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ABSTRACT

Preilmlnary processing of the pre01p1tatlon data is
essentlal betore 1t is put to further use in analy31s. Pro-
' cessing of prec1p;tat1on data has two magor objectives. One
is to evaluate the data for its accuracy and the other is to
prepare the data in a form appropridte for subseauent analyszs
and other appllcatlons. Wnlle_some errors are observational
or 1nstrumental,!others occur while recording, transmitting
- and storing tne data. With the volume of prec1p1tatlon data
to -be handled increasing, manual quallty control would be
impossible and the advent of high speed digital computers has
made pos51b1e computerised processing of precipltation data.

ﬁrecipitatlon data processing could be conceived of as
a system tnrongh which the basic (raw) data could be transfew
rred into freely acce551ble and readily usable form. kssen-
-, tially, the system would ‘consist of a number of manual and

N

computerised processing procedures which inciude besides data

.

- collection, : ‘ .
i) ‘preliminarp processing,
iii " storage of data on computer compatible devices, o
iiii . quality‘control,
iv). . edating, .i B ' .
v) - data conversion
Vi) further analysis ana
vii) 'stOrage of analysed data into computer disc files



;

The system deveioped by users of pre01p1tatlon data
.for its proce581ng has to be adaptable. poth for cllmatOLOglcal
. analy51s as well ‘as operatlon 1n’real time. It has to be
. flexible enouah to handle data from future pre01p1tatlon data

colliection sources such as Radar and Satellites.:

Co lIn'tnis manuat- appropriate-procedures‘for carrying out
the varicus components of the proces51ng system are described
keeplng in. view the precipitation data collectlon and storage
in India. ‘Where necessary, the procedures aré explalned with
examples. Two computer programmes, one for identafying m1551n§
data in dally ralnfall data and the other for distribution of
daily ralnfall into nourly ralnfall and computing the averade

hourly catchment'ralnfall are also‘provided.



.o INTRODUCTION

Precipitation is ‘the most important factor among &
'variety of hydrometeorOIOglcal parameters used as - 1nput in
the hydrologlcal models used for watershed simulation and
‘estimation of stream flow. ‘With the increased use of these
models for flood forecasting, fnformation on rainfall intEnsity
“at more frequent 1ntervals at more number of locations is |
being colliected. Accurate input data of pre01p1tatlon
intensitiesﬁare essential for effective economiCal and inte-
- grated plauning of water resources,-their‘estimation and
implementation of developmentalhschemes; . |

With the accent on automation through the use of

telemetering precipitation gauges and.gauges linked to micro-
processor based data logging devices which can record data on
,computer compatlble devices like floppy diskettes or cassette
tape units, it has become possible to increase the frequenoy
of observations and number of gauges. Inspite of the best
"efforts to maintain complete ralnfall records of ali observa—
tions in an area, often some data 1ncon815ten01es arlslng out
of‘missing or wrongly. recorded observations come to be notlced.
Prellmlnary proce551ng of the prec1p1tatlon data is, therefore,'
essentlal to 1dent1fy 1ncon51sten01es, detect missing and
dupllcate data, locate errors and‘remove all such inconsisten-—

‘cies and errors before the data could be put to further use

by the analyst..




Proce551ng ot pTELlpltatlon data has two major pnrposes.
One purpose is to evaluate the observatlons which sample a
pre01p1tatlon event or a serles of events. Evaluatlon rncludes;
ehecklng of data for errors, 1nCOn51stenc1es and o Her aspects.
The other purpose is to descrlbe the event in a form approp-
riate for display, subsequent analysis such-as depth—area:

duration statistics, intensity-frequenoy relationships etc,

Begides observatlonal and 1nstrumentdl errors,some errors

‘a2lso occur while recordlng,eransmlttlng and storlng the data.

Manual scru+1ny for carrylng out the prellmlnary processing
has obvious limitations irrespective of howsoever experlenced
the person carrylng out the scrutiny be. Durlng manuai'
scrutlny a large number of errors could be missed and be51des
introduacing personal bias, would involve lot of time, Also,
with the volume of prec1p1taton data coming from large number

of sources increasing, manual scrutiny has becone guite im-

practicable. With the advent of the computers and their

availability at more number of centers, the accent has shifted

to oomputerised quality control and‘processing. Computerised

processing has several advantages over the manual scrutiny.

Dewan (1934)7has‘listed'the fol lowing :‘
i) 'Objectivity,uniformity‘and aocuraoy

ii} Complicated processing

iidi) ‘Rspia‘achievement of results and o
iv) Close supervision by experts at all stages

Experlence has shown that' a much greater number of

questlonable Values are revealed'by computerised quality control

\

1
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than those detected‘by'manual scrutiny.

Severai systems for data proce551ng were developed the

worlq over. This manual descrlbes a system of prec1p1tat10n

+

processing‘suitablerto the Indian system of data collectlon,

recording,transmission, storage and retrieval.




2.0 THE SYSTEM

Data procéssing in general is conceivea of as a system
thfough which the basic information ( precipitafion data in
:this’case) is traﬁéposed 1nto more accessible and readily usable

product. A designed system should provide a detailed descrip-

tion of what a system would accomplish. It would consist of

i) a statement of purposel,
ii) flow chart of the system,
Liii) désign features of input,and output layouts,
| iv) datafile éonfiguration and iden;ificétignt
| v). workinglprocedures for operating and cbntrolling-
- the processing and
vi) summafy of the computer ?rograms designed

for the system

The main features of the sysfem besides observation and
collection of the.basic data are its transmissién, storage, |
~editing, ofganising and carrying out the.nécessary computations.
The system further gomp:ises of the manual pre-processing,
neceésary indexing, softing,collecting and storing-the data on
c0mpu£er Compatible'devices,quélity céntroi, data conversion,
preparation of areal estimates ahd storing the:processéd data:

on disk files or tapes for further use.

A schematic representation of a system of data storing
and processing developed by the Lund Institute of Technology.,
University of Lund , Sweden (1984), is presented in figuré.l.

Two other schematic representations which were Suggested‘




by the institut Royal Meteorologique de Belgiquehk1969) and
the Institute of Hydrology,Wallingford (19Y81) are-shown in
figures 2 and 3 which broadly confirm to the methods of data
processicg‘recommended by WMO(1966). _Part of such a system -
is also in operational use at the‘National Weather Serﬁice;'
USA for hydrological research and real time hydrologlc

'forecastlngr (Naticnal Weather Service, 1979)

2.2 System Design and‘Layout

While the system design and methodology described'ih
this_mahual are generally suitable for any precipitation
processing system, it maj‘be advisable for the concerﬁed‘
organisation'to develop a system‘specific to the requirements,
keeplng in view the type of data availablity, computer time
and other aspects such that the manual and computerised means :
of processrng could be mixed appropriately. at the\necessary

levels of processing.

2.3 Special Considerations
Some of the points which need special consideration

" while designing the system are described below:

»

i) Since the procedures of data processing are nearly
similar in case of real time operat}on acd archiv-
ing for climatological purposes, at'tte time of -
developing the precipitation data.processing system
rt'needs to be ensured that the-system is adapta-
ble for both real time operation and archival

use.
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{Reproduced from Instltute of- Hydrology, 1981)



| ii).

iii)

iv)

v)

vi)

v)

To facilltate better quality controi ot data some
of tﬁe threshold values-used as checkhvalues are

to be readily-availabie at the tlme of proce551ng.r
For tnls purpose such pre01p1tatlon statistics such
as mean, standard devratlon, probable ralnfall
amounts’ for different durations shall’ be worked

out in advance for all durations for each of the

- gauge locations. -

The systeém must be comprehensive enough to monitor

-

data from all types of sources including'future-

data sources such as Radar and Satellite.
Since a comprehensive system comprises of various

levels and degree of automation starting from

. data collection and use of microprocessors, data

loggers,'interfaces and mainframe computers, the !
flexibility of substitution has to be within

levels of like capability.

Since the data are generally available on punched

cards or magnetiC'tapes,'for machine processing

r

with microprocessors which*are_commonly and more
readlly available, the data needs to be stored on
either floppy or cassette tapes as. scratch lnput

devices.

~ The data retrieval should be arranged in such a way

- that the process is not complicated‘ahd is easily

accessible.

The whole precipitation data processing system

should be logically described so thdat it is clear




0

'

to thefusef to facilitate introduction of manual

processing ( human interaction) where deemed

- necessary.




3.0 METHODOLOGS{ |

‘Tﬁe system mentioned earlier consists of.a series of
steps and procedufesfor editing, estimdating and storlng the
-1nformat10n. These would.;nclude both manual and machine
methods of processing the data. The efficiency,economy and
speed of the system would depend on the type of storage
devices, the quality of the machines{used'and the,software
j(computer-programmes) developed for this purpose."IThe methe-
" dology for executlng the various steps involved in the pro-
ce551ng system are briefly descrlbed here. The publlcatlons

'Qf WMC and Institute of Hydrology Wallingford (1481) listed

under references may be referred to for further study.

3.1 ;‘ Data Collection

Precipitation‘data (rainfali and snow fall) in India
is.coilected by India Meteorological Departmeﬁthtate.Irrigaf
.tion Departments or some State organisations and otﬁer‘water
resources organisations like Central Water Commission (CWC},
Bnakra Beas Management Board (BBMB), Damodar Valley Corporatlon
-(DVC) Railway Design and Standards Organlsatlon(RDSO), Snow

and Avalanche Study Establishment (SASE) etc.

3.1.1 'Methods of collection
Daiiy‘rainfail.data is measured by Symon's type rain~
, N ; .

gauge (figure 4). The rain gauges are being replaced by

FibreglaSS—Reinforced plastic(FRP)'Rainguages.gradually.

.

11




Both the raingauges;are similar in principle and'cqntain a

funnel with a circular cross section and collector (receiver)

f- 127 mm —4|
T ¥ as.4mm
I ) “_Tl_'zs.l.mm
[ 1/’ o
305 m sl 5
Smmm U 203 mm
-~ ! \""-
H i
1 1 ’
| :
1 1
1 A
—_ i
' . i ! 50.8mm 5
> - © 1 25.4mm oSt
L -] A 2s4mm
80 em o ——210 mm —f
4’\/\‘ _/\A
W Y\
Lr‘f 60 cm o

FIGURE 4 - SYMON'S RAINGAUGE

gt the bottom f;dﬁ‘which_the wétef ié.f;anéferred to a measure
glass for determining the rainfallrdepths; The,énow failjis
measﬁred by eitnér‘ﬁsing snow poles or snow gauge. The snow
éauge is généfalLy guarded by a Alter wind %hield (Figure 5)

to reduce the drifting'of snow due to wind .

——1

3/Z|PS POSTS 4

PIPE COUPLING
|/ '
o o
. FIGURE 5 — ALTER WIND SHIELD ' ‘ .
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*

The rainfall is recorded by a syphon type self record-

ing raihgauge (Figure 6) which contains a clock drum with a

N

chart recorded by a pen attached to a float operated by the
rain water. The rain water Syphons out'generally after every

.

10 mm of catch .

COLLECTOR

FUNNEL

. REINFORCEMENT —___;

CVENTILATION
HOLE :
RECORDING
DRUM
FLOAT ROD
PEN

WIREGAUGE FILTER‘___.\

T TUBE
INLE —

GLASS CAF ~K!  MECHANISM
T e FLoaT 6%mmp
SYPHON CHAMBER _ ' ' |_—CHAMBER
T 5 : RAINFALL  |75Gmm .
RECORDING
MECHANISM

| LOWER GUIPE

mSCHARGETUBEHH\?[:::::::::

LOWER TUBE
HEXAGON NUT =]

[ BASE

ADJUSTING
" "SCREW

S5 PLATFORM

: © CEMENT |
BRACKET~__| ti;ﬁh . ///CONCRETE

|
LH
f
—t

GROUND

FOUNDATION BCLT LEVl’-_"L 7S

44
e

FIGURE 6 - SELF RECORDING RAIN GAUGE

| ’ | ' 13




For téyeméterind;'the,tipping buckét'éype‘rain gauge
isAuéeq_whiqh is as shown in figure 7. These'ére normally
designed to tip after every 0.1 mm éf catch. =

=50
T

N N
I
P

!

%ijf-:_
| i

- / - .
FIGURE 7 - TIPPING BUCKET RAINGAUGE .

In caée of inaccessible areas like seas, forested and .
hilly afeas; raingaﬁges forming pért of. the data collection
platfd¥ms‘broadcast rainfall data tq.géostatiOnary‘satéllitesl
like INSATIB every hoﬁf aﬁd recéived at the DCP dgta process-
ing unié. | | |

Though weighing typé raingauges are'capable_bf recqrd“

ing and transmitting, they are not genérally, used in India.




‘3.1.2.’H9ﬁrs of measuremgnt

Réinfali measureﬁents are made twig; daily at 0830 hrs
IST (0300) GMT and 1730 hr. IST (1200 GMT) at .IMD observatories
and once daily at 0836 hr. IST at raingaﬁées maintained by
State organisations and other agencies;"Some‘organisatiohs

like RDSO, however, make hourly or 3 hourly manual méasurements.

In.casé_of the Sélf'récording raingauges, the chart is
setraﬁd remOvéd daily at 0830 hfs. IST at 6bservatoyies'main~
tained by India,Meteorangical Department and other organisa-
tions. At‘some.gauées locaﬁed‘in forested and hilly areas
weekly or forﬁnightly‘chérté‘are used. In case of“daéa collec-.

Eion.platforms, however, data is recorded at the time of

satellite interrogation.

3.2 Preiiminary Processing and Scrutinf'

Before the‘pfecipitatibn aata is stored on computer
‘éompatible‘devices for méchine processing by computé; it becomes
obligatdry to cérfy but prelimihary checks,enquif;és and manual
scrutiny of the d@ta. | |

The preliminary processihg includes ensuring the
~completeness of data for the’period under conéideration in
' respect of relevant detéils;like station identifiéation,date,‘

'timewand other wvisible errors. The reasonableness of the
.report is checked by ﬁsing appropriate verification and vali-

dation_techpiqﬁes.

15



.Measurement errors have been ciassified into various:

groups'(WMO/WWW,lQGBI. ‘These can be generalised as:

R . i
a. errors pbullt into instruments

b.‘errorS‘involved in reading,

‘¢. errors due tb improper iﬁstruﬁent exposure or to ¢
the lack of representativeness 6f the instrument -
site to the area for which it is to be used as
an index and' | |

d. errors occuring during ‘the processing of the data

Zero repofts can be received from automated basic or
synoptic network stations. Because zero,preéipifation is an
acceptable report, care has to be takeﬁ such that;theléerd
reports are not caused by instrumental mal-function.

Positive but likely reports are the moét difficult to
detect. These reports could be in error because of-pransﬁose
digits in thelreport, misreading by.observér and spu;idus‘
pulses occuriﬁg in recording and.tranSmitting in the case of
‘automated gauges.

3.2.1 Verification

+

The reports received from manually observed stations
by telephoné or other comﬁunicaéion channels like wireléss
need to be checked by a repeat back system. In case of data.
'xeceived.from telemetering raingauges (Tipping bucket type)

or automated weather stations, the parity check or some other

checking process has to be devised and carried_out.

16




3.2.2' valid status

The station reporting should have a‘valld-status. That
is the station should have'been-equipped with standard instru-
ment with proper identification with-respect to its location,
1latitude,longitude,elevation,district and-state‘to which it

belongs etc. It should be part of a recognised network, and

should have some hlstorlcal record

3.2.3 .Reasonable report

Improper;registering of.data includes entering against
wrong.time and cate, alteratlon of figures etc. Transmitting
Jerrors occur while sendlng the data either through telegram,
wireless by observer or Telemeterlng by automatlc raingau ges.
The official.at the receiving station could check the reason-
ableness of the report by judging the'report based on past
experience and other precipitation statistics for the regionf
to which the reporting station belorigs.

One of the primary tests to check the reasonableness
of a report before other tests are carried out is to check
the data agalnst 1ts own past record (1nterna1 con51stency)
A preliminary check could be against the_pentad normal rain-
fall Or‘monthly'ncrmal rainfall at the station or of stations
in the reglon. By'considering:the possible'physical‘meteoro-
logical and cllmatologlcal constralnts, limits of precmplta-
tlon for the reglon of interest could be set and the values of
pre01p1tatlon checked against these 11m1ts Any value out31de
these limits is Suspect and should be screened more carefully'

after‘flagglng. The prec1p1tatlon llmlts which could be used




for checking are:
i) Régiénal paramete#s llke Probable Maximﬁm Pfeci?
- pitation or-réturn‘period (25,50 or 100 yr)
values and - _ -
ii)r , Other locally determined fécord éfecipitafibﬁ'
Qalues. | |

The WMO/World, Weather Watch Report (1968) listed some

'of the values which could be used as checking standards:

i) . Forecast value for the actual-period. .
ii) = Polyhomial of second or third degree.
iii ) Local statistical parameters such as méan*or '

mean + some muitiple of standard‘deviation.

Other kiﬁds of test which could be applied include’
ay A tesf to see that the hourly reéorf-of
| ‘érecipitation is within the reportéd maximum
o aﬁd minimum values of the daily recbrd
.b) _ a check for:océurfgncelof non—ocdurrence of
'precipitation‘based on the:weather'reportg.
Where data of other méteéro;ogical pérémeters are aiso
observed, the precipitatioh‘values could be:checked bj.exami4
‘ning déw‘point, cloud amount, type’ of cloud etc.
In case of preqibitation data'reported_fof shorter
: durations such as 1 hour qf 5 hour, the totals of three l_hou;
amounté.couid be compared with‘thé'3_hour total‘precipitétion
reportéd,vtotal of two 3lhour émounts'comﬁared with 6 hour

@

total precipitation'reported etc.

.18



3.3. Storage of Precipitation Data

World Meteorological Organisatiép(;977),adVisad that
to the axtent possmble, all datarba-stpréd in digital form
on technlcai carriers. Where suca storaée was not possible,
the data'cou;d be stored in the possible convenient form Eemp;
orariiy and transferrea to the digital carrier as soon as
poasible.

World Meteorological Organiaation(1983) also racommended-
the mainténance and upgrading of nafional climatic'data archives
in a form which enables computer processing. Magnetic tapes,
dlskettes (floppys) and computer dlSkS are the most durable and

convenlent storage media generally recommended and increasingly _

belng used by ‘different National data archieves the world over .

Dewan (1984) reported that India Meteorologlcal_Depart-
ment has been punching ‘the Climatological data ihcludiag.pre—
cipitation data ( some of it dating back to‘more than lOUVyears)u
for the last about 40 years and storing it on punch‘gards.

’ The datalcan be atored on a magnatic tape in.various forms
namely card‘image (charactér; form,binary form,under forﬁat
contrOl,unformatted,blockédamode,anblocked mode and so on. The
use of binary form or the bloaked mode aliows the storage of
data in a very condensed form thus allawing a large-amount of
data Eo be loaded on each magnetic tape. Far example if the
data are leaded on magnetic tape in card image’form in an

unblocked mode about 40,000 cards "édould be - accomodated

on a 2400 ft. length tape ( 800‘bpi density),' whereas




the same_tapé coﬁld hold apprdximately two lakh cards if the
dafé‘is stored in_blocked'mode. Dewan (193¢) recommended use
“of 20 to 55‘cards pér block i.e.-between_1600 to 4000 per
block) for efficient prdéessing. Magnetic tapes,hoWéver,

czan b2 accidentally over written juring use. Great care has,
therefore, to be excercised in th2ir use.

Precipitation data ccllected by staté organisaﬁions is
normally storea only in the form of priﬁteé records publisned-
by theﬁrespe:tife statelofganisationé in7£he form of either
Gﬁzétte'Or other form. The 3ata are,howevsr, transferred by
~ the office of Additional ﬁiféctcr General 5f Metedrology
KReseérchT,Ppne,into computer com@atilﬂe storage devices after
necessary indexing with s:atioﬁ ccde,‘latifutde; longitude.
Iﬁ.earlier-years, the data were puhched cn cards wﬁich weré
subsequently transferred cn to tapes. With the aéquisitioh
cf key té'ﬁape punch units at the Meteorclogical office,Poona,
ithe déta is now being dirsctly pu=z dnlthé magnetic tépes-in
80 cclumr. card images. o

Due attentlon alsc needs to be paid for dev151nc sultable
'formats in wthh various tvpes of data are to be dlgltlsed anc
szored."'Basica11y4 the formats snould be‘simple so that it is
easy to retrieve the data, and adaqdate enéugh to takg Carelof
even extreme values. The forméts in which the data ére punched.

by I.M.D. are described kelow:

3.3.1 Daily rainfall data formaZz
The daily rainfall data were being-punched in a 31 card’

format as shown in figure 3 uanitl 1970 and was switqhed‘over
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CATCHMENT .

to a 24 card format as shown in figure 9 since 1971.

FIGURE 8 - DAILY RAINFALL - 31 CARD FORMAT

In.the 31 card ermat, the datg of 12 months for-éach
day are punched on each éard together with other station
related statistics, year'and date. _Thus-the cards_qorrespon;_
ding to BISt-date would‘contain blanks in columns of ‘those
months with less fhan 31 days. In case.of Fébruary,-fof a
'ﬁéfmal year, the cards éorrespoﬁding to 29,30 and 31 dates
would be blank while only 30 aﬁd 31 would be biank in case of

[

a leap year.
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FIGURE 9 - DAILY RAINFALL - 24 CAFD FORMAT

In the 24 card-formaf, each month's rainfall data are
punched on 2 cards, 16 days data on the first card and 15 days'
data and monthly total on the second card. - Thué,there would

be 24 cards for the twelve months in a calender year. The
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card number and month are ‘punched along with yea}:' in _the 24
card format.w |

Thus,while retrieirincj the olata for quality control and

- further processing, suitable provision needs to .bé made in |

" the 'compﬁter‘program for identifying the type of format and

‘reading the data in the 'corresponding format.

3.3.2 Hourly rainfall data format
In the‘casé of hourly rainfall,data recoraed at the self
recording rainguages maintained by either India Meteordlooica;
Departmeht or other Central and State‘organisations, the data
were not published in pfinted‘fOrm. India Meteorolooical‘
' Department however, punches on to cards/ﬁagnetlc tapes data
of those self recordlng ralngauge statlons malntalned by IJMD
.The,relevant data formatiSShown 1n f;gure 10. The data_
are punched on two cards for- eacl day. The first Card.contains
besides station code, year month~date-and card number, oata-of
hourly rainfall correspondlng to lst to’ 16th hour. The second
,card contalns be51des su¢um1 code and other detalls, data of

hourly rainfall, time of maximum rainfall occurrence and total

rainy duration in the day given in hours and minutes.

S — , T 2nd CARQ MAY IN THR DURATION ' )
AS IN 1st CARD r847174818491920 2021 [21:22] 2223|232 | Ame [time |hr mid -
L/ ‘ ' - Tst CARD  HOURLY RAINFALL (03 mm)
PR - ,
INDEX LA E| |5
NO OF Bl 2| 2 |8[04 {12 | 23 |3-¢ |45 [5-6 | 67 [7-8 |8-9 |90 [10- |12 (128 |13-% [-15 15116
' ATl- Fa|o .
ON 1

3 17 21 25 29 B 37 4 L5 49 53 57 61 65 . 89 73 77

fIGURE 10- HOURLY RAINFALL FORMAT
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3.4 ‘Qnality Control

Quality control of the precipitation'data is an essent-
iat and principai step in the processing scheme and is sought~
to pe carried out at every ‘level from the observ1ng point
througn the dlssemlnatlon of -data to the data processor.

Quallty control programme is a prerequlslte before the
pre01p1tatlon data are used either in an operatlonal system
for flood forecasting or archived for climatological purposes.

The basic objective of the gquality control procedures -
is to detect and 1if possrble correct errors in observational
data 'at the ‘earliest stage possible in the flow of data from'
the local data sources to the centralised data base. The
quallty control’ process is contlnuous and is performed by a
series of computer programs, with some limited human 1nter—
action, at each level of data.merging and,proces51ng. |

The guality.control procedure ,therefore, should peASuch
that those developed for use in an operational sYstem should
be comprehensive enough S0 that'no further quality controi
processing'need to be carried out while architing the“data;

‘ bomputerised duality control procedures were developed

'by Meteorological- offlce, United Kingdom (Bryant 1979 and
Shearman, 1975) where a separate sectlon in Met 08 (DlVlSlon of
Agricultural Meteoﬁﬂbgy and Hydrometeorology) carrles out the
pIEClpltatlon data proce531ng in an operatlonal way.

Ramasastri (1984) descrlbed a quallty control procedure

for precipitation data in an operational system for use by the
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National Weather Service,U.S.A.

Dewan (1984) of India Metedfological Department described_
'methods'for computerised gquality control and processing of
.climatological data.' This,however, does not specify whéther
such machine processing or other methods are being used by

- India Meteorological Department. -

3.5 Estimation of Missing{Data
Precipitation. for the missing data period is estimatéd

“from the daté available at thé-statioﬁs surrounding the station .
under question. If the'aVerage annual precipitation at each
of thése‘stations is within 10% éf that for the station with -
lmissing record, a simple arithmetic average. of the precipi-
tation at -the neighbouringhstationé providesAthe estimated
précipitation fot the miséing period(s).

| In éase, however, the normal annual preciéitation at
any of the ﬁéighbouring stations differs from that at the
station in qguestion by more than'lp%, the weighted inter-

-
polation methods are used. The.simple'well known and widely
used methads are the normald ratio and'distance'power.méthod.

which we:e‘féund to yieid satiéfactorylregults in a case study. -
fot Lower Mahanadi basin {Ramasastri and'Seth;1984). The two

methods are described below:

3.5.1 Normal ratic method

'In the normal ratio method, the precipitation PA at
station A is estimated as a function of the normal monthly

or annual rainfall of the statibn under questionlahd those
of the neighbouring stations using concerned data of rainfall
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P, = 1§=11 -R‘z— XPioo L
where,

P, is the eetimated rainfall‘at—eeation A

R, ';elthe normal monthly or annual rainfall at station A

Pi is the rainfé;l‘at station i - |

‘Ri' is the normal monthly or annual rainfall at

station i,.and
n is the number'ofhsurrbunding estimator stations

1

‘3.5.2/Dietance power method
In this mefhod,.the raiﬁfall at a station is estimated

as ‘a welghted average of observed rainfall at the nelghbourlng

statlons. The weights are ‘taken as equal to the rec1procal

of the distance or’ some power of distance of the.estimator

stations from theé estimated station:

n . P.

| £ i |

P, = i=1 DjX | D)
R S
i=1 D X

where,

Py and Pi hes the same notation as in equation 1.

Di' " is the aistanee'of the estimetor stat;op ffom the
estimeted station‘and

X ' ie the power

- In the United Kingodom, a value of 2.0 for x was found

to yield'good results (Bryant,1979). -A value of 2.0 for x is
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alsd'recommended'for use in the estimation of missing preci—
pltdtlon data by the Natlonal Weather Service River Forecasflng

system (NWSRFS User Manual,1979). In the case study’ for

. Mahanadi by Ramasastrl and Seth (1984), however, a vaiue of

0.5 for x has been found to provide satisfactory values.
‘gsuitable regional values, therefore, need to be adopted after
carrying,dut necessary studies for the respective region on

-the lines of the Mahanadi Study.

- Other weighting procedures are also used which are

reported by Dewan (1984).. Cressman (1959) used -:
’ 2 .2 | - -
to®? +i) |
N 1
where, ' -

R is scan radius and
) .

-Di is the distance as in equation 2 and

W, is the weighf of station i

North-South andlEast-ﬁest iines, are drawn through the
_point of staticon location under queétien.‘ Using the station
. Coordinates { latitude and longitude), the statien closest
'?to the station under question is selected from each quadrant;\
" If one or more quadrants contain no. precipitation
gauglng statlon, the averaging computatlon would 1nvolve only -
the remalnlng gquadrants. If the estimator stations are found
in only two quadrants and -those two happen to be adjacent,
then‘the estlmate 'is given by ' Pi Wi and notZ P, w / Wy
A statien which is located on a gquadrant 1ine will be placed

in. the nearest guadrant in a clockwise direction.
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3.6 | Adjusﬁment Qf Data

To obtéin homdgenity among and within méasurements'of
precipitation;adjustmen# of data bécomes.neceséary. Adjust—
ment of data has two prinéipal objectives.- First is‘to maké
the récdrdrhomogeneous wiﬁh‘a giveﬁ-environment and the |
"second is to eliminaté'ér'reducé extréneous influences by‘
correctihéAfor change in gaﬁge iocation or exposuré.

While using the archiVed data for climato16§ical analysis
such as ten déily rainfall totéls, rainfall geries'for water
évailability stﬁdies etc. thesertypes of historical inconsis-
tencies are noticed.

When data aré arranged in long arrays,eﬁamination df
usual‘éxpected trénds can enéble a trained eye to detect (i)
displacement of record égainst a wroﬂg date or stétioﬁ andr
(ii) wrong entries of amounts due torinadvertance!qf mispriﬁt.
'Incorrect'and'ﬁnfeliable déta can be detectéd. by reference
'to‘normals or the trends of neighbouring staﬁions. In caée
of small gauged'catéhment,lthe fen'dailg or\monthly'ra;ﬁfali
Htotals could also be compared with the cOrreéponding stream
flows. Adjustments for such errors are made by Double Masé"‘,

-

Curve' analysis explained in 5.4

3.7 Editing
'The precipitation data does not need editing in case of
manually recorded and pre~pro¢essed data. Even if the data

“are punched on cards, they may be appropriately sorted using

27




a sorting machine for a given precipitation;code ano fed to
rthe‘computer. However, in case of data recorded on magnetio'
tapes or data logged in by microprocessors from automatlc“
weather stations and satelllte transmitted data from data-
collectlon platforms, necessary edltlng needs to be carried
out-and,temporary disc files created for precipitation data

for further processing.

3.8 Data Conversioﬁ ' . ) -
For hydrological analysis, often precipitation of
shorter duratlon is requlred. The hetwork of recording  rain-

gauges belng small in comparison to that of the dally (n0n~
recording) ralngauges, 1t becomes necessary.for conversion of
the rainfall recorded at totalling gauges into shorter perlod
(usually hourly) ‘intervals elther manually or by using appro—
priate computer subroutines. The converted data is stored on,
computer disc files, ﬁagnetio files or_ofher such devices., |
3.9 Areal Estimates.

'For‘a number of hydrological analysis and use in hydro-
lOgical models, mean areal precipitaﬁion over the‘catchment
or area of interest is used as input. It is,therefore,

- necessary that areal estimates of precipitation be availablel
in a processed‘form for use directly as input in the hydro—"
logical mooels. Mean areal precipiration is estiﬁated from

the data (observed or converted) of precipitation at a numbel
Qf'locations by ﬁeans of suitable methods. A number of well

Xhown methods are available which are described in 5.5
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©3.10 Storage of Processed ‘Data

The processed data is stored generally on magnetic tapes
as.data archives for cllmatoloolcal studles and other uses. .
Areal estimates of prec1p1tatlon,however, are written as

scratch flles on disc for temporary storage for use in Hydro— -

. logic models during flood forecasting and/or other uses.




4.0  DATA COLLECTION AND INVESTIGATION

| The méthodé-of data‘collection‘ﬁave been described earlier
underisectioh 3.1.." Data collection problems at the time-of
. arcHivihg the pfecipitation data for climatological purpése.ére
less_as compared tO‘thOée in case of real time analysis. 1In
case of data used at the time of archiving most of the data
erm all stations and for all durations, days and months‘would'
héve arrived to facilitéte application of systematic quality
control procedures for identifying missing and erroneous data

by comparing the values with data of other durations at the

station andrf;om‘data at éthe::neighbouring statioﬁs.' Howevéf,
when thé,precipitation‘data'are used in real time:analysis,; |
. dafa cﬁllectidn is fraught with many problems owing to a vafie-.
'ty of reasons including instrﬁﬁent errors,recording érrors,
failure in communication link_étc.
During_ﬁhe recording process, stations'reportiﬂg the
data are identified,,the report decoded for type of data, time
* and date. 'This, of course, is necessary only in case of‘data
‘received ﬁh;ough,telegrém,telemetefing!wireless and satellite. |

For data received‘by post, relevant details would be available

in the report.

" Investigations which do not form part of theldata proce=
séing:but all the same are réquired for data processihg,are
.the éondition of the gauge i.e. whether the gauge is lgaking
‘etc; éiposure of'the gaugé i.e; whether there was building

activity and/or growth of tall trees and shifting of the gauge.
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The India Meteorological Departmeﬁt'undertakes‘inspection qf
raingauges maintained by I.M.D. and State Organisations for

checkingftheif condition,exposure and-other aSpects.*
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5.0  PROCEDURES

Some of the ﬁethods for carrying out the different
constituent components cf the processing-system‘have been
reviewed in the section 3.0. However, in view of the limita-
tions of data and non-aVailability'of high speed compﬁters at
a- number of places in fndia, it may not be possible to adopt
some of the methods. In this seotion,therefore, those methgds‘
.which could be readily applied are described with,the help-of

examples and computer programmes wherever possible, :

5.1 Preliminary Scrutiny

In India,while no 1nformat1on lS available on the nature
of scrutiny carried out by the state organisations before‘the '
data is printed or comﬁunicated to India Meteoroclogical Depa;
rtment, it is- known that manual scrutlny of rainfall data
was being carried out the hydrometeorology d1v1s10n in the
office of the Addltlonal Drrector General of Meteorology
(Research) before the data is transferred on to cards/magnetlc
'tapes.' Sarkar (1980) mehtloned about some of the steps being
taken by India Méteorological-Department to oarry out complex

guality control through computer.

5.2 . Quality Control ProcedurefQCP),
The Quality Control Procedure (QCP) 1s a continuous
process and is performed by a serles of computer programmes_

with‘llmlted human interaction.. After the prelimihary
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scruﬁiﬁy of data, the manual errors would be referred,tb-the
"observer for cdnfirmation or correction as the .case may be.
Howeveé, iﬁ case of observétions'made by automated inStrumentsr-
.like automatié weatﬁer stations aﬁ.algof;thm has ﬁo be developed
‘and é#ecuted by'a‘microprocessor,to chéck £he errors from
these stations. | | :
| The flow chart of the QCP is given in Aﬁpendix I.- As
may be seen from the flow chart; the QCP coqsists_essenﬁiallY‘
of the\folléWing-three components;- |

i) | Climatological and meteorological check,
i) o Intefnal consistency ér self consisténcy

1}

check, and
iii). : Horizontal or séatial consistency dhecks
Some of the‘hydrometeorological pargmeters and clima-
tological pafameters'could bq used fér checking the precipi-
faﬁion amounts. In case of snow fall repQrts, the maximum anq
miﬁimum temperatures1dould be used as .checks. o
. The climatological.pafameters which could be used as“
check are regional values of normal raiﬂféll1'highest observed
,raiﬁfall and/or ?ainfall Jalue corresponding to 25,50 o;lloo
_years return period. . ‘ |
© An egémpie of checking the reasonableness of a report
'dsing méthods described above is given in Appeﬂdix~II.- |
'5.2.1 Internal or self consistency checks,
The self consistency checks  are gsually applicable in
~case of shorter duration rainfall where the‘reports correspomr

nding to a particular duration are compared with sum or reports

!
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/for the'corresponding shorter durations. dThus, the 3 hour
amounta are compared:against the total of three correSpohding
1 hour duration values, the six hour agdinst the total of twox
corresponding 3 hour duration values and so on. These are

-explained in the example given at Appendix‘iII.

5.2;2"Spatial consistency checks

The spatial checks in the case'of preéipitation data
are limited to relatlng them to observations from nelghbourlng
statlons for the same duration,of 1nterpolat1ng the pre01p1tatlon
amount at the de51red station location whose value is under
check. The two ‘methods of estlmatlon for missing precmpltatlon
data exaplained‘in 3.5 are also used for estimating the-pre—
cipltatlon at the station location whose value is under check
_ The procedure of spatial con31stency check 1s explalned
with example in Appendlx IV. The procedure, however,needs to.
be applied with caUtion'asjthe estimated precipitation need
‘not represent the_conditions at the-étatiou under queetiou
especially in case ofhprecipitation associated with local

‘-thunderstorms,

5.3  Data Retrieval

A computer programme for retrieval-of the daily rainfall
‘data using either of the two formats (jl card or 24 card forﬁat};
ﬁas been prepared. The flow chart of the programme is given

in: figure 11.




The data as is to be expected would contain gaps because
of non-recording and non-availability of data due to'insﬁru-'
menf/observer failure, due to transmission failure,rloss of
" records etc. The blanks would be read aé zeré by all

4

computer systems. ‘The missiﬁg values are estimated using °
estimation téchniques described in- 3.5

Thé‘Guide to Hydrologicai Practices (WorldlMeteoro—
‘logical Organisation,1974) suggested that estimation of more
than 5 to 10 pérceptrof the period of record is not justified...
‘However, individual judgement plays én importan£ part in
deciding how far to go in éstimating m;ssing'data.‘ If too
many gaps are estiﬁafed, the aggregaté becomes too fictitioué
to be of any practical use. In the computerised aata procé-‘
ésing system, before the valués‘are estimated, it becomes
necessary to identify the miSsing periods. A computer pro--
gram developed for this purpose is-given in Appendix V.  The
essential features of the Piogramme are'briefly‘deécribed |

below:

15;3.1 Programme MISS
The programme MISS reads the daily-rainfall data of
different stations from the input disk file Qf\rainfali data

transferred from magnetic"tapes supplied by IMD. As mentioned

i

earlier, the data would be in two formats if climatological
. o ' S ] : N (! | . ni:_fg‘_'\',
data for péfiods prior to and after 1970 are processed. Left"
to themselves, the blank spaces representing missing data

would be read as zero_by the computer. To overcome this
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difficulty, the blank spaces are identified by reading the
data and replaced by-999 while rewriting the whdle data onto

another disk file.

5.8.2 Estimation of missing data .

The precipitation for the missing period identified
in.5.3.l. is estimated using either the normal ratio or
distance power ﬁethod described in 5;5. Exémpies of estima-
 £ing the precipitation using the equation§ 1 and 2 for the
normal ratio and.dis£ance power method‘respectively are given

-in Appendices VI and VII.

@D

READ STATION NAME :
NO OF YEARS MONTHS

|

READ RAINFALT
DATA CHECK 24 OR 31
. CARD. FORMAT

31 CARD

HECK
ISSING DATA
PLACE BY-999

z-

WRITE DAILY RAINFALL
DATA ON DISC. FILE WITH
995 FOR MISSING PERIOD

SPECIFIED NO OF
~.YEARS COMPLETED

. 'FIGURE- 11 - FLOW CHART OF DAILY RAINFALL
DATA RETRIEVING PROGRAMME
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START )
READ NO' STNS YRS MONTHS
DAYS IN_MONTH

CHECK
, MONTH NUMBER

-|CHECK LEAPYR

READ DATA IN STD

- HRLY FORMAT

: - | CALL" MAXIMUM | '
AAA A ' |

COMPUTE
24 HR TOTAL

' [WRITE HRLY MAX /
AND DLY TOTAL

“"TARE
DATA OF ALL
ONTHS READ

ARE
SPECIFIED NO OF
EARS COMPLETE
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5.3.3 Hoarlylrainfall

| For retrieving the hourly rainfall data’aiso, a
computer pfogramme has been prepared. Sometimes; £he 24
hours total given in the second card has been found to be
not matching with the actual 24 hrs total. Similarly,'the‘
maximum hourly rainfall Wae found to be not punched in a
number of cases. The routine used.fbrrthis purpose is shown

in the flow chart at figure 12.

5.4 Double Mass Curve Analysis
Double mass analysis is a graphical method for‘iden—"
tifying and adjusting ;nconsistencies-in“a staeioﬂs data by
comparing with the trend of, reference stations,data. As the
name itself 1mp11es a double mass curve's both axis are. . .
/accumulated ralnfall values. Usualiy the accumulated seasonal
' or annual rainfall values of reference statlon or stations |
is taken asabsclssa and those of the statlon under test as
" ordinate.
A change:in the regime of the raingauge such as change
in exposure,-change-in location. is revealed by'a change in
the slope of thelstraight line fit as shown in figure 13. It
could be seen from the figure thaﬁ the slope of the line
changes sharply at 1945 with the"510pe'ehanging‘from'0.95.
after 1945 to 0.751prior to 1945. The older recerdsfare,
therefore, adjﬁsﬁed by multiplying the rainfall values by the

~

ratio of 0.95 to 0.75 to compensate for the change in the
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Figure 13 - DOUBLE - MASS ANALYSIS EXAMPLE

regime of the station's data. Such changes could also be

~ corroborated by'referring'to.the records of the maintenance

- of the rain gauge.

5.5_,Hydrometeorological Analysis

Generally, precipitation data are used in the hydrological .

analysis in a processed form. These derived data include:

i)

ii)

iii)

. Weekly and/or ten daily‘rainfall totals for
détermining water avéilability,

.maximum fainfall.se:ies for use’as annual or
partial duration series and

mean areal precipitation for use in unit hydroéraph

analysis and other model studies, .




5.5.1 Teﬁ dailylrainfall‘
.Using thé precipitation dgfa which has beeﬁ_rewritten\-
' :with-éaps identified, the missing data periodé ére filled up
_dsing appropriate estimation proéedu:es. The daily rainfall
data is then used for computiné 10 daily totals for the three
ten day periods in each month periods namely 1-10,11-20 and - °
;éméining days.
5.5.2 Ma#imum rainfall
'Identification of maximum rainfall is necessary for
two purposes.
i) | cdmputing maxirﬁum 1 day,2 dayé,3 days, 4 rdaylsl
énd 5 days during-eaéh month or overlépping tﬁo
months and | |
ii) computing annual maximum and other maxima in
each year for-prepéringvanﬁual and partial duration
‘ makimum rainfall series. ‘ )
‘The éubroutine used for identifying the maximum and

computing the 1,2,3,4 and 5 days rainfall totals is given

in Appendix VIII .

5.5.3 Estimation of mean areal precipitatibn
Several methpds of estimating‘mean.areél_precipitation

are avaiiablé which are described in text books of Hydrology,\

manual of Hydromeﬁeorolqu of IMD'ang others. The most commonly

used methods are :




i)  Arithmetic average"
ii) Thlessen polygon method

iii) Isohyetal method

The choice of the method should be based on‘akjudicious
consideration of the quality and nature of data, the importance

:and-reéuired precision of the result.

- In manual analy51s 1sohyetal method is con51dered to
be superlor to the first two methods in view of its ability N
to take the. orographlc effects and analysts experlence 1ntoi
con51deratlon. However, from the computerlsed analysis’ pomnt—

of view, thlessen.polygon method is more adaptable,

The three methods of mean areal pre01p1tat10n referred

above are descrlbed in brief: - — : ’ .

:5%5.3.1 arithmetic average

The arithmetic mean of the precipitation values‘observea
- at stations in a drainage.basin is the simplest obﬂective
estimate_of.theraverage precipitation_overethe basin, This
method is suitable,for basins with a large number of precipit-
ation stations which are spaced fairly .uniformly or in some.
other way adequately sample the prec1p1tatlon distribution

over the bas1n.

5.5.3.2 thiessen polygon method

The Thiessen polygon method. 1s used w1th non-uniform

- [}

statlons spacing and gives welghts to stations data accordlng
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L)

to the area which is closer to‘that station tﬁan to any other
station. This area is found by drawing the perpendicular
bisector of the lineé joining the nearby stations so that
‘éolygghs a;e forﬁed‘around stations. A,computerlprogramme.
Whichfcomputes the average catchment precipitationlusing user
supplied Thiessen weights after distributing the.daily.preéipi—
"tation into hourly amounts is-given.in Ap?éndix_lx.:

The determipation oﬁ'Thiessen weiéhts by'machiné'is done
rﬁthér easily. The polygon for a station is thoughtlbf‘as the
boundary of all éoints which are closer to thelsubject station
than to aﬁy othér statidn. The numbér-of grid pointsiclose
to a station wheﬁ normalised are the Thieésen Qeights of the
respective stations. For this purpose, the catchment map is
input to the computer programme as‘a‘80.x 80 element érid

map (Ramasastri,1984}).

The weighted rainfall is given by:

o n .

o fe1 P M | R | e (5)
S |
z

where, P is the'avérage catchment préciﬁitation P, is the
precipitation atA statiohs 1 to n and Wi thg corrésponding
‘station weights.

A sample Thiessen network and computation of mean areél
‘precipitation estimation using Thiessen weights is given in
Appendix X. |

If a few observations are missing it is better to estimate

the missing data than to construct new set of polygons.
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Statlons outside the- catchment can also be used in this method
| w1th approprlate‘,welght using only that portion of the
polygon inside the.Catchment. This method assumes that preci-
h pltatlon between two stations varies llneariyland does not

make any - allowance for varlatlon due to topography Oor meteo-

‘rological factors.

5.5.3.3 isohyetai method
| The isohyetai method employs the“arearencompassed'!
between isohyetal lines. Rainfail values are plotted'at their.
respective stations'on a suitable base map-and lines of edual
rainfail,_called.isohyets are,drawnl In regions of little |
or no physiographic influence, the drawing~of isohyetal
contours is a reiatively-simple matter of interpolation in -
which the degree of.smoothnessrof'contours and of profiles |
which.may be drawn or inferred from their spacing; is COnsi-
’ stent w1th the - spacing of’ stations, and the quallty and varla-
b111ty of the data. o
In reglons of pronounced orography, where the precipi-,
tatlon is 1nfluenced by topography, the analyst should take
1nto con51deratlon, the orographlc effects, storm orlentatlon
-etc. to adjust or 1nterpolate between- statlon values.
The modern computers equlpped Wlth plotters havep
the ablllty to draw 1sohyetal maps .Analysts, however, preferA
.to carry out the. analy51s manually after gettlng the values

plotted on the maps.




The éverage dépth of precipitation is computed by‘méagunj

ing the area between successive isohyets and determining the

' total volume and dividing by total area.

The average depth is given' by the relation:

ns ' ‘ I

0> A ‘ : : .

= i=1FiAy : , S .o (6)
P ) '
B A i .
L. i . . '
i=1 . '

where Ai is the area between successive isohyets

P 'éhd Pi'have the same notation as in equation 5
A typical isohyetal map and example of the mean areal
precipitation computation are given in Appendix XI.

ot

& '

44




10.

11.

12.

REFERENCES

Bryant,G.w, (1979),"' Archiving.and quality control of
¢limatological data',Meteorological Magazine Vol.108
pp.309-315.

‘Cressman,G.P. (1959)," An.operational objective ana-

lysis system' Monthly Weather Review,Vol.87,No.10

pp.367-374. !

Dewan,B.N. (1984),' Climatological aata processing and
archival storage for user publication', Paper
presented at the 8th session of RA II held at WMO,
Geneva, Switzerland. .

Instiﬁute of Hydroidgy(lQBl),' The ﬁroceésing of
hydrological data', Report No.70. N :

Institgt Royal Meteorologique de Belgique (1969),
Le traitement mecanographique des donnees hydrologiques.

Naticonal Weather Service(lQ?Q),“‘Mean Areal Precipi-
tation (MAP)' Users Manual. '

Ramasastri,K.S5.(1984),' Quality control procedures
for precipitation data in an operational system'
National  Institute of Hydrology, UNDP/UNESCO
Training technical report pp.8-30.

Ramasastri,K.S. and S.M.Seth (1984),' Normal ratio
and distance power method for estimation of nmissing-
rainfall data-a case’ study' Hydrology,Journal of

the Indian Association of Hydrologists Vol.VII,

NO- l;ppu 94-1000

Shearman,R.J.(19755,' Computer quality control of
daily and monthly rainfall data', Meteorological
magazine Vol.104,pp.102-108.

Texas Water.Develbpﬁent Board (1979),' Stochastic

Optimisation and simulation techniques for management
of regional water resources systems', Vol.II,
B-FILLIN I.

World Meteofological Organisation (1966), Daté
processing by machine methods', Tech Noteé No.74,

WMO No.189 p.95.

World Meteorological Organisation (1968),' Quality

control procedures for meteorological data', WMO/WWW

Report No.26

45




LSIVAMI LN
. : 3NWIL IN3¥544:1G .
- Te Y] NOLYLI4ID38d 40 $3iy3s IN3Y34910 Bo4 AT3AILD3dSIH "a's  gwy

.uzv.um_.ru
Wilwis ol

NVIWN Q3INIWE3IL3038d T8V 9 Ny X “suw e 2 T X HIM S3INWA ' NOILYLIdIDJad m_ﬂﬂ__h -
—_— . A3A¥3ISE0  3HL FUYLNOD "SKOLLYHUNC 1Y H04 NOWWOS - !
. 3ANQ320¥8d %2362 (2 1) AJNILSIENQD 7]
e NI . :
IWIL ONIAS : ' : :
~i¥3A ¥31d¥ i . )
w93yl LAY V14 _ "X23HD AoNaL)
B EY . - - FYTOR
30N3 IjcHonzg] | 7 ey s N : .
/ . . B ot
=3S%3D G332 i
BACENT sSLiwm ot
m KOJ_ mu%%mww% & $MD0T8 ATENOH XIS £ .
nmmuu.mkhah SHntw o] Loud o , nm:.r...oi SIVIOL ATyH 24| 1 .
— 1| 43K 13HM anoszat . BLIIWOD 0L 03 35Cu4 : ; -
3 le{ SMO018 il ﬁ i AJNIISISNGS : =
Nigttim) LNV 4155y AEH 2L © S LW . 9N aNY  vivg oy4qg - - b ~
[ -101 A79K Z1 oy AT B VRPN . J AVNEIANI i ~
oML any Y swiol AD3HD ¥oal - R T ¥Cd -a330094 . I
7% N33ImMl3g AeH vz| | ow swior aNOA3g| i ) ]
I'30N3¥34310 n "ATH 9 3Ky | 03300ud L :
{—3ihigoo] | ILndNOofy MK sz any ] 3D AONSISISNCD ) .
. TUH 21 -HIm ; m i — g S leNEsINg |
o 1 N3Imida| S.uSm._ s 1imig e _
z%\.&mammwm . PoNI¥31hic | [AMoK § . _muzqmm._or_ ONINDIH 404 0333044 |
|30 3w 31ndwas HO¥3 ._ HLIM| | 4o4f .
. ! ¥04 wozKHo i sviol [, AI3HD., | 13300¥d _
AEH T { ‘aNY 33 QONY
. w&._:b o~ ‘sivioll - SIINI
. BLHNOD 31N03M0D ATHH 9 3oNvE3I0L sIviolL . ,
. . 9+9 31nanoofRig HAIM %2300 1EYUYAY SunoH £
. —— ">l uw  GNY  3ION3Y ATHACH g 404 vivg .
Tgoy . yzi ‘ E+{ 34410 IINdwWo3 L 3NdNOD :
1y X .
9 g L+t +1 24

A131v¥343s

SIYAYIUNE 3wia (N3

. -¥3341G 40 viva :

. ) N33HD " :
e




Q)

"GUMISW SIHOIm
INIOd Q4O GNY
5118183 Lo vayHo | 20/}

NOLYis 3sn. .

S¥ClvVrils T

" OM193738 ¥od
TIOHSIUHL SY 44500
d¥00 L0 3sn

3 &OE4

SS3T N
¥0 § NVHL

SNOUYLIS ANV

SISATYNY
404 QOHLIIW
?0:,<.._ I ¥

NQ:: HU3 -

JHOW ITEYUvAY Yivd

IUOAH

0

3IDN3YIIHHG O NOILVIAIG, GHVGNYLS |

; GN¥' KRY3IN 3HY D ONY X ¥ -
&) ) _ ‘ O33N viva
- : . . . - 3AVIGIWKI B804
L . ’ . | KIRIVHOJWIL 1d335V
. ‘ sitwnd
. B
zqammwu
2 i "
NI SNOILVIS] . . N W03 oL SLwt
LSNoiLs _ © vivg ATAMW/ww ZF X Hilm >
. JU0W o 3INIEISHC SHL
. " ANORZG ~2 3y e
1o . ¥O3 LIyM WGy -
| ./ \
N - ~
.q ) .
A R e ‘ T ]
CH Y0 338H L /, \\muwmdmﬂw EleL - EFF ol
> imd !
m,_m aoﬂ_ JUY vivg \\[,&.A// oML HO4 3107058y |
LV1S ANYW - o > S3AY :
30\ //‘Wﬁ__\ . “’ ILNdWOD _%
SPEERERTTIZ i .
! ) .
SN OINT. _ :
Wilvds 204 09 TI .
ONY vIvQ 9ov1id OHINITHD
: I ivikas o _
SN . .
QNQAZE , -

I-3/4



! INWVA GILYWILST

A9 32VId3Y * InIvA 3L ]

3A43ST¥4 "SINTYA  Q3IA¥G:E0 |
"lD3r3y

Sliwi
GNOA3E

_. . ~—
SLIKM —
135 NC - .
SSIN3VEYNOSYIY ¥04 IvAGISIN  IHL
- ’ s
\\\

o ADFHD " LSYIIN0 4 450 HLtm
. ~_IWVdROD
‘ m:%

aNOAIE

SLINN
. 135 NIHIIM 57 11
o« YU3HLIIHM MNO3IHD  ONY  wro:iszy .

HL1IM  g3Ad358Q

BYewIy

34IWiT

14322V

HIHLim

- S LRI,

WOd3 JONTHISAT BEVOS NvEW ooy - !
FINAACD * 50TvA owhqzc\i - NiHLm

1d300V

I-a/4



CAPPENDIX II

Typical example of checking reasonableness of a report

1. Daily Ralnfall reported : 360. 6 mm
2. Ralnfall statistics of the reporting statlon
i) Normal monthly ralnfall of the correspondlng
month ~ +e. 350.5 mm .
ii) Mean (%) maximum L day ralnfall EEE 210 6 mm.

iii) Standard Dev1atlon(c ) of maximum i day .
co rainfall < tews. 50.5 mm

iv) ‘Highest observed 1 day ralnfall .. 285.3 mm

V) 100 year return period value of 1 day o :
" maximum rainfall , : «e. 300.0 mm

vi) Probapble Maximum Pre01p1tatlon value _

of 1 day rainfall S ee 370.8 mm -
.Step 1 The reported daily ralnfall value of 360.6 mm is more :
than the normal monthly rainfall of the correSpondlng month
and is,therefore, doubtful but not unreasconable. The reason-
ableness is checked with other statistics.
Step-2' Compare  with the highest observed value. The reported
value is more than the highest ever observed value. It is also

more than the 100 year return period value.

Step-3 Compute (X +0) and (x+2 o). They are 261.1 mm and -
311.6 mm respectively. The reported value is' higher than j
. both the values.- - A .

‘Step-4 Compare with the 1 day PMP value which is 370.8 mm.
The value is less than the PMP and is,therefore, reasonable'

and is further checked by spatial-consistency.




APPENDIX III

‘ Typlcal example of Internal ConSLStency Check

Step 1 Hourly ralnfall data reported is scrutlnlsed

Hour 1. 2 3. 4 A‘f5't. 6
Rainfall - . S
wm 8.0 10.8 85.8, .28.5 '19.8 15.0

p 2 The value of 85 8 mm in 3rd hour though could not
be ruled out, is suspected pecause of the p0551b111ty

of 35.3 belng reported as 85.8.

'Step 3 When the value of 3 hrs. total (54 1 mm) is reported,
h the arlthmetlc total of ist to 3xd hour is compared
. with the 3 hour reported total. If the value in the
'V‘thlrd hour is taken as 85.8 the total would be 104 6
L mm which is 50. 5 mm more than the 3 hour . total
reported. The 3rd hour value is,therefore, corrected
as 35.3 and the 6 hour total is awalted for further

conflrmatlon.
-Step 4 When ‘the 6 hour total. 117. 4 mm 1is reported, the value

of 35.3 mm is confirmed for 3rd hour. Further checking

for erroneous values is carried out similarly.

“_iIIel/l




APPENDIX IV

Typical example of spatial consgistency check

0
Jhabua

Sardarpur

_ﬁhar_
Alirajpur
-0 L
Manawar
o o ‘
Step 1 ‘Data reported at a group of flve statlons ls as
" ' follows o PRI _ :
,Station‘;Jhabua"Saxdarpur‘thar“i‘Manawat” Allrajpur
Rain- - Lo Tl ol :
fall mm 132.1 - lOf3 103 3 '125 7~f1 149 8
Step 2 Durlng the quality control process the data*at-Sardar*
: pur. is 1dent1f1ed as doubtful ' : -

SteE-B The data at. Sardarpur is checked by spatlal consitency
'check L ‘ '

‘ Steg 4 The ralnfall data at Sardarpur ‘is’ estlmated uSing the -
dlstance power method and ‘compared w1th the observed
value : S '

Step 5> From the four quadrants around Sardarpur one nearest
' from each quadrant is selected for the estlmatlon of
.ralnfall at. Sardarpur. ' |

Step 6 Using the reference coordinate system, the dlstance of
-each of the estimator stations from SardarEur is

~ determined. _ _—
S1.No. . Station- -Distance: from 1 P;-
: Sardarpur (Km) D2 —
: ; i DZ.Z
- S DR i
Jhabua  © 42- " 5@67x10f4 .075
2 phar . - 3y 6.57x107% .068
3. Ailrajpur 75 . 1.78x10°% .027

Total 14.02x10-% .170
Step 7 The rainfall at Sardarpurris estimated using the

Iv-1/2




" . equation
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. Thé estimated rainfall at Sardarpur is 121.3 mm
and is,very-mucq'different from the. observed value

and is ;ejécted and replaced by estimated value.’
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APPENDIX V.

PROGRAMME - MISS .

LIMINSION I0CTZrzidanpoyen c);<J~b(A(1rf,1’)
CRARGCTEAa1D LM5TRY

CHARACTER®RTE AWCTIITLENSTM

uﬂTA hEQ!/\?zc-:_|4.ga,11:51_11-1/7Cf’1r..f 1/
CFENCLNIT=T, FILES TIRFETTLI2T, ETATLS 2°CLT)
CRENCUNIT=2, FiLiz "T8£310.06T"%, STETLE =7°h:n’)
[ K & & A . -
FACKSPECELLUNIT=T)

'Rcact1,1us>nc=1»1,nrcx<1,¢w<rcT,:wr1t1,an<Th

BEITE (2111F)NC*TLTf\CEIST;JN‘TanrFLI‘TrﬁF‘Th

FCRMAT e Z 0,200

Fckﬁﬂ1(1)1cICJ»1cﬁI)

M E=TCCC

CC 40 II=1,NYR ]

LS 1€ I=1.12-

FEAG (1,101 +ERE= 111;—h[-sEG)IrﬁThEILLTfLCRCvI‘T ANC/IYESRAINCATRIICRENC,

FAS LIS TR VNES PR -5 I

IF(LAT 0" ")¢&C ¢ 111

CIFCCIRCILE)=95000 .61, C)rC TC 111

[C €Ll J=1.18
IF(IF(I:J).EC.' ) IA(IIJ)"?GGQ‘

CONTIALZ

CWARLTE(,zC1)ICETAE,LET, LChCaI‘1APCleEﬂF:IFChTF;I(REhCr.‘

—

CIFCLPYRLECLC) hEaY (s 13

eliflirdleadzt,135)
IYZAR=IYEAR+16LC.
IFCI.0ue) Chll LE2FYRC(T YEARANG ﬂ\)

,NRHC(1I1C1)ICETNCIL~1IL\thI<TﬁhCJIY ﬁFlIFnhTPtaCthCl(I

TRCI udodzTe,hsav (i)

ELoeC] J=T1eshM0AYCD) .

JFCIRCIsddazas” 3 IR(IrJ)="$9?'

CChTINULES . :
huxT‘(c-:C1)1C-shC'L T,quC;IETthz!YEﬂEfIMCLTH:}Ci:th(JF(I;Q)a—J=1¢r
INGEYCI)) ) " - .

CONTIRNGE |

CC TG «4C '

EACKSFACE (UNIT: 1)

LC 5¢ K=1,31 K :
FELCLIA1LE/ERN=EEE ;-ht“iSG)ICATh CrSTR LAY LCNG IS TANCAIYERR,ICATE,
TCICdek) s J21010) : : ' ' '
LC60: J=1.1¢ .

IFCKEToNCRY (L ) GO TC eC?

IFCIRCJAR), kt- ) I‘CJ:K)=' §549°

LCNTINGE

h<IT=(41£Cz)]ChThCJLJT'LChCJI‘TLbCfIY‘ﬂhfIEﬁT'l(1‘(»:
i8des J=1,12)

CLENTIALE
LONTIAL:

PCRﬁﬁT(IEIDEIZIEIZX(21211111555)
FORMaTN X s T2, 02,0 eriXaszliallateie)
FORNMAT (I sacrclnrlisbysidsles1264)
FCKFbT\1xlaalixlsmﬁlltlﬁllaﬁlIul1Cﬂ“)
$1CF

[ 4.3

SUSRCLTINE LELEYR CIVOAR,NDEY) :
YEAR SmCULLL Bt CeFINEL TR FULL CIGITS IN MEIN FRCGR:sNE . -

CIMERSICN KDavd(s )
LEYK=FCDCTYZ AR, 4)

RETURN'
END
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APPENDIX VI

' Typlcai example of Estimation of Pre01p1tat10n
using Normal Ratlo Method

Step 1 = Write down the observed rainfall at the estimator
stations B,C and D _ o ‘

Station B c - D
Rainfall (mm) - 98.9 ' 120.5 110.0
Step 2~ Write down the normal monthly,seasonal or annual
ralnfall ‘at the estlmator and estlmated statlons
. Station . . A B. -.C D
‘Rainfall (mm) . 331.3 290.8  325.9 360.5
SteE 3 Estimaté‘thé_rainfaligat station A as given below =
290.8x98.9 ., 325.9x120.5 , 360.5x110.0
Cp = ~331.3 7 331.,3 331. 3

. 1.14%98.9 + 1.02x120.5 + 0.92x110.0 _ 195 3.pp
3 .




APPENDIX VII

- Typical example of Estimation of precipitation
. using distance power method .

B

\ [*s ) .
| D ( 73,66)
o-, ‘ -
‘ (33,55)
\ o (50,50)
.
0 »

(31,12)

Step-1 Write the coordinates of the raingauge locations
with respect to reference coordinate system

Step-2 Determine the distance of each -estimator station
(B,C and D) from the estimated station (A) using
the formula , ,

_ 2 T2
D, = /IEX' X,) ¥ (Y - v.)7]
where X'and Y are the coordinates of the estimated
station and X, and Y, are the coordinates of the

‘ . estimator égations; : _
_Step~3 Compute 1/D; for each estimator station and estimate

.

the rainfall station A as given bélow

Station e on T, - Rainfall | Weighted
| A (xm) N . mm: ‘ Ra;nfallhmm
3 98,9  125.6 x1073

B .28 1.27x1003 3
c 17.7  3.19%10_2 120.5  384.6 %10
D

42.5  0.55x10°° 110. 9  60.5 x10 3
! - T

~Total - 5.01x10° 570.7x10°
‘Rainfall at Station A = §ZQ;Z§£Q§ = 113.9 mm

5.01x10"
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20

10

' MAXM = IR (I,J)
_CONTINUE~

- CONTINUE

. END
* YEAR SHOULD BE DEFINED IN FULL DIGITS "IN MAIN

'LPYR=MOD (IYEAR, 4)

APPENDIX VIIT

SUBROUTINE MAXMUM (MNTS,MNTE, IYEAR,NDAY,IR,MAX,IT)
DIMENSION IR(12,31), NDAY(lZ) MAX (12) , IT(12) S
DO 10 I = MNTS,MNTE

IF (I.EQ.2) CALL LEAPYR (IYEAR,NDAY)

NDAYS=NDAY (I).

MAXM= IR (I,1)

DO .20 J = 2,NDAYS

IF . (MAXM,GE.IR(I,J)) GO TO 20

MAX (I)= MAXM.
IT(I) = IpT

RETURN

SUBROUTINE LEAPYR(IYEAR NDAY)

PROGRAMME
DIMENSION NDAY "(2)

IF (LPYR.EQ.0)NDAY (2)=29
RETURN
END

VIII-1/1
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APPENDIX IX

FROGRAMME RAIN - FOR COMFUTING HOURLY AVERAGE RAINFALL
CHARACTER®2S T1,ST1C(R20)»yST2C20),8TI(20)

DIMENSION TRC20)sWTN(ZO) sHRCLIO»24) 2 UHTRLO) +RTH(Z4)
DIMENSION WTH(20s243 s AWTHIZ47»RATNCI0, 201 s PRCPL24)
OFEN (UNIT = 1y FILE = ‘RAIN.DAT +STATUS = "OLDR")

OFEN (UNIT = 2) FILE = ‘RAINJCGUT »STATUS = ‘NEW')
READ - CATCHMENT MAME aND NUMBRER OF DAYS
READ{L+10) T1s ND

FORMAT( A25.12 )

WRITE(2,13) T1

FORKAT (/710X ' AVERAGE RAINFALL FOR’ ﬂ "Pﬂ1CHHENT } .
NIl = © .

READ HUMBER OF ORG s SRRG AND THEIR UEIGH!S

REAR (1920) Mr N

FORMAT (212

NDL = NDOL + 1

WRITE (2s25) NDL» My N

FORMAT(//710X% 127 NIAY RO OF ORG ="I3y¢ RO OF SRRG ='T1)

READCL» 30N CUTR (I)y T = M)
READ(L»30)CUTR (I)s 1 = 14N}
FORMAT{(10F3.1)

READ DRDINARY RAINGAUGE NﬁHES AND UﬂTh
DO 20 I = 1M

READ (1,40} T1(I)vST”(I) TR(I)
FORMATC 247y Fé&. 1)

"READ HOURLY RAINFALL DaATA

00 100 1 = 15N

SUKHR=0,0

READ (1507 ST3(I}

FORMAT (ALS) '

READ (1+580) (HR (1yJ)r J = 1424)

FORMAT(L6FS. 1)

00 110 J=1,24

SUMNHR=SUMHR{HR (T JY

WRITE(Z)35IBT3¢I) rSUMHRIWTRC(TY

FORMATL/10X) "HOURLY RALN FALL .AT »A13,4%X,*24 HOUR TOTAL =
TF&. 14X ‘UEIGHT= ¥ FS. 1 /)~ ) .
URITEC(2sATYLHRLT I pd=1024)

FORHMAT (10%)24F5,1)

CONTINUE '

COMFUTE AVERAGE HOURLY DISTRIEBUTION

SUMPH = 0.0

RO 120 J = 1924

PRCF (JY = 0.0

DO 130 1 = LyN.

FRCF{J) a PRCFCJ) 4 (HR(IsJ)Y % WTRCIIY / 100.0

SUMFH = SUMFH + PRCP{L)

RISTRIBUTE TOTAL(DAILY) RAINFALL INTO HOURLY ﬁﬁINFﬁLL
D0 150 I = 14

RO 140 J = 1924

WTH(IsJ) = TROI} % FRCF(JY 7 SUMPH

WRITE (2,588) STI(I)+8ST2(I)+TRCID+JWTNIT)

URITE (2543) (WTH{(I,B)» J = 1+524)

. CONTINUE
- FORMAT (/10X|'STQTIDN a’ |2n7v4Xr’DAILY RﬁINFﬁLL =
CAFS 14X 'UWEIGHT = /HFS.1)- T
- COMFUTE WEIGHTER AVERAGE HUURLY RQINFALL

SUM3 = 0.0
D 140 J = 1,24 :
AUTHEDY = 0.0 e
DO 170 I = 19N '
AUTH(JY = AUTHLYY + cuTH(x JIRMTNCI)) # 10040
SUMZ = SUM3 + AWTH(J)Y
WRITE €2,4%) .
WRITE (2¢45) (ANTHC(JI)r J = 1,
gg;rs (2175) SUM3 d.0 hh2d)
HAT (/710X 'AVERABE BAILY RATHFALL
FORMAT (/10Xs  AVERAGE YEIGHTED FATCH:gﬁTTEEIﬁﬁzttﬁ%NT Foriy
IF ¢ NI . GT . ND1) GD TO ssd
STOF . .
END
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APPENDIX X

Typical example of Computation of catchment average
rainfall by Thiessen Polygon method ‘

Step 1 Join the raingauge station locations'to form triangles

Step .2 Draw perpendicular bisectors for each of the sides of
the triangles to form polygons.

Step 3

Step 4

Measure the area of each polygon and determine its

‘weight with respect to the total catchment area.

Compute the catchment average rainfall as given below;_'

Station Thiessen Rainfall Weighted Rainfall
Weight mm mm
1 .056 29.0 1.6
2 .099 38.2 3.8 .
3. . 096 157.5 - 15.1
4 . 029 145.6 4.2,
5 .020 -69.0 1:4
6 . . 066 146.7 9.7
7 . 044 42.9 1.9
8 .070 51.1 3.6
9 .085 99.8 8.5
10 .093 76.2 7.1
"1l .116 121.3 14,1

X-1/2




Statidn Thiessen Rainfall Weighted
- Weight N mm Rainfall mm v
P .063 60.5 :3;8
T3 L059 52.2 3.1 |
14 .103  45.2 4.6 '
"Total 1.000 - 82.5

Catchment average rainfall 82.5 mm
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APPENDIX XI

Typlcal example of cOmputatlon of Catchment average
ralnfall by Ischyetal Method :

, o S 3
N y . e -
\\\ o ng’/
"‘*-.____________’___,.—-"'" .
st E 1 Plot the rainfall data at respective ralngauge locatlons

;SteE 2 Draw Isohyetal map interpolating between ralnfall
values _ o

Step 3 Planimeter the area between Isohyets’ and convert to
' geographical area using map scale .

Step 4 Compute the ralnfall ‘volume and catchment average
' rainfall as given below:

Isohyetal Range Average Area between Volume

o Value mm Isohyets (Km*“) 103m3

-~ 157.5 - 150 ' 153.75 430 66112.5
150 = 125 137.5 - 670 ' 92125.0.
125 = 100 . " 112.5 1230 138375.0
100 . - 75 87.5" 1300 113750.0
75 . - 50 62.5 - 1470 91875.0
50 - 42,9 . 46.45 1400 . 65030.0.
50 - 29.0 . 39,5 <180 - 7110.0

6680 - - 574377.5

Catchment average rainfall = 574377.5/6680w= 86.0 mm
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