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ANALYSIS OF LARGE-AREA STORMS IH SWA/NAMIBIA

by W.V. Pitman

PREFACE

among the approved fields of study in the Unit's contract
with the Water Research Commission under the heading Floods
studies is the extension of the scope of the HRU Design
Flood Manual to cover arid areas. With this in mind we
acquired the necessary data for SWA/Namibia. I am grateful
to the Weather Office, Windhoek, and to the Consultants,
Messrs. Chunnett, Myburgh and Partners, for transferring the

data to computer cards and despatching these to Johannesburg.

Tn 1979 the Unit issued report NoO. 3/79, Analysis of SWA-
Namibia rainfall data, which provides, among other things,
the input data for establishing flood responses of small
catchments. Report 2/@0 provides design storm data for
estimating floods for somewhat larger catchments. Once the
available streamflow data have been abstracted from the
records of the Directorate of Water Affairs, Windhoek, it
should be possible to complete the task of preparing a Design

Floods Manual for arid areas.

1 am grateful to the Water Research Commission for permission

to publish this report.

D.C. Midgley

Director: Hydrological Regearch Unit April 1980.




ANALYS1S OF -LARGE-AREA STORMS TN SWA/HNANTBIA

by W.V. Pitman

SYNOPSIS

A computer prograﬁuwas written to facilitate selection of
significant large—area storms fFrom the SWA-Namibia daily
rainfall data file. Package program SURFACE II was used

to plot jgohyetal maps of the selected storms. Depth-area-
duration-frequency analyses were performed and the results

presented in the form of co-axial diagrams.

The depth—duration—frequency co~axial diagram developed for
péint rainfalls of durations up to 24 hours in swA-Namibia
in HRU report 3/79 was extended by an additional guadrant to
show point rainfalls of durations up to 5 days and a diagram
was developed to ghow the area reduction factor sO as to

permit point rainfall data %o he used for large area storms.

Guidance in. storm rransposition and application of the diagrams

is given.

Appendix A contains documentation of the programs developed
and Appendix B contains the isohyetal maps of selected major

storms fox different regions of SwWA-Namibia.
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ANALYSIS OF LARGE~AREA STORMS IN SWA/NAMIBIA

by W.V. Pitman

INTRODUCTION

This report is a companion to report no. 3/79 by B.F.C.
Richardson and D.C. Midgley "Analysis of SWA-Namibia

rainfall data'™, which contained a mean annual isohyetal

map and a depth-duration-frequency diagram for point rainfalls

up to six-~hour duration.

In this report the emphasié shifts-to large-area lénguduration
storms. Scrutiny of the results of de?th—areaquration analyses
of 36 well-distributed major large-area storms suggested that
the territory could be sub-divided into three meteorologically
homogenecus regions, viz. North, South and Coastal. For the
North and the South regions co-axial diagrams have been pro=-
duced to define the inter-relationships of depth, area, duration
and return period but for the coastal region, which is very
sparsely endowed with raingauges, resort must be had to a curve
from which the areal reduction factor (ARF) can be estimated.
The adjusted depth of rainfall can then be entered in the depth- |
duration-freguency diagram (taken from Report 3/79 and extended ' '

to storm durations up to 5 days).

THZ DATA

Records from'S?Z'daily—read rain gauges in 175 sections* of {
SWA/Namibia were transfefreﬂ to computer cards in the Weather

Office, Windhoek, by a ljocal firm of consulting engineers under
directions from the Hydrological Research Unit (HRU). Fig. 1

cshows the distribution of the rainfall stations.

Farliest records date from about 18%0 and the closing date
of the data assembled is 1976. In general, the records prior

to about 1913 were merely monthly totals. Most of the daily

* gSections are quarter-degree SJuares numbered according to
the system adopted by the Weather Bureau, Pretoria; rainfall
station numbers comprise the section number and a suffix
number based on position among the 300 possible square minutes
of arc within each section.



rainfall data were recorded in tenths of a millimetre but,
particularly during the period 1940 to 1950, the unit one-
hundredth of an inch was employed. In some of the records there
was freqﬁent switching of the units so that confusion was
inevitable. Of the 572 stations 314 had records that at times
employed both of these units.

An editing program was developed to convert the records all to
the one-tenth millimetre unit and to identify errors, such as
incorrect number of days in the month or lack or agreement
between monthly totals listed and sum of the daily falls recorded

for the month, and various inconsistencies in the records.

Printouts of errors or inconsistencies were returned to
windhoek for clarification. Data sheets had to be sent back-
wards and forwards many times before the material was ready to
be committed to magnetic tape. Copiles of the final tape were
'made available to the Weather Bureau, Pretoria, and to the

authorities in Windhoek.

SELECTION OF STORMS FOR ANALYSIS

The first step was to select a representative station in each
of the 175 sections for which rainfall data were available.
Fig. Z,Showing'the distribution,also illustrates the paucity

of data in the coastal, northern and north-eastern parts of

the country.

The next step was to search the records of each representative
statidn to identify dates on which a significant fall of rain
occurred. A threshold value of 25 mm was selected and a
computer program, SWSTOR, Was written to scan the tape for daily
falls exceeding this threshold. Output from this pregram,
written to disc for further reference, takes the form of a

large matrix with each column constituting a list of dates

of heavy rainfall (i.e. > 25 mm) at a particular representative

station.




Before scanning the matrix for matching dates it was
necesgsary to decide upon a suitable epoch for analyéis.
Although some records go back to the turn of the century

it was not until the 1920s that the spread of gauges was
adequate for satisfactory mappinqépf large-area storms.
Furthermore, during World War II (1939 - 1945) many stations
became inoperative. It was therefore decided to adbpt for

analysis the 30-year period 1947 to 1976.

A further computer program, RANK, was devised to search the
output file from SWSTOR and write out, in chronological order,
each date of high rainfall and the number of stations
(representing sections) at which heavy rainfall was recoxded.
All dates prior to 1947 were ignored, as were dates on which
léss than five sections experienced rainfall exceeding 25 mm.
The latterrconstraint eliminated events covering relatively

small areas.

The print-out from program RANK was thus a list of possible
dates of significant large-area storms. It was still necessary
to establish whether these were cohesive storms or merely
scattered events. At the same time the duration and areal
extent of each selected storm had to be identified. Program
SEARCH was written to scan the file created by SWSTOR and
“pick out the sections (i.e. representative stations) that
yielded more than 25 mm on a particular day. The dates chosen
for this énalysis were, of course, derived from inspection of
the print-out from program RANK. Since storms of up to five
days! duration were to be considered for analysis, SEARCH was
modified to pick out sections experiencing high daily falls
during periods of up to five consecutive days, viz. from two
déys before to two days after the selected storm date. A
typical output from program SEARCH is displayed in Table 1.
Information from these outputs was plotted on section maps of -
SWA/Namibia like the example in Fig. 3. Secticons of high
rainfall are marked on the map with a code for each day of

the duration. TFrom maps such as these it was possible to
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determine both the extent and the duration of each
selected storm. Fig. 4 illustrates an example of a storm
that was rejected because of the dispersed pattern of the

sections experiencing high rainfall.

In all, 36 storms were selected for further analysis. Of
these, three were estimated to be three-day storms and
twentychree five-day (or lbnger) storms. To reduce the
computational effort, two-day storms were grouped with the
three-day storms and four-day storms with the five-day
storms. Later it will be shown how design data foxr two-
and four-day storms were interpolated among the one-,

three—~ and five-day storm results.

Table 1 Example of output from program SEARCH

Sections with rainfall > 25 mm
72/3/14 72/3/15 712/3/16 72/3/17 72/3/18
655 526 490 491 615
739 566 491 530 789
741 568 527 531 1209
827 610 529 565
961 611 566 567
1009 651 - 568 613
1104 652 609 654
1159 655 610 700
1206 698 611
1207 699 612
’ 740 614
742 653
782 654
829 656
873 696
698
701
742
784
1209

ISOHYETAL MAPPING QOF STORMS

To generate ischyetal maps of each of the storms under study,
use was made of the software nackage, SURFACE II, which is
designed to display spatially distributed data. Input is in
the form of a set of data points identified by geographic

co-ordinates (latitude, x, and longitude, y) plus a third




variable (z) which could be ground elevation, rainfall or
any other feature that varies spatially. The basic form of
the graphic display is an isometric map. A comprehensive
description of SURFACE II is to be found in Sampson (1975).

To prepare the data for SURFACE II the computer was programmed
to read the original tape and extract the information for each
 storm. Basic input to this program, SOFTA, comprises the date
of the storm (or dates if the storm lasts longer than one day)
and a list Qf the rainfall sections covered by the storm.

This information was derived from maps, such as Fig. 3, prepared
for each storm. The program selects all stations within the
boundary of the storm and sums the rainfall over the duration

of the event. In the case of five-day storms three runs of

the program were required and two runs for the three-day storms.

Latitudes and longitudes of the stations were derived from
station number in the following.manner. A list was prepared

of the westernmost section in each 'row', starting with section
273 and ending with section 1244 (see Fig. 2), together with
the co-ordinates of the north-western corner of those sections.
Latitude and longitude of the northwest corner of any section
in the territory could then be derived by first placing it 1in
the correct row and then establishing its displacement from
the westernmost section at 30 minutés of arc per section. The
co-ordinates of a station, relative to those of the north-west
corner of the section, are uniquely determined by its positicn
number (éee footnote on page 1) and thus, given the number of a

station, its latitude and longitude can be read by the computer.

Output from program SOFTA, comprising latitude, iongitude
(minutes of arc) and rainfall (1/10 mm) for each station within
the storm boundary, was stored on disc for subsequent use
by the contouring program, SURFACE 1I. Fig. 5 is an example of
a storm isohyetal map produced by SURFACE II. The plot cof the

data points, which can be drawn separately or as an overliay to



the isometric man, provides a useful guide to the reliability

of the surface in areas where data are sparse.

DEPTH-AREA~-DURATION ANALYSIS

The standard way of representing the areal distribution of
storm precipitation is by depth-area curve. Fundamentally,
the method involves determination of the maximum average depth
of precipitation occurring within selected time intervals
throughout the total storm period on areas encompassed by each
closed isohyet. Thus, against a selected value on the area
scale of the depth-area—duration graph, the value of depth
read against a given duration curve represents the maximum
volume of rain that occurred within that duration divided by
the area value selected. The result represents therefore

the maximum value of average-depth precipitation over a given

area within a given period (duration) during the storm.

Planimetry was found to be the most satisfactory way of
determining the areas enclosed by isphyets. Although computers
can be programmed to do the job more rapidly, the manual method
has distinct advantages. Individual storm cells can be readily
identified by inspection of the isohyetal map. Separate depth-
area curves for each cell can be constructed and it is the
envelope of these curves that constitutes the maximum depth-
area curve for the storm as a whole. Unreliable information
 for example, from cells centred on a single isolated station,
shows up on inspection of the plot of stations and can be

ignored.

Since the storm isohyetal maps produced by SURFACE ITI are based
on a co-ordinate system of latitude and longitude in minutes
of arc the units of the planimetred areas have to be converted
from sguare minutes of axc to sguare kilometres. A simple
conversion formula, based on a mean Earth diameter of 6367 km is:
Area {(km ) enclosed by
one square minute of arc = 3,43 cos ;S eeees (1)

where ¢ is the latitude in degrees.




A single conversion factor was computed for each storm
according to the latitude of the storm centre. In this way
errors of overestimation in areas south of the chosen latitude
would tend to be balanced by errors of underestimation in
areas north of that latitude. Furthermore, since ﬁhe max imum
north-gouth range of any storm was never more than about 59

the maximum error was always less than 2%.

Table 2 sets out the depth-area calculation for the three-

day storm displayed in Fig. 5. (For improved accuracy, the
actual working map was drawn to a much larger scale}. Depth-
arearcurves for the one-, three-~ and five-day rainfalls of
this stdrm are plotted on Fig. 6. To ensure uniformity in the
freguency analyses all the depth-area curves were extrapolated
£o éovér an area of 100 000 kmz.

Table 2 Calculation of depth-area curve

Isohyet Area ‘Incremental Ave.? Volume of rain {103m3) Degth of
(mm) . |enclgsed area rain ' incremental] total rain {(mm)
(km?) (km?) (mm) |
; :
175 L o0 o
160 530 590 167 ; 98 530 98 530 167
140 1330 . 740 150 111 000 209 530 158
120 | 7560 i 6230 130 E 809 900 |1 019 430 135
100 |14500 6940 110 763 400 |1,782 830 123
g0 27500 ° | 13000 90 : 1 170 000 |2 952 830 107
60 |53800 E 26300 70 1 841 00O (4 793 830 89
1 ;

REGIONAL SUB—-DIVISTION

Subdivision of the country into meteorologlcally homogeneous
reglons is necessary not only so that the storm data can be
statlstlcally analysed but also so as to define the areas within

which storms may be transposed for design purposes.



The mean annual rainfall map, Fig. 7, provides the primary
pasis for regionalisation. Areas of low mean annual
precipitation (MAP) are less likely to experience the same
number or type of storms as areas of high MAP. As the major
proportion of the MAP in SWA/Namibia 1is generally made up of
quite a small number of relatively severe storms, it may be

concluded that, compared with an area of high MAP, a low

rainfall area experiences either lower fregquency of occurrence

" of severe storms or lower rainfall per storm event Or both.

Fig. 2 shows all the sections for which rainfall data were
available, and therefore the area for which storms could be
analysed. Owing to the rapid fall-off in MAP from east to
west it would not be permissible to transpose storm data from
the interior to the coastal region. An approach to design
storm determination in the coastal region is discussed later.
Tn the remainder of the country MAP increases from south to
north so that regional boundaries could coincide with lines

of latitude.

To establish an optimum number of regional gsub-divisions,

however, three options were tested:

i) the whole country was treated as a single region,
ii) the country was divided into two regions by the
7293 1ine of latitude,
111) the country was divided into three regions by

latitudes 21 S and 24 S.

Comparison of the results indicated that sub-division into

two regions, apart from the coastal strip, was satisfactory

(see Fig. 8).

DEPTH-—AREA—DURATION—FREQUENCY ANALYSIS

The prerequisite of data homogeneity has been discussed but

some attention must be paid alsc to the statistical independence

of +he events to be analysed.

in the process of storm selection, which was aimed at choosing

all the major storms that had occurred in the thlrty year

period 1947 - 1976, it follows that in some of the wet years



m ore than one event would have been abstracted for analysis
while in some of the drier years no events were accepted. In
the analysis of events such as floeds and droughts (which

are resultant rather thanlcausative events) it is usual to‘
select events that are separated>by a stated minimum time
peribd, to ensure mutual independence. In the current study
all storms were deemed to have been indepéndent events since

it is a matter for conjecture whether either onset or magni-
tude of a storm is significantly influenced by the occurrence

of an event a week or so beforehand.

The storm data abst;acted therefore conform to the requirements
of a partialLduration series as distinct from an annual series
(requiring selection of a single event for each year). Unless
one is concerned with events of high frequency (low return
period) the difference between the recurrence interval or
return period (measured in vears) determined by the two sampling
procedures is small. If Ta and Tp are return periods based on
the annual series and the partial duration series respectively,
then, at-relatively large valugs, ’I‘a - Tp is approximately half
a year (Langbein, 1949). For example, an event estimated from
a partial duration series to have a return period of 50 years
would be found to have a return pericd of 50,5 years if cal-

culated from the annual series.

Choice of frequency distribution was facilitated by plotting
the ranked storm data on a variety of probability papers. The

results indicated the most appropriate to be the Gumbel distribu-

tion for which the cumulative density function fc.d.£.) is
given by:
F(x) = —a +cy  esesseasenn haeaaeee (2)

in which the reduced
variate y = -1ln (—ln(l—%) )

T = return period

/6

C'—';G

a = yo — i

0 = standard deviation

U = mean

Y = 0,57721... (Buler's constant)
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In fitting the data to the Gumbel distribution, the
return period T (years) is usually calculated according to
the Weibull plotting position formula, viz: )
e n + 1

m 2
where m is the rank in the descending array and n the number
of years of record analysed. Gumbel probability paper is
constructed with co-ordinates to a natural scale for the
observed variate f(x) {in this context, depth of precipitation)
and on the horizontal axis a non-linear scale in T such that

the reduced variate equation (2} plots to a linear scale.

The first Step“in the frequency analysis of the dépth—area—
duration curves for each'regioﬁ was to select a range of
areas, viz. 100, 200, 500, 1000, 2000, 5000, 10 000, 20 000,
50 00C and 100 000 kmz. -For each area, corresponding average
precipitation depths weré,ranked in descending order and
assigned plotting positions according to the Weibull formula.
A straight line was then fitted to the data for each area

- and duration to yield the appropriate frequency distribution.
Fig. 9 illustrates some typical plots of storm depth against
return period. The close agreement of the data points with
the fitted straight lines providesﬁvisﬁal corroboration of the
suitability of the Gumbel =.d4.f. to represent. the frequency
distribution of data of this type. '

CO-AXIAL DIAGRAMS

For each of the trial regions (see Fig. 8) precipitation values
were read from plots such as those in Fig. 9 for recurrence
intervals of 5, 10, 20, 50 and 100 years, for each duration
{one, three and five days) and for each selected area of storm.
The results were condensed for convenience of the user into

the single ccaxial diagram shown ih Fig. 10. Construction of

the coaxial diagram follows:

As shown in Fig. 10({a) the three-day depth-area-frequency
values for a region are first plotted on semi-log paper without
the parametric lines denoting return period. The vertical axis

(precipitation to natural scale) is then rotated counterclockwise
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through 90%. If precipitation is now read on the new
horizontal axis, a 45° 1line through the origin in the
second guadrant will represent the three-day duration
parameter. To £ill in the parameter lines for other

durations the procedure is as follows:

On the horizontal lines drawn through each plotting positicn
in the first gquadrant, and extended into the second quadrant,
as shown in Fig 10 (b), are plotted the eguivalent

one-day and five-day precipitation depths. Straight line
rays are interpolated by eye to represent the duration
parameter‘in-the second quadrant. As may be seen, the

scatter about these lines is fairly narrow.

As shown in Fig. 10 (c),the positions of the parametric lines
representing‘recurrénce interval are then optimized by
plotting, in the first guadrant, new positions for the oﬁe—
and five-day durations such that all scatter about the lines
- representing duraticn is eliminated. The process is the same
as before, except that one now enters the coaxlial diagram

in the left-hand guadrant and plots in the right-hand
quadrant.- There are now three points for each plotting
position in the first quadrant and optimum parametric lines
of return period can be drawn such that the scatter bf the

plotted points is minimised, as shown in Fig. 10{cy.

Parametric lines for two- and four-day durations are derived
by intérpolation. The rays in the second gquadrant of Fig.
10 are graphical représentations of mathematical ratios,
provided they.pass through the origin - which they do. For
any combination of return period and area, therefore, the
precipitation depth for a given duration may be expressed as
a factor multiplied by, say, the one-day duration depth.

If these factors, or ratios, are plotted against duration, a
1ine drawn through the points can be used to interpolate the
two- and four-day ratios, which can in turn be employed to
construct the corresponding parametric lines of duration.
rig. 11 illusfrates such a graph. By plotting duration to

a logarithmic scale the growth of rainfall with time can be

fairly accurately represented by a straight line.

o
e
B
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Final selection of regional boundaries was facilitated by
visual comparison of the six coaxial diagrams, i.e. for each
of the trial regions depicted on Fig. 8. A marked difference
was noted between the coaxial for storms north of 22° and

+hat for storms scuth of this latitude. However, when the
country was split into three regions, there appéared to be

a negligible difference between the diagram for the central
region bounded by latitudes 21° and 24° and that for the
region scuth of 24%s. It was therefore decided, at least for
the interior, to adopt a sub-division into only two regions,
viz. north and south of latitude 22%g. The coaxial diagrams
applicable to these two regions are presented as Figs. 12 and
13. Fig. 14 is the coaxial diagram based on analysis of all
storms in SWA/Namibia, i.e. without regional sub~division.

" Information from this diagram was employed to derive a general
curve relating'areally averaged rainfall to point rainfall.

Derivation of this curve is explained presently.

EXTENSION OF POINT RAINFALL ANALYSIS

HRU Report no. 3/7% described in detail the analysis of daily
maximum point rainfalls for SWA/Namibia, resulting in the
presentation of the coaxial diagram from which can be estimated
extreme rainfalls of durations ranging from six minutes to

one day for return periods from two to a hundred years. It

is necessary now to extend the point rainfall study to cover
duratlons of up to five days soO that point rainfalls can be
compared with areally averaged rainfalls over a full range of

storm durations.

Analysis of three¥ and five-day rainfalls at each station
proceeded along similar lines to those described for the one-
day extremes in HRU Report 3/79. Since a relationship had
already been established in the earlier study between MAP

and extreme one-day rainfall, the precipitations during storms
of longer duration were related to the one-day rainfall in

the same way. For each record analysed the 3-day to l-day

and 5-day to l-day ratios were computed for return periods

of 2, 5, 10, 20, 50 and 100 years. Although there appeared

to be, on average, a slight increase in the ratiocs with
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increasing return period the trand was sufficiently slight
to be ignored. There was, however, a significant tendency
for stations having relatively high MAP to exhibit higher
ratios than those for stations having low MAP, although
there was appreciable variation -from station to station

(see Fig. 15).

Notwithstanding the fairly wide scatter of points on Fig. 15
the trend of increasing mdltiple—day rainfall with increasing
MAP is logical from a consideration of the causative precip-
itation. In areas of very low MAP,atmospheric conditions
favourable for rain are not likely to persist for very long.

As one proceeds into areas of higher and higher MAP, conditions
for more prolonged rain are bound to be enhanced. A simple
analysis of average numbers of rain days (per year) at
locations of differing AP would illustrate the point. Further -
proof could be had from comparison of the coaxial diagrams,
Figs. 12 and 13. The left~hand guadrant of Fig. 12 (northern
or high rainfall zone)-indicates a more rapid increase of
rainfall with storm duration than does Fig. 13 which is

applicable to the southern or low rainfall region.

The smooth curves in Fig. 15 result from fitting to the data

equations of the form
Y = a + b log x e e eaeaa (3)

where vy is the ratio of the multiple-day to the one~day rainfall
X is the MAP and

a and b are constants associated with a particular duration.

Curves for two- and four-day ratios were interpolated on graphs

similar to Fig. 11 for a range of MAP values.

Finally, Fig. 16 was constructed. The upper two quadrants of
this four-quadrant coaxial diagram are an exact replica of

Fig. 10 from HRU Report no. 3/79. The lower two quadrants,

based on relationships determined by the present analysis, enable
one to estimate point rainfall for any recurrence interwval

anywhere in SWA/Namibia for durations of two to five days.



0. AREAL REDUCTICN FACTORS

A simplified approach to storm design is to estimate an'areal
reduction factor (ARF) which, when applied to the appropriate
point rainfall value for the given return period, will yield
the average precipitation over the éroblem area. This method
is best suited to relatively small areas (up to say 1000 kmz).
As a large-area storm analysis was not possible for the coastal
strip, because of inadequacy of data, the method just described
offers a way out for this region. The method of computing ARF '

follows.

First, the highest poiﬁt rainfali at the peak'of éach storm cell
was identified for all storms analysed. Hext, point rainfalls
(for each duration) were ranked in descending order,-assigned
plotting positions and plotted on Gumbel paper as shown on

Fig. 17. The fitted lines can be construed as frequency dis-
tributions of rainfall'averaged over a zero area, as distinct

from those for finite areas as displayed on Fig. 9.

The coaxial diagram, Fig. 14, depicts the results of a depth-
-area—duration~frequencY analysis of all storms studied and

can therefore be ;ompared with the depth-duration-frequency
analysis of maximum point rainfalls indicated by Fig. 17.
Average rainfalls over areas ranging from 100 to 100 0QO kmz.
and return periods from-2 to 100 years were read from Fig. 14
for durations of one, three and five days. Comparison with
equivalent point rainfalls (Fig. 17) revealed no correlation
between ARF and return period. Furthermore, the computed

ARF's appeared to be independent of duration, hence the only
parameter influencing ARF was the obvious one, namely area.-
Fig. 18 depicts the relationship between ARF and area. Although
the curve is extended to cover areas up to 100 000 km2 it would
be unwise to adopt +his method for such large areas (see later).
In any event areas of interest along the coastal strip, for

which this graph is primarily intended, are unlikely to exceed

a few thousand square kilometres.
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DESIGN APPLICATIONS

A compariscon between the point rainfall diagram (Fig. 16) and

the coaxial diagrams fox the two regions (Figs. 12 and 13} reveals
what, at first glance, appears to be an anomaly. For comparatively
small areas the regional graphs yfeld higher rainfalls for

given return periods than those given by the point rainfall diagfam.
The reason can be ascribed to differences of apprcach between the
analysis of large-area storms (the regional method) and that of
small-area StOrms (the point-rainfall method). The two methods

are described in what follows.

R egionalization in‘the inland area implies that a storm in one of
fhe regions could have occurred anywhere within the boundaries of
that region. When designing a storm over a particular area of
interest (e.g. river catchment area), the inherent assumption in
using coaxial diagrams sﬁch as Figs. 12 and 13 is that all storms.
in that regicn were centred over the arxea of interest. This
assumption is bound to lead to over—design espeéially on relativeiy
small areas. As the area increases, howe?er, the degree of over-
design diminishes and tends to zero as the storm area approaches

that of the region as a whole.

Byicontrast, the point rainfall-ARF approach would tend towards
under-design, especially as the storm area increases because the

inherent assumption now is that'only storms centred on the area

" of interest are relevant. This can be explained by the fact that

point rainfall analyses'are confined to falls measured by a single

‘gauge, whereas heavier falls occurring possibly as near as a few

kilometres away may have been ignored.

The two different methods of storm desigﬁ therefore represent
diametrically opposed approaches. The storm region method

allows maximum flexibility in storm transposition whereas the
point rainfall-ARF method permits no transposition whatever. An
accurate way of overcoming the problem would be to re-analyse

all the major storms situated - but not necessarily centred -
over‘the area of concern. The depth-area calculations would have
to be coniined of course to eveﬁts within the boundaries of the
problem area. The process would be extremely tedious and probably

not worth the extra accuracy achieved.
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It is therefore important that for the design of small-area
storms the point-rainfall-ARF method (Figs. 16 and 18) should
be given the greater weight whereas when designing large-area
storms the user should give maximum weight to the apprepriate

regional coaxial diagram (Figs. 12 or 13).

Fig. 19 is offered to assist the. designer to accord welilghts
suitable to results derived from the two different methods.
An example of how Fig. 19 may be employed is described below.
{In the coastal region one would have no option but to refer
to Figs. 16 and 18).
EXamgle: _
Estimate the 1:50 year one~day rainfall averaged over a
SOOO—km2 area situated in the Southern region of SWA/Namibia

where average MAP is 200 mm.

1) 50-year point rain (Fig; 16) v 120 mm
ARF (Fig. 18) : 0,71
. » Average rain = 0,71x120 = 85 mm
2) Average rain - South region (Fig.13) : 110 mm
3) Weighted average (Fig. 19) = 85x0,32+110x0,68
= 102 mm

DOCUMENTATION

Appendix A contains the user's manual for program SOFTA and

other relevant documentation.

Appendix B comprises a library of storms and should provide
valuable guidance to the engineer who may wish to design a

large-area storm for flood determination purposes,
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Fig. 7 Mean Annual Rainfail ischyetal map
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APPENDIX A

COMPUTER PROGRAMS -

Three of the computer programs employed in this study were
written with the sole object of identifying the date and
location of major large-area storms, viz:
SWSTCR : Scans the tape for daily falls exceeding 25 mm
and writes on to disc a matrix with each column
constituting a list of dates of heavy rainfall
{i.e. >25mm) at a particular representative station.
RANK : Searches the output file from SWSTOR and writes
out, in chronological-prder, each date of high
rainfall and the number of stations recording more
than 25mm
SEARCH : Scans the file created by SWSTOR and picks out
'stations that yielded more than 25mm on each of

five consecutive days.

Output from these programs has been retained on file at the HRU;
it is therefore most unlikely that a need will arise for SWSTOR,
RANK and SEARCH to be run again. Accordingly, this appendix does
not contain detailed descriptions ({(i.e. user's manuals).of these

prograns.

Program SOFTA, however, may be used to abstract storm data from
the tape for wvirtually any period and location in SWA/Namibia.
For instance, given the dates of known floods at a streamflow
gauge, SOFTA can be employed to abstract the relevant data of the
causative rainfall over the catchment. Such information would be
required to develop design data and quelling technigues fof the

prediction of flood response in SWA/Namibia.



A2

Qutput from SOFTA, comprising latitude, longitude and rainfall for
each station within a pre-selected boundary, is stored in a format
suited to the requirements of the contouring program SURFACE II.
Therefore, a brief guide toc the use of SURFACE IT in the preparation
of isohyetal storm maps is presented hereunder. A fully compre-
‘hensive user's manual on SURFACE II is to be found in Surface IT .
Graphics System(Sampson, 1975).

Operation of program SOFTA

Primary input to SOFTA is the magnetic tape HRUSWA, containing
572 records of daily rainfall. The format of this tape is
similar to that of tape SWADRN, described in detail in Appendix
B of HRU Report No. 3/79. The sole difference between the two
tapes is that SWADRN is a labelled tape (one label per section)
whereas HRUSWA is an unlabelled tape.

The other standard input to SOFTA comprises the index of sections
situated on the west coast of SWA/Namibia together with the
co-ordinates of the north—westefn corner of those sections. This
data set, called ANNINDEX, is displayed in Table A.l.

Table A.1 Data set no. 4 required by program SOFTA
(file ANNINDEX)

1 273 1710 960
306 1680 °© - 930

3 341 1650 900
4 377 1620 . 900
5 413 1590 900
6 449 1560 870
7 486 1530 870
8 523 1500 870
9 562 1470 870
10 604 1440 840
11 647 1410 840
12 691 1380 840
13 734 1350 840
14 778 1320 840
15 822 1290 810
16 866 1260 810
17 910 1230 780
18 955 1200 780
19 999 1170 750
20 1045 1140 750
21 1092 1110 720
22 1141 1080 690
23 1192 1050 690

~a 11244 120 690
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Additional information required by SOFTA is listed in Table A.2.

These data, read from file 5, comprise a list of storm dates and

a tabulation of sections defining. the limits of the area to be

gsearched for storm data.

Table A.2 Input data for program SOFTA

lData set

Line number| Format; Symbol Units Description
number ' !
2 (Tape HRUSWA)@ Rainfall data
4* 1-24 I2 :INDEX(L,l) - Sequence number
5 | INDEX (L,2) - Section number
I5 INDEX (L, 3)| minutes| Section latitude
I5 INDEX(L,4)| minutes| Section longitude
5 1 12 LST days |Durxation of storm
2-(LST+1) 12 - IY¥R . years)
12 IMON %months) Dates of storm
T2 IDAY . days)
(LET+2) ) LINES E - | Number of rows of
: ; sections
(LST+3)—J I2 -LIMIT(I, )%- - L.H. section in row
(LST+LINES+2) I2 LIMIT(I,Z); - R.H. section in row
i

* Jata set no 4 is file ANNINDEX, displayed

in Table A.1l

The source listing of'program SOFTA is presented as Table A.3.

A typical sample of input data, together with the Job Control

Language (JCL) required to execute the program, is listed in

Table A.4 and the corresponding output is displayed in Table A.5.

The stored output is retained on disc for use by SURFACE II. This

output is written to file no.

1 (see JCL in Table A.4).
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Table A.3 Source listing of program SOFTA

¢ R ARk Rk MAIN PRCG ek SOFTA Rk kxaokitiokkdk

COMMOUNFANN/ Y, Ny MM gMd,N T _
DIMeNsTON LIMITO15,2), IYR{ 10D, 1MoN( L)), 1oAaY(LN)

L
© _
C QEAD HAINFALL TAPE ON MM. s Y INPUT N M ««WHITE ON N- -
C TAPE OUTPUT FOE CCNTOUKR PLSGT CN Ni=l, ReAD INDEYX FROM M4=4
¢
M=5
N=6
MM=2
' EER ]
Ni=1

READ w,8999) LsT
09 14 L=14,L=T
14 READ s 3303) IYR{L)IHLON(L),,IDAY(L)
099y FoRMAT( 372
LIMITS FOR INGIVILUAL STORs BY SECTION NUMBERS
T LINS3=NO OF ROWS

000

pO 11 I=t, 15
Do L2 J=li, 2
12 LiMIT{¥,J)=0
11 CONTINUE
KEAD( 14,1000 ) LINES
1079 Furaar(12)
G 13 T=1,LINES
10 RE.‘\D(M'EO“Q’ (LIMIT(IQJ"J:’.’E)
200 FIRMAT( 274)

CHECHK

O 00

WA ITE( N, IV0N)Y LINES
DO 20 T=1,LINES
20 WRITE(Ny1000) (LIMIT(L,J),J=1,2) _
3000 FORMADC /720X, CHECK ##¥ixks LINES= ',12/)
4000 FORMAT( 10V ,273)

(SIS

IF(LINE3-LEL.153) GC 1O 130
AR ITE( N3000)
3091 FORAAT{ /71X, 'TCO NMANY ROWS — sSTODPt)
sTae
40 IHID=LTIMIT(L,2)-LIMTTI(1i,1)}
LU 0l I1=2,LINES
o IF((LIMITOL¢2)~LINITCI,13)eaGTaInID)Y TwYID=LIMIT( I42)-LIMIT(I,1)
[F{ININ.LELI0) GG TO 41
WRITE( N,6000)
6NN0 FURMAI( //1X,7TOC MANY CCLUMNS - [90 WIDE - 3TI0OPY)
STIOP
10 CONTINUE

)

CALL STORME IV R, LMCN, INDAY, LINES, LIMIT,1LW1D,LST)
S5TaPp
END



Table A.3 continued A5

SUBRUGUTIND STORKA{ IYR,{MON,10AY,LINES,LTMIT,I¥ID,L3T)
CUdAINTANNS 4y Ny MMy M3, N1

DI MENSTON JYRCINO I, MONINN I, ITHTLNTG I, NDCAA),Np( 1)
DIMENSTON LIMIT(E3,2),LAIN(13500,3)

GIMENSTON INDES(24, 1), 1Y2(10 ), TMON{1T), IDAY{1L")

1

LaTA oL /14 /

fLL=0
k=1
IFIN=1
J3TAF=0
Jspee=N
iy 30 E=1,13209
D) i) J:lga

50 LAIN(Lgd)=0

10 CONTINTE
TALN=2

D 12 L=1,LST
12 WRILE(N200GN) IYR(CLY, INMCN(L), IDAY(L)
.20']0 i'JN\IAl(/%‘{,")ATh is l,{],'/' '{3,‘/"1:’//)

C
C  UsE H#ILLTS WMETHCD FCR DATA READING
c ,
C
630 CUNTINUE
1 n+LTa809) GC IC A0
JYR(1LDI=JYR(R2I )
MON( L )=MONC =TG)
JTuf( 1¥=1T31(453)
K=1 ' )
531 K=k + 1 _
READ( €M, 1000, ENG=392) JYR{K) y#ON{(K), JTIOT(K), (NI D), NP{T),I=1,10),
IhSEC, KPOS,KVYR, KMCN, LY, LMCN, 8 -
1990 FORAAT(2T2, 06, 1700 13,T4),T1,2I4,2015,13),2X,4a1)
C 1r(JYR{RIGTL30) JYR(K)=JYR(K) — 199 '
IF( 4. EQe.NL) GO 14 30N
c :
¢ HEADER oF 30ME TYPL GO T %00 EFLSiZ DATA
C _ _ '
LECIFIN.EQ.L) 3¢ 1IN a1
G o 3Nt
C
€  HBALER TEST
C A
IV COUNTINTIE
¢
T NEW 3TATLON??
C
IF{ aPOSEDL.I3TAE)Y GO IC 600
- .
COYES
<

IF( iFIN-EDa1) G TO 799
C Wl FE(N,3911)
3911 FORMAT( /10X, 'NC EATA')
7940 CONTINUE
Li-IN=4
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Table A.B continued

C

C NrkWw SECTLONW

c
JSECF=KSEUY
JSTAF=KPOS

. -
ILL=TLI *1
IF(ILLEG.373) G0 T 149

C .

C CHECH FOR LAST SECTITON IN AREA

C
IF(xseCemTLIMIT(LINES,2)) O TO 993

C
IF( asnCLTLIMIT(1,1)) G2 TO 090
IYES=Y '
DG 51 ¥T=1,LINES

51 Ik((JﬁFCF.GE.Lin{T(T,i3).AND.(JS£CF-LE.L[M{T(1,2))) IYES=1
TECLIYES.NE.D} G0 TO 6) ‘ '
LALN(IRATN,1)=7
Gu Tu 607 -
53 CONTINUE

LREM=0

C

C FRITE{N,3N1N) wRSEC,KPOS

3310 FORSATL /7 / /10X, *SECTION 1,113,220, STATIONI POSITION ) L4/
LALIN ERAIN, L )=JEECF ‘
LAIN{LRAIN, 2)=J3TAF
GO T 607
401 CONTINUE

sxkuk  DATA kksokdckks

oOa0oa

Do 14 L=1,L=2T
(120K )aFO. IYR(L))e ANDL(AGNC K)o EQLIHONC L) Y)Y GO 10 525
G Tu 14 .

325 CUNTILNUR

) Lik =L

CHECK FfOx DATLY

Gy 030

1161I=0
py 20 T=1,10
IF{NP( TI.LT.D)Y GG TG 22

20 1TOoL=LTOT + ND{ 1)
IF( ATUT.GTaN)Y G TID 21

C WRITE{ Ny2N502) JYR{ K)y MCN(K)
20540 Forda T( /7 Fkdickdokedrd® N JATLY VALUES 19%,12,2X, " MONTH t 12/ )

LEIN=i) '
Gy TO 14

22 CONFINULE

21 CONTINUE

EASCH FOR DAY

(@]
W

| 3 LA[N(TRAISE,I)'EO-U) GO TO 26
pa 25 T=1,10
[F(ND{I)-QE-IDAY(L!) GG TG 25
IF{NP{ T}.LI=0) GG TO 25

< SRITE(N, 1N NP(I)
e smc raiarwm By—wDl T AT ATNO IRAINS.TD)
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Table A.3 continued

[
26
I 4
ik
33
C
A
w7}
C
C
H2
HIb T
C
43494
[
nl
C
C
49 1)i}
4011}
H1)
1910
C
C
10
2N

CUNTLINUE

CONTLNUR _
[F(LREMSNELLST) GG TO 690
IFIN=1

ITF{LALNCTRATN, 1 JoEQuaNeORLAINCITRAIN, ) BY.N) GO IO

[RALN=IRATN®L -
LE(1RATIN.LE.1300) 20 10 33

Wl FE( Ny 93109)

FORMAT( /1Y, TARRAY RALIN TOO sSJ4ALL  STaPY )
s10P

CONTINUH

Gu Tu 609

WRITE N,HBNT0)
FORMAT( /1Y, "DATA ENDSY/)
LAINC L LI=IRALIN-2

30 ol L=1 [] 21
RibAD{ {33538 3) (INDEN{L,d3),d=i,1)
FURMAT(T2Z,I13)

AE3IS=LAINC1L,1)+1
WRELE( 6,40733) LAIN{1,1)

FORMATO FIDXN P LENGTH OF FYILE = *4,13/)

DO ol T=2,d4HS3S
CALL COO2BULAINC I 1LY, LAIN(L,2), Ld0EY)

WRITE(N,1900)

FORMATO JIDY ' RATN ARRAYY L10X,YLAT LONG RAINY/ D
Bu oy I=2,MES3S

WRITE(NL, 1011 (LAINCIL,J),d=1,3)

FORJAAT( ITF)

WRITEL No3010) {LAIN( L, J)ed=1,3)

FORdAT( 33X, 3153)

RETJIRN

END )

SUHROQUTTNE COOQRD{ ISEC, TPQS, INDEY)
DIMENSTOT TNDES{ 24,43

DU 10 L=1,24

IF{ INOEY(L,;2)sLELIZEC) GO [U kD

LL=L - 1

GO o 2n

CUNTINUE

LL=24

LATS=INDEX{LL, 3)

LUNS=INDEX{LL,-4) + { I3EC - INDEX(LL,2)) % 30
LONG=LONS + ((IPos + 24 / 30)

LATG=LATS + 1PGS + 33 — (LONG - LuNS %0
ISEC=LATG

[P0 3=LONG

KETURN

END

4040
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Table A.4 Input data and Job Control Language for execution

of program SOFTA

//RCJISOFTA JOB 12,CLASS=K

/*SETUP TAPE= (HRUSWA ,NO RING,NL}

/ *JOBPARM R$43,LINES=9999 :
//STORM EXEC FORTXCLG,REGION=512K,TIME.GO=20

//FORT.SYSIN DD *
C kxxskxkEEx  MAIN PROG k% QOFTA %%  kkkkkxkxkx

(Source listing of SOFTA: see Table A.3)

-

END

/*
//GO.FTO5FO0L DB *

3 .

720315

720316

720317

8

489 494

526 532

565 572

608 615

651 658

695 702

738 745

782 787

//GO.FTO2F001 DD UNIT=TAPE,DISP=OLD,LABEL=(,NL),
// VOLﬁSER=HRUSWA,DCB=(RECFM:FB,LRECL=80,BLKSIZE£6400)
//GO.FTO4F001 DD DSN=ACM.HRUOL2.TEMP (ANNINDEX) ,DISP=5HR,
// LABEL=(,,,IN)

//GO.FTO1F0O01 DD DSN=ACM, HRUC12.TEMP (LT720316) ,DISP=0Ld,
// LABEL=(,,,00T)

/ /GO .FTO6FO01 DD SYSOUT=A

//
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Table A.5 Qutput from program SOFTA

Clbon SRR

43y d24

Sotn DS

T)Lfal“.s J?,_’,

U Lo

ool no>s

oo Juld

748 740

Psl2 Iad
DAL i 12/ 4/ Lo
DAl I T2/ 3/ 1o
valre 13 77 2/ 11

oA T NS
LENGTIH or Fiine = 135

WAl

A

"1 " lJ ‘i .;-b

Loaso
iotd
1oz 2
1303
inousl
Lood
iaoid
inod
1554
loi
ist?
Lol
tosd
Lous
loua
Ioid
10w
1027
LAY
foLd

Loina RAEN

372

- 3N

A0
11t
12vid
FRRE A
1932
lua7
[ R Yt

15
Jal
id0o
1003
LoD
ivbo
V14
L1i2
1117
Li.gs
11 io

4+
JsU
+ai)
329
43D
God
Jiy
ENLY;
oo
545
ol
332
D0
SYEE
279
Anb
33D
155
FASIY
i-to



Table 2.5 continued
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1470
147
i+

+ 41

[

+ 7D
400
470
-t o4
+ 77
& i7
441
175
173
377
4t
144 >
{407
L4749
14t 4
{404
Lyh
1+a7
1439
14+
L+ud
14071
{20l
L+4™
Lion7?
1440
1450
Ld42
I &40
140t
L410
140l
1 +47
L4044
1422
ity
L el
1423
441
iL4i0
1432
142
1:41 3
£ 2.3
1417
144
PR .
1417
fall
1424
14aJdl
41
422
Ld3o
Loga
| IR EP)

| i et

el

p—

B
dJdl
1Jdad
Ly
L2z
U440
154
1 tifad
ildol
iU75
LU
17
1131
L3z
dFo
17
dad
JJ
E)irs
1:1a
icbad
L' o)
107
Laras
e
il1us
L lub
Pidds
iiLd
iilo
114
1141
147
lind
liod
1171
11id3
iltus
EIYY)
o ¥
1:9-3¢)
Ldol
Lo}
172
LJ377
1J7.s
Pidbaa
IEE
LOd+
I
iill
1lib
Ltz
Liasl
ildo
1132
Lion
37
Py
1ti.sl

401
DO
;:5._115
pito
1 40
11al
P20
3t
doy
odJdid
LYV
351}
Ll
BEN
To)
Siaid
lou
EWAY)
aluy
235
Land
igou
Tuoo
324
R
415
LI
a4.2
54
ol
T4
406
Jdo
LT
a5U
2w
L9
Sii)
40D
SoD
Jod
sUL
l1doo>
Loy
[SELRY]
»yid
ELPRY)
719
03D
355
+J D
Doo
wl
3ol
bou
it
3o
Loo
EI 3]

aan
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Table A.5 continued
' ) ' o 1404 1do3 1750
1aosi 1072 200
Lais 1976 Jod
1484 1usl  ©muUbd
1302 10=2 T35
o7 1uU3s 225
1405 1043 3B20
L4y 1127 - 855
1304 1141 650
L3OD IV 53
1do02 75 tad
ta34 1007 420
1353 101l 70
1355 1025 450
Labd 192 T42
tion 1040 35D
L 3o7 1u43 3580
1371 1934 oBY
1302 1047 913
1376 0ol 1601
1a67 LUTu i5>
ide%s 1022 L1050
1475 LOBd 1uU4b
1377 1ii4 555
1369 1122 1040
1360 1123 420
1337 1133 344
1Jdos 1133 395
1379 1154 307
1359 1156 420
1375 1175 687
Li3el L1135 214
13406 Jod 460
1442 w63 d2uU
1347 $79 7U
1334 9N 30
1323 93 41U
1345 1002 o3
1343 1000 90
1441 1009 Tus
1334 1014 1ol
1321 tu32z  2u@
i34% 10345 2350
13as 1040 20
1423 1035 S5
1330 1933 340
{dau 10358 315
1330 1067 220
1327 1034 45
1345 1i02 340
t341 1113 259
1324 1117 260
1340 1113 430
1322 1134 130
1448 L1138 210
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Operation of program SURFACE TI

There are altogether more than sixty user commands associated

with SURFACE II. These commands allow the user to specify which
plot option to perform, how large to make the display, how to
calculate values in the grid matrix, where to f£ind the input data,
how to read the data, and so forth. Associated with most commands
is a list of parameters, many of which have pre-assigned values
and it is not necessary to define tﬁem unless the user wishes to

change their pre-assigned values.

A brief description of the twelve user commands employed by the

author to construct ischyetal storm maps is given in Table A.6.

Table A.6 SURFACE II commands

I Command Description

. TITL Accepts a 6C-character alphanumeric phrase which
ﬁ : is used to label the printed output and any plots
| that are produced by SURFACE IT.

IbXY Reads sample data points, ID labels and posting
symbols into an array in memory.

BOX Draws and labels tick marks around the border of
| a posting or a contour map. -
POST Generates a posting of the sample data points
CINT : Specifies the spacing, annotation and labelling
of contour lines.

GRID ~ Generates a grid matrix of estimated 7 values from

irregularly spaced X,Y,Z sample data points.

EXTR : Defines the ¥ and Y limits of a grid matrix, or

the boundaries of a posting.

SIZC Specifies the physical size of a contour map Ox

: posting created on a plotter.
DEVI | Prepares the plotting device to accept instructions.
CONT % Generates the instructions used by the plotting

| device to make a contour map from the grid matrix.
PERF ' Initials processing of SURFACE II commands
STOP Halts execution of SURFACE II.
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An example of a job set-up to run SURFACE I1I is presented as

Table A.7. The first parameter of IDXY gives the number of data
points to be read iﬁ‘(l48), while the last parameter is the format
of the data - '(2F5.0, F5.1)'. The Box parameters indicate that
tick marks should be made every 10 units with every third tick
labelled. The third parameter of CINT gives the increment between
contours (20mm) while the firstrthree parameters of GRID indicate
that the distance between rows and columns of the grid matrix

is 5 minutes of arc. The four parameters of EXTR are respectively
X-minimum, X-maximum, Y-minimum and Y-maximum of the boundary'of

the plot {1320, 1560, 960, 1110).

The parameters of SI2C give the scale of the plot as 32 units
per inch. The data in the form of latitude, longitude (minutes of
arc) and rainfall (1/10 mm) constitutes the stored output from

SOFTA (see Table A.5).

Table A.7 Example of job get-up required for execution of SURFACE I1

/ JWVPSURF2 JOB 12,CLASS=A,MSGLEVEL=(0,0)

/*JOBPARM R=43

// EXEC SURFACE2

//CONTROL DD *

TTTLE SWA THREE - DAY STORM DATE 72/03/16
IDXY  148,20,3,,,s,,,, " {2F5.0,F5.1)"°

BOX 10,3,10,3,

poOST 0,0,0.1,0.1,1

CcINT ©,0,20,0,1,,0,

GRID . 1,5,5,0,

EXTR 1320,1560,960,1110

s1zc 0,32,

DEVICE 5,'BILL',9999,29,,

CONT

PERFORM

STOP

//DATA DD *
1536 972 404
1543 980 380

X,Y,2 matrix produced by SOFTA

1342 1154 130 {(see Table A.5)
1348 1138 210

s

P N N e

Taple A.8 lists the printed output from SURFACE II, while Figs.
A.1 and A.2 display the plotted contouxr map and posting of data

U RN
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Table A,8 Printed output from SURFACE I1

SwaA THREE — 0A2Y sEuxM UBATE T2/90a/ 16 DATE 4/<23780 TINE 14212257
dpmgxEkEyx INPUL X=~Y-Z DATA POINTS *xwkxkkxik
THE ANUNBEKR oY INPUL VARLEAUGLES 1S |
X Is VARIABLE i
Y I5 YarlABLE 2
L IS VARLAbLE J

TDENT. WwiLlL Bk SET TO SAMPLE NUNMBER
NU VARLAJGLE SPECIFILED FUul WAP SYMBOL

NO CHECK WILL ok MADE FOR MISSING DATA

FURNAT uF DALTA 13 (2F3.U,F3.1)

THE Ndudkik UF UDATA PQINTS TU BE READL IS 143
THE X—-Y—-Z DATA PuINTs wlbLi oE REAUD FROM FiLe 2V
NU SUBSET sﬁtClFlED

P it T R T T e P R T TP T

THE X—aiNIMUM OF X-Y~2 LATA IS 1321.00000000
THE X-%aX[Mde OF X—Y=Z oAadla 1S 1559, 00VVOUUD
FHE Y—sMINIMUNM Or X—-Y~Z VDAFA I3 Y60+ 0UUUV0UL
Tk Y-MAN1IMuUN OF X=Y~Z DATA i35 L1195, 00000000
THE Z—MLNiMUM OF X~Y—Z 0ATA I3 J« OUG00L0OU0
THE £—H¥AXIMUN UF X=Y-Z VATA I3 175 . 00000000

148 Xx—=Y-4 2ATA POINTS sSAVED

NO ROTATIOUN OF AXIS

SWA IHREL - DAY sToxa DATE 72/04/16 UATE 3/25/80 TIME 14:11J33iv

REEREEEFEE Gl D GEVERATION dd&erwxiki

NUMBER UF X-Y—Z UATA PUINTS 13 148

THE X-~MINIMUM OF X-Y¥=Z DATA 13 ’ 1321 .000600060
THE X~=MAXINUM OF X—X-£4 DaTA IS 1539. 0V0UOBOO
CTHE Y~MINIMUN OF X-Y-£ DATA 1S oo . 00u000u0
THE Y—-qaXiNdd OF X-Y—-Z 0ATA L3 1198400000000
[HE Z=-M1niNUM OF X—-¥Y-Z DATA IS J« 00000000
I'HE Z-4AXIMUM OF X-Y—-Z UATA I3 17300000000

SRR BEE RE 49 A~Y=Z4 DATA PUIRT(S) FOUND OGTSLOE EXTREMBES UF GRID MATKIX

wkakr GRID MATRIX PARAMETERS ®¥®d

THE X—-VALUE AT LEFT EUskE OF GRIL MATRIX I3 1J20. 00000000
THE X~YALUE Afl RIGHT EbukE OF ¢RIo MATRIX £S5 1560.40U00000
s t=YaLUbe AT sSITTuM EDGE OF GRID NATRIX IS ELYS PR FIHYIVIVIT IV
THE Y~-VALUE AT TJP Eputy OF GRID MATRIX IS 111i0.006U0000
IHE DIwPANCL BETWEEN COLUMNS IS 5. 00000
Tk visTANCL HBEIJEEN ROwS 13 5200040
[HE GRID MAIRIX #ILL HAVE 49 COLUMNNS AND 41 Ruws

SANPLE DATA PUINIS wiLL oE RETAINED
DUPLLICATE DATA POINTS wILL HE AVEZAGED
NU LDUPLICATw wAlTA PUOLNTS FJUND
1453 X=¥=Z vaTla POINTS WIiLL sBE UskD TO CALCULATE THE GulD MATRILX
Fie GRIL NOwes wibLb be CGALLULATED USING A WEIGHTEY AVBERAGL wr THE NEAREST DATA PULNTS

SCALED INVEKSE DISTANCE SQUAREL will BE Usky FOR THe WEIGATING FUNCTiUN
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A.8 continued

W4 ldadRER =

DAY STuxkM UVATE 72/04/16

AR EE SEAKLH METHUOD Fuk PHASE 2 OF GRID #&iksxxk

emxxkrks NO SEARUH MoThow SPECIFIED, NEAR ®ILL Hé U&Eb

shEEed NEAREST NELGHSOR SEARCH ®®e%%%

NUApBER OUF NLAREST NBIGHAOURS I3 3

WAXEUM DISTANCE TU

RAXLMUM SEARCH RADIUs IS

C3WA IHREE -

wEAREkEE MAME A CONTOUR NAF

THE
THE

THE
THe

Tk
THE

THE

FHE

THE
I'dk

THE
THE

'hE

THE
Tidi

NEAREST SAMPLE DATA PJUILNT LS

a5.65130615

DAY STORE DATE 72/03/ 16

X=-VALUE
X=-VALUE

X~VALUL
¥-VALUE

L-MINIMUN OF THi GRID NATRIX I3
Z=MAX [MUN OF THE GRID ®ATRIX IS

GRID MALIREX HAS

GRLD MAIREX HAS

X-VYALUE
X—YALUE

Y-VALUE
Y~VALUE

CONTUUR

X~5CALE
¥—SCALE

R

AT LEFE EDUGE OF GRID WATRIX I3
AT RIUGHT EpGE OF GRID MATRIX iS5
AT BUTION EBLRGE OF GRID MATRIX LS

AT [oP EuGE OF GRID MATRiIX IS

439 CULUMNS AND 41 KOWS

J5 MISSING VALUES

AT LEFT EDGE OF COUNTOUR MAF IS
AT XIGHT EoUE OF CONTOUR MAP IS
AT BOTFOM EDGE OF CONTOUR MNAP IS

AT TuP EUGE OF CONTOUR NMAP IS
MAP WILL BE TeH0 INCHES wlDk BY
is 32.0000 UNITS PER INCH

IS $2e 00UV UNLTIS PR INCH

HwEsnx CUNTUUR LEVELS ANU ANNUTATION *kaskx- -

CONTOUR LEVeLS WILL HAVE EQUAL SPACED INTERVALS

THhk REFERENCE CONTOUR L&VEL IS

THE INCREMEND BETWEEN EQUAL SPACED CONTOUR LEVELS 15

T 0.0

THE MAXINUM NUNSER OF CONTOUR LEVELS IS 143

EVEKY CONTOUR LEVEL WwiLL BE LABELED

LABELS ON Tank CONTUUR LINES W1LL HE

U-10

LABELS WLLL BE PRINTED WITHOUT A DECEMAL FRACT LON

LAGELS wiLL Bk PRINTED A MINIMUM OF

LVYERY

3Th CONTOUKR LEVEL WILL BE DRAWN HEAVY

3« U0 INChES

DATE

3541968771

DATE

Ld2U.0GUVO000
156000000000

860 4LV VOUVD
1110.000000U0

J. 25037570
i74«a70541 k0

1320. 00000000
1560.0000UOV0

S6d. BUOVOGUY
1110, 00003000

3725/ 80

J/23/780

Tide 14:1J3: 45

TIWME l4:14:286

4ead INCHES HIGH

20. GUGVO

LNCHES HIud

APART
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S¥A THREE — DAY sTORrM LaTE 72/04/10 DATE J3/725/80 TIKEE 141153035

ek kEpAxEE MAnE PUSTING OF A-Y-L DATA POLNTS *®&xRioks

[HE NUMueR oF x—-Y-2Z DATA PUiNTIS 13 143

THE X-MINIMUM OF THE X-Y-Z DATA POLNES L[S 1341000043000
THE X-uiXlMUd OF THE X~Y-Z DATA POINTS I3 15354 Q000000
THE Y-dINIMuM GF THE X-¥—Z DATA POINTS I35 T Ye5.000000U0
[HE Y—dAXIMUM OF THE X—Y—Z4 DATA POINTS 15 11348, 00000UCG0
YHE Z=dINLMUM UF THE X-Y-LZ DATA PUINTS I3 J.00U000U0
Fib Z-MAXIMUW OF THE X—=Y—{ DATA POINTS 13 175« 00000UU0
TiHe x=-VALUE AT LEF[ EUGE UF POSTING IS 142000000000
THE X-VALUE AT RIGAT EDGE OF POSTING 15 1560. 000000G0Y
THe Y-VALUE AT BOTITUM EDUGE UF PUSTING | Y60.0000000U
THE Y-VALUL AT TOP EUGE OF PUSTING I3 11 1ue U0UUUO0Y
THE PusliNg wilil BE 7450 INCHES wIlDE BY 4269 LKCHES HLGH
THE X-5CALR IS J2.0000 UNLTS PER INCH

THE Y=-3CALE 1S 32.0U04 UNITS PER LINCH

exkktd POST PARAMETERS ¥Fr¥exs

POINTS WiLL bE LABELES WITH & VARIASLE

WAF SYMBOL wILL BE Ve Ly LNCHES HIGH

LABLL ON dAl SYMHOL wILL dbe Us1lU INCHES BIGH
LABLLS #wILL 8k PRINTED wITuOUT 4 DECIMAL ERACTILUN
MAF SYMBOL L WILL BE UskD FOR ALl DATA FULNTS
HEkEek HBOX PANAMETERS &xkkk®

FICK MARAS ALONG ALL EDGES OF BOX WILL BE LABERLED

fie NUMBER OF UNITS BETWEBEN TICK MARKS ALONG X~AXiS IS 1000000
EVEKRY JRrD TICK MARK ALONUY X-AXIS WILL HE LABELED

I'HL NUMBER OF UNITS HLLWEEN [LCK ®2ARKS ALORG Y-AaXlsS IS 1000000
HYERY JKb TLCKR MAKA ALONG Y-AXIS WiLL BE LASBLED

KEFERENCE YaLUk FOr TICK MAKRKS AND LABELS ON X—AXIS 15
HEFERENCE VaLUk FOR TICK HARLS AND LABELS ON Y-AX1S IS

co

BUX LABELS wili dk PRINTED WIiHUUT A DECIMAL FRACTIUN

LAdkLs AROUNU BOX WILL bhk 010 INCHES nIGH

SWA THREE — DAY 3TOKM DATE 72703/ 16 DATE J/25/80 TIME 142114325

cxsrx CUNTOUR PARANMETEKS **¥kkx
CUNTUUR LINES WELL BE SMOOIHED BY PIECEWISE HESSEL INTERPOLATIUN
VEPRESSIUN CONTOUR LiNES wiILL NUT BE ANNOTATLED

axwkEE pOX UCARAMETERS F¥¥¥xx

"Tiua HARRS ALUNG ALL EUGES OF BUX WEILL ok LAHELED

FTUE NULnER OF UNLTS BeTWEEN TICh MARKS ALUNG X-AXIES IS5 1U.U0000
EYERY 48D T1Ch MARE ALONG X-AXIES ¥ILL BE LAGELED

THE NUMBER uF UNITS BETwEEN TICK MARES ALONG Y-AXIS 15 1000000
EVERY SHO TICK MARR ALUNG Y-AX1lsS #ILL 8BE Ladibb

KEFLRENCE VALUE FOR TLUvk MARRS ANU LABELS OUN X—AXxIs Es5
KEFERENCE VALUE FOR TLCK MAXKS AND LABELS UN Y—-AX1lS5S IS

oo
. .
[l

= BuX LAdbLs wiLL SE PRINTEW WiTHOUT A DECIMAL FRACTION
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Table A.8 continued

*¥EFEE SURFACE Ii CUNMMANULS AND ERKOK REPORI #&dkkk LATE &/ 23/80 TImE 14212339

PAGE

1

FEEAEN CONMANDS dkdkuy

( 1) '"TLILE S#A THKEE — DAY STURM DATE 72/03/16
i 2% Y Lbxx 148320, 30 s g0 rave ' 2F5:0,F5.1)1
1 4) 'dux 103,30 04dy

{ 4) 1PUST UpOyOalaUalyd

1 D) “"WINI UpUp 20,041 4,0U,

( o) "GKRIv Ly5+550,

{ 7} "EXTk 1320,413500,5360,1110

{ B) vsiZc U,32,

( F) YDEVICE 5. 9lLLY, Y599, 2dy s

{ Lu) TCuNL

{ 11) *PREruRM

X o 0 0 R ol A e e e ok ko ok kR o ok o e o o e o e R R R 42 o ke ek e ek ko e K Rk K

STAKRT OF PLOITING DEVICE o

PP TS Er T T L g T g g g R L T 2 TR T 2 R 2 g g g R s F R e ie gy

HkkdEx COMMANDS *Ekxkk

{ L2y *sTOP

AkEEE SUREACE [I CUMMANDS AND ERRUR REPORT #$w%®¥ DATE J3/23/80 TIME 14315:17
wREEEEEF ENw UF SURFACE 11 EXECUTLON ®#kkxsax
NUO WARNINGS AMND/OR EKRORS FUUND DURING EXECUTION

I3 WORDS AYAILLABLE FUR LBYNAALIC STOHBAGE ALLOCATION
L343 0 J PERCEAT ) WOROS USkD BY PRUGRAN

g e T E t L L L L T T P L F T P P T PR LT L T T Y T ey

END UF PLUTILING - DEVICE 3 NUMBER OF PLOTS = 2

s e R o e ok o o e o el ko e e o 0 8 o o o A AR o o g o o e ok ot ok e o e ol 2080 A R A6 ok B8 %0 ek e ok e e oo o o
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APPENDIX B

STORM LIBRARY

A

Table B.l lists details of the thirteen most severe storms that
have bLeen selected from the complete set of 36 analysed in this
study. Presented for each storm are the one-, three— and five-
day isohyetal maps, as well as a key map showing the location of

the storm.

Table B.1 Details of storms for which isohvetal maps are plotted

Storm Date - Isohyetal map Limits of plot (degree)
]l-day 3~day b5-day North South West East

1* 47/12/23 v v 17% 22 15 1.8%
50/01/12 Y v v 18 22% 15 18%
50/02/21 v Vv Vv 18 22 15 18%
52/02/16 v v v 19 22 15 17%

5  53/02/05 o v v 19% 23 15% 19

6*x* 53/12/18 v 25% 29 17 19.
56/02/08 v vV v 21% 25% 16% 19

8 56,/02/22 v v v 18% 20% 16% 19

9 60/02/23 R4 Y v 19 23% 16% 19%

10 72/03/16 v v v 22 26 16 18%
11 74/01/12 v v v 18% 22 16% 19%
12 74/02/0L v v v 23% 27% 16% 20
13*  74/02/20 Vv v 24 28 16% 20
N.B. * 3~-day storms

*% ]-day storm
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Storm | 47/12/23
fz° 13® 14° 15° 16° i7° 18° 9% 20°
. 2N I
m 1246 1247] 125001251 | 125211253 1125411255 1256( 1257
; | e R S N
\\nga Hoa | 1195 | 1196 ; 1197 | 1198 EHs%Es : BEGESEEINEE 1206] 1207 | 1208 (1209
18° ) : . 3 o 2 .:::.. =
naz | na3| uaa | nas | nas| 147 FEEEEEREETGHEATSENERE SRR 155 | 1156 | N7 | 1158 1159
:-i-l. .;I:I- 'n’s " & i :
]20 . | -'. v, --- T e - ot i
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=
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Waivis Bay o
23° 23
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24° 24°
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: ! 4 Marisntal
25% — ' ' : 25°
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414 | 415 416 417 | 418 | 412 | 420] 421 | 422
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%42 343 | 344 345 [ 346 (347 | 348] 349350
3
100 ) 100 200 km
[ — T — 3
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Storm 2 50/01/12
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SWA THREE - DAY STORM DATE 50-/01-/12
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