed a threshold
level. This wethod, called the peaks over a threshold (POT) method,
is detailed in Chapter 4. 1If no data at all are available then the
estimation equation given in Chapter 5 should be used. This equation
relates the size of the MAF to various physical and climatological
characteristics of the catchment that ave indexed by parameters
obtained from maps. Wherever possible the MAF should be estimated by
more than one method so that the estimates may be compared. Chapter 8
gives varlous meghods of using data from another station situated
elther on the same catchment, or on a neighbouring one, in conjunction

with either the estfmation equation or data from the site {tself.

Having obtained the best possible estimate of the mean annual
flood it must be multiplied by a growth factor to give the flood of
required return period. The multiplier is dependent not anly on T but
also on catchment area and {s obtained from the table of multipliers
given In Chapter 7. 1In the unusual case of a very long record belng
available then this stage of the design procedure can be replaced by

the development of a flood frequency curve for the site of interest,

10




if the return period of the required design flood is not
significantly greater than the length of the available record. The

development of such a curve 1s described in Chapter 6

A comparison of the 'no data’ wmethods of this report with a
number of alternative flood estimation techniques currently used in
Indonesia {s given in Chapter 9. It is apparent that the methods of

this report give consistently better results over a wide range of

catchment types.

In the annexes that follow the body of the report some of the
methods described only briefly in the relevant chapters are explained
in more detail including varlations in the basic methods and
background theory. These toplcs Include rating curve development
(Annex B) devefopment of the MAF estimation equation {Anmex D), the
POT method (Annex E) and growth curves (Annex F).

A data appendix (under separate cover) contalns all the basic

flood data collated during this study.
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ESTIMATION OF MEAN ANNUAL FLOOD FROM ANNUAL MAXIMUM SERIES

3.1 1Introduction

The present chapter is concerned with estimating the mean annual
flood, MAF, from the znnual maximum flood series recorded at the site
of interest. If the site of interest {s gauged and flood peaks have
been observed over a sufficiently long time, the mean of the annual
maxima over the period of record may be used to provide an acceptable
estimate of the MAF. 1t follows therefore that the MAF will be better
estimated where the annual maxioum series is long and its variance
small. From our experience in the UK and elsewhere, we suggest that
an acceptable estimate of the MAF can be derived from a minimum of 5

years' good quality data.

In order to preserve the independence of the annual maxima it {1s
advantageous to start the hydrological year in the dry season. The
chance of the same period of flooding contributing to two successive
years is then least likely. Most catchments in Java and Sumatra
exhibit a distinct flood season between November and April. In this
study the hydrological year starts on the lst August which, for many

catchments studied, is the driest month.

3.2 Description of method

The method involves abstracting the highest flood peak 1in each
hydrological year of record. It i{s important that small floods from
years of incomplete record are not included in the annual maximum
series and to ensure that it may be best to totally disregard such
years of data. However if a particularly large flood is noted in an
incomplete year its ionclusion in the annual maxiomum series {is
desirable; as a gulde, estimate the MAF from complete yecars of data
and then include maxima from fncowplete years greater than this and
recalculate the MAF. Broken records can be used, provided only

complete hydrological years are taken from within ft.

If the annual maxioum series contains one or more extreme floods

the mean may be too high an estimate of the MAF. The UK Flood Studies

Report (NERC, 1975) gives an approximate test to determine whether

this is so. Uf Qmx, the maximum flocd on record is greater than

11




three times Qped, the median value of the series, the record
contains an outlier. It is suggested that the same test is used in
Java and Sumatra as the annual maxima series for the UK and the

Indonesian catchments studied exhibit a similar variabilicy.

If the annual miximum series contains no extreme floods, the MAF

is estim@ted ag the mean of the data:

where,

qq {1=1,2,...N) = flood peaks In the annual maximum series

N = number of year's data

If the annual maximum series contains one or more extreme floods,

the MAF is estimaﬁcd from the median of the recorded series:

MAF = 1.06 Qped
The multiplier, 1.06, in the above equation is the average ratio
of mean annual flood to wedian annual flood for all catchments studied

in Java and Sumatra. (The UK multiplier is 1.07).

3.3 Accuracy of result

The standard deviation (sd) 15 used here to define the accuracy
of the ecstimation of the MAF. There is a 68% chance that the MAF

estimated lies within one standard deviation of the true long term

value.

The standard deviation of the annuval maximum discharges is

calculated thus:

sd(MAF) A S

14
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where

N and q4 are as above and

q = wmean of qy

Although this estimate of the standard deviatlion strictly applies
to the MAF estimated from the mean of the series, it 1s suggested that

the standard deviation be calculated in the same way when the MAF s
estimated from 1.06 x Qpegq-

3.4 Example of application

For the Citarum at Palumbon, 3l years of flow data are
available. This is sufficient to provide a good estimate of the MAF

by taking the mean of the annual maxipum floods.

The annual maxima are ranked in order of descending magnitude:

-

Year Max. Flood Year Max Flood

m3 S_l m3 S_l
39/40 2733 - Qmax 77/78 1328
78/79 2356 29/30 1251
68/69 2141 64/65 1241
30731 1994 36/37 1213
35/36 1994 62/63 1158
67/68 1962 16/77 1158
66/67 1841 70/71 1121
80/81 1723 72/13 1121
37/38 1662 75/76 1009
69/70 1610 63/64 984
79/80 1610 65/66 984
73/74 1513 313/34 968
40/41 1439 71/72 943
34/35 1383 38/39 927
32733 1348 74775 790
31/32 1338 - Qped

15
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The first step is to test the record for any extreme flood which

could cause an overestimation of the MAF.

Qpax = 2733 &’ s~}
Qged = 1338 o° &}

Qmax

Qmed

+ 2,04

The ratio of Qpax/Qmed 1S below the critical level of 3
indicating no extreme flood is present. The arithmetic wean of the

31 year series is therefore used to estimate the MAF.

MAF = 1447 mn3s-!

The measure of error assoclated with the estimate, the standard
deviation, is calculated as 466 o’ st

The accuracy of the method does not justify the implied accuracy
of numbers quoted above and it is therefore more reasonmable to say
that the MAF for the Citarum at Palumbon is estimated as 1450 wis=!
with a standard deviation of 470 mas'l.

16




- ESTIMATION OF MEAN ANNUAL FLOOD FROM PEAKS OVER A THRESHOLD
SERIES

4.1 Introduction

When only a limited period of record is available, finding the
mean annual flood from the annual maximum serfes is fnappropriate as
the series will be too short to estlmate the mecan reliably. In such
circumstances the series of peaks over a threshold (POT series) my be
used to estimate the mean annual flood using a larger number of flood
peaks. The POT method should not be used where less than two complete
years of data are available; the method is valid for long records
although in practice the annual maximum method is easifer to apply and
equally accurate for records of over five years long. A method of
applying the technique is described in the next section followed by an

example. A wmore detaliled description of the POT method is given in

Annex E.

4.2° Description of Method

-

All available data should be assembled and the cowmplete years of
data identified (the starting date of the year is not important).
Following a cursory examination of the data a flow threshold is chosen
so that on average between two and five peaks per year exceed the
thresheld, the exact number not being critical. From the complete
years of data (N years) all flow peaks exceeding the threshold, q,,
are abstracted; these M flood peaks q3(i = 1,2 ... M) form the peaks

over a threshold series.

Where the peaks are to be taken from a stage record a stage
threshold, h,, can be chosen as the basis for peak selection. The
abstracted stage peaks (hy) are converted to flows (qi) using an

appropriate rating equation.

In selecting peaks care should be taken to ensure that they are
independent. A simple test for Independence is I1ltustrated in

Figure 4.1. To decide if q, {s independent from 9, the

separation of the peaks (TS) must be greater than three times the

rise time (Tr) of the first peak and the trough (q¢) between
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the peaks must be less than two thirds of the first peak 9. This
arbitrary rule was used in the UK Flood Studies Report (NERC, 1975) as
it is oﬁjective and easy to apply. 1f the test suggests that the

peaks are not independent, only the first peak, 9> should be
included.

From the M floods, 9, over the threshold, 9y the mean

exceedence f Is calculated from

1 ™
p = _ ):(Qj_'Io)
M i=1

and the average number of exceedences per year, A, from
= M/N
The mean annual flood is then estimated from
MAF = qo + B(0.5772 + 1nA) s~}
where in Is the natural logaritho or log,.
4.3 Accuracy of results
The standard deviation of the estimate is given by

B 1 (0.5772 + 1nA)2.0.5 -
sd (MAF) = __ [_ + ] m s~
/N A i\

For between three and five exceedences per year the term inside the

brackets is approximately 1.1 thus

sd (MAF) = 1.1 ._ m3s-!

To assess the accuracy of the MAF it is belpful to remember that.
on average, 68 times out of 100 the estimated value of the MAF will be

withipr one standard deviatlon of the 'true' value.
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4.4 Example of application

For Batang Hart at Muara Tembesi just over four years of data are

available. From this length of record the MAF is best estimated by

the peaks over a threshold method.

From an initial scan of the record the threshold of 4000 m3g~!
seemed likely to give a suitable number of floods for the POT series.

Nine independent floods were abstracted as listed below

Year Flood (m3s‘l)
1977 4365.6
4032.3
4026.1
1978 4843.4
4340.1
4113.3
1979 4596.2
1980 4232.6
4461.3

Floods la the incomplete year at- the end of the record wvere
ignored.

In the notation glven above

Threshold, q, = 4000 |:1135'l
Number of years of data, N = 4

Number of floods over the threshold, M = 9

Therefore B = 334.5 ols™!
X = 2.25 floods/year
and MAF = 4464.3 mos™!
sd (MAF) = 190.8 m’s~!

Thus, using the POT method the mean annual flood for Batang Harl
at Muara Tembesi 1s estimated to be 4460 m s~ ' with a standard

deviation of 190 m3s'1.

4.5 Using incomplete years of data

It is often the case that the flow record from a station is
incomplete and that much data would be wasted If only complete years

‘of data were used. One such statlon {s Batang Hari at Muara Kills for

20




which. at the time of this study data were available for the period
March 1976 to October 1981, a period of over five years. Alchough
only two complete years of data are present in this record many large
floods were observed in the remainder of the record. 1In this
situation the threshold should be chosen so that between 2 and 5 peaks
are selected from coumplete years and then the entire record examined
for exceedences. These should be listed with a note of whether or not
the year is complete. For Batang Hari at Muara Kilis the threshold of

2300 m3s~! was chosen and the following peaks abstracted.

Year Flood (mas"l)

March 1976-1977 2329.5
(couplete) 2434.6
2739.0

2562.2

March 1977-1978 2308.6
(complete) 2661.0
3230.8

260%.4

2579.3

2337.9

March 1978-1979 2557.9
(incomplete) 2400.9
December 1980-1981 2596.5
{incomplete) 2304.4
2583.6

The complete years of data are used to estimate the average

nuaber of exceedences per year

nunber of floods ion complete years

number of complete years, N

10
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The average exceedence, B, 15 estimated from all the floods, the total

number in this case being M = 15
B = 249.04 ws~!
To estimate the MAF the same equation f{s used
MAF = qo + P(0.5772 + 1n)) mis—!
- 2844.56 mis~!

The standard deviation is estimated by

sd (MAF) = b + 75 (0.5772 + 1n\)

249.04 + 249.04

- 0.5772 + 1nS
J(5x2) /15 ( ")

219.36 wos~]

Using data from both complete and incomplete years the mean
annual flood for Batang Hari at Muara Kilis is estimated to be
2840 ||:3s‘1 with a standard deviation of 220 m3s'l. Thus for stations
with incomplete years of data, only complete years should be used to
calculate the average number of exceedences per year, A, but all

available data should be used to compute the average exceedence, B.




AREA and AFBAR are the most loportant in indexing the MAF.

S.. ESTIMATION OF MEAN ANNUAL FLOOD FROM CATCHMENT CHARACTERISTICS

5.1 Intreduction

This chapter describes a method of estimating the MAF when no
flow data are available at the site of interest. The method uses a
regression equation relating the MAF to four readily obtainable
catchment characteristics. A detalled description of how this

equation was derived may be found in Annex C.

The regression equation was derfved using data representing a
wide range of catchment characteristics and may be applied anywhere in
Java and Sumatra subject to the constraints described below- It is
also recommended that the equation should not be used for fleod

estimation in heavily urbanised catchments as these were not'®

considered in this study.

5.2 Description of method

It is firstly necessary to estimate the four catchment
characteristics, uséd in the regression equation which are tabulated
below; Annex D gives guidaunce on how these should be obtained. As
well as the waps provided in this report, a topographic map of

suitable scale covering the catchment area is required.

AREA = Catchment area (kmz)

APBAR = Mean annual maximum catchment 1 day rainfall (wm)
SIMS = Slope index (m km'l)
LAKE = Lake index {(dimensionless)

Before proceeding with this method it i{s necessary to check that
the catchment characteristics of the basin under study are within the
ranges of characteristics of the gauged catchment used in the
development of the equation. Of the four catchment characteristics,

Figure 5.1
shows the spread of the AREA and APBAR data of the regression data

set. It is recowmmended that the regression equation only be used {f

the AREA and APBAR combination of the catchment under study lies

within the Inner area shown in Flgure 5.1.
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As a final check SIMS and LAKE should in the range gfven below:

SIMS 1 to 150 m km=!
LAKE 0 to 0.25

Having obtained ARFA, APBAR, SIMS and LAKE for the site of

interest and checked thet the values are within the acceptable range,

the MAF is estimated from the following equation:

MAF = 8.00 x 10-%x AREA'x APBARZ "“’x sms® 1% (1 + rakg)-9-85 g3s-1

The exponent of AREA, V, is itself a function of catchment area

and may be calculated from the forwula:

Vv = 1.02 - 0.0275 log10 AREA

The table below gives V for various catchment areas and may be

used to check that the value of V calculated is in the correct range.

AREA AREA

(km?) (kw?)

1 1.020 500 0.946

9 1.001 1000 0.938
10 0.993 5000 0.918
50 0.973 10000 0.91¢
100 0.965

5.3 Accuracy of method

The two previous methods of estimating the MAF (Chapters 3 and &)
quoted formulae for estimating the standard deviation of the MAF.
With the regression equation, however, the factorial standard error of
the estimate is used (Annex C). In fact this factorial standard error
{s analogous to the standard deviation. There is a 68% chance that
any one flood estimate lies within the range MAF x 1.59 (or MAF + 59%)

to MAF/1.59 (or MAF - 36%) of the 'true' MAF.

This large standarcd error of the prediction eguatfion oy surprise
some readers. liowever, the factorial standard error of the estimate

of the UK prediction equation (Flood Studies Report, NERC 1975) was




1.£9 using data from 532 basins. These standard errors are a measure
of the uncertainty of flood estimatfon on ungauged baéins. However
in many cases flood estimates may be improved by using local data;
this 1is diacussed in Chapter 8.

5.4 Example of application

The MAF is estimated for the Cimandirl at Tegal Datar using the
method described in this chapter. From Table A.l in Annex A the

relevant catchment characteristics for Tegal Datar are:

AREA = 495.1 ka?
APBAR = 94.0 mm
SIMS = 21.6 m kn~}
LAKE = O

From Figure 5.1 the AREA/APBAR combination is within the
acceptable range. Furthermore SIMS and LAKE are within the lieits

defined in Section 5.2. The regression equation may therefore be

used.

First the exponent of AREA, V, in the regression equation is

calculated:

vV = 1.02 - 0.0275 logjg 495.1
V = 0.946 (This checks with the table in section 5.2 where V
for an AREA of 500 km? {s 0.946)

MAF is then estimated:
MAF = 8.00 x 10-% x 495.10°%%¢  942-445 27 69+117 , (| 4+ 0.0)-0+8%

MAF = 271 m3 g~}

As the factorial standard error of estimate of the MAF is 1.59,
the MAF may be quoted as 271 w’s~! with a 6B% chance that the MAF lies

between 431 w’s™! (271 x 1.59) and 170 w’s~! (271/1.59).

26




In fact there are 6 years of flow data avafilable at Tegal Datar
to provide a comparison within the regression method. The MAF from
the mean of the 6 spnual maxims is 361 m s~ ' with s standard deviatfon
of 38 n’s~'. This estimate of MAF would be used in preference to the
regression equatiocn estimate since it is based on local data and has a
significantly smaller uncertainty assoclated with it. Although the
estimation equation is seen to give a reasonable estimate of the MAF
in this example it should be remembered that this will not always be
the case. It should be noted that the standard deviation is unusually
small for Tegal Datar, being only 10.5 per ceat of the MAF. The

average value from the catchments studied was 32 per cent.
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6. ESTIMATION OF THE T YEAR FLOOD USING A LONG RECORD

6.1 Introduction

If more than twenty years of data are available at the site of
interest a flood frequency curve can be plotted which will allow

floods of return period up to the length of record to be estimated.

This procedure 18 described in detail in this chapter.

When a more extreme flood has to be estimated the curve may be
extended with refergnce to the flood frequency factors given in
Chapter 7 by the method given in Section B8.8. A flood frequency
curve can also be plotted when a shorter record is available but this
curve should always be used in conjunction with the average flood

frequency factors even for low return periods.

6.2 Plotting the recorded data

The annual maxioum floods are abstracted from the N years of data
and ordered so that the smallest flood is given rank 1 and the largest
rank N. For each flood a probability of non-exceedence {s assigned to
ic based on its position in the ranked series. This requires mking
an assumption about the form of the distribution from which the
observed annual maxima are drawn. If the distribution is assumed to
be a type 1 extreme value (EV] or Gumbel) distribution then a good

approximation to the non-exceedence probability is given by the

Gringorten formula:-

1 - 0.44
N+ 0.12

Fy
where Fj is the non-exceedence probability (or plotting position)
and i is the rank of the flood. 1In order to plot the frequency curve
on linear graph paper, the EV] reduced variate, y;, must be
calculated from the values of F{; this can be done using the
approximation

yi = - In(- lnFg}

which is sufficiently accurate for plotting purposes.
The values of Q¢ should then be plotted against the corresponding

vi on linear graph paper. Thae resulting plot becomes rather wore

uscful when the reduced varfate axis 1Is rescaled in terms of return
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period, T. The y values corresponding to various return periods can

be calculated from
T-1
y = =1n (-~ In (—T—))

The following table gives values of reduced variate for commonly

required return periods.

Return Period,T Reduced Variate,y
‘(years)
2.0 0.37
2.33 0.58
5 1.50
10 2.25
20 2.97
25 3.20
40 3.68
S0 3.90
75 4.31
100 4.60
200 5.30
500 6.21
1000 6.91

A swooth line should be drawn through the plotted points but need
not be constrained to pass through the highest point where this lies a
considerable distance from the rest of the data. If the data plot as
a straight line, then the assumption of a parent EV] distributfon
appcars valid. However, the plot is likely to show a slight curvature
suggesting the parent distribution is something other than an EVI
although §n practice the sampling error is usuvally too Jarge to state
definitely that this is the case. Worldwide experience in plotting
frequency curves suggests that steeper curves come from low rainfall
areias and from smaller catchments. This trend is by no means well
cstablished (see Annex F) but should be considered when the completed

curve is compared with one based on averaged flocd frequency factors

For the range covevred by the curve the flood corresponding to a
given return period can be estlmated. Tt should be noted that

estimation of the T-year event directly by frequency curve does not




require the MAF to be estimated. The upper limit of the range will
depend on the variabfility of the plotted data about the curve; even if
the data plot on a straight line it should not be extended to return

periods greater than twice the length of record.

6.3 Exawple of application

An estimate of the 5 year return period,flood is required at the
Citarum at Nanjung. This station has 21 years of data which is
sufficient to draw a flood frequency curve. Table 6.1 gives an
ordered list of the recorded flood peaks and the corresponding values
of Yq based on the rank. The flood magnitudes have been plotted
agalnst ¥y in Figure 6.1. Drawing a line through these points is
difficult, the best solution possibly being to draw the straight line
shown. The scatter about this line for higher return periods is large

and it may be best to limit flood estimation with this curve to return

periods up to ten years.

From the line the five year flood can be estimated as 290 nis-1
and the ten year flood as 312 ois-1.

an




Table 6.1 Ranked floods, and the corresponding values of yy for the

Citarum at Nanjung

Rank

i

L L R o R e R e R . T .S )
Ll S R - RV N« I - - T - B = e

M WS R N D WO

Flood

Q

370.
303.
297.
293.
291.
288.
286.
284,
284.
274,
270.
270.
270.
268.
261.
253.
251.
226.
221.
208.
205.
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EV] reduced variate

31

yi

3.62
2.60
2.07
71
.43
1.20
1.01
.83
.67
.52
.38
.25
12
.01
14
.27
4
.56
.73
.96
-1.29
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Flood frequency curve for the Citarum at Nanjung
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ESTIMATION OF THE T YEAR FLOOD USING REGIONAL GROWTH FACTORS

7.1 Introduction

A flood frequency curve gives a graphical representation of the
relationship between the magnitude of a flood and its return period.
If the graph is rescaled by dividing the flood magnitudes by the MAF,
a curve of growth factors against return period {s the result. For
example, the all catchment average flood frequency growth curve for

Java and Sumatra shown on Figure 7.1.

However, analysis in Annex F shows that growth factors in
Indonesia vary not only with return period but also with the size of
catchweat under study. 100l.station years of data from the 92
catchments with five or more years record were used in this analysis.
This allows growth factors for events up to 500 year return period to
be estimated. Growth factors for the 1000 year return period are

tentative and should be used with caution.

7.2 Description of*method

Estimation of T year return period flood, Qr, involves
multiplying the MAF by the appropriate growth factor which is a

function of T and the catchment area:

Qr = GF(T,AREA) X MAF

It is assumed here that Chapters 3, 4, 5 and 8 have been

consulted and an estimate of MAF obtained from whatever data are

available.

The growth factor is obtained from Table 7.1 Interpolating for

both the required return period and catchment area.
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Table 7.1 Table of Growth Factors GF(T,AREA)

Leturn Reduced Catchament area
Perfod Variate (kmz)
T Y 180 300 600 300 1200 1500
or less or more
5 1.50 1.28 1.27 1.24 1.22 1.19 1.17
10 2.25 1.56 1.54 1.48 1.44 1.41 1.37
20 2.97 1.88 1.84 1.75 1.70 1.64 1.59
50 3.90 2.35 2.30 2.18 2.10 2.03 1.95
100 4.60 2.78 2.72 2.57 2.47 2.37 2.27
200 5.30 3.27 3.20 3.01 2.89 2.78 2.66
500 6.21 4.01 3.92 3.70 3.56 3.41 3.27
1000 6.91 4.68 4.58 4£.32 4.16 4.01 3.85

Alternatively a flood frequency curve can be constructed for the
required area using the MAF and growth factors for return periods
given in the table; from this the flood corresponding to any return

period can be read directly.

7.3 Accuracy of method

‘In estimating Qr in this way errors arise from two sources:

error in the MAF estimate and error in the growth factor. Chapters 3,
4 and 5 each give methods of assessing the standard devlat{on
associated with the MAF estimate appropriate to i1ts method of
calculation. The standard error of estimate of the growth factor is
hard to quantify but the UK Flood Stundies Report (NERC, 1975)

suggests It to be of the order of 15% at T = 10 years, 30X 2t T = 100
years and 50X at T = 1000 years. This approximate relationship can be

summarised and used to estimate the standard deviation of the growth

factor, sd(GF):
sd(GF) = 0.16 {log)oT} x GF

where GF 1s the growth factor
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The standard deviation of Qr is then found from

d " sd(GF),2 sd (MAF), 210.5
sd(Qr) = el =% + (——)"]

If the regression equation {8 used to estimate the MAF, the term

sd(MAF)
MAF

( )2

may be approximated to by (0.59)2 or 0.348.

7.4 Example of application

The 50 year flood is required for Batang Tembesi at Maura Inum.
Twelve years of data are available at the site, sufficient to estimate

the MAF by the mean of the annual maxima of the sample as described in
Chapter 3.

Thus, MAF = 1164.4 m3s~!
sd(MAF) = 341.4 mis-!

The catchment area is 1505 kmz, and from Table 7.1 the required

growth factor is therefore 1.95.
Qso = 1l164.4 x 1.95 = 2271 m’s™"

To estimate the standard deviatioen of this estimate

sd(GF) = 0.53
therefore sd(Q50) 2271 /[ 9;23)2 + ( 341.4)2]
1.95 1164 .4
sd(Q50) = 908 mis~!

The 50 year flood for Batang Tembesl at Maura Inum i{s estimated

to be 2300 m3s“l, with an associated standard deviation of 900 mJs~!.
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8. IMPROVING THE FLOOD ESTIMATE USING LOCAL DATA

8.1 Introduction

This chapter is concerned with making the best use of river flow
data avallable near to the site for which a flood estimate is
réquired- As there are a large number of river gauging stations in

Sumatra and Java it is likely that some local data will be available.

If data from a station used in this study are to be used for a
flood estimate then data avallable at the time of the study can be
found in the Data Appendix. These data should then be extended to the

present and checked in the light of recent developments of the rating

equation.

Having obtained all relevant local data, the MAF should
preferably be estimated by more than oné'method, The techuniques which
may be used, that {s the anrual maximum series, peaks over threshold
and regression equation, have been described in Chapter 3, 4 and 5
respectively. Figugé 2.1 guides users in the choice of suitable
methods. A satisfactory agreement hetween two or more approaches
would indicate that the MAF was reasonable, whereas a disagreement
might indicate that gpecial circumstances nced to be considered. This
poeint is considered in Section 8.2. Sections 8.3 to 8.6 deal with the
problem of estimating the MAF wherc more abundant data are avallable
at gauging stations in the vicinity of the flood estimation site.
Usually it is the case that Qr can only be estimated in one way - by
using the growth factors given in Chapter 7. However, whenever
possible this should be compared with an estimate using a flood
f requency curve plotted from local data. A discussion on how this
local data flood frequency curve may be extended to enable estimation
of high return period floods is given in Section 8.8. Some general
comments are made in Sectlon 8.7 on the use of locally available flood
level marks. Incorporating such historical data into the flood
estimation process can only be done in a subjective way however. FEach

section is illustrated with ore or more examples.
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Flood estimation is seldom a straightforward task. Special or
unusual conditions require considered judgement or even modification
of the techniquea described in this manuval. For these reascns it is
reconmended that the task of flood esti{mation should be undertaken by

an experienced engineer or hydrologist.

8.2 Using different methods at the same site

If possible the MAF should be estimated by more than one method.
If there are some data at the point of interest this may be achieved
using the POT method (Chapter 4) in conjunction with either the
regression equation (Chapter 5) or the mean of the annval mxima
series (Chapter 3). In such cases the regression equation estimate

will be a poor predictor of the MAF compared to the annual maximum or

POT methods based on vreal data.

Should there be a large disagreement between the different flood
estimates, the calculations should be checked carefully for arithmetic
mistakes. If the disagreement persists, the choice of an appropriate
estimate of the MAF'i{s a matter of engineering judgement. Advice on
how such a choice may be made 1s glven Iin general terms in later

sections of this chapter.

If there is reasonable agreement between the different methods
used, this may give added confidence in the estimate. How though is
this added confidence reflected in the quoted value for the MAF and
its error? As explained in the relevant chapters for each method of
computing the MAF, an estimation error or standard deviation is
assoclated with the calculated MAF and {t has been shown how this may
be found In each case. The standard deviation or standard error
enables users to assess how the MAF obtained by any method might
relate to the "true” long term mean annual flood at any site. At
several points in the report it has been stated that using normal
probability theory, the estimated MAF would be expected to lie within
the range of plus or minus one standard deviation of the long term
mean with a probability of 68 per cent. Similarly there is a 95 per
cent probability ol the long term mean annual flood being within the

range of plus or minus 1.96 x the standard deviation of the estimated

38




MAF. The large estimation errors assoclated with these methods show
how imprecise estimation of rare floods can be where only short

periods of flow data are available or from the regression equatlon for
the MAF of Chapter 5.

In cases where the MAF is estimated by more than one method each
estimate will have a standard deviation assocliated with it. Normally
one of the wethods is most suvitable for a particular application and
this is the estimate that should be used- If other estimates agrec
with it then the various assumptions made in obtaining the estimates
appear validated; Iif not the methods and their assumptions should be
reviewed to try to explain the discrepancies. Example 2 shows how POT
and regression equation estimates may be reconciled for one particular
case. By either getting good agreement between methods or finding
reasons for the differences confidence in the flood estimate 1s

enhanced, albeit it in a rather intangible way-

It would nermally be imprudent of an englneer to assume that because
the MAF was an lmprecise estimate of the long term mean annual flood
one or more standard deviations should be added to Ehe MAF estimate to
allow for this {mprecision. Such conservatism could increase the
return period of the flood estimate dramatically without the user
being aware of the fact. Given that the standard error of the
regression estimate of the MAF is plus 59 per cent, additions of this
ertror to the MAF is equivalent to the difference between the 10 year

flood and the 60 year flood for a catchment of 100 kmz.

It is normally appropriate to accept the MAF estimated by the
methods of this report for design purposes since this is the best
avallable central estimate of the true mean annual flood. However,
all available local flow data should be used to check and refine this

‘central estimate as shown Iin later sections of this current chapter.
Example 1
Problem description: An estimate of the 100 year return period flood

1s required on the Krueng Aceh at Kampung
Darang.
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Data abstraction

(regression equation)

Data abstraction
(POT)

Data abstraction :
(Annual maximum

series)

Three techniques are used to estimate the MAF

and thelr results compared.

Catchment characteristics were abstracted for
this catchment as described in Annex C:
ARFA = 1068 km?

APBAR = 86 am
SIMS = 21 g km~!
LAKFE = 0

A threshold of 4.5 m (to the new station datum)
or 266 mis—! was chosen for the POT analysis
and the following peaks abstracted:

450 350 369 282

300 287 43 324 mos~! (in 4 complete
309 313 427 359 years)

420 311 337

Additional flood peaks in incomplete years are;
279 748 wds~!

(Although the hydrological year for the annual
maximum series analysis starts on lst August,
the POT method can take data from any complete
12 month period, regardless of the starting
month. This explains why the largest flood on
record at the station, 748 mss'l, appears in
the incomplete years here but in the complere

years below).

There are only four complete hydrological years

of data at this station and the annual maxima

are:

1976/1977 450 m3s~! 197871979 748 mis~!x
1977/1978 434 misg-! 198071981 337 mis~!

*The original station was destroyed after this
exceptional flood f{n August 1978. This year's
data may be considered complete as it is known
that the August peak was not exceeded during
the same hydrological year.
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A

MAF (catehment

characteristics)

MAF
(POT Analysis)

Using data from above, the AREA exponent, V, is

calculated thus:

1.02 - 0.0275 logjg AREA
0.937

MAF is estimated from the regression equation

given in Chapter 5:

8.00 x 10-% x AREAV x APBARZ “Y9 4
siMs® 17 (1 + LakE)-0 8°

g

MAF = 422 pig-!

The standard error of estimate of MAF 1is 422 x
1.59 to 422/1.59 (671 to 265 ms~!).

Using the method described in Chapter 4, the

mean exceedence, B, is calculated thus:

1 M
B = - I (a1 - q)
M i=1

B = 104 o’ s-! (using all 17 floods)

The average number of exceedences per year, A.

is calculated

A = M/N

Complete years must te used {n this calculation
and there were 15 floods above the threshold in

4 complete years:

A=15/4 = 3.75
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MAF (Annual maximum

series)

Discussion

Solution

MAF may now be calculated

MAF = qo + B(0.5772 + In A)

MAF = 266 + 104(0.5772 + ]n 3.75)

MAF = hﬁ}_!f_g:} (standard deviation
57 m3s‘1)

The estimation of MAF from an annual maxioum
serles of less than 5 years in length is not
recommended. Tt is calculated here merely as a
check on other methods. From the 4 years which

are available.

MAF = 492 @3 g-!

(standard deviation 178 m3 s-!

)
The three estimates of MAF obrained above are
in satisfactorily close agreement. However the
preferred estimate ;f MAF must be that obtained
by the POT method since this i{s most suitable
for the short length of record at the station.
This is confirmed by the low standard deviation
of this method (57 m3s‘l) relative to both the
annual maximum series method {178 m3s'1) and
the regression equation error (MAF + 249 wds—}
to MAF - 157 m35'1}. However as the MAF from
the annual maximum series 1s slightly higher
than that from the POT method, it is wise to
round up the POT estimatelof MAF to say 470
m3/s- The regresslon equation estimate {s
acceptably close but it 1s aluways better to use
flow data with the POT or annuial maximum series

whenever possible.

Q100 for the locatfion {s obtained by
multiplying MAF by the 100 year return peried
growth factor of 2.41 (AREA 1068 kmz).

(Table 7.1).
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Example 2

Problem Description:

Data
(catchment

characteristics)

Q100 = 470 x 2.41
= 1133 wls~!

From Section 7.3 the standard deviatlon of the
100 year return perlod growth factor is 30Z%.
This may be combined with the standard
deviation of the POT estimate of the MAF to
give the standard deviation of Q)go:

sd(Q100) = Quog [(2UE7 4 (S9(MAF)y 2105
GF MAF
0.723, 5 57,210-5
= 1130 [(Z + (=
L 2.41) (470) )

2 366 m> s}

The estimate of the 100 year return period
flood 1s therefore 1130 mis-! with a standard
deviation of 170 m3s'l.

An estimate of the 50 year return period flood

1s required for the Ciliwung at Kebon Baru.

Only two complete years of flow data are
available for the site. This is too short to
attewpt an estimation of the MAF from the mean
of the annual series. The MAF can, however, be
estimated by'both the POT method and the

regression equation.

The catchments characteristics for this river
basin were obtained using the procedures

described in Annex C:

AREA = 1333 kol
APBAR = 103 mm
SIMS = 34 m km~!

LAKE - 0
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Data (POT analysis):

MAF

(regression

equation)

MAF (POT)

Discussion

S

Only two complete years of data are available

and they contafn the following peaks over a

threshold of 90 mas—l-

173.4 106.8

97.7 131.9  mls-!
92.0 93.3

105.1 91.7

Four additlonal peaks were recorded In

Incomplete years:

209.4 166.9

97.4 95.0

Using data from above, the regression equation

1s used to estimate the MAF as described in
Chapter 5.

MAF = 239 m° s'1 {standard ertor of estimate
380 to 150 m’s~ 1)

Using the POT method described in Chapter 4,

with the data given above the MAF i{s estimated
as:

MAF = 152 m3s‘1 {standard deviation 25 m3s‘1)

Two years [s also really too short a record for
the POT method, however it 1s preferable to
make use of even this short record as a check
on MAF estimated from the regression equation.
The two methods do glve noticeably different

results; 239 m? 6~ from the regression and 152

w® s-! from POT. Why should this be?
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One possible explanation can be .found by
studylng the catchment shape of the Ciliwung
basin on Flgure 1.1 (Catchment number 5). The
catchment above Bogor may be described as
typical, but thereafter it is very long and
thin. As the mountalinous catchment around
Bogor is the mafin flood producing region of the
catchment, the long river reach across the
coastal plain towards Jakarta will sigonficantly
attenuate floods produced in the upper
catchment. Furthermore the Jower catchment may
not produce a large flood runoff because of its
narrowness. One might expect, therefore, that
the MAF produced by the regression equation to
be too high — which {s indeed the case.*

A tentative estimate of MAF, incorporating a

factor of safety for the shortumess of the
record would be 200 pls-!

From Table 7.1 the 50 year growth factor for a
catchment of 323 km? fs 2.29 giving the
following estimate of Qs5Q:

Qsp = 2.29 x 200

Qso = 458 m3 s‘l (standard deviation
145 mss”l)

*Incidentally a shape factor indexing the narrowness of the catchment

was consider {n the regression analysis (Amnex C) but not found
significant when applied to the whole data set.
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8.3 Using the observed MAF from an adiacent lorg term statfon

The method described in this and the following two sections uses
a similar approach to adjust the MAF. If more than one of these three
approaches 1s possible at a site, all should be tried. Engineering
judgement should then be used to assess the fmportance of each MAF

estimate in order to produce an overall balanced estimate of the MAF.

The technique described in this section is useful where a flood
estimate is required at a station, A. where the period of record s
short and there is a station, B, with 2 longer record nearby. MAF
when estimated from a short period of record may be higher or lower
than the true long term mean because the record may come from a time
when floods are higher or lower than normal due to short term local
climatic varlations. This sampling error may be reduced if it assumed
that the same periéd in the history of the station with the longer
record was similarly wet or dry. For this to be true the catchments
should be in close proximity and share similar climatic catchment
characteristics (AAR and APBAR). This assumption may be checked by
pletting the anpual maxima from the common years of operation against

each other to establish the degree of correlation. The adjusted MAF

is calculated thus:

where

MAFA = Adjusted MAF for station A

MAF, = MAF from the record at station A (Unad justed)

MAFg = MAF from the entire period of operation of statfon B

MAFp = MAF from station B durlng period station A was

operational
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Example 3

Description

Data

An estimate of the MAF is required on the
Batang Pasaman at Air Cadang. Six years of
data are avaflable at Alr Cadang. However the
nearby statioe at Silaping on the Batang

Batahan has a 12 year record

Year Batung Pasaman Batung Batahan

Aitr Gadang (342) Silaping (343)
m3 s“l m3 s‘l
39-40 139.3
40-41 247.1
41-42 388.3
72-73 317.2
13-74 303.8
74-75 466.3
75-76 898.5 170.2
76-77 1147.9 466.3
77-178 970.9 478.7
78-79 694.4 399.5
79-80 1036.1°" 508.0
80-81 1141.0 430.0

Catchment characteristics

Discussion

AAR 3440 mm 3100 mm
APBAR 103 oo 118 om
AREA 1267 kn? 304 km?

Although there is a counsiderable difference in
catchment area, the two catchments are similar
climatically, In close proximity and draia In
the same direction. Although the correlation
between the annual maxima of these two
stations, over the common period of recotd

{(75-76 to B80-81), 1s poor (correlation
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coefficlient = 0.38), the example is continued

as an i{llustration. 1In the notation described

above:

HAF'JQZ = 981.5 mss'l

MAF 343 359.6 m3s-1

MAF'343 = L4LOB.R m3_1

The adjusted MAF at station 342 §s caleculated
thus:

359.6
408.8

MAF3492 = 981.5 x

MAFy49 = 863 a° s-!

Using this technique the revised estimate of
the MAF 1s 863 mos~!

8.4 Using flood records from elsewhere in the catchment

Sometimes it will be necessary to mke a flood estimite at a
point A on a river which is some distance npstream or downstream of an
established gauging station B. Provided that the differences in
catchment area are relatively small, these data may be used éo assist
in flood estimation at the point of interest.. It is suggested that

this technique only be used if the difference in area between the two

catchments i{s less than 50X.

The MAF at the point of interest, MAF, K 1g calculated thus:

MAF R MAFg
= MAF X —
A A MAFR -
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where

MAF R

Ak

HAFB
Example 4

Description

Analysis

regression estimate of MAF at A

regression estimate of MAF at gauging station B

MAF at station B from data

The MAF is required on the Krueng Jambo Aye at
Rampah. For the purposes of this example no
flow data are assumed to exist there.

There are, however, 8 years of flow data
downstream at Lhoknibong. If the difference in
catchment areas Is not too great, these data

may be used to refine the MAF.

Krueng Jambo Aye
Rampah (117) Lhoknibong (118)

AREA (km?) 4061 4403
APBAR (mm) 65 67
SIMS (m ko™ ') 10.8 8.35
LAKE 0 0

The MAF at Lhoknibong, estimated from the

annual series of 8 years, i{s 932 o’ s~ L

Before applying the technique described in this
section, we must check that the two catchment
areas are within the 50% of each other. The
difference I{n area is in fact only 8.4X. The
technique may therefore be applied.

Using the catchment characteristics given

above, the regression equation of Chapter 5 iIs

used to estimate the MAF at both stations

MAFR = 598 /s (Regression estimate

117 for station 117)
MAF%la = 672 m'/s (Regression estimate

for station 118)
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From the annual maximum series at Lhoknibong

MAF 8 = 932 mis!

The regression estimate of MAF at Rampah is
modified thus.

MAF
MAF - warR _ x 118
117 117 MAFR
118
MAFy 7 = 598 g%i
MAFjy7 = 829 m’ s-!

The revised estimate of the MAF 1s therefore
830 m3s-!

8.5 Using flood records from adjoining catchments

If there are no suitable gauging stations within the catchment

of interest, records from a station on an adjoining river basin may be

used to assist with estimation of MAF.

It 1s suggested that this techunique only be used when the two

catchments have broadly simflar characteristics and f{n particular the

two catchment areas di{ffer by no more than 50X.

The MAF at the point of interest, MAFy, 1s calculated thus:

MAF, = MAFR x

where
FR
HA A
MAFR

MAFp

=

=

==

Regression estimate of MAF at A

Regression estimate of MAF at gauging station B

MAF at qtation B from data
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Example 5

Description Estimate MAF on the Batang Alc Dingin at Lubuk
Minturun for which we assvme there is no flow

data (for the purpose of this sxample).

The ad joining catchment of Batang Kuranji at
Gunung Nago has B years of data which may, if
the catchments are simflar, be used to assist
with the estimation of the MAF at Lubuk

Minturun.

The following catchment characteristics were
abstracted for the two sites using the

procedures described in Annex C.

Batang Air Dingin Batang Kuvanji
Lubuk Minturun Gunung Nago
(321) (314)

AREA (km?) 114 122
APBAR  (um) 147 147
SIMS (m km~') 75.6 70.3
LAKE 0 0

The MAF at Gunung Nago, estimated from the

annual series of 8 years, Is 415 o sl

Analysis The two catchments have sim{lar catchment
characteristics and are in close proximity.
The difference in area is 7%. The MAF

ad justwent technique may thercfore be applied.
The catchment characteristics given above

enable MAF to be estimated at both stations by

the regression equation of Chapter 5.
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HAF%]& = 266 m 5= (Regression est!mate
for station 314)

HAF%ZI = 253 o s-! {(Regression estimate
for station 321)

From' the annual max{mum series at Gunung Nago:

MAF3y4 = 415 m° s

The regression estimate of MAF at Lubuk

Minturun is adjusted thus:-

MAF
MAF = HAFR b4 314
321 21 % TR
314
415
MAF = 253 x —
321 266
MAF = 395 pd s}

321

8.6 Using staff gauge data

It is possible that staff gauge readings have been taken over a
period of time close to the gite of fnterest and none or very few
current meter gaugings exist. If ft 1e not possible to develop a
rating as suggested In Annex B, twe techiques described below enable
these data to be used in a flood analysis. Both techaiques require
five or more years data. The annual maximum series should be

abstracted and will, of course, be In stages (m) not flows (m3 s*l).
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The fi{rst technique Involving the use of stage data requires the
abstraciion of the medlan stage and {Ls coaversion to discharge using
a flow resistance formula such as the Manning or Chezy equation. The
median of the annual maximum étage series when converted to a
discharge is directly equivalent to the median of the awnnual maxioum
flow series Qmed' Analysis of data from stations used in this

study showed that. on average

MAF = 1.06 Qpeg

This relationship mzy be used to derive the MAF after Qpe.q has
been determined.

The second method of using data from an unrated section is useful
where the station has a long record of staff gauge data. Here it is
possible to plot a flood stage frequency curve and this is done in the
sawe way as for a flood discharge frequency curve which is described
in Chapter 6. There is a direct correspondence between these two
curves and the T year return period flood.stagc in merres is
equivalent to the T year return period flood flow {n cubic metres per
second. This stage can be converted to flow by elfther the Manning or
Chezy formula. However in flood design it is often the maximum level
of the T year return period flood which is important. In this case

conversion to discharge is unnecessary.

Example 6 Perempuan Cantik at Banyak Masalah.

Although flood peaks have been recorded by an
observer for 9 years the station 4s unrated. A
survey of the channe]l was undertaken to

estimate the flow at the wmedian annual stage.

The following peak stages have been recorded by

the observer:
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Data

Year Peak stage Year Peak stage

m m
72-73 2.43 77-78 4.01
73-74 3.07 78-79 2.44
74-75 2.78 79-80 3.48
75-76 3 58 20-81 2.89
16-77 2.88

From a survey of the river cross-section the
following information was obtained for the

median stage of 2.89 m:-

Cross sectional area of

flow, A = 103 n?
Wetted perimeter, P = 43 m
Water surface slope, S = 0.0107 o !
Estimated Manning's n = 0.04

-

Firstly the hydraulic radius, R Is calculated
thus

R = A/P = 103/43 = 2.4

The average velocity of flow, v, may now be

estimated using Manning's equation:

v =1 Rr2/3 g1/2
1}

2:42/3 5 0.01071/2
0.04

v = 4.64 e“l

Median flow discharge, Qp.4, 1s obtained by

multiplying velocity by cross sectional area of

flow at 2.89 m stage:.
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Qmed = V x A
Qmed = &-6!‘ X 103
Qped = 478 m> s~

Using the relatlonship given above hetween the

MAF and Qped, the MAF ts then calculated:

MAF = 1.06 x 478
MAF = 507 n® s-'

8.7 Using flood marks

Levels of historic floods may sometimes be found marked in the
vicinlity of a river. These typlcally occur as a line inscribed on a
bridge pier or a 'tide' mark on walls close to the river. 1In the
course of this study, isolated flood marks were found in the vicinity
of several gauging stations. The existence of such flood marks is

often known to the gauging station observer or local finhabitants.

"
Y

Occasionally in Indonesia these exceptional floods either
submerge the gauging station resulting in the float reaching its point
of maximum travel, or in the station being washed away completely. In
elther case the peak flood stage ls not recorded and may be
substituted by levelling in flood marks to the station datum. It may
only be possible to get a crude estimate of peak discharge at this
high level due to excessive rating curve extrapolation. However it {s
better to include this albeit doubtful flood record in the annual

maximum flood serfes or POT serles for the station than omit it

entirely.

If the extraordinary flood occurs outside the period of record of
the gauging station the problem becomes more complex. Section 2.8 of
the United Kingdom Flood Studies Report (NERC, 1975) discusses the
problem in some detail and it is considered further in Annex E.
However to make this complicated analysis worthwhile a series of flood
marks above some datum and with dates are required. Such a situation
i5 unlikely to occur fn Indonesia and was not noted during the course
of this study. If this exceptional flood is quoted by local people as
'the biggest flood 1n living memory', a very crude estimate of the

return perfiod could be obtained by assuming ‘'living memory' was




betwcen 30 arnd &0 yecars. This 135 equivalent, using the Gringorten

formula given in Chapter 7, to a return period of about 50 to 100

years. At best this can be only a very crude check on the flood

estimate obtained by other means. What it does show {s that the river

in gquestion i{s capable of producirg floods of that magnitude. Thus If
the peak flow obtained from this extraordinary flood was greater than
say Q500 estimated by the regression equation and growth curve 1t

night indicate that the regression equation estimate was rather low.

8.8 Extension of a flood frequency curve

In those cases where sufficient data exist to plot a flood
frequency curve {t is often the case that this curve cannot be
extended to the required return periods. For very large return
periods of 500 years or wmore it Is best to use a flood frequency curve
based on the growth factors given {n Chapter 7. However for
intermediate return periods and to aveid a sudden jump from the

plotted curve to that based on growth factors the following procedure
is recommended.

Use the method of Chapter 6 to plot the flood frequency curve
based on the gvailable data and decide on the limiting return period
up to which the cuTve may be used; call this L years and the
corresponding fléod QL. From the table of growth factors
(Table 7.1), interpolate the values appropriate to the catchment area:
denote these chosen growth factors by GF(T), where GF(T) is the growth
factor corresponding to the return period T. If CF(L) raepresents the

value of GF(T) for TQL, then the flood Qr is given by

GF(T)

Qr = o xGF(L)

for return periods greater than L up to about 10 x L years. For
floods of return periods greater than 10 x L (or 500 years, whichever

is smaller) estimate QT using the mean annual flood derived from the

recorded flow data and growth factors of Table 7.1. A swmooth curve

should be drawn to link the three line segments. This curve can then

be used to estimate the magnitude of the desired flood.
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Example 7

Problem description:

Analysis:

For the Citarum at Manjung a flood frequency
growth curve was constructed {n Chapter 6.
This was considered valid up te the 10 year
flood but how should it be extended for use up

to 500 yecar return periods.

The mean annual flood can be estimated either
from the mean of the annual maximum series or
by reading the value from the flood frequency
curve drawn from the local data corresponding
to T of 2.33 years (Figure 6.1).From the annual
maximum serles

MAF = 270.1 m° s~}
Qo was estimated to be 312 m3 s~! in the
example in Chapter 6. The catchament area for

Nanjung is 1833 km?.

The following table sets out the calculations
for Qr. In the first column are the return
periods for which points uili be plotted on the
flood frequency curve. The growth factors
corresponding to these obtained from Table 7.1
are given in the second column. The third
coluon has the ratlos GF{(T)}/GF{(10) and the
fourth column gives Qr based on these ratios.

The final column gives Qr based on the growth

factors of column two and the MAF.

Figure 8.1 shaws the threce portions of flood
frequency curve from the avallable data, the
GF(T)/GF(10) ratios and the growth factors from
Table 7.1. The swoothed line drawn linking
these segments should be used to estimate the
required floods. Thus Q(100) {s taken to be
the upper limit of the extrapolated local data
curve, 515 m3s~1. Q(500) and Q(1000) are read
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Return
Period T

2.33
10
20
50
100
200
500
1000

Growth Factor
GF(T)

1.0

2.27
2.66
3.27
3.85

from the upper curve based on the MAF and the

growth factors of Table 7.1.

These are glven

in the firal column below as R83 m35“l and 1040

3 -1

w's . Floods for {ntermediate return periods

such as Q(200) are read from the smooth

transition curve and is taken to be 655 m3s“1

in this case.

Ratio

Qr from Q10

Qr from

GF(T}/GF(10) and GF(T)/GF(10) GF({T) and MAF

(1

.16
42
.65
.94)
(2.
(2.

37
81)
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312.0
362.0
443.0
515.0
{605.0)

(739.4) .

(876.7)

(613.1)
(718.5)
883.2
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9. COMPARISON WITH OTHER FLOOD ESTIMATION METHODS USED IN INDONESIA

9.1 Introduction

This chapter describes a comparison of different methods of flood
estimation for ungauged sites currently used in Indonesia with the no data
method using the regression equation described in this manuval. Unfortunately
no Independent statlons were avallable for a test of methods; of necessity
all acceptable data were used in this study. For the first phase of the
project on Java Iin 1981, eleven trial catchments were chosen at random before
the analyses commenced to glve a representative sample of catchment areas for
comparison. For the second phase on Sumatra in 1982, ten catchments were

similarly selected at random before starting the analyses.

The Rational method and rational type methods of Melchior, Weduwen and
Hasper used in the comparison require daily rainfalls of specified return
perlods. For the first phase of the study on Java, the only data readily
avallable were the maximum, the second highest and the mean annual maximum of
1 day rainfalls for all raingauges on Java (I.M.G. Met note, 1969). Data from
all raingauges within each catchment were plotted to form an average rainfall
growth curve using a Guumbel reduced varfate and Gringorten plotting position
{Chapter 6}. The average of the highest and second highest daily rainfall was
plotted at the position appropriate to the length of record. The mean annual
maximum daily rainfall was plotted at a return period of 2.33 years. A
regression line through all these data was used to estimate rainfalls of the
required return periods. This procedure was not that specified by the various

methods but served as the best approximation with the data available.

For the Sumatra Study in 1982, rainfall yearbooks were obtained giving
details of annual maximum one day rainfalls for each of years 1951-1977
(1.K.G. Yearbooks). Raingauges on or close to each of the ten selected
catchments were listed from the yearbooks, and for those with sufficient
yearly data, annual waximum one day rainfalls were abstracted. Rainfall
frequency growth curves were plotted for each raingauge using the same Gumbel
reduced variate and Gringorten plotting position described above and average
curves drawn in sub jectively for each catchment. This approach should yield
better estimates of the required rainfalle for flood estimation than the
slmplified method used for Java. Insufficient time was available to enable
the earlier rainfall estimates for Java to be re-computed using the rainfall
yearbook data. It {s believed that any inaccuracles inherent in the
simplified approach will be small.
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It should be noted that most of the methods described helow are
variations on the Rational formula method (3ection 9.2) and use the same
rainfall data as input. Thus they assume that the 500 year flood {s caused by
the 50C year ralnfall and only the rainfall areal reductfon factors and runoff
coefficients are changed in each method. It {s interesting to note that
whilst the range of growth factors for Q{500) given In Section 7.2 is from
3.27 to 4.01 with a median value of 3.7, the equivalent rainfall growth
factors are rather lower. For Java the range over the eleven catchments
considered was from 2.06 to 3.01 and the medlan is 2.48. Sumatra has a range
of from 1.95 to 4.2, the latter figure being something of an outlier and the
median for Sumatra is 2.23.

Flood frequency growth factors would normally be higher than the rainfall
growth factors.that effectively produce the floods because many of the factors
controlling the coanversion of rainfall to flood runoff on a catchment are
relative!y constant. Interception losses of rainfall on vegetation and on the
soil surface are largely constant and the rate of infiltration of rafinfall
into the so0ll also varies only slightly from storme to storm. Thus the
proportion of storm rainfall remaining for flood generation after these
relatively constant losses have been tzken off increases as storm magnitude
increases for higher return periods and flood growth factors Iincrease more
rapidly than the rainfall growth factors. That seemingly small rainfalls
might produce wmore extrewe floods is not entirely suprising since many factors
control the conversion of rainfall te flood runoff. The effect of antecedent
catchment conditions are of great lmportance in this respect; the flood
produced by a storm will be greatly reduced 1f it follows a long dry period or
enhanced 1f it comes after a period of unusually wet weather. Such
considerations illustrate the weakness of methods that assume that runoff
return period equzls rainfall return period and hence the advantage gained by
estimation methods based on flood statistics. The following sections give a
brief description of each flood estimation wethod. For a more detailed

explanatlion the reader is referred to the sources quoted.

3.2 Rational method (Muhadi, 1976)

This version of the standard rational method which is used in Indonesia
is adapted from Japanese practice. The principle of the method is to

determine the flood pcak Qr (in m3 s"l) of return period T years from the
formula

C I(T) AR
3.6

or EA
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where

C is a coefficient varying with ihe nature of the terrala which was taken
from a table in Muhadi's paper. I(T) is a rainfall intensity éorresponding to
the T-~year return perlod rainfall for a duration equal to the time
of concentration of the catchment. Empirical formulae are available which
relate I(T) to the stream length, slcpe and the l-day rainfall of T year

return period, R(T); these formulae are derived from Japznese data.

The Rational method is usuvally applied only to small catchments, although
no information 1s available on the range of application for the version used
here. An arbitrary upper limit of 2000 ke? was used in this study, although

this may be too large for sensible application of the Rational method.

9.3 Weduwen Method (Muhadi., 1976 and I.E.C., 1977)

This method is essentially a mod{fication of the Rational method, and was

developed for conditfons near Jakarta. The flood peak Qr (in m3s‘1) of

returan period T-years is determined frowm;

Q. = afq AREA 5&22

T 240
where

R(T) is the l-day rainfall of return period T years (um)

and afig 1s a combined areal reduction and runoff coefficient, determined

graphically as a function of catchment area and slope from a figure in I.E.C.
1977.

The method Is considered applicable to catchments with an area of less
than 100 km?.

9.4 Melchior method {Muhadf, 1976 and I.E.C., 1977)

This method is also developed from the Rational method, and is suitable
for use on relatively large catchments. The flood peak Qr (in m3s‘1) of

return period T years is determined from;

aBq AREA R(M

200
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where
R(T)} ts the l-day rainfall of return period T years (mm)

ls an areal reduction {actor dependent on the time of concentration
of the catchment, t., {the relation {s available in tabular form

and t. Is determined.from catchment length and slope). 1In fact @

i{s usvally determined graphically from catchment area using a figure
given in Mubhadi 1976.

is a coefficient determined From t.. and the area of an “equivalent

ellipse” for the catchment by a trial-and-error graphical method.

is a runoff coefficlent which is arbitrarily selected from the range
0.42 < a € 0.75. Melchior suggested an average value of 0.52 but

current practice is to use higher values in the range 0.6 to 0.75.

The arbitrary nature of a means that the estimates for Qp determined by this
method must be regarded as approximate. The method is considered applicable
to catchments with areas greater than 100 kmz, anJ the graphs required are
available only for equivalent -ellipses smaller than 10,000 kmz, catchment
areas smaller than 7200 kmz, and times of concentration less than 20 hours.

A ma jor constraint on the method is that it can only be applied to catchments
having a méinstream length of less than about 150 km. Because of this many
long narrow catchments having areas of only 4000 km2 or so may well have

equivalent ellipse areas outside the range of the graphs, eg. catchments 45,
118, 201 and 707.

9.5 Hasper method (Muhadi, 1976)

This is another modified Rational method, which is very siwmlilar in
concept to the Melchior method. The flood peak Qr (in m33“1)~of return
pericd T years {s determined from;

Qr = afiq AREA R(T)

where

R(T) is the l-day rainfall of return period T years (mm)

® {s a runoff coefficlent determined as a function of AREA
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B is an areal reduction factor determined as a function of the
time of concentration of the catchment, t., (which in turn is
determined from catchment length and slope) and the area of an
“equivalent ellipse”

q Is a discharge coefficient determined as a functfon of the_time

of concentration. Different functional forms are used for different
ranges of t..

The method 1s applicable to catchments whose times of concentration are less
than 30 hours.

9.6 Peterson method (I.E.C. 1977)

This method was developed as part of the Sederhana Irrigation Reclamation
and Land Development Project for application throughout Indonesia. Multiple
regression equations were obtained from which the flood peak Qr (in m3s;1)
for return periods T = 2,5,10,25 years can be estimated. These equations are:
Q2 = 0.00000143 AREA® *7%*aAr!-6°
Qs = 0.00000174 AREA® "7°%aar! 72
Quo = 0.00000189 AREA® "%“%asr! 73

Q25 = 0.00000159 AREA""*“asr!-7’

where

AAR i{s the catchment average annual rainfall (mm). For the purposes of

the comparison study, Q2 was taken as an estimate of the mean annual flood.

These equations were derived from catchments with areas in the range 0.43 km?
to 414 kn? and with mean annual average precipitatfon in the range 1882 mm to

5226 wm. They should not be used for catchments in which the values are
outside these ranges.

9.7 Comparison of results

For each of the eleven catchments on Java and ten catchments on Sumatra,

flood estimates were derived usfag the methods just described in this chapter

and algo from the regression equation and flood frequency growth curve

developed during this current study. Tables 9.1 and 9.2 show the results of

this comparison for the mean annual flood, MAF, and for return periode of 10

and 500 years.
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For each catchament., an estimate of the true MAF {s available from the
observed fiow records at the gauglng stailon. For all catchments except
number 433 {n Sumatra an estimate of Q) is also avallable from the observed
flow records although the estimate may often lack precision due to the short
flow records available. A measure of the success with which the observed MAF

or 410 Iis predicted by each method is provided by the rcot mean square error

(RMS error), where:

1

1 n predicted MAF - observed MAF, 2
RMS error () ={— L ( ) x 100%
n i=1 observed MAF;

where n is the number of observations. A low value of RMS error indicates
good agreement between the prediction method and the observed values and vice
versa. It should be noted that the RMS error places greater emphasis on
overprediction compared with underprediction since an underprediction can only

be up to 100X less than the observed value, whereas an overprediction may be

several hundred per cent greater.

Two RMS errors are given on Tables 9.1 to 9.5, the first being for all
catchments_ to which each method was applied. Thus for Java fn Table 9.1, the
Weduwen method was only applicable on three catchments, numbers 25, 27 and
29 spaces. The RMS error has been coamputed for just these three catchments
given as the first RMS error in column (a) of the table. The Indoneslan Flood
Studies Report (FSR) method of this report was applicable to all eleven
catchments used in the comparison. Hence the RMS error given in column (a) of
the table for this method is for eleven catchments and Is not directly
comparable with that for the Weduwen method for example. In order to compare
the method of this report with other methods directly, a second RMS error was
computed for the Indoneslan FSR method using only those catchments common to
each method in turn.Thus as a comparison with the Weduwen method, the RMS
error has been computed for the Indonesfan FSR method for the three common
catchments, 25, 27 and ‘29 and this ts given in column (b) of Table 9.1. These
second RMS error estimates should provide the best comparison aof the flood
estimation methods presented in this report and others commonly used in
Indonesia. Tables 9.3 and 9.4 gummarise the comparisons for the MAF and Qg
respectively by giving the RMS errors for each method for Java and Sumatra

independently and also combined.
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It is apparent that the methods of this current report give consistently
better estimates of MAF and Qi@ than any other method, with the exception of
the Peterson method which is a staellar regression madel. However, the
Petercon model {s only applicable for catchument areas of up to 414 ka? and for
return perlods up to 25 years. This report provides a more cowmprehensive set
of methods applicable for catchment areas up to 20,000 kol and for return
periods up to 1000 years. Of the other methods, the Melchior approach for
catchments greater than 100 km? produces reasonable results on the whole as
does the Hasper method despite the latter's very high RMS error for Java.

This RMS etror is dominated by the Hasper method's gross overprediction of MAF
and Q10 on the two very small catchments, 27 and 29. If these arc excluded,
the RMS error drops to only 77.2Y¥ for Java and 76.6% overall. It seems that

the method should perhaps not be applied to very small catchments.

The Weduwen method does not perform particularly well and appears to
consistently overestimate floods while the Rational method grossly
overestimates floods. Both wethods perform poorly for the very small
catchments, 27 and 29. Neither of these methods seems to provide a viable

alternative to the appreoach of this current report.

Overall, the authors believe that the range of flood estimation
techniques described in this current report provide the most reliable flood
estimates for Java and Sumatra. The methods may well be applicable elsewhere

in Indonesia if used with care and results checked agafinst local data ss
described in Chapter 8.

A second and independent assessment of the methods of this report is
shown in Figure 9.1 which shows the maximum recorded floods for Java and
Sumatrs plotted agaliunst catchment area (Binnie and Partners, 1980). Also
shown on this figure are three estimators of Q500 against catchment area
derived from the regression equation of section 5.2 and the appropriate
wultiplier for Q500 on area given in Table 7.1. The upper line was derived
assuming the highest combination of APBAR, SIMS and LAKE encountered on a
catchment in this study and the lowermost line was derived assuming the lowest
encountered combination of the same parameters. The central line was

calculated using average values of APBAR, SIMS and LAKE.

The 500 year figure adopted here 15 perhaps indicative of the likely
return period of the highest recorded floods shown on Figure 9.1. Many of

these may in fact be much more commonplace events, having return periods of
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only 50 to 100 years but some at least will be very rare events. For the
average combination of APBAR, SIMS and LAKE encouantered in this study, the
estimated Qog and Qypg0 floods are also shown on Figure 9.1. It is
apparent that the variations in floods of various return periods for any
particular type of catchment are significantly lower than varfations of say
Q500 between differeat types of catehment. The 100 year flood for a
catchment having the average combination of APBAR, SIMS and LAKE may be over
twice as large as the 500 or 1000 year flood for catchments with low

combinations of the same characteristics.

It should be noted that there is no return period attached to the max{imum
floods shown in Figure 9.1 and sowe of the floods plotted are of doubtful
accuracy. Hence some of the large scatter of points on the graph will
undoubtedly be due to errors in the estimation of the magnitudes of these
floods. However, as has been emphasised in this report, there are also
significant errors and uncertainties in the estimation of the Qgpg lines
drawn on Figure 9.1 using the methods presented in this report. For any
catchment there will be an error assoclated with the estimate of the MAF,
whether this estimate comes from recorded flood data using the POT or annual
maxXimum flood series, or from the regression equation as is the case.for
Figure 9.1. The flood frequency growth factors of Table 7.1 used to couvert
the MAF estimate to Qr slso have errors of estimation associated with them
and consequently the plotted lines are only a best estimate of Q500 in each
case shown. However Figure 9.1 demoﬁstrates that the Flood Study method does

produce reasonable answers over a wide range of catchment areas and types.
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ANNEX A. STATION ASSESSMENT

A.l Egtroduction

This annex considers the factors affecting the usefulness of data
collected at gauging stations and should be considered an essential
flrst step in starting a design flood estimation. Section A.2
describes office procedures and Section A.3, field procedures.

Section A.4 glves detalls of how these were Implemented {n the current

study.

A.2 Office procedure

The first stages of the flood estimation procedure should involve
the cowmpilation of a list of gauging stations at, and close to, the
site of interest. The list should imlude not only stations near to
the site within the same catchment but also those in neighbouring
catchments. The primary source of Information for this list should be
DPMA in Bandung who are respousible for the national hydrometric

network. Other bodies do operate gauging stations. Some of these are
given at the foot of Table A.3.

The reason for collecting data from as many sources as possible

1s to ensure that all relevant information is considered in producing

a balanced flood estimate.

Before site visits it is advisable to check the data which are

available for each gauging station. 1In particular:

{1) Proximity to the site of interest.

(2) Type of station (continuously recording or staff gauge only)
(3) How many years of data avaflable.

(4) The quality of the rating curve for flood flows.
This information may be used in assessing the relative ugsefulness

of each station in the flood estimation procedure. A preliminary look

at the data avaflable may raise questions which can be answered during
visits.

Field visits may now be undertaken as outlined in sectlon A.3.
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After field visits and the idertification of useful stations
.peak stages should be abstracted for POT or annual maxlmum series
analysis from the original charts {f the station {s automatic, or from
the observer's field shect 1f there Is only a staff gauge. Data frow
a secondatry source (eg year books), Is prone to error. Furthermore
useful information such as annotatfion indicating a sticking float or

a large flood (benjfr besar) is often only available from the original

s50urce.

Rating curves should be developed preferably with a programme of
additional flood discharge measurements to reduce the degree of rating

extrapolation. Guidelines for rating curve development ave given in
Annex B.

A.3 Station visit procedure

Preliminary site visits should involve {nspection of gauging
stations and discussion of gauging practice and historic floods with
the observer and local people resgpectively. This will lead to an
understanding of the relative accuracy of stations and any speclal
local factors such as the depth and extent of flooding and the
location of any historic flood. Photographing stations is generally
found to be a useful ald in recalling details of station visits on

return to the office.

The condition of the equipment at the station should be noted.
In particular that the staff gauge Iis firmly fixed, its markings
legible (including metre matks), and that the current reading agrees
with the chart reading i{f the statf{on is automatic. For non-automatic
stations a check of the observer's notebook with the current staff
gauge reading helps to agsess the observer's~diligence. It is
worthwhile looking around for other staff gauges In the wvicinity of
the gtation and if found take readings on both.o0ld and new. Often old
staff gauges are replaced by new ones or an automatic etation

installed nearby with a different datum. Noting this in the field may
save problems later in the office.

An assessment of the likely behaviour of the station during

flooding should be made. If the level of the maximum flood has been
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abstracted from the data in time for the field visit this may be
visualised by reference to the staff gauge. If overbank flow occurs
at this level, the depth and width of the flood plain should be
estimated. The effectiveness of any overbank flow may be judged by
the denseness of bankside vegetation or the presence of road or rail
bridge abutments, which may confine flood flows, immedlately downstram

of the station. Often local people will tell of extent and frequency

of overbank flow.

Special note should be made of flood marks near the station and
these should be levelled into the station datum and the year of
occurrence determined. When developing the rating curve for the
station it is useful to know the type and shape of the hydraulic
control of the station. Stable bed material, perhaps large boulders
or a rock bar downstream indicate a good stable control. Bridge plers
downstream usually have the same effect. Poor control is usually
found in rivers with unstable bed material such as sand and gravel.
This may form shoals in the river which realign after flooding. A

station with a good control should have a reasonably stable rating.

A.4 1Initial screening of Flood Study stations

The: purpose of the station selection procedure described below
was to ensure that only data from the most reliable gauging stations-
entered into the analysis for this project. Tnis and the station
visit procedure described in Section A.3 was one of the most important
parts of the study. From sources at DPMA tables of all koown gauging
statfons on Java and Sumatra were prepared. A total of about 1000
statlons were identified, but this number was considerably reduced by
eliminating all stations with short records, those affected by tides,

dominated by an upstream lake or reservoir, stage only stations and

those of obscure origin, and those with very poor ratings.

The procedure adopted for field visits has been discussed

in Section A.3 with the necessary office work described in Section
A.2.

The last stage of the station selection procedure fnvolved

studying all the available information for each station; the rating
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curve, the ratio EEEE , (where Hp % i5 the maximum recorded stage
Hobs

and Hypg the maximum gauged stage), the cross sectlion when

available together with the hydrologist's fleld asgessment of the
gauglong station. This information on the rating was considered in
conjunction with the lerngth of record ét a station to determine
whether the station should be included Iin the analysis. Thus a
station with a poor rating was more likely to be included I{f it had a
valuable long record than if {t had just a few years' data. The
process was to a large extent subjective and stations were included or

re jected from the analysis using the experience of the hydrologists.

The final list of 110 gauging stations given in Tables A.l and
A.2 and shown in Figures 1.1 and 1.2 Includes a group of five small
catchments in the Kawah Clwidey area to the south of Bandung (Numbers
27, 28, 29, 30 and 31). These are of special interest as they have
the only data on very small catchments in Java and are therefore
potentially very useful in extending the range of application of the
regression equation to catchments below 530 ke? in area. The stations
were abandoned in the Second World War (1939-1945) but field visits
during thls project discovered the existence of sharp crested weirs at
four of the five sites. According to local information the fifth was
constructed similarly. Although thcre were only low flow discharge
measurements taken at these locations, the presence of the weirs gave
more confidence in the rating curve extrapolation. In wview of this
and their potential usefulness to this study all five statlons were

included in the analysis.

There was some doubt about the {nclusion of staff gauge only
stations in the dnalysis because observations there are normally taken
only three times a day and hence the flood peak may be migsed. 1In
gome instances the observer does record peak flood levels, as is the
requirement, but this i{s oot always the case. For large catchments
staff gauge readings three times daily are acceptable because the
flood peak may last for many hours, but for smaller catchments the
possible underestimation of peak flows may be sgignificant. Where 1t

appeared that these errors might be excessive, the station was removed

from the analysis.
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Table A.3 gives the catchment characteristlcs abstracted for some
of the stations not used in the regression analysis. These data may
be of use 1n the regression cquation if a flood estimate is required
in the vicinlty of one of these stations. These stations were ocoitted
from the analysis because of doubts about their MAF. For this reason

the MAFs glven in Table A.3 should not be used without first checking

the basic data and rating equations.
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ANNEX B. RATING FQUATION DEVELOPMENT

B.1 Introduction

A consliderable amount of effort was spent during this study on
the development of rating curves because of the importance of having
good quality flow data in the analyses. A particular protlem was the
lack of flood discharge measurements resulting in large rating curve
extrapclations. Because of the large number of stations being used in
the project (more than 100) it was impractical to undertake additional
discharge measurements in the time available. The work on rating
curves therefore relied on making the best use of existing discharge

measurements plus any other useful information such as channel cross
L]

sections and water surface profiles.

Section B.2 considers the development of rating curves when only
discharge measurements are available; section B.3 {s concerned with
the use of channel cross section information and Section B.4
recommends some simple improvements in hydromerry, which would allow

more flood discharge measurements to be made in the future.

B.2 Llogarithmic rating curve extrapclation

The relationship between water level (stage) and discharge at a
particular site is usually non-linear. A general form of rating

equation, which has a sound theoretical basis (Robertson 1970), may be
defined as:

Q = a(h +¢)b
wvhere,
n = gtage (m)
Q = dischargs at stage h (m3 s‘l)
a,b,c 7 rating curve parameters.

For any one site there can be a number of such equations covering

different periods in time (when the rating is not stable) and covering
different portions -of the stage range.
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The parameters “c” and “b" have physical interpretations

“¢” is the correction applied to the head to allow for the
difference between the elevation of the gauging station control and
the staff gauge zero. Therefore —c is the level on the staff gauge
corresponding to zero flow (if theve are multiple segments to the

rating curve then this {s only true of the lowermost segment).
"b" i{s the exponent of the rating curve and introduces non-
linearfty in the stage discharge relatlonship. This parameter is

dependent on the shape of the river cross section at the control.

As a gulde:

b = 1.5 - 1.6 for rectangular channels

l.6 - 2.2 for trapezoidal or parabolic channels

2.6 - 2.7 for triangular channels.

There are a number of assumptions in deriviﬁg these figures, but
“b"” might reasonably be expected to lie in the range 1.3 to 2.8.
Where extrapolation of the rating ifs large “b” is the dominant

parameter and as such it is important that the value chosen is

reasonable.

Discharge measurements plotted on linear paper form e line of
pronounced curvature often with & large cluster of points at low flows
and few elgewhere. Logarithmic plotting of the same data expands the
low flow range and contracts the high flow range which has the effect
of spacing out the discharge measurements more evenly over the graph.
Furthermore, {f the pa;ameter “"¢" is chosen correctly, curvature of
the data when plotting log g Q against log;g (hic) may be
substantially reduced or eliminaced. This curvature 18 illustrated in
Figure B.2 (the example is consfdered later in more detail). If the
value of "¢” 18 too small (c = -0.75 in Figure B.2) the data follow a
curved path of decreasing slope. If “c¢” is too high (¢ = - 0.4 {a the
example) the data plot about a curve of fincreasing slope. If the
rating development is to be done by hand it is desirable to start
initially with "c¢” as close as possible to the value that will give a_

straight line. Preferably it could be esti{mated on site as the level
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staff gauge at zero flow (In Figure B.2 It would be expected that zero
flow would occur around a staff gauge reading of - 0.6 n). When this

datum 'error' {s urkncwn a sensible starting point is with ‘c'of

zero. If the resulting plot is strongly curved a new value of 'c' can
be guessed or estimated graphically from the first graph by the method
described in the Manual on Stream Gauging (WMO, 1980).

The slope of the line drawn through the logarithmic data s

parameter “b":
log Q = log a +b log (h+)
Abrupt changes In cross section such as flood berms or a shift Iin

downstream control at a particular water level may result In a two

part relationship. This will be e&iﬂent as a change in slope on the
logarithmic plot-

Plotting discharge measurements chronologically, point by point,

" reveals any shift in datum. A shift could be caused by re-allgnment

of the channel after a major flood or by unrecorded repositioning of
the staff gauge. If such a shift occurs, discharge measurement may be
converted to the same datum by applying a correction to the

appropriate stage values, or separate rating curves may be derived for

different periods of the record.

Example

Because of the large number of rating curves which needed to be
checked and re-drawn for this project, a FORTRAN computer program was
written to assist this process. The procedure used is outlined below

and uses the example of rating curve development for the Krueng Aceh

at Kampung Darang.

(1) Plot stage discharge measurements chronologfcally on linear
scales to determine any sudden shift in datum. If no shift
g0 to step (4). Figure B.l 1llustrates this point for the
Krueng Aceh at Kampung Darang.

(2) Apply a correction to the stage values to bring all points
to the same datum. If satisfactory (polnts plot as one

line) go to step (4). Figure Bl shows such a correctfon for

the Krueng Aceh at Kampuog Darang.




Stage [m)

Shift in station datum: Krueng Aceh at Kampung Darang

DISCHARGE MEASUREMENTS AT
REBUILT STATION
{POST AUGUST 19781

A:0-45m

.
\mscmnse MEASUREMENTS AT OLD STATION

PRIOR TO AUGUST 78 FLCQOD

Discharge [ m3 s-1 1]

Figure B-1
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(3)
(4)

(3

(6)

(7

(8)

(9

(10)

Divide data set and fit separate lines to each part.
Compute log Q and log (h+c). Initially "¢’ should be set
just greater than minus the minimum stage in the discharge
measurement set (hpip)- “¢” cannot be less than or equal
to ~hyi{n because it would then be Impossible to calculate
log(hpiy + ).

Plot log (h+c) agalnst log Q. In our example hgj, = 0.79
and ¢ = - 0.75 (initially). Flgure B.2 shows these data
plotted. Note the curvature to this line which signifies an
incorrect value of “¢”.

Fit a straight line through the data using a least squares
approach and calculate the error associated with the
regression. In our example, with "¢” = - 0.75, a relatively
poor fit 1s obtained and the crror high.

Log (h+c) 1Is recalculated several times with an

increasing “c” and steps (5) and (6) repeated. Parameters
“a" and "b” and associated error are recorded. Figure B.2
shows the data replotted for "¢” = - 0.6 and "¢ = - 0.4.
Parameters "a”, "b” and the regression error are plotted
agalnst parameter "c” and the point at which minimum error
occurs noted. Fligure B.3 shows that at Kampung Darang the
optimum "c¢” is - .56, with a = 36.4 and b = 1.4. If a
ominfmum is obtained go to step (10) below.

In some Instances, especlally where a station is rated over
a limited range of flows and there is considerable scatter
in the discharge measurements, it may be impossible to
obtain a minimum error in step (8}. Here the error function
inftially falles rapidly, and thereafter continues to
decrease slowly with an increase {n “c”. However the
fmprovement in.fit after a certain point is marginal. In
this situation a knowledge of the river cross-section is
necessary to establish a reasonable value for

parameter "b”.

A check !{s then made to ascertain that the exponent “b"

1s reasonable for the gauging station cross—section;

unless there is a special reason, "b" is only permitted to
be in the range 1.3 to 2.8. The Krueng Aceh at Kawmpung
Darang is a relatively wide river with steep banks. The
exponent b = 1.4 Is reasonable for this near rectangular

cross-section.
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Log10[h+c]

Factorial error

Development of a stage discharge curve:Krueng Aceh at Kampung Darang
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(11) Ii, after ihe best parameters have been obrafned, it 1Is not
possible to obtailn a single straight line on the logarithmic
plot of (h+c) against q, the data may be divided into two or
wore straight line segments and separate rating curves

developed over ecach range.

In the exawple considered above, one rating {s sufficient to

define the entire range of flows at Kampung Darang:
Q = 36.4(h - 0.56)%°"%

B.3 Slope - area rating extrapolation

There 1s no completely satisfactory method of extrapolating a
rating curve from the highest measured discharge to the maximum flood
level. Extension based on a rating curve equation fitted to low and
medium flows cannot account for any marked change in the geometry o}
the channel at high flows. Use of a slope—area method in which the
velocity of flow is calculated using a flow res{stance formula, and
multiplied by the flow area to give the discharge, overcomes this

problem. The best known examples of such formulae are due to Manoing
and Chezy.

1
Manoning's formula = - R2/3 81/2
n
Chezy's formula v =C/MR S
where v is the mean flow velocity

R is the hydraulic radius, le the flow area divided by the
wetted perimeter of the channel
S is the longftudinal slope of the water surface

C and n are respectively Chezy's and Manning's roughness

coefficients.
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Example

For Batang Hari at Sungai Dareh gaugings are available {n the
stage range 0.84 m to 2.85 m. The logitudinal slope of the water
surface, §, is 0.0016 m ot The maximum flood level recorded at this
site is over 7 o but the largest annual event 1ls typically

5.0 m- What is the dischcrge at this stage?

The discharge measurements are tabulated and ordered as in
Table B.1. The flow area and wetted perimeter are found from the
cross section and the veloclity, hydraulic radius and 1/Yf calculated.

Figure B.4 shows L/Yf plotted agalnst 1og)gR and the straight line
fitted to the points.

At a stage of 5.0 m the wetted perimeter i{s 144.2 m and the flow

area 758.1 m2

758.1
144.2

Therefore R =

5.26 m

From Figure B.4, 1//f corresponding to R = 5.26 m s 4.07, which

substituted in Darcy-Weisbach equation gives:

4.07 x ¥ (8 x 9.81 x 5.26 x 0.0016)

. 3.3 ms'l
Discharge = v x A

3.3 x 758.1
2498 p3s-!

From an equation of the form Q = a(h+c)b fitted to the same flow
gauging data the discharge at 5.0 m is 2862 m3s~!. The better
estimate in this case must be considered to be the one from the slope-
arca method but the iwplied uncertainty in the stage—discharge

relaticoship should be conslidered in mking a flood estimate.
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Table B.1 Calculating 1//f from discharge measurements

Stage Flow Avea Wetted Velocity Hydraulic
Perimeter Radius
3 -1 2 -1
m m"s o m ws ]
2.85 931.0 469.5 131.7 1.98 3.57
2.73 808.0 454 .0 131.1 1.78 3.46
2.31 608.0 400.4 129.1 1.52 3.10
2.30 607.0 399.1 129.1 1.52 3.09

Stage and flow from flow gauging
Area and Wetted perimeter from cross—-section

Velocity = Flow/Area
Hydraulic Radius = Area/Wetted perimeter
1//f from Darcy-Weisbach formula

20

1//f

2.95
2.69
2.43
2.463




It will be seen that these formulae require the cross section to
be surveyed, the longltudinal slope to measured {from scour marks
after flooding) and a roughness coeff{cient to be estimated. The main
source of error in applylng such an equation i{s in determining the
roughness coefficient, possibly based on a comparison of the channel

with a table of ccefficients, see, for example Chow (19359).

An alternative procedure is to estimate the roughness coefficient
over the range of gauged flows and use this as the basis for

extrapolation. This will be illustrated for the Darcy-Weisbach flow
resistance formula, which {s preferred to either the Manning or Chezy
formulae as it i{s dimensionally correct and has a sound theoretical

basis. The Darcy-Weisbach formula is

8gRS.0.5

vhere R and S are as previously defined
g 1is the acceleration due to gravity

and f 1s the Darcy-Weisbach friction factor

Again the main problem in application of the formula is in

estimating f. The Colebrook-White equation expresses 1//f as a linear
function of logyipoR

1
7f = ¢ loglo(bR)

where ¢ and b are coefficients. In some applications it is possible
to relate these coefficients to physically measureable properties of

the bed materlal (Bathurst 1978, Hey 1979). In the present context ft

‘1s suggested that they are estimated graphically from the available

flow gaugings by plotting 1/v/f, calculated frcm the Darcy—Weisbach
formula against logjgR. To estimate the flow for a recorded flood

level, the flow area and wetted perimeter are found and used to
calculate R. The value of L//f is found from the graph of 1//f agaianst
logioR and this value is substituted into the Darcy-Weisbach formula

to estimate the average flow velocity. The discharge s found from
the product of the velocity and the flow area. By repeating this

procedure at varlous stages a rating curve can be constructed.
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B.4 Recommended improvements fn hydrometry.

Since tie development of ratings is of such importance la flood
hydrology the authors of this report would like to recommend a change

in hydrometric practice that should lead to a rapid improvemecnt In

rationg accuracy.

At present gauging teams drive each day from the local office to
one or more gaugling statlions and return home in the afternocon or
evening. Since the majority of heavy rainfalls are thunderstoras
occurring late in the day the flood peaks pass the gauging statlons
after the gauging tcams have left. If the teams could be based in the
field close to a number of gauging stations and be prepared to pauge
floods whenever they occur many flood gaugings would be made resulting
in a marked improvement of the derived ratings. The teams should be
prepared to gauge at nlght using a current meter from a cableway or
nearby bridge but be wary of using boats especially in fast flowing or
debris laden rivers. Floats are most useful in such cases. During
periods of dry weather the teaws can be usecfully empleyed obtafining

accurate channel cross—sections and in general station mz2intenance.
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Graph of

1
i

against LOQ%OR for Batang Hari at Sungai Dareh

Figure
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B.4 Recommended improvements in hydrometry

Since the development of ratings ls of such importance In flood
hydrology the authors of this report would like to recommend a change
ia hydrometric practice that should lead to a rapid lmprovement in

rating accuracy-

At present gauging teams drive each day from the local eoffice to
one or more gauging stations and return home in the afternocon or
evening. Slince the ma joclty of heavy ratnfalls are thunderstorums
occurring late in the day the flood peaks pass the gauging stations
after the gauging teams have left. If the teams could be based in the
field close to a number of gauging stations and be prepared to gauge
floods whenever they occur many flood gaugings would be made resulting
in a3 marked improvement of the derived ratings. The teams should be
prepared to gauge at night using a current meter from a cableway or
nearby bridge but be wary of using boats especially {n fast flowing or
debris laden rivers. Floats are most useful in such cases. During
periods of dry weather the teams can be usefully employed obtaining

accurate channel cross-gections and in general station maintenance.
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ANNEX C THE MAF ESTIMATION EQUATION
C.1 Introduction

In Chapter 5 an equation Is presented enabling the MAF to be
estimated from characteristics of the catchment that can be measured

from maps. This annex describes the background to the formulation of

this equation-

The gencral form of the relationship between particular catchment
characteristics and the magnitude of floods is often obvious; for
example, bigger catchments have bigger floods. However, to be of any
use it Is necessary to index both the size of flood and the
characteristic of the catchment and to establish 2 formal relatfonship
between the two. The index flood used in this study is the wean
annual flood. The size of a catchment is given by its area although
an alternative index would be main stream length. It is not possible
to describe the reclationship between MAF and area as a preclise,
physical model but it 1s possible to develop a simple relationship
based on observed values of the two indices. Values of MAF can be
plotted against area and any observed relationship can be represented
by a line on the figure. The subjectiveness of this can be removed by
using regression ahalysis which provides an optimal line,. in the
least-squares sense. If the relationship appears non—linear, then it
is necessary to transform the variableg before analysis so that linear
regression techniques are applicable. Regression analysis enables
coefficlents of the proposed relationship to be determined, the
goodness of fit to be evaluated and a comparison of different
relationships. Of course the magnitude of the mean annual flood is
not just dependent on catchment size but also on climate, slope,

geology and soils, land use, drainage density, catchment shape and

‘storage (lakes). Regression analysis enables an equation to be

developed that relates the MAF to indices of these catchment
characteristics, either singly or in combination. The specific

catchment characteristics used to iundex the various catchaent features

are detaliled {n Annex D.

Thie multiple regression technique is the one used to develop the
MAF estimation equation and while being an empirical approach enables
a stralghtforward flood estimation method based on local data to be

eétablished-

93




The quality of the resulting regression equation is greatly
dependent on the data set used to derive {t. The data must contalin as
complete a range of values for each Item (MAF and catchment
characteristics) as i{s possible and each value must be accurately
determined. Tables A.l and A.2 contain the data‘used in this study
and which form the basis for all regression analyses. For inclusion
fn this set the length and quality of the record and accuracy of the
rating for flood flows (as detailed in Annex A) for each catchment has
been assessed and each catchment i{s and considered to have a
reasonably well estimated mean annual flood. The mean annual floods
have been calculated using the methods of Chapters 3 or 4 according to

fhe length of avallable record.

A preliminary analysis of the data revealed that a transformation
of the variables would be required to linearize the relationship
between MAF and catchment characteristics. Thus instead of fltting a

model of the form

MAF = a + bXp] + cXp + (1)

where X;, X2, ... are the independent variables (catchment
characteristics) all variables were transformed logarithmically. The

model has the form
logjp MAF = A + Blog)g X; + Clog;g Xo + (2)

Such an equation can be expressed in terms of the original

variables as

MAF = 10 X

o Oy

X (3)

C.2 Regression equation for the mean annual flood.

Annex D gives a full description of the catchment characteristics
described {n this gection, although readers should be able to read the
following text without recourse to Annex D at this stage. Table C.1
gives the correlation wmatrix of the transformed variables from which
it can be seen that size variables (AREA and MSL) are best correlated

with MAF. As there is a very high correlation between the two
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variables only one will be useful in the regression analysis. It is
interesting to noce cthat the slope varlables are all negatively
correlated with MAF whereas larger floods would be expected from
steeper catchments. The explanation of this is that slze and slope
are also negatively correlated indicating that in the data set the
large catchments are flatter than the small ones, and so the slope
index acts as a crude index of size too. This fintercorrelation
between variables makes the selection of the best sub-set of varilables
for inclusion in the regression equation difficulr. However, by
building the regression model one variable at a time {t {s possible to
assess at each stage whether the incluslon of any extra variable is

justified by a significant improvement in the equation.

Table C.2 gives details of a sequence of regression models with
an extra independent variable being added ar each stage. These
regressions have been performed on 2 restricted data set; all
catchments with a lake index greater than 0.1 were comitted as there
were too few for the coefficlfent of such a term to be estimated
reliably. After the incluslon of AREA and APBAR, the rainfall 1index,
the third variable to enter the regression is a second area term,
AkEAZ, which represents the attenuation that a large catchment can
impose on a flood as it travels downstream reducing the effect of an
lacrease in dralnage area. This term is formed by squaring the
log(AREA) value and 1s included in the regression model as a further
1ndependent ‘variable (X{ in equation 2). In terms of the original
variables (as in equation 3) this introduces a variable exponent for
the AREA teru which is ftself dependent on AREA. While the inclusion
of the slope index, SIMS, is barely significant statistically its
inclusion is desirable from a hydrological viewpoint and the

coefficlent {c consistent with values from other studies (eg UK Flood

.Studies Report, 1975).

To allow for the effects of lake storage on a catchoent, a lake
index was calibrated by adding the lake term while holding the other
coefficients constant. This resulted in a coefficlent of - 2.0, which
is unreasonably high, although consistent with the locations of the
lakes found in the data set. For this reason it wag decided to adopt
the lake index coefficient from the UK Flood Studies Report. This
coefficient {s considered to be transferable in this way as the
attenuation of floods by lakes is the same process anywhere in the

world unlike, for example, the nature of rainfall.
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TABLE C.2 Regressions to estimate MAF

Dependent

varlable

(1) MAF

(Li) MAF

(1£i) MAF

(iv) MAF

(v) MAF

Notes: 1.

2.

Independent

variables

Constant

AREA

Constant
AREA
APBAR

Constant
AREA
APBAR
AREA2

Constant
AREA
AREA2
APBAR
SIMS

as above
plus
LAKE

Coefficlent

0.633
0.671

-5.086
0.852
2.640

-4.941
. 0.988

2.504
~0.031

~5.098
'1.020
-0.027
2.445
0.117

-2.019

Standard Error

of coefficient

0.097
0.035

0.651
0.033
0.298

0.650
0.085
0.306
0.018

0.651
0.087
0.018
0.305
0.070

0.533

All variables were transformed by taking log;g

catchments were included for equation (v).

6.51
19.40

-7.81
25.74
8.84

-71.61
11.56

8.19
-1.73

0.788

0.881

0.885

0. 888

-3.78 0.889

0.276

0.208

0.206

0. 204

0.196

103 catchments were used for analysis in equations (i) to (iv), 7 extra




The recoomended five varlable equation is

2.445 ~C.117
X 3

MAF = 8.00 x 10-® x AREAY x APBAR

SIM x (1+LAKE)~0-85

where V = 1.02 -~ 0.0275 loglo ARFA

As is to be expected with any equation of this type there is
consiéerable scatter around the regression line. Figure C.1 shows
estimated agalnst observed values of MAF for the complete data set
with points labelled by catchment number. The scatter can be
expregsed statistically by quoting the coefficient of multiple
determination, 0.89% and by giving the standard error of estimate of
0.20. This latter value is most useful in assessing the accuracy of
using the equati&h to estimate MAF. 1In the log)g form of the equation
as presented in Table C.2 the estimated log)g(MAF) can be expected to
be within * 0.2 of the ‘actual' value (68 times out of 100). In terms
of the original varlables this is the same as saying that in 68 times
out of 100 the estimated value will lie between the actual value tiwmes
1.59 and actual value divided by 1.59. It should be noted that this
large error can often be reduced by the use of local data as described

in Chapter 8.

Various other regression models were considered in which the data
set was divided regionally (Java and Sumatra) or according to
catchment characteristic values (both AREA and APBAR were tried).
However nonc of these alternatives produced a significant reduction in
error and justified the increased complexity of such a scheme.

Figure C.2 ghows the geographical distribution of the factorial ervor

of estimate from the equation and reveals no significant regional

trends.
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ANNEX D CATCHMENT CHARACTERISTICS
D.1 Introggctiqg

In Annex C In which the MAF estimation equation is developed
several types of catciment characteristics are mentfoned as beling of.
potential usefulness in Indexing the variation of flood magritudes.
This Annex gives a full description of the catchment characteristics

used in this study, not just those appearing in the final MAF
equation

The characteristics can be divided into seven categories as iIn
Table D.1 which also gives the specific characteristic used to index a
particular catchment feature. The categories represent aspects of
catchment physiography that are known to fnfluence flood response froo
either physical principles or intuitive reasoning. Although some of
the characteristics represent parameters that might appear in a
physics based catchment model, in the present context the variables
are used as indlces of catchment response only. For this reason many
catchment features are represented by a simple chjaracteristic easily
obtainable from maps vather than a wore complicated and physically

meaningful quantity.

The following sections give full descriptions of the

characteristics listed in Table D.l1 together with the fnformation

required for their abstraction.

D.2 Catchment Area (AREA)

Catchment area (AREA) i{s the most {mportant catchment

characteristic in indexing the magnitude of the flood peak. AREA is
measured in kmZ.

In Java, catchment area was measured from the 1:50,000

Topographic maps (US Army Mapping Service (AMS) Series) as the best
available maps for this purpose. An alwost couplete gset of these maps
for the island of Java. was made avalilable by DPMA for the duration of

the project. The missing mps were substituted with black and white
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Table D.1 Summary of Catchment Characteristics

Category Symbol

Size *AREA
MSL

Climate -AAR
*APBAR

Slope *S IMS
S1085
S085

Storage *LAKE
s010

Land type GEOL
SOIL

Land use FOREST
PADDY
PLTN
SWAMP

Shape SHAPE

Section

D.2
D.3

D.11
D.12

D.13
D.14
D.15
D.16

D.17

Description

Catchment area

Mainstream length

Average annual rainfall
Mean annual maxiounm

catchment 1 day rainfall

Simple slope
River slope over 10 - 85% MSL
River slope over O - 85X MSL

Lake index
River slope over O — 10% MSL
{Flood plain index)

Geology index
Soil index

Forest index
Paddy index
Plantation index

Swamp index

Catchment shape index.

Influence on MAF

Larger catchments should

produce blgger floods

Catchoments experfencing
frequent heavy rainfall
are more susceptible to

flooding

Steep slopes lead to

faster propagation of
floods

Storage either by lakes,
reservolrs or on the flood

plain attenuates floods

The hydrological proper-
ties of rocks and soils
can influence the

generation of floods

The land use can both
modify flood response and
index other catchment

features

The shape of the channel
network {nfluences the vay

flooding propagates.

An asterisk '*' indicates that the characteristic appears in the regression equation of

Chapter 5. The user of this manual should consult the appropriate sections given below

when using this regression equation.
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prints obtainable from

Seksl Publikasi

Geological Survey of Indonesla
JL Diponegoro 57

Bandung

It {s recommended that the user should, if possible, refer to the
original maps of this AMS series to estimate AREA since it is

sometimes very difficult to draw catchment boundaries on the black and

white coples.

In Sumatra a new set of 1:50,000 topographic maps {s currently
being produced. At the time (April - May 1982) that maps were
required for this project the only ones available from this new series
were for Banda Aceh, most of Sumatera Utara (North Sumatra) and

Lampung, and a few in Sumatera Selatan (South Sumatra). These maps

can be obtained (with suftable authority) from

Bakosurtanal
J1. Raya Jakarta-Bogor Km 43
Cibfnong
or
Jawatan Topografi
TNl AD
J1. Gunung Sahari
Jakarta

The remainder -of Sumatra was covered with an old serfes of maps

at 1:100,000 scale and these were obtained for thls pro ject from

-Jawatan Topografi (address above). It is recommended that, if

possible, the new 1.50,000 series maps be used to obtalin catchment

area {n Sumatra.

All topographic maps of Java and Sumatra used by this project are
held at DPMA in Bandung.

The river basin area (AREA) should be measured wlth a planimeter

and expressed In units of square kilometres-
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D.3 Main stream length (MSL)

Main stream length (MSL) i{s doffned as the length of the lorgest
river channel upstream of the gauging station as defined on the
1:50,000 topographic maps. The maia stream length 1s measured with
dividers set to 4 mm. Elsewhere, on the 1:100,000 topographic maps.

dividers are set to 2 em. Tor both map scales MSL is calculated thus:

MSL = ND x 0.2 km

where,

ND = Number of divider steps from gauging station to the top of

the longest tributary as defined on the map.

Dividers should be used to estimate MSL in preference to
curvimeters as the data set used in the regressions was based on MSL
(and also slope measures) obtained with dividers. Dividers should
initially be set as close to 4 mm as possible and checked against a
millimetre scale over at least 100 mm before and after use. A

correction may then be applied to ND to allow for setting errors.

D.4 Average annual rainfall (AAR)

Catchment average annual rainfall, AAR, was cbtained from 'Mean
rainfall in Java and Madura 1931-1960' (Institute of Meteorology and
Geophysics) which contains a 1:1,000,000 scale map of Java with
i1sohyets of average annual rainfall and from 'Mean rafinfall in the
islands outside Java and Madura 1931-1960' (Institute of Meteorology

and Geophysics) which contains a similar map for Sumatra at a scale of
1:3,000,000.

For Java the procedure used to obtain AAR was firstly to enlarge
photographically the isohyetal wmap to 1:500,000 onto transparent
paper. Secondly the 1:250,000 topographic maps* containing the

*1:250,000 Joint Operations Graphic (JOG) maps are avaflable in black
and white from the Geological Survey of Indonesia (address above).
Use of the coloured original maps, If available, is more satisfactory:

-
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catchment boundarles, were reduced to 1:500,000. Catchment boundaries
were transferred from the topographic to the raintall map and areas

between isohyets estimated by planimeter.

In Sumatra the procedure was simllar except the catchment
boundary overlay was photographically reduced to the scale of the
rainfall wmap (1:3,000,000). Although AAR was estimated by planimeter
for large catchaents, the small scale of the rainfall mp made it
impractical to use this method on other catchments. AAR was estimated
in these cases elther by eye or by counting squares on mm graph
paper. The technique for counting squares is illustrated by the
example for APBAR below.

D.5 Mean annual maximum catchment 1 day rainfall (APBAR)

Mean annual maximum catchment 1 day rainfall, APBAR, is
calculated by multiplying PBAR, the mean annual maximum 1 day point
rainfall for the catchment, by an areal reduction factor (ARF). PBAR

is estimated as follows.

An isohyetal wmap of mean annual maximum 1 day rainfall (PBAR) has
been reproduced from Irish (1981) and appears in this report on
Figure 1.1 for Java at a scale of 1:1,000,000 and Figure 1.2 for
Sumatra at 1:2,000,000. Contours of PBAR are at 20 mm intervals. The
recommended procedure 1is to draw the catchment boundary on this map

and obtain the average catchment value of PBAR as follows:

(a) Draw the catchment boundary on the appropriate 1:250,000
Joint Operation Graphic (JOG) series map. Black and white
coples are available {rom the Geological Survey of
Indonesia (address in Section D.2) but use of the originals
is much more satisfactory. It is necessary to draw the
catchment boundarfes on these 1:250,000 scale maps since it
is not practicable to reduce the 1:50,000 or 1:100,000
catchment map to 1:1,000,000 or 1:2,000,000

(b) Reduce the topographic map, the catchment boundary and, 1f
possible, a length of coastline to 1:1,000,000 for Java or
1:2,000,000 for Sumatra either photographically or by some

sultable method which will ensure accuracy-
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{(c) PBAR is determined by the weighted average of the map
contour values where the proportion of the catchment area
between each contour is used as weights. Thus given that 40
per cent of the catchment falls within the contour band of
100 and 120 mow and the remaining 60 per cent falls within
the 120 and 140 mm band, PBAR is cowmputed as:

40 x 110 + 60 x 130

= 122 om.
100

{d} In certain areas the contours of PBAR are widely spaced and
particularly for small catchments, interpolation is required
to obtain the best value. For example a catchment lying
completely Iin the area between the 120 mm and 140 mm
contours (ie 130 mm band) but closer to the 140 mm line
should be given a value of PBAR between 130 mm and 140 am;

the actual value depending on the position of the catchaent.

If the catchment is large a planimeter may be used-to estimate
the catchment average PBAR. If the catchment is small it fs better to

count squares on millimetre graph paper.

PBAR, which refers to point rainfall, is converted to catchment
areal rainfall, APBAR, by multiplication by an areal reduction factor
(ARF). To date little work has been done on ARF's in Indonesia.
Tabulated areal reduction factors given in the Binnie and Partners,
'Report on Hydrology' (1980) are from work by Dr Doerma durfing 1923-25
on a 130 km? area situated oear Jakarta. This table covers the range
0 to 200 km? for duraticns of 30 sminutes to 24 hours. Whilst this can
be described as hardly satisfactory for the purposes of this study
with catchments up to about 20,000 km? in area, {t was all that was
avaflable at the time and is preferable to imported rules for ARF
since ARF's are strongly dependent on the local rainfall regime. This
relationship, when extrapolated for larger catchment areas, falls
widway between the ARF's for Papua New Guinea and the UK, indicating
that they are perhaps not unreasonable. The ARF's used in this study
are therefore based on. the work of Dr Doerma. 1In any case the effect
of any inaccuracies fin these ARF's will be eliminated when using the

regression equation for estimation of MAF provided the same ARF's are
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used In design as were used in the development of the regresslion

equation

Catchment area
km2
1 - 10
10 - 30
30 - 30,000

ARF

0.99
0.97

1.152 - 0.1233 log!%AREA

The relationship for catchment arcas between 30 km? and

30,000 km? gives a range of ARF's between 0.97 at 30 kn? to 0.6 at

30,000 km?.

Examgle

As an example of estimating APBAR consider catchment 610 shown on

Figure 1.2 (Alr-Ketaun at Tunggang).

This {s located across the

120 mm contour of PBAR. If the catchment is traced onto millimetre

graph paper the following information is obtained:
Number of millimetre squares in 110 mm PBAR band
Number of millimetre squares in 130 mm PBAR band

*These figures are subject to small estimation errors

thickness and personal interpretation

PBAR for the catchment {s calculated thus:

(200 x 110) + (40 x 130)

PBAR = -
610 (200 + 40)

PBARg 10 113 aom

200*
40*

L]

[}

due to line

The 'ARF fs calculated as follows {catchment area 946 kmz)

ARFg10 1.152 - 0.1233 logj)o 946

ARFg10 = 0.785
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Henze APBAR for catchment 610 {s estimated as the multiple of

PBARg10 and ARFg1q
APBARg,0 = 113 x 0.785
APBARg10 = 8% mom

D.6 River slope (SIMS)

Four indices of stream slope were considered. The first of these
is called simple slope, (SIMS), and is the difference in height
between the point of interest and the highest polnt above the end of
the mainstream divided by the mafnstream length (MSL). The 'highest
point' is the highest point on the catchment divide {n the vicinity of
the source of the longest tributary. Linear interpolation of contours
crossing the river is used to estimate the elevation of the point of

interest (maps as for AREA). The units of SIMS are m ka-l.

D.7 River slope (S51085)

The second measure of river slope, 51085, is calculated as slope
over the distance between 10% and 85 of the mainstrecam length
measured upstream from the point of interest. S1085 may be considered
to be more representative of the basin as a whole than SIMS because {t
exc ludes extremes of slope inherent in SIMS. 351085 was abstracted in

a similar manner to that described for SIMS above. The units_of S1085

are m km'l.

D.8 River slope (S085)

The third measure of river slope, S085, 1s calculated as the
slope over the distance between the point of interest and 85 of the
malnstream length. 5085 may be considered to be a measure of
catchment slope which is between the extreme SIMS and the more
acceptable S1085. S085 was Introduced when regressions fondicated SIMS

was a more significant. variable in influencing MAF than S$1085. The
units of 5085 are m km-'.
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D.9 Lake index (LAKE)

Storage for flood waters provided by lakes and reservofrs can
significantly attenuate downstream flood peaks. The degree of
attenuation depends on such factors as the position of the storage
within the catchment, its storage/head relationship and, for
reservolrs, the operating rules. As it would be iwpractical to allow
for all of these factors in a simple regression model of flooding, the
lake Iindex used here is simply a measure of the proportiorn of
catchment area draining through lakes and resecvoirs.

The lake index was calculated using the formula

- Total catchment area upstream of lakes (kmz)
AREA

LAKE

For Java the total catchment area upstream of lakes was obtained
from publications giving i{nformation on dams over 15 m high and are

available at DPMA in Bandung (DPMA, 1980).

In Sumatra the lakes on the catchments used in this study were
all natural and the total catchmeant area upstream of a lake was

obtained from the topographic maps (Section D.2).

The regression equation should not be used 1f LAKE is greater
than 0.25. Also, if the total surface area of the lake 1s less than
1% of the catchment draining through the lake, LAKE {s insignificant

and set to zero.

The range of LAKE is therefore 0 to 0.25. However, as
logarithmic transforms of the lake index are required in the
regression, zero values cannot be accepted and it is necessary to add
a constant to LAKE. 1In this study the term which appears in the
regression is (1 + LAKE).

D.10 Flood plain index (S010)

This 15 {n fact a. wmeasure of river slope and is calculated as the
slope between the point of fnterest and 10Z of the mainstream length.

5010 was introduced as an experimental variable under the hypothesis
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that a flood plain was more likely to occur where the river just
upstream of cthis point of interest is very flat. The units of $010

are o km'l-

D.11 Geology index (GEOL)

Information on geology in Java and Sumatra was obtained from the
1:2,000,000 scale map produced by the Direcktorat Geologi Indonesia
and the United States Geological Survey.

Unfortunately the description of rock types on the maps was
insufficient to categorize accurately each type according to
permeability. Furthermore, at the time of the analysis in the UK.
no-one was avallable with suitable knowledge of Indonesian geology to
provide assistance. However, an attempt was made to classify the rock
types into three classes of permeability and the fractlon of each

within each catchment estimated by eye. The geology index, GEOL, was

calculated thus:
GEOL = (3 x I) + (2 x M)+ (1 x P)

where

I = fraction of catchment area impermeable
M = fraction of catchment area moderately permeable

P = fractlion of catchmwent area permeable

D.12 Soil index (SOIL)

Soll maps at a scale of 1:250,000 were obtained from

Lembaga Perelitlian Tanah (LPT)
JI. IR. H. Juanda 98
BOGOR

Experience elsewhere suggests that a measure of sofl] type is a
useful but not highly sigonificant variahle in the regression

equation. Clagsfification of the various soils into groups of runoff
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potential required considerable further specialised work
Unfortunately this was outside the scope of the present study and

therefore a soil Iindex has bheen omitted.

D-13 Forest index (FOREST)

Land use information for this study was obtalned as a series of
1:50,000 maps detalling Land Use throughout Java and most of Sumatra.

The maps, which are in black and white. were obtained from: -

Departemen Dalam Negerl
Direktorat Jendral Agraria
Direktorat Tata Guna Tanah
J1. Sisinpamangaraja
Jakarta.

An overlay of the boundary for each catchwment was prepared on
transparent paper frow the 1:50,000 series maps and positioned on the
Land Use maps. The new series of 1:50,000 gcale topographic maps for
parts of Sumatra (Section D.2) also contain some land use
information. This was used in preference to the Land Use maps
mentioned above whenever possible as it was easfer to abstract and

also more uptodate.

Land use information was traced through and the total areca of

forest determined by planimeter. The forest index Is calculated using
the formula
Total area of forest (ka)

AREA

FOREST =

FOREST ranges from 0, for no forest cover, to 1 for complete
forest cover. In order to allow logarithmic transformation of the

FOREST index a constant of 1 was added in the regressions.

D.14 Paddy index (PADDY)

The paddy index was calculated using the foromula:

Total area of paddy (kmz)
AREA

PADDY =
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The total area of paddy was obtalned from the same source and

estimated (n a similar manner to the forest index, FOREST. described

in section D.13.

The term used in the regression analysis was (1 + PADDY). for the

reasons given above for FOREST.

D.15 Plantation index (PLTN)

The plantation index was calculated using the formula:

Total area of plantation (kmz)
AREA

PLTN =

The total area of plantation was obtained from the same source
and estimated in a similar manner to the forest index, FOREST,
described in section D.13 and a constant of 1 added in the

regressions to give an index (1+PLTN).

PLTN was only abstracted for stations in Sumatra and therefore

could only be considered in regressions on that sub-set of stations.

D.16 Swamp index (SWAMP)

The swamp index was calculated using the formula:

Total area of swamp (kmz)
AREA

SWAMP

The total area of swamp was obtained from the same source and
-

estimated on a similar manner to the forest Iindex, FOREST, described
in section D.13.

As with the other land use variables the term used in the

regression had 1 added (1 + SWAMP) to avold zero values in logarithmic
transformation.

D.17 Catchment shape index (SHAPE)

It might be expected that the shape of a catchaent would

influence efficiency of flood generation within the catchment. All




other basin paramecters befng equal, a long thin catchment offers moce

possibility of flood attenuation than one of compact shape. The shape

Index used in this study was.

AREA

SHAPE = —
MSL

SHAPE is effectively the ratio of catchment width to length. MSL

is the mainstream length as defined in Section D.3.
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ANNEX E. THE PEAKS OVER A THRESHOLD MODEL

E.1l Introduction

Chapter 4 described the application of the POT model to estimate
the mean annual floed. The model described was one in which a
threshold q, was chosen and all peaks exceeding this threshold in
the complete yecars of data were abstracted. The resulting POT serfes
consisted of M floods. qi, from N years of data. The theory behind
this model is considered in this annex. It should be noted, however.
that this is only one of many possible POT models several of which are
described in detail in the UK Flood Studies Report
(NERC 1975).

Two variations to the basic model are considered; firstly where
‘data from incomplete years are also available and secondly where a

historic series of events has been recorded.

E.2 Theory

The POT series of flood magnitudes are drawn from a conditional
distribution as only floods greatcr than a threshold, qq, are
included. From this distribution it might be observed that 10% of
floods exceed a higher value, q, but it would be wrong to state that
10X of all floods are greater than q. The conditional statement that
102 of floods greater than qo are also greater than q, Is mch less
useful than an unconditfonal statement relating to z2ll floods. The
method of deriving the unconditional statement is basically simple.
Suppose that in a given POT sample selected to exceed a 4000 nls—1
threshold an average of 3 peaks per year are included and that of
these floods 10X exceed the higher threshold of 4500 ols-l. There {s
a probability of 0.3 that 4500 mas‘l will be exceeded in one year or
;hat the return period of this event {s 3.33 years. This concebt can
be expressed more formally by making assumptions about the

distributions inherent in the POT model.

The distribution of flood magnitudes in the POT series is assumed
to be exponential. Thus, the conditional probability statement that
the probability that a flood Q exceeds q, given that q {5 greater than

the threshold q,, can be written

PR(Q > qlq > Q) = e (a-a5)/8 (1
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vhere B 1s the scale parameter of the exponential distriburion. and
the threshold, q4, Is the location paraweter (the meau of the

distribution is given by q, + B). For convenience this probability
will be written as PR(A|B).

Given that 1 floods excead the threshold in any year the
probability that r of these exceed the value q is given by the
binomial distribution:-

PR(r peaks > qli peaks) = (}) (PR(A|B))IT(1 - PR(A|B))i-T 2)

This conditional probability can be expressed in an unconditional
form by assuming the probability of i floods occurring in any year is

given by p{. As r € { the unconditional probability that r peaks >
q occur in a year fis

PR(r peaks > q) = 12 PR{r peaks > g}l peaks).py (3)
=r

The probabilities, py, of i floods occurring {n a year can be

assumed to come from the Poisson distribution

=X
py =& M (4)
i!
vhere A is the mean number of exceedences per year.
Combining equations 2, 3 and 4 gives
« -r e~ ad
PR(r peaks > q) = £ (L)(PR(a[B))" (1-Pr(A[B)! T & if
i=r !
Redefining the limits of the summation
® i+ r e~A AJtr
= 1 (eran® a - eraajpnd AT
j=o (j+r)!
ey (!
Fote (7" ) = =777
-k Aar ) - j
_ehar (PR(A[B))® T AJ(1-PR(A]B))
r! j=o hR
Note eZ = § z
J=o 3!
-k ar 1-
- €N erAlB)T SM1-PR(A[B))
r!
__e~APR(A[B) [rpr(a|B)]r )

r!
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Comparing equations 4 and 5 shows that the distribution of peaks
exceeding q Is also a Poisson distribution with mean APR(A[B)- In a 7T
yvear period TRPR(A|B) floods > q would be expected to occur; where

only one flood > q is observed in T years q is then the T year flood

TAPR(A[B) = ]

Combining with equation 1, where q now represents Q(T), the T year

flood, glves

Q(T) = q5 + BloAx + BlaT (6)

which allows the estimation of any flood Q(T) from the POT series.

Using the POT model as outlined above it has been assumed that
the number of threshold exceedences per year Is distributed
accordingly to a Poisson distribution and that the flood magnitudes of
the POT serles are distributed exponentially. Neither of these
assumptions 1s stictly true; however, the discrepancy they introduce
is likely to be small for low return perlods where the flows are not
very much greater than the threshold value. One such flood is the

mean annual flood.

The distribution of those annual maxima which exceed the
threshold q; can be deduced from the POT model and shown to be from
a type 1 extreme value distribution. On the assumption that the

entire annual maxima have the EV] distribution the mean is

W = MAF = q, + BloA + 0.5772p

It will be noted that this implies the MAF to have a return period of
1.78 years whereas in the Section 1.1 {t was noted that the MAF from
the annual maxiwmum series had a return perfiod of 2.33 years. ‘The
difference arises from the fact that annual maxima approach fgnores
all except the biggest flood in each year bur the POT method can
include several floods from a single year or no flood 1f the annual
smaximum {8 less than the threshold. The annual wmaxiwmum method
therefore only considers intervals between years with floods of
spec{fled magnitudes rather than the intervals between the floods
themselves. The POT approach is in fact the correct one, although in
practice for large return perfods the difference is slight. The two .

return periods TPOT and TAM are related by
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]
Tam = [ - exp(- )}
TpoT

E.3 Incomplete years of data

It is often the case that over the period of operation of a gauge
there will be many breaks Lo the continuity of the record. 1In the POT
model as outlined above only the corplete years of data were used and
the rest of the data ignored. Although by careful choice of the start
date of each year the loss of data caused by interruptions in the
reccrd can be reduced, a great deal of potentially useful data is
wasted. In the POT model described q5 is fixed and A and B
estimated from the series of peaks. The parameter B, the average
exceedence of the threshold, is unlikely to be affected by the
inclusion of peaks from incomplete years of data; in fact it should be
estimated more reliably if more peaks are used. Parawmeter A on the
other hand could be greatly influenced if it was assumed that no peaks
over a threshold occurred during a period for which there is no
record. It is recommended therefore that peaks from the entire record
are used to estimate B but that A is estimated from rhe complete years

of data only. 1In Chapter 4 examples using both complete years only

and all available data are given.

E.4 Historic floods

Historic floods are often recorded as flood marks on a flood
stone, or bullding. The base of the stone or building can be thought
of as a threshold exceeded by all the marked floods. In such a case
two flood serles are available, the historic serles of n' exceedences

over the high threshold q} {(corresponding to the lowest possible mark)
and the recorded series of n exceedences over the lower threshold, gqq-
In such a case the parameter P can best be estimated by
I ‘+ L l+
g - n X n n'q’ + nq

(qq -

)
n' =1 n'4m

A should be estimated. from the recent series only
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E.S5 A variation of the POT method

In the POT method outlined 1n the previous sections and In
Ch;pter 4 the threshold, q,, was fixed at a level that seemed
likely to result in between two and five peaks per year bheing chosen.
From the resulting series the parameters A, the mean nuoher of
exceedences per year, and B, the mean exceedence are estimated. In a
variation of the method the number of exceedences per year {s chosen
and the threshold, Q> and mean exceedence, f, are estimated from
the resulting series. This slight modification of the method allows
for the restrictfon of the POT series originally generated by the use
of a threshold that is exceeded too frequently. 1In the data appendix
the listings of the POT analysis firstly give the results from
applying the basic method to all of the abstracted peaks and then,
under the heading 'POT analysis on a restricted nuamber of peaks', this
variation of the method is used in which the number of exceedences per
year 1s reduced, in integer values, to two. While this {s the correct
method of restricting thelPOT series, in préct[ce it makes little
difference 1if a new higher threshold is chosen to give the required
exceedences per year just by examination of the POT serfes; in this
case A Is then considered to be estiwmated, and qo Is fixed as in the

first. case.
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ANNEX F. GROWTH FACTOR ANALYSIS

F.l 1Introduction

This annex considers the analysis behind the design flood

frequency growth factors recommended in Chapter 7.

Individual flood frequency curves relating flood peak to return
period may be drawn for any statlon for which a number of years'
data exist. This has been described in Chapter 6. However few
stations in Indonesia have a long enough record to enable individual
flood frequency curves to be drawn with confidence above the 15-20
year return period. For [lood design purposes, however, engineers
are commonly interested in return periods in excess of 20 years.

How then can estimates of high return period floods be obtained?
This is achieved by pooling all the data avalilable and obtalning a

consensus on the behaviour of catchments at high return periods.

As flood frequency curves differ greatly from catchment to
catchment it is desirable to scale the individual curves prior to
pooling. This is achieved by using non-dimensional flood frequency
curves (growth curves) in which the flood mgnitude scale is divided
by an index flood. The index flood is then related to floods of
other return periods by dimensfonless multipliers or growth
factors. The index flood (the mean annual flood, MAF, fn this
study} is assumed to take fnto account catchment variables such as
area, rainfall, slope etc. However, the growth factors themselves

may still have some dependence con the catchment varfables.

A compromise is therefore required in the pooling process such

that:

{}) Sufficlent catchments are grouped to enable the prediction

of high return periods floods

(2) Any significant differences In growth factors due to the

nature of catchments are oot hidden.
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The approach adopted for this study was firstly to construct a
single overall dimensfonless growth curve from 2ll stations in Java
and Sumatra. This curve satisfies the first criterion mentioned
above where all stations are pooled to enable estimation of high

return perlod floods, but does not permit varlation of the growth

curve with external factors.

F.2 Pooling of growth curves

This sectlon describes how 1ndividual station flood frequency

curves were pooled to form an ‘average' growth curve for all

stations used in this study.

The combined growth curve for all stations was constructed as

follows:

{1} For each station a non dimensional growth curve was constructed
from the flood frequency curve by dividing each flood on the
record by the MAF. In each case the growth curve was stored as

a serles of points - reduced variate and associated Q/MAF.

{2) An average growth curve was produced by taking the mean reduced
varfate and mean Q/MAF from all stations within each interval
of reduced variate. The intervals of reduced variate used were

-1.5 to -1.0, -1.0 to -0.5, -0.5 to O etc.

(3) With the individual station record lengths ranging from 5 to 58
years, the smoothed average growth curve was well defined up to
a return pericd of about 100 years. Because this Is
insufficient for many design purposes, the growth curve

was extended by considering the five largest Q/MAF values in
the data set
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and plotting these as the five largest values In a supposedly

independent sample*.

(4) A general extreme value (GEV) function (Flood Studies Report.

1975, Section 1.2) was fitted to the points obtained in steps
(2) and (3) above such that

1 - e Ky
QMAF = u +n (o ST
k
where,
y = reduced variate

u = intercept of fitted curve

= scale parameter of the fitted curve

= curvature of fitted curve

Parameters u, ¢ and k were obtained by a least squares

approach. The combined curve for all stations had the

following parameter values

u = 0.B4B
a = 0.219
k = -0.2148

It should be remembered that this curve was fitted through
points which contained considerable scatter, particularly at high
return periods; Figure F.l shows this curve and the points to which

it was fitted. Furthermore, the individual station growth curves

*In fact the five largest Q/MAF values are not likely to come from a
truly independent sample. Basins may be nested such that there are
several gauging stations on the game river and a large flood at one
almost certainly implies a large flood at all stations on that
river, and possibly on adjacent rivers. However, the inaccuracy
introduced by this wethod ie small unless Iinter-station correlations
are very high, which in Java and Sumatra they are not. The five
largest floods should be plotted as the five largest in rather less
than the number of station years in the group due to inter station
correlations, but on the log scale uged {n plotting the flood

frequency curve, the method gives a reasonable means of extending
the curve.
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showed conslderable variation about the mean. The reader should
bear in mind, therefore, that this and other smooth growth curves

which appcar in this annex in fact represent a group of points with

considerable scatter.

F.3 Sub grouping of prowth curves

The significance of any varlation of growth curve shape with
catchment characteristics (criterion (2) in Section F.1) was

determined as follows:

A list was drawn up of those characteristics considered most

likely to index the shape of the growth curve:

(1) Location (The two geographically counvenient regions of

Java and Sumatra).

(2) Catchment area (AREA)

(3) Average annual rainfall (AAR)

(4) Mean annual maximum catchment 1 day rainfall (APBAR)

For each of the above characteristics, catchments were divided

into two groups (Java and Sumatra, large AREA and small AREA etc).

Using the same procedure as described above in Section F.2,
pooled growth curves were produced for each of the two groups and
tested to see if they were significantly different. A posltive
indication at this stage resulted in the catchments being divided
again (into 4 groups) and the test re—applied. Thus the
relatfonship between any characteristic and growth curve shape could
be tested at its most elementary level (2 groups) and {f found
significant, further divisions of the data set revealed the Iimit to
which the relationship could be adequately defined.

The first sub-grouping of catchments (according to catchment

location) therefore had one pooled growth curve for Java and one

pocled growth curve for Sumatra. These curves are shown together
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with the 'all station' curve on Figure F.l. wWhether there 1s a
statistically significant difference between growth curves in Java

and Sumatra {3 considered in Sectlon F.5.

Flgures F.2 and F.3 show the respective effects of AAR and
APBAR on growth curve shape. From these graphs it can be clearly
scen that there 1s no signiffcant difference from the ‘all

catchment' line by any subgroup.

Figure F.4 is mote {nteresting in that it shows a trend which
suggests smaller catchments have a steeper growth curve than larger
catchments. The results of the significance tests in Section F.5
reveal whether the difference between growth curves on small and

large catchments Is statistically significant.

F.4 Significance tests

There are a number of statistical procedures which may be
applied to test the significance of the difference of two
distributions (Stevens and Lynn, 1978). Of those, the non-
parametric 12 and Kolmogorov-Smirnov tests have the advantage that
they are independent of any assumed plokting position. These tests,
therefore, consider purely the distribution of the series of Q/MAF
fn each subgroup without reference to plotting position. Although‘
the xz and Kolmogorov-Smirnov tests have been shown to give similar
results when applied to growth curve differentiation, (Stevens and
Lyonn, 1978), the Kolmogorov-Smirnov test does have advantages over
the x2 test (Lilliefors, 1967); furthermore the Kolmogorov-Smirunov
test {s easy to visualise. The Kolmogorov-Smirnov test was

therefore used as the basis of comparison in this study.

The Kolmogorov-Smirnov test tests the hypothesis that two
distributions are not signiffcantly different. The first etep is to
obtain the cumulative frequency distribution for each sample. This
is achieved by dividing the Q/MAF range into intervals. In this
study 28 intervals were used; 0.5, 0.6, 0.7 followed by 22 steps of
0.05 to 1.8, then 1.9, 2.0 and above 2.0. These {ntervals allowed

roughly the same number of observations Iin each group. The number
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Regionalization of growth curve
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QT/ MAF

Effect

of AAR on growth curve shape
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Q/ MAF

Effect of APBAR

on growth curve shape
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Q1/MAF

Effect of AREA on growth curve shape
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of Q/MAF values less than or equal to each interval are determined
for each of the two distributions. The two cumulative frequency
distributions are obtalned by calculating the proporzion of the

total number of points in each Interval for each of the two

distributions.

At each Q/MAF interval. the cumulative frequency distributions
are subtracted, and the absolute value of this difference obtained.
The maximum of these 28 differences is the Kolmogorov-Smirnov test

statistic "D".

Table F.l gives the values of "D" for the palrs of Q/MAF
distributions under comparison. The problem now is one of deciding
whether the differences between these distributions are significant
or not. Normally it is possible to use standard tables to obtain

d(0.05) (the 95X confidence limit above which the distributions are

dissimilar) if one set of observations is compared with an
independent, completely specified, contfinuous distribution. In our
case we are comparing two discrete sets of non-independent
observations which invalidates use of tables. A simulation approach

was used to obtain estimates of d(p,05) and is outlined below:

(1) For each comparison a simulated series of annual maximum
floods was generated using the general extreme value
distribution function with the parameters u, ¢ and k
obtaluned from fitting to all 92 stations (Section F.2).
This distribution function given in the UK Flood Study
Report, Section 1.2.4 is:

F(q) = e [l-k(g-u)/a]l/k

If this expression is inverted and F(q) replaced by.U, a
random number between 0 aund 1, the flow generation

function used in this simulation is obtained:

a
¢ 0= uro (1 - (- log, V)¥)

vhere u = 0.848
a = 0.219
k = -0.2148
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{2) The number of maxima generated for each station was the
same as in the distribution under test. For example 48
values of q were generated for the Cianten Il at Kracak to
represent the 48 years data at that station. These values
were then standardised in the same way as the basic darta:
division by the mean or by 1.06 x Qmed 1f Qmax > 3 x Qmed'
The result was therefore a simulated set of annual maxima,
generated from a function which represents how Indonesian
catchments behave on average, and processed in the same

way as the data under test.

(3) Having generated a series for both distributions being tested

a Kolmogorov-Smimov test was performed and "D" calculated.

(4) This procedurc was repeated 100 times to give 100

estimates of “D".

(5) The 100 values of '"D" were ranked and the 95th highest
obtained. This then becomes our estimate of d(0.0S)'
It is an estimate because only 100 samples have been
taken. However the standard error of this estimated
significance level at any fixed value of d can be

expressed as

se. (p) =/ (@4R),

where,

the true significance level (0.95)
number of samples (100)

P
N

Substituting these values for p and N gives-a standard
error of 2.18Z. In fact, in repeated trails of the same
experiment 68% of the estimated significance levels at a
true level of 95% would be in the interval 937 to 97Z.
Thus an approximate 95% confidence interval for d(O.S) may

be obtained by referring to the values of d at the estimated 93%

and 97 points obtained from the simulations.

(6) Table F.l gives d obtained from this simulation

(0.05)

procedure for each comparison. Alsoc given is d(o 05) *

one standard error.
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Table F.l.

Comparison

Number

Hypothesis:

Criterion :

Kolwmogorov-Smirnov test results

Groups

Java stations 0.025

Sumatra stations

Small Area 0.080
Large Area

Small Area (1) 0.065
Small Area (2)

Large Area (1) 0.072
Large Area (2)

d¢o.0s5)

0.056

0.060

0.086

0.086

d(o.05)

t* s.e.

0.055
0.059

0.057
0.064

0.080
0.090

0.086
0.089

Accept

Hypothesis

Yes

No

Yes

Yes

There is no significaunt difference between the two

distributions.

D < d¢p.05)
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F.5 Discussion of results

Figures F.2 and 7.3 show that there is little difference in
growth curve grouped according to the rainfall indices AAR and
APBAR. On the other hand Figures F.l and F.4 {ndicate that there is
a possibility that the two groupings, regionality and catchment
area, may have significant differences in their Qr/MAF
distributions. Because the simulation procedurc described above was
time consuming, Kolmogorov-Smirnov tests were undertaken only on the

regional and catchment area grouplugs.

Consider flrstly the results of the regional groupings (Java
and Sumatra) shown in Table F.l. The Kolmogorov-Smirnov "D from
the comparison of the Java and Sumatra distributions of Qr/MAF
{0.025) is well below the 952 significance level of "d" (0.056)
calculated by simulation, even allowing for the margin of one
standard error in 4(0.05).- The conclusion, is therefore, that
there is no significant difference, according to the
Kolmogorov-Smirnov test, in the Q/MAF distributions in Java and
Sumatra. An explanation for thils {s that for return perlods up to
20 years, where the bulk of the data occur, the two growth curves

are very close (Figure F.l).

Above 20 years return period the Sumatra curve 1s steeper than
that for Java. This i{s primarily due to the three most extreme

floods in all 100l station years data occurring in Sumatra:

Catchment Catchment Name Date of Q/MAF
number Flood

431 Batang Agam at Tit{ January 1931 4.598

818 Way Besai at Banjar Masin March 1981 4.476

316 Batang Anai at Kadang Empat  December 1979 4,146

43 Kalf Serayu at Gurung March 1916 3.858

23 Cikadueun at Cibogo November 1971 2.845

These three extreme floods are lmportant when constructing the
pooled curve. Great weight fs placed on these few high Q/MAF values

when fitting the growth curve above 50 years return period.
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However, these polnts form only a very small part of the total
nunber of Q/MAF in each group and there are not enough of them to
reglster as a sfgnificant difference in the cumulatfive frequency
distributions between Java and Sumatra. Hence the rejection of this

grouping of catchments by the Kolmogorov-Smirnov test.

Now consider the results of the Kolmogorov-Smirnov test for the
Q/MAF grouped according to catchment area (Table F.1) in conjunction
with the growth curves shown in Figure F.4. Unlike the regional
grouping discussed above, grouping catchments into those with large
AREA (greater than 600 km?) and small AREA (less than 600 km?) is
significant. The Kolmogorov-Smirnov D for these two distributions,
0.08, is higher than the simulated 95% significant “d” of 0.06, even

allowing for one standard error in “d”.

From Figure F.4 it can be seen that the growth curves are
dissimilar throughout the range of Qp/MAF (except at the MAF).
This is in contrast to the regional grouping, Figure F.l, where
divergence only occurred at high return periods. Therefore within
the body of the two cumulative frequency distributions, the
Kolmogorov-Smirnov test was able to detect at least one part where
the divergence of the two distributions was greater than could have
been expected by chance. In other words there was a large enough
difference in the number of points in one or more particular Q/MAF
ranges (as defined in Section F.4) to declare the distributioﬁs
dissimilar.

With a positive indication that the growth curves of the two
AREA groups were significantly different, these two groups ware
further sub~divided according to AREA. Thus the previous group of
46 small catchments was divided into two groups of 23 catchments
again according to catchment area. The original group of large
catchments was similarly sub-divided. The purpose of this was to
see if the trend of small catchments to have steeper growth curves
than larger ones could be defined further. In other words, could
the data set support four rather than two significantly different

groups of catchments?
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The results of this Investigation are shown in Table F.1. T-
both cases the Kolmogorov-Smirnov difference "D” is below the
sirulated level of d(;.05). These sub-grcupings by catchment ares
show no statistically signlficant difference and the hypothesis that

the growth curves are essentially the same must be accepted.

It is perhaps surprising that there should be a statistical
difference between the two mafn groupings divided at the median area
of 600 kmz, but that no difference between sub-divisions of these
groups can be detected. The most likely explanation for this is
that insufficlent data are available in the smaller sub-divisions to
adequately define the pooled growth curves. These errors in the
sub-divided growth curves would carry forward into the Kolwmogorov-

Swi rnov comparisons so that no clear difference between sub-division

growth curves can be detected.

On the basis of the Kolmogorov-Smirnov tests discussed earlier
and the authors' observations of individual station growrh curves,
it is recommended that the division of the data set into large and

small catchments be accepted as a sound basis for flood estimation.

F.6 Recommended growth factors

The above analysis has shown that there is a statistically
significant difference in growth factor 1f the catchments are
divided into two groups according to catchment area. This section
considers how these results were incorporated fnto the desipgn

recommendations given fn chapter 7.

In order to simplify the application of the recommended growth
curves for ugsers of this report we have replaced the curves by 2

tabulated set of growth factors in Chapter 7.

Thus we have given the growth factor, or ratio Qr/MAF, for a
range of useful return periods, which we feel is easier for users to
apply. The remainder of this section discusses the choice of these’

recommended growth factors rather than considering the growth curves

discussed so far.
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It is important that the design recommendations are hoth easy
to apply and credible. With this in mind three options were

consldered:

(1) Separate design growth factors for catchments greater than

600 km® and those less than 600 km? (600 km? being the

wedian catchment area of all statlons)

(2) A continuous relationship between growth factor, return
period and catchment area over the whole range of catchment

area.

(3) As option (2) but over only part of the range of catchment

area.

Option 1 is the easiest to apply. The user simply decides
which of two curves is appropriate to the catchment in question.
The problem comes around the transition catchment area of 600 kmz.
In reaiity, there 1s unlikely to be a discrete jump {in growth factor
at any one catchment area. Some form of continuous relatiounship is
wore likely. Option 1, therefore, does not satisfy the criterion of

credibility for average  slze cat:thments at least.

Options 2 and 3 require the development of a continucus
relationship between growth factor and catchment area. With only
two groupings of area being significant, the only reasonable
relationship would be a linear transition between sets of growth
factors. Although not as easy to apply as option 1, since a linear
interpolation is required, these two options do recognise that there
is sowe form of continuing decrease in growth factor with catchment
area. Option 2 assumes this trend to be continucus throughout the
range of catchment areas studled. Considering the loosenress of the
relationship and the relatively few catchments at the extremes of
catchment area, and the fact that the four sub-groupings of AREA

failed to produce a significant different growth curves, option 2

wag re jected.

Option 3, which-permits a continucus change in growth factor

over a limited range of catchment areas, was considered to be the
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most credible and developed as follows Into a set of design

recommendations:

(1) The median catchment area was found In each of the

(2)

(3>

(4)

(5)

following three grouping of catchments:

(a) Small catchaents 180 km?2
(b) All catchments 600 km?
(c) Large catchments 1500 km?

Table 7.1 was constructed by linearly interpolating
between the growth factors assoclated with the three

catchment groups in (1) above.

When the catchment area 1s 180 km? or less, the 'SMALL’

growth curve {or the first column of growth factors in
Table 7.1) is used.

When the catchment area is 1500 km? or more, the 'LARGE'

growth curve (or the last column of growth factors iIn Tah!e
7.1) 1is used.

If the catchment area is between 180 kmZ and 1500 km?
lineariy interpolate between two adjacent columns. For

example the 1000 year return period growth factor for a

425 km2 catchment 1s calculated thus:

Q1000/MAF (300 km?) = 4.58

Q1000/MAF (600 km®) = 4.32

Q1000/MAF (425 km?) = 4.32 4;552912333 x (4.58 - 4.32)
(600-300)

Q1000 MAF (425 km?) = 4.47
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