



























































































































































































































































Table8:Resuwldaf double massearmdtgs adjubsdidgr the period of
inconsistency

Double mass analysis

Test series: Vadol
Base series: Kapadwanj Weight33
Mahisa Weight O.
Thasara Weight O.
BASE Ratios
Perlo(Rainf\ Cum\
mm m m (6)/(
(1) (2) (3) (4) (5) (6) (7) (8) | (9)
1970 767( 7670 4.¢ 624( 624( 3.6 0.§ 0.§
1971 4540 12210 6.6 4260 1050C 6.0 0.§ 0.§
1972 3720 1594 9.(¢ 1970 1248(C 7.6 0.7 0.§
1973 9350 2529 14 11140 2362C 13.6G 0.9 0.9
1974 2400 2770 150 72.8 2435C 140 0.§ 0.9
1977 8430 3613 20.0 8820 3318( 19.0 0.9 0.9
1978 6460 4260 24 (@ 7580 4076( 23 .0 0.9 0.9
1979| 4360 4698 26 .G 3700 4447(C 25.0¢ 0.9 0.9
1980| 4500 5140 29 .0 3880 4838 28 .G 0.9 0.9
1981 9500 609.0 34 .G 8980 5734( 33 .G 0.9 0.9
1982 4030 6500 36.0¢ 3200 6054( 35.G 0.9 0.9
1983 8010 7302 41 .C 8820 6936( 40.0¢ 0.9 0.9
1984 8060 8108 46 .0 6130 7550C 44 @ 0.9 0.9
1985 3640 8472 48 .C 1070 7657C 440 0.9 0.9
1986 2810 8753 49.C 3020 7959( 46 .0 0.9 0.9
1987 2570 90110 51.0 2930 8253C 48 .0 0.9 0.9
1988 8660 987.0 56 .G 9480 9202C 53. 0.9 0.9
1989 8770 107540 61.G 8950 10097 58 .G 0.9 0.9
1990 1145 11899 67.C 9630 1106X 64 .G 0.9 0.9
1991 6820 1258P 71.G 7980 11860 69 .¢ 0.9 0.9
1992 6970 13280 75.G 5450 12401 72.G 0.9 0.9
1993 6390 13919 79.0 6620 13064 76 .Q 0.9 0.9
1994 | 135@® 15269 86.0 13990 14467 84 ¢ 0.9 0.9
1995 5250 15790 89 .0 4800 14947 87 .Q 0.9 0.9
1996 9260 16720 94 .0 9360 15884 92.0d 0.9 0.9
1997 9070, 17628 1000 12830 17168 100¢( 0.9 1.0

Total number ofofearabdydsis: 26
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5.6 Using spatial interpolation to interpolate erroneou
missing values

5.6.1 General description

Spatialterpolation using neighlsoswinde sy ad pgrii-erd maosfsihg data

or correct rainfall values identified as erroneous. The adjoinin
the basithefproximrittheripinghat they must lie withid thdispecifie
from the test station where data are filled)

Missing data and data identified as erroneous by validation
interpolation from neighbouring stations. These procedures are
rainfall. Estimatedhwalnaesfalfl using such interpolation methods
for as many data point as required. However, in practice only
values will be estimated at a stretch. Three analytical procedu
using such smptetri@dlation methods are described below

5.6.2 Arithmetic average method

This method is applied if the aveodgdeashatabmaumikedt considere
is within 10kmetrageuahmaindtaltlhhe adjoining Tht@atéonsneous or
missing rainfall at the station under consideration is estimated
neighbouring sTausinshe estimate for the erroneoabtalloatmtiesing
station under considematidonhesrBinfall at M adjoimipdgiistaltions is
to M), then:

=—( o+ o+ N S + ) Eqmb.ll

Usually, averaging of three or more adjoining stations is
satisfactory estimate.

Exampbeé

Consider the BabddsafioKhedcaatchment) athshaclly rainfall record is
not available for the year 1988. There Mrehis@eitash&tdons lik
Vadalround this station at which daily observation are availabl
the appropriateness of the arithmetipatvelrageenpotiladdomfas stati
Balasihor the missing period on the basis of these neighbouring

First tlbegernmaverage of these stations is considered to get an
The anmaahfadl these starteons

FoBala®ixr Nest = 715 mm
FoMahisa = Noase,Z 675 mm
FoBavlitank Nyase. 705 m
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Fowvadol = Noase,# 660nm

It may be seehaihfetrence in the normal annual rainfall at the th
is about 5.5, 1.3 amhd7t&u% the simple arithmetic average n
obtaining the estimates ofBldidyisdanifahl @an be employed.

The arithmetic averaging can be carried out by employing th
series transformation on theeshnakemasegsémer and multiplying
with an equal weighTadfl®®.388ws the computation of the daily
estimateBabasisbadn on the basis of above three adjoining (base

Tabl®9:Estimation of daily saatiadadlasinby arithmetic average

method

Observed Rainfall (m EStimat
Date Rainfa
Mahisi Savlitan Vadol (mm)
Station Weights Balasin

0.333 0.333 0.333
1207/88 0.0 0.0 0.0 0.(
13/07/8 130 0.0 2.0 5.(
14/07/8 250 500 37.G 37.
15/07/8 460 300 420 39.
16/07/8 970 500 170 54.
17/07/8 4.0 3.0 5.0 4.0
18/07/8 8.0 3.0 140 8.3
19/07/8 7.0 150 160 12.
20/07/8 210 280 18.0 22.
21/071/8 6.0 6.0 3.0 5.(
22/07/8 620 450 280 45,
23/07/8 150 180 380 23.
24/07/8 5.0 8.0 4.0 5.6
25/07/8 180 100 4. € 10.
26/07/8 6.0 150 200 13.
27/07/8 430 0.0 120 18.
28/07/8 4Q0 1250 47 .G 70.
29/07/8 110 210 17.0 16.
30/071/8 0.0 5.0 6.€ 3.8
31/071/8 110 110 5.¢ 9.1
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5.6.3 Normal ratio method

This method is preferred if the average (or normal) annual rair
consideration differs from the aveaadagbeamadyailnragngabltions by n
than 10%. Theeeus or missing rainfall at the station under
estimated as the weighted average of adjoining stations. The
adjoining stations is weighted by the ratio of dhdhavetagi@mnn
under consideration and averagé threnad]oriamimffaldtation. The rain
the erroneous or missing value at the station under considerati

=— (—— o+
Where:
Ness annual rainfall at the stationhoonder considerat

) Eqmel2

Nbases iannual rainfall at the adjoining stations (for i = 1 to M)

A minimum of three adjoining stations must be generally use
estimates tthsNorgnaRatianethod.

Examphe

Consider the BaddionrfonKhedmatchment) againtaedahiychainfall
record is not available forAtdsaumemg 198t8the record for the neig
stations NikeifaSavlitaarkdvada@round this dsatabso avatilable.
However, records for twpdesatgiodsh&sawaich are at comparativel
farther distanc8atasimstatioareavailable. It is desired to see
appropriateness of the arithmetic average and normal ratio
inteprolation at Btaltaenhmr a test period during the year 1984.

Firsthdongferm average of these stations is considered to get a
The annual rainfall at these station3Siyemrtsaimfed afraonbe2@ e e
1970 t997 as:

Annual rainfall

Balasinor= Neest = 715 m
Kapadwarnj Noase F 830nm
Thasara = Nbase 5 7951 m

It may be seen that difference in the normal annual rainfall at
about 16.0 and 11.2 % respeecteetisgl WhichiteMibeare fotiheg
Norm®&i#tionethod dbtainingeshienates of dailyBralimfadbadton is
applicable
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First, the normalised weights for the tvwoy Stlattaommseqrretideoifved

test station normal

andnbam dllseéeaeicare oklmtmnined

Normalised weKgpafdyeanf—— =-— =0431 and

Normalised weTdlatsbog—— =-— = 0450

The normalised averaging can be carried out by employing th
series transformation on the two base semidipItikidge mowgettther an
weights of 0.431 and 0.450
aritmetic averaging are worked out. SiBadatheaoetaha tf @rc tluced iy
missing, the observed data is also tabulated along with the twc
the two methballslehQ

respectively.

For

a qualitative co

Tabl®lGEstimation of daily sdiatiaddlasinbyarithmetic average
and normal

Observed Rainf

ratio method

RainfaltBalasin(@rm)

Estimated
Date . :
Kapadwe Thasa| Arithmetic -~ na
0.°
25/08/1 0.0 0.0 0.0 0.0 8.0
26/08/7 0.0 4.4 2.0 2.( 2.0
27/08/7 0.0 4.0 2.0 1.6 2.0
28/08/7 0.0 0.0 0.0 0.C 2.0
29/08/ 350 8.6 21.G 19.0 240
30/08/7 860 330 59 .C 51.¢ 540
31/08/] 1190 1700 144(C 128( 1300
01/09/71 360 1070 71.C 6 3.0 71.G
02/09/7 250 6.0 15.C 13.0¢ 200
03/09/71 350 210 280 24 .( 200
04/09/7 1 120 340 230 20.C 300
05/09/7] 170 210 190 16 .G 150
06/09/7 8.0 3.0 5.6 4. € 5.60
07/09/7 710 540 62.C 54 . 580
08/09/7 1130 43 .G 78 .G 68 .C 660
09/09/7] 4.0 0.0 2.0 1.0 0.0
1009/71 0.0 0.0 0.0 0.C 2.0

It may be seen from the above
matches fairly well.
performance owoalveragmegthods,

rainfall

results that on an average the
Since the above
but the suitaNalmgRatiothe

is a very small

method is implied since it wouldtera ntaliatitdreshopgoetween the t
stations with respect to the station normal rainfalls.
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5.6.4 Distanpvemethod

In precipitation, istaticosesr prolametyber correlatithn the test
statiohherefore, in this method, missing data at a test static
weighted averages of obskevatghbhonugsttations. The weights ar
inversely proportional with some powerthdl esstanxteolbeadwdethe
neighbioustations. An exponent of 2 is most commonly used wil
obtain the weightedhasemaglkeod weights netghbasromgthe basis o
their distance from the station under consideratibe,losernrhe as:
stations are better correlated than, amadsdehturtheyoawvasy certai
distance they are insufficiently woeSptiateohterpelation is made
weighing the adjoining station rainfall as inversely proportion:
distances from the station under consideration.

In this method four quadrants are dsdurtbabad-vieyesdtidrntes

passingotigh the rain gauge station under condHidgeuddiloh, as sha
circle is drawn of radius equal to the distanceowetlhaitnowhich s
assumed to exist between the rainfall data, for the time intenr
The adjoining stations are now selected on the basis of the foll

" Theeighboustagions must lie within the lspwinidiesdgnafd iclasn t
spatial correMighioome another.
" A maximum numbeaigpifb®usitmgions are sufficient for estima
spatial average.
An equal number of stations from each of the four quadrants is
any directional bias. Howlkepgrevaidendgowind conditions or orog
effe¢cspatial heterogeneity may be present. In such cases norr
than actual values should be used in interpolation.

The spatially interpaltetetif eessinfall at the station under conside
obtained as:

| =—/’ Eqrb.l3

Where:
Pest=pstimated rainfall at thet temte station
R Fobserved rainfall at the neighbour station i at time j
D=distance between the test and the neighbouring station i
Moassnumber of neighbouring stations taken into account.
B=power of distance D used for weightnmgvrduraflasitavtabines at

To correct for the sources of heterogeneitpporengli nadgeaphic e
must be used in place of actual meanghblovuaiagi® es. thlkis implies
that the observed rainfhétedghbesusitaghs used above are multipl
by the rattbemdrmal annual rainfall at the station under cons
station)thaedrmal annual rainfall at the adjoining)stations (Base
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Peorr, 7, KtedtNbase), P j

Where:
Peorrjsrainfall corfectleaelterogbémtdieyneighibsdaation i at time |
Nest Annual Normal rainfall at the station under considerat
Nbase= Annual Normal rainfall at the adjoiningsstations (for i

StatioNormalrecalculateadmhehistorical records. Otherwise, they
computed from established relationships, as a function of alti
sufficient data is not available at all shesti@hi® nforoemtilmal hreg
relationship fonetealioans a function of the #faitsomf ahtet dadem(

N=a +Rh"H' H'd H a=Rainfall datum station
N=a+h"H' H'e H Hi=elevation datum station
b =rate of changelin rainfal

Hs=altitude of station under consideration

Examphbe

Daily rainfall data&S aeliitestkation is taken for illustrating the prc
estimating the missing data at a station by making use of data
stations and employing distance power method of spatial interp

For this, the search for nempshlfbasengtatadios) is made within a
25 kbhyusing the option of Spatiadrddterpotdtiotations are identif
Selection of the test and base statibigurel 2alBloeshe®wmigsn

stations are chosen which fall within the circle of 25 km radius
inTablkellalong with the quadrant, distances and corresponding r

TablgllDistanmaeshormalised weights of statioasladkoining S

Station weigdht®)(

Distan

Quadra Station (km) ) Normah#
welght§

I Vadol 9.2 0.0 0.
I Kapadwa 8.1 0.0 0.33
11 Mahisa 13. 0.0 0.1
11 Kathlal 13.8 0.0 0.1
IV Vagharo 17.8 0.0 0.0
IV Thasara 21.1 0.0 0.0
Sum 0.03% 1.0C

Results of the spatial interpolatidrabd®é 2poe skeng@dpitember
1994 wherein the observed rainfall at all six baskytdtations is
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estimated rairsfavlitestltion. Shredaily rainf8ldvhitastltios
actually not missing, a dummy data series at this station is firs
estimated rainfall values are stored in it. This is given as
Savlitana&tion in the table. The available obSeidviadtadaioyn nainfall
also given in the last column of the table for better appreciati
an estimation procedure. A quick qualit&tiyere8p noparhece (Sece
estimated and observed daily rainfall valumatch®ixidee waldt the

There will always be a few small and big deviations expected
simple reason that the averaging procedure is never expecte
would have been the actual rainfall. It may alsomipdolyongd how

such spatial interpolation, it is very likely that the number of
for which the estimation has been done increases to a signific
the fact that if there is some rainfall ewerhatuomee staftibaseut
stations then there is going to be some amount of raidfall estin
the data of all the bhas Beainoohecked and corrected before m
interpolation then atnermesaseuicch number of rainy days can be
account of shifting of rainfall values at one or more stations. |
number of rainy days must take into account long periods of
spatial interpolation.

Tabl®el2Observed daily rainfall at base stations

Rainfall
Observed Rainfall at Neighbouring Sta

Vad

0.27 0.352 0.12¢ 0.121 0.073 0.052

Date 4

Kapadwé¢ Mahis Kathl% Vaghar+ Thasal

15/08/¢ 0.00 1300 0.00 0.00 9.00 2000 6.8] 0.00
16/08/¢ 0.00 3.00 0.00 0.00 3.00 0.00 | 1.6 2.00
17/08/¢ 8.00 0.00 0.00 6.00 1500 8.00 | 4.4] 2.00
18/08/¢ 0.00 2.00 0.00 0.00 2.00 2200| 2.0|] 0.00
19/08/¢ 180( 4.00 0.00f 1000 6.00 0.00 | 8.0] 0.00
20/08/¢ 680¢( 5000 0.00| 1500 12000 13200| 53.00 6Q0¢(
21/08/¢ 0.00 1400 5.00 3.00 0.00 5.00 | 6.2 7.00
22/08/¢ 140¢( 0.00 0.00 0.00 5.00 0.00 | 4.2] 2.00
23/08/¢ 0.00 0.00 0.00 0.00 0.00 0.00 | 0.0/ 0.00
24/08/¢ 0.00 0.00 0.00 0.00 0.00 0.00 | 0.0] 0.00
25/08/¢ 0.00 0.00 2.00 0.00 0.00 0.00 | 0.6 0.00
26/08/¢ 0.00 0.00 0.00 5.00 0.00 0.00 | 0.6] 0.00
27/08/¢ 9.00 4.00 6.00 5.00 5.00 7.00 | 6.0, 0.00
28/08/¢ 400¢( 4300 0.00 0.00 4300 4300 |31. 390¢(
29/08/¢ 0.00 1400 0.00 0.00 0.00 0.00 | 4.0 0.00
30/08/¢ 0.00 0.00 0.00 7.00 0.00 0.00 | 0.8] 0.00
31/08/¢ 0.00 0.00 0.00 0.00 0.00 4000, 2.0| 0.00
01/09/¢ 500¢ 7400 3000 1000 3000 1500 47. 240(
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Rainfall
Observed Rainfall at Neighbouring Sta Savlitan
(mm)

Date
Vad# Kapadwe: Mahics Kathl% Vaghar+ Thasal ggstimate

0.27’ 0.352 0.12¢ 0.121‘ 0.073‘ 0.052 Observe

02/09/¢ 270( 6000 2500 8.00 2500 4500 36.8 180(
03/09/¢ 0.00 4800 0.00 5.00 1800 4100 20.® 210¢(
04/09/¢ 0.00 0.00 6.00 0.00 0.00 0.00 | 0.8, 4.00
05/09/¢ 0.00 4.00 3.00 0.00 1000 0.00 | 2.6] 2.00
06/09/¢ 0.00 0.00 0.00 7.00 0.00 0.00 | 0.8, 0.00
07/09/¢2200 33600 | 31500 10000 30500 3120012690 2780
08/09/¢ 610C 6000 6500 5000 4500 4200 57.00 1220
09/09/¢ 0.00 1900 8.00 0.00 1200 0.00 | 8.6] 8.00
10/09/¢ 150( 1500 5.00f 1000 0.00 7.00 | 11.4 6.00
11/09/¢ 0.00 0.00 0.00 0.00 0.00 4.00 | 0.@] 0.00
12/09/¢ 8.00 0.00 0.00 0.00 0.00 0.00 | 2.2 0.00
10/12/¢ 0.00 0.00 0.00 0.00 0.00 0.00 | 0.0] 0.00
11/12/§ 150( 0.00 0.00 0.00 0.00 11500/ 10.a 0.00
12/12/¢ 0.00 0.00 8000 1800 0.00 4000]14.8 5.00
13/12/§ 400( 4400 1600, 3300 4500 11200 41.6 40Q00(
14/12/¢ 0.00 1300 0.00f 1000 1200 0.00 | 6.0 320¢(
15/12/¢ 0.00 0.00 0.00f 1200 0.00 0.00 | 1.6 0.00
16/12/¢ 0.00 0.00 0.00f 1500 0.00 0.00 | 1.8] 0.00
17/12/¢ 0.00 0.00 0.00 0.00 0.00 0.00 | 0.0, 0.00

Observed & estimated daily -®%4all (Say

300

250 B Estimated

200 mObserved

150

100

Rainfall (mm)

29/08/P4

I

23/08/94

o1
© o
E:-‘

19/08/®4

25/08/94

15/08/94
17/08]
21/08/@4
27/08/94
31/08/94
219119
4/9/19P 4
6/9/1994
8/9/19
12/9/1994
13/12]
15/127194
17/127194

10/9/1
11/12/1994

Date
Figure8:Comparison of observed and estimatedSravihtalnkat stati
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After scrutiny and checking rainfall series the incorrect and
replaced where possible by estimated values based on other o
station or atomeigtbstations. The process of filling in missing \
referred to as completion

Where no suitable neighbouring observations or stations are a
will be left as missing and incorrect valuesPwodeOersetfoo
correction and completion depend on the type of error and the
source records with which to estimate, what should have been
described in the previous section. The judgshemitiafaltheet hlyidsro
stage. The newly calculated value wilittwelbtbe misrdasndy and
moreA labisattached toetdata valmelying tlnist data kabubeen
completed.

5.7 Othemeth®sdf gap filing and data correction

There are few other methods of gap filling and correction of |
suc ha s

1. Relation curves
2.Drift correction

5.7.1 Relation curves

By Time Series Analysis/General Inspeotnshipfb®&e¢wiesntkeatiedns
are studied through regrédldsdorre gnery®ion curves analysed are st
user foumealm toadequaide best regression curve fohroaéddEh interv
used for fdHliggps. Me odrrelatdquatidhamay kBelectead:

Linear. Only fill ssdeiw sgwptdrakrofratihis method is recommende
only fmurlgata

Polynomial

Power

Exponential

5.7.2 Drifecorrection

The pen of the actogocapdher may gradually drift from its true p
case, analogue observations may show deviation from the staff
deviation can be static or may increase gradually with time.

Where a digital record is prodategudromcard aisfogldawgen

digitizer, the annotated clock and recorder time and level can
program and an accumulative adjustment spredidomvehrethemieevel
the error is thought to have bGemereocewasildetected or the ¢
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removed. However, such procedure is not recommended as the
shift may still be unknown at the time of digitizing the charts. |
tabulate/digitize the chart tdeofidsasinstianioe and then apply col
thereafter.

This option for correcting the gradual spread icskretrroated digif
from a chart recorder, with a growing adjustment from the comi
untilhe end odrtbe detechoonexametieehé error be "X observed at t
=i+k, where i is the time when the drift started, which the uset
judgement. In that case, the correction that can be implement
the ddbtatween times i and k could be based on the following for

= R UL L P L - P Eqrb.14

The above approach should be used witihotawetieasysiwcd eitte nmaiyn
the exact starting point where the adjustments for the data drif
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6COMPILATION OF RAIN

6.1 General
Compilaisoma process by which data at its observational/recorde

unitareransforme@dnother time interval or anatlyisidacididdbaion
reportingndeainfall comptlhesimerved rainfall is transformed:

frommndimenterval to another

from one unit of measurement to another
from point to areal values

from nequidistant to equidistant series

Compilatisorcarried out at the State DataltPnagekainrge € emute
prior dataalidatidsorequirddthdinal compilatoomaslgrried out
aftekat@orrection and completion

6.2 Aggregation of data to longer durations
Rainfall from different sources is observed at different time

generally onestaytofFor the standard rain gauge, rainfall is me:
twice daily. For autographic records, a continuous ornardg is pro
rainfall is extracted. For digital rednfbdll isececdeded at varia

intersadith each tip of the tipping bucket. Hourly data are typ
daily; daily data are typically aggregated to wmehlyhlyten da
seasonanomu.al

Aggregation to longer dimeeiquerevcalfor validation asnndvallaagsis
input into modEblingalidagmall persistent errors may not be de
small time isparmaly betected at tiomegenterval.

6.2.1 Aggregation of daily dateweekly

Aggregation of daily to weekly time interval is usually done by
weeks of equal lehgdhyé¢i).eand t{b2d) awstek of eitber98days
according to whetheranloel eyemry ear or a Jreessp egetavely. The rainfa
for such weekly time periods is obtained by simple summation
sevedayainfallThe last week s rainfall is obugintde bgpss@Bnming
daysfrainfall

For some appsidamanp be required to get the weekly compilatio
exact calendar weeks (from Monday tos Bluendiarg). wa ekucrh &y g/ e ¢
will starttirédmmst Monday in amalt thaisr there will be 51 or 52 full
the year and one or more days left in the beginning and/or end
out at the end of a year or beginning of the next yeaw® could b
weekf the year undertocoom.silderee will also bedwas&swdhfe n BIBe
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Istday of the year is also the first dayeap theawsrdan(@aolayon
of the year is also first day of the week (for leap years).

6.2.2 Aggregation of daitdw e rtiod s

Aggregation of daily to tienmedwaabystumldy done by considering e
month of three ten daily periods. Hence, every month will he
periods of ten days each andiddsaftentidaril8,p3®r 10 or 11 days a
to the month and the year. Rainfall data for such ten daily
summing the corresponding daily rainfall data. Rainfall data fo
obtained in a similar mafnée ftwoepahto of every month

6.2.3 Aggregation from daily to monthly

Monthly data are obtained from daily data by summing the dai
calendar months. Thus, the number of dailwildada 28 ,b29su3dmed
31 according to the month and year under consideration. Simil
are obtained by either summing the corresponding daily datze
available.

6.2.4 Hourly to other intervals

It masometinbesdesired to obtain rainfall data for every 2 hours
12 hours etsonfspecific requirement. Such compilations are c
simply adding up the carnésldodatiapvaitagheorteime interval

Exampbe

Daily rainfadiogtatiokithgdaatchment) is obseasve&ddaiadhgauge
(SRG).atrograptaiingauge is also available at the same station
rainfall contipnamdshpurly rainfall data is obtained by tabulati
from the chart records.

It is required that thebécooumpyilddtto daily interval correewstponding
off time for the start/ermad @BOthrersdaVhis compilatushngstdene
aggregation opbiywmrvesngrom hourly to daily interval. The obsen
data and compiled adasihyp wafFiigube Andigube2espectively.
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Figurel:Ploof observed hourly rainfall data

Figure2:Compiled daily rainfall from hourly data tabulated from

Similarly, daily data obsenveeydenesqugreslR&t weekdyly temonthly
anddr yearly imsttervabhrious applications and for the purpose of
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For tlkciempilatibadaily data obtained using SRG is taken as the
compilation is done to-daelggklynotethly and yearly intervals. T
ilustratedigub8toFigubdrespectively.

Figuree3:Compiled ktgerainfall from hourly data tabulated from AF

Figuree4:Compiled-danly data from daily data obtained from SRG
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Figureb:Compilmdnthly data from daily data obtained from SRG

Figuree6:Compiled yearly data from daily data obtained from SiI
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6.3 Estimation of areal rainfall

6.3.1 General description

Rain gauges generally measure rainfaAl singheipodoalppecnpstatic
measurement is not a reliable representative of the volume of
a given catchmdiawanea, madyologicaladipmlscrequire the averag
depth of rainfall occurring over ahedreaconmpamedadirectly witl
runoff from that area. Tlenasrne&ramnicbar can be a principal river
componentbasbn. Occasionally, averag® rerguwilrerdihfedad htire
basjnstate or other adminjahrhttive amadl average is obtained w
appropriate political or administrative boundary.

Since rainfall is spatially variable and the spatial distributior
pont rainfall does not provide a precise estimate or representa:
The areal rainfall will always be an estimate and not the true r

of the method.

There are number of methods which can beneofptlilog eadr fat rasin had
including:

ArithmeAverageethod
Weightavdrageethod
ThiesdReihygomethod
Spline method
Krigimgethod

All these methods for eseianhatvenagf rainfall compute the weigh:
of the point rainfall values; the difference between various me:
the weights to these individual point rainfallpvianhaesly tih@swaeigh
on the proportionapraseated by a polihésgatimpaels are outlined
below:

6.3.2 Arithmetic average

This is the simplest of all the methods and as the name sug
rainfall depth is estimated by simple averaging of all selected
the area under consideration.

If the rain gauges are uniformly distributed over the area and
regular manner, the results obtained by this method will be qu
not differ much than those obtainlsd Dhistmethondtgoves equal w
to every station regardless of its location and can be used for
or annual rainfall averageTbosnpsu taviem.y:

= ( + + +...+ )=-" Eqme.l
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Where:
Pat= estimated average areal rainfall depth at time t

Rit= individual point rainfall values considered for an area, :
and time t,

N=total number of point rainfall stations considered

In this case, all point rainfall stations are allocated weights ec
total number of stations considered. Generally, stations locate
consideration arent@akeccount. However, it ticalpmodnplradeéi saich
stations which are outside but close to the areal boundary and
of the areal rainfall within the boundary. This method is als
unweighted aveedlyed since all the stations are given the
irrespective of their locations.

This method gives satisfactory estimates and is recommended
consideration is flat, the spatial distribution of raiefall is f
variation of individual gauge recordssfgonfitlhemtmean is not

6.3.3 Weightawkeragesing user defined weights

In the arithmetic averaging method, all rainfall stations are as
account for orographic effects aepdraispgaadlgs wdre predomina
located in the lower rainfall valleys, it is sometimes required
differently. In this case, instead of equal weights, user define
to the stations under consideatitdonofTdiree &lstivierage rainfall de
be made as follows:

=—( + + +o+ ) ==" Eqre.2

Where:
G=weight assigned to individual irg#n, Nauge station

To account forepmdseentation by gauges logtheed eiighiasllégsnot
necessarily need to,aadthopgtlo their sum should be close to 1

6.3.4 Thiessen polygon method

This wideslgd method was proposed by A.M. Thiessen in 191
polygoamethod accounts for the variability in spatial distributio
consequent variable area which each gauge represents. The ¢
gauge are definedingyinegsa between adjacent stations on a |
perpendicular bisectors of these lines form a pattern of po
polygons) with one station in daghéylganosee®utside the bas
boundary should be included in the analysis as they may have
into the basin araai.o Tdfeltadaeiarea of a palygoniated awith
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individual stattloe tlhaslareeepresents the Thiessen weight for the
Areal rainfall is thus estimated by first multiplying individual
Thiessen weights and then summing the weighted totals as follc

Sl e 4a— = (o) E 6.3

Where:
A= the area of Thiessen polygon for station i
A = total area under consideration

The Thiessen method is objective and readily computerized
mountainous areas where orographic effects are significant or
predominantly located at lower elevations of the basin. Altitt
(includangtude as well as axislietiifegte) not widely used.

Exampbe

Estimatead average rainfall for aheatahmiaintehoequsdaf30,1982

on the basis of daiayaraimfalrved at a number of rain gauges in &

basin. Areal average is worked out using two methods: (a) Arit
Thiessen method.

Data
Station 30 August 1982 storm
Pi(mm)

Paikmal 3380
Padampuf770
Bijepur 5210
Shela 2620
Binka 1580
6 Bolangir401.6

a b owbNBE

a) Arithmetic Average

For the arithmetic average method rainfall stations located insi
the catchment boundary are considered and equal weights are &
Since there are 6 stations considered the individual Btation wei
and is givlieamblalbelow. On the basis of these equal station weigl
average is computed.
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Tablel:List of stations and correspondiang avetigpmediasaverage
method

30 August 1982 st

Station pi(mm) Weight

1 Paikmal 338 0.1 56.4
2 Padampu 177 0.1 29.5
3 Bijepur 521 0.1 87.0
4 Sohela 262 0.1 43.7
5 Binka 158 0.1 26.3
6 Bolangitl 401 0.1 67.0

SUM(£)= 310.72

Average precipittdtedoug f80th 1982 storm is fommd as 310.22

b) Thiessen polygon method

Computation of areal average using Thiessen method is acconm
the Thiessen polygon layer (defining the boundary of Thies:
contributing point rainfall station). The station weights are au
on thesistloé ratios afetthe of these polygons with respect to the
the catchment. The layout of the Thiessen polygons as worke
graphically shreignGgand the corresponding station weights are
Table2.0n the basis of these Thiessehhpodyeare nagiglotisthe basin
is computed and this Tall@dhwor ithe WOB2 In this case it may b
noticed that there is no significant change in thE@Y¥almes of th
versus 30.9abtaihed by the two methods primambkVlamadccrount o
in rainfall from station to station.

Tablé2: Averggecipitatiofhieysse@mlygon method

Weighta

Statio Area of influe¢ of eac

statio
1 Paikm 3380 33.G 572. 0.1 3.t
2 Padamg 1770 17.C 1374, 0.2 4 . 4
3 Bijepu 5210 52.0 1148. 0.2 10.
4 Sohel 2620 26.C 517. 0.C 2.1
5 Binka 1580 15.G 934. 0.1 2.€
6 Bolang 401C 40. 958. 0.1 6.¢
Sum 5504, 1.0 30.9
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Figure7:ExampleThifssempolygpmnepareding Arc GIS software

6.3.4150hyetal method

The main difficulty with the Thiessen method is its inability t
effects on rainfallwiiohetchoadincorporate such effects is the iso
where lines of equal rainfall (isohyets) are being drawn by inte
rainfall stations taking into account orographic effects.

In flat areas where no orographdaottéfdemtest haored pimepgly interpola
linearly between the point rainfalltise¢apirorce.d WMrenusatdnfallows
basin mtog locations of the rainfall stations within the basin &
basin boundary are plottediomMsexatrretbensteadted with their neigh
stations by straighe Iposestions of the isohyet(s) on these conne
indicateadpedidgon the rain depths for which isohyets are sho
interpolation between two neigfbdfitierg hataing completed this
connected stations, smooth curves are drawn through the point:
lines between the stations connecting the concurrent rainfall v
are to be sasswmowimFigumlsB.Drawing the isodlyessonpéhgonal
experience with local conditions and information on storm orie
the area betwadapatvemt isohyets and the catchment boundary is
GIS. The average rainfall obtained from the two adjacent isoh
occurred over the eisbihgeintarea. Hence, if the isohyet® are indi
&,Phwith tiewisohyet aiemss&si1dhe mean precipitation over the catc
computed from:

T — ( E q r6.4
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It is noted that if the maximum @mmiht/ caimiaimuainue(s) are withi
catchment boundaniesdt/logmnBPto be replaced by the highest and/

point rainfall values. A slightly biased result will be obtainec
isohyet is located outside tkha aatdchmeaMmenaging over two suc
isohyets will underestimate (overestimate) the average rainfall

the catchment boundary and the first inside isohyet.

Figuree8:Examplesofhyepsepareding linear interpolation

For flat arebBohnhetal meshsedperior to the Thiessen method if
storms are conasdereadlows for incorporation of shermtdemtures
orientatilomis feature is notfoavaibdambhdy, seasonal or.#snual val
added valuefparticulaenefithen special meteorological featur
orographic effects are present in the catchment rainfall. In
procedure is ewettubedatchment map overlaying a topographical
to draw the isohyets parallel to théheoaxbvamtliofesaiIslbadow are
the leeward side of mountain chains can easily be identified f
The compuwtaatace again camusemgoudatiérlin such sityahieons

Isohyetal meamobe likely to be superior to the Thiessen method.

6.3.4183epercental method

This metissdcommenideadng term seasonal tomdgeamhechd pe

incorporated in the estimates of areal precipitatirawimghich is
iIsohyets for individual storms or seasons. The assumption is th
topographical effect as dispbkaoyead (o rtle@orhwyeaeltye also applicable
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for individual storms and seasons. The procedure inwmolges the
also demonsitr B keadn [GH8.

l1.Compute point raiapelticastage of seasomah fraddimmall
stations

2.Draw isopercglnnadst equal actual point rainfall to static
rainfall) on a transparent overlay

3.Superimpose the overlay on the seasonal isohyetal map
4. Mark eachhssing of seasonal isohyets with isopercentals
5. Multiply for each crossing the isohyet with the isopercen

value to the crossing on the map with the observed rainf
data set is extended with the darnfatl iemssiteatdd

6.Draw isohyets using linear interpolation while making us
i.e. observed and estimated data (see step 5)

6.3.48ypsometnechod

Special attention is to be paid to situatielesvathens Bainhegalhggeh
statiodhs not exliden the orographhaete flieceéextrapolated from the Ic
reachefsthe mountains by estimshipgtaveehaticomfall anfloelevatior
the available range of values and extfrirpgphatriredemMegicam Usin
this raireflelMation curve a mwnmbtesr infthe ungauged upper reaclt
added to the point rainfall data to guide the interpolation proce

Figure9:Principde hypsometric method

A simple technique to deal with surypsotoatiomsnedvhidere a
precipitac¢ieration curve is combined-ehethtianrvaealled
hypsometric curve) to determine the areal rainfalédcuThentatter
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assessnmenintisohyet areas, whereas the results wsidlhypetaslimilar
method. The preedpavatiom curve has to be pregramednbartheach
season or year, but its development will-dle gaticherd;dlyiche rainf.
isalsoepresented theingrographic eqpiadupmroximated by a simple
linear relation of the form:

()= + Eqr65

This relation may vary systematically in a region (e.g. the win
range may have a more rnaprécimpéteas®e with elevation than the

side). In such cases separate hwpmslomeodmgicapchicvesqguations a
established for the distreguosisedl sabareal rainfall is estimated
=" () (A E qr6.6

Where:

=—areal rainfall

P(2= rainfall readefuripmta¢iliervation curve atielevation z

"A( )= percentage of basin area containedl¥thin elevation z

n= number of elevation interval in the hypsometric curve has be

Exampée

The application opeticenitssd method is demothssratealpHe
1988). The areal rainfall fohed@eo fAtlogusto 1982 has to be determ
for the catchment Fsilgowd QinThe total catchment area amounts 5
The observeavamedgenual raemaldnts for the point rainfall statiol
area are givableh

Tablé3:Storm rainfaldnmumahormal

Storm

0 Augu oI TSI

Statio 1982 sta rainfal of annu
normal

Prima 3380 1728 19.0

Padamyg 1770 13020 13.0
Bijepu 5210 12310 42 (
Sohel 2620 1240 210

Binka 1580 1493 10.0

Bolang 401¢( 1440 27 .C
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For each stheéigpmint rainfall as percentage of seasonal normal
last columhali®3. Based on this information isoperceatals are
transparent overlay, which is subsequently superimposed on
isohyetal map. The intersectiomal®fanhde issodpyertseare identified
each intersection the dsepdtceineal with thstoispetyanh estimate of
the storm rainfablpfoirsttlMhese estimates are then added to the |
observations to draw thsemsohygeuibdl The imsehyet atbans
determimed the areal rainfall is subsequently computé&d with th
as showhaimieA4.

Tableéd:Computation of areal raomfledtadyisopermenhad

(mm) (mm) (km2) (km2xmm)
15800 1790 206. 36959
20800 2500 1309 3274114
30400 3500 1726 60418¢
40600 45000 2102 94622¢
50621 5100 159. 81615
Total 5504 199640

VolumArea=362.653bm2cm

FigurelQlsopercemMap
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Figurelllsohyetal map drawn by isopercental method

6.3.5 Inverglestance weiglha®dnethod

Inverse distance nwvetilgtlhdeidls the simples and most commonly use
interpolation of point taiirsfedlldaa&d.method that assumes that trl
value of a point is influenced more by nearby control points t
The degree of imfludreceveight, is expressed by the inverse o
between points raisedlInothipowetth@dnterpolateddeaé¢umined

by:

-
0=—— E qr6.7
=1

It is observed that the weights are proportional to the distance
to some powhe power facoiskcommonlynappinédll estimation

Compared with other methodshatmgimmethabdpthyhe Inverse Distance
Weighted method is simpler and doemodelklimgqguwiresplrgective
assumptions in dbkecapmpgopsieamne variogram model. The method
faster, being of value in an emtdragremagssapudtiyetifjiadle

results. One major drawback of the inverse distance interpol
when two or more sampling points are close to each other
measurement errors), the redundant infdwmoatednoimfsomotthese
ignoredverse distance interpolations com®oglyphatee na a rdbwankd
solitary data points with values that differ greatly from the vall
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The surface generated through inverse distance weighted inte
theoutliers, as it is an exact interpolator. The Inverse Distance
not take account of station clusters, whichTesbi@nvaseinagwy, sho
the estimate for 0O is seen to be almost entirely determined b
is nearest to 0 . Hence, this method is to be applied only whe!
less evenly distributeddanmtekiss.ters

6.3.6 Spline

A splimse approximately a piecewise cubic polynomial that is ¢
continuous first and secoAddidePihadeiveém.oothing Splines are coc
applied for smooth multivariate interpolation o¥ idadBudarly sc:
geostatistical analysis tool in ArcGIS software uses a set of
each data location. The predictor is a |braesas €wmchhinasion of the

()=" @ " )+ E q 6.8

wher&r)is a radial basis fulnttigqms Euclidean distance between
prediction logatnibreach data doaafdor= 12,&, + 1}are weights to
be estimated.

The radial basis damatocdygailable with the sofayvaemgrietely
regularised fumichieon, (b) Spline with tension function, (c) Multi
(d) Inverse Multiguadraodfuiegeilirplate spflumetion. The optimal
smoothing parameter can be found by minimising the root me
error using cross Balidasi@rBplines are piecewisdefwnzdaians usin
at a time, the interpolating values can Ibeoquriaktytcalcamnate
surfaces and weighted averages, Splines are ableUndersstain sm
the user has a strong background understanding of the rainfall
has sufficient time to develop good modeslis &fdginmgitterrisolatior
suggested thamaplbree used, as a method more advanced than i
weighted interpbhasio®.a commonly available function in many
packages.

6.3.7 Krigimgethod

6.3.7A@eral

Th&rigimMethod aamdvandatderpolation mheathvakes care of the varia
of rainfall with.ttisitmrmacé&eostatistical method for spatial interg
after the South African mining engineer D.G. Krige. It assumes
of an attribute is neither totally random, nor deterministic.
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variable Z atcan bx)expressed as the sum of thregapmassedcomp
as:

()= )+ ()+ E qr6.9
Where:
m(x) istauctural component, having ar ¢oearsignt mean

A random, but spatially correlated component, known as
regionalized Vatipble

A spatially independent Gaussian random meoviseg czeearor |
mean and vakiance

This methoadvides rainfall estimates @ory esttisratvveasiable) at poir
(poirkrigingr blocks -Kbigkdhased on a weighted average of obs
made at surrounding stations. A dense grid is superimposed ov
of the applicatiokrigfiinggeehofdr areal rainfall estimation. After
estimatéaddaainfall for the grid points, the areal rainfall is simpl
average rainfall of all grid points within the catchment.

It can sheowthathaise Kfigimgethodinterpolation maygebaidtstwith

the smaléewsdrs, particularly when the data are scant. Howevel
widely reported in the literakungitilgatinserpodlation without projy
expertise amdutwdtdhhvoting large amount of time to understand th
of rainfall may lead to rgrowsleaby thratearreer, even worse than those
with simpler methods like inverse distance weighted method. T
inadequatredahkstically describe the spatial behaviour, and ther
variogram should be made with deep understanding of the sp:
physical observations and reasoning. Even tpbatdborimmeay GIS s
incorporabedts apKyigirgr interpolation, it is strongly advised
use unless a thorough understanding of the technique and t
developledemains outside the scope of the presdmrtignmaghual to ¢
such depthedaddeasieare referredgteondhed textssbatigéHia@rs
further referlsracdarfd Srivasi@88At each grid point the rainfa
estimated from:

Pe =" . Egqm.l10
Where

Pe= rainfall estimate at some grid point O

Wo . eweight of station k in the estimate of the rainfall at poi
k= rainfall observed at station k

N = number of stations considered bn the estimation of Pe

The weights are differequtidopoémt and observation station. The
to a particular observation station k in estipmahingOtheéepseimdal |
on the gmodagtation distance and the spatralctuceredatiloe rainfal
field. Khigimpethadeweights which have the following properties:
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the weights are linear, i.e. the estimates are weighted ling
available observations

the weights lead to unbiasedrasnimldtas fetlgeid points, i.¢
expected estimation error at all grid points is zero

The weights minimise the error variance at all grid points.

The procedure for estimation of weights can be found in ar
GeostatistidslaekKg979), Isaaks and Srivastava (1989helLloyd (-
erroimvariance minimization distnigu me élsdfdlven other methods
likéehdnverse distance weighting. TheKaidVvagetiahged cafbbhvee other
methdes is thalitsprovides the best linear estimate of rainfall for a
in additiotlhetouncertainty in the estimate. The latter property r
usefuthidocatimfadditional stations have to be sele&tesl wwhen th
be upgraded, because then the new locations can be chosen
variancemiaimizelchese days Kriging method is available witl
application.

6.3.7Rias elimination and error variance minimization

The claims of unbiasedness and minimum error variance requi
Let the true rainfall at location Otlbeeninlléecasdadmbyidn error at
becomes:

0=P& R Eqme.ll

with PeestimatedBy (t is cleadbjromat( any statement about the me
variance of the estimation error requires knowledge about the
rainfall at unmeasured locatiorkan,owrhichhis podblem is solved
hypothesising:
that the rainfall in the catchment is statistically homogene
at all observation stations is governed by the same probab
Consequently, under the abotkeaassalmh gt wméalcations in

the catchment follows the same probability distribution a
observation sites.

Hence, any pair of locations within the catchment (measured
joint probability distributionnthWadndelpeermddstance between the lo
and not onathtebodcatiothance

at all locations E[P]hisntree Eg)fPriBef P{xI)] = 0, where d refers t
theistanceetween various locations

the covariance between any pairlyfalbcacions 0§ the distan
between the locations and not dependent of the location its

The unbiasedness implies:
E(@=0 So: " =1 o kP -El ] Eqne.l2
Or [ ]" k=1 O‘k:O Eqr613
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Hence for each and every grid point the sum of the weights
unbiasedness:

" =1 Egqre.l4
The error variadneceshcaamn to be (Isaaks and Srivastava, 1989):
=H(Pe-P)1=A +" .1 =1 0,i0.,ji.72 i=1 0,i0.i Eqre.l5

where 0 refers to the site with unknown rainfall and i,j to tl
locations. Minimising the error variance implies equating the N
of Ato zero to feaheeow In dointhsoweightwiW not necessarily sun
up to 1 as it should to ensure unbiasedness. Therefore, in th
one more equation is added to the set a@f, ewhiacthonrscltiod s® lae
Lagrangian mudtiglher esé¢ equations to solve the stations weight
ordinaKyigimg/stemthen reads:

CWwW=D Eqm.l6
Where:
m I | 1 Ho
- +H\/
C— e, +H\/
HE 1 #V
[ | |
o 16
# 0 '%m
Hi HV
W= sy
HE o /Y
HE #
#: ' Ho
+Hr HN
D=t v
Ht ' HY
##

Note that the last colum@Gaamdaddedibecause of the introductic
Lagrangian mudtiplitdhe set of N+ 1 equation. By inverting the ci
the station weights to estimate the amenddltlaate bo by Eghvdng
613:

= : Eqre.l7
The error variance is then determined from:

= " : Eqne.l8
From the above equations it C%isbtoe bweed etteatmined only once a

solely determined by the covariances between the observation
of the distance between the stalidbififserosnlfy.r Maerriyx grid point ac
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distances between locationugOngasdatheengaary from grid point
point.

6.3.7Qovariance and variogram models

To actually thedbeove equaaiofunction is required which descri
covariance of the rainfall fietlledistarmaotéem stathonsthis we
recall the corsédatitame between the rainfall st@tapndrdibeussed
spatial corresltatioture is usually well described by af exgponent]
following type:

()=rexpdd) Eqre.l19

Where: r(d) = corredatifdncient as a function of distance
o= correlatoemficient at small disdalnce, with r
do= characteristic coirstalatieo.n

Two features of this function are of importance:

ro"d 1, where valaes wsually found in practice due to measu
or miechmatic variations

" the characteristic dostahaigodehe distance at which r(d) red
to 0.3.71t is a measure for the spatial eghesmtgofthbedadlyrel
rainfadisdmuch smaller than the ma@nHNolye rtehiaf aflbrtdde = 3 d
correlatias effectively vanished (only 5%tod the cotedtation

The expential corredatitoan is sHagumb6dn2

Theovariance fuonétibe exponential model is generally expresse
C(d)s€ £ for d=0 Eqre.20

C(d)=exp >Y) for>do Eqre.2 1

Since accordingefonittien C(d)?2z th(a)doeffieaardtsOnCs, 12) can
be related to those of the expomedetilabntg)rakatodhows:

=A (1-r); =A and d&=3 Eqme.22
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Figureel2 Spatial corresdtucrture of rainfall field

InKrigithigeratunestead of using the covafCahhe fagvwalriomgram
3(d) odtemsed, whichaof thha&l expected squared difference betweetl
at locations distanced d apart; 3(d) is easily shown to be relate

()=- [ ()P -d}]=A -q ) Eqre.23
Hence s¢berwvariogramthe exponential model reads:
()=0, for d=0

()=C+C 1l-exf id) for:>0 Eqne.2 4
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Figur@l3Exponential covariance model

Figureel4Exponential variogram model
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Theeb@tures of the exponentaalfalbalwes are

G, threugget effecvides a discontinuity at the o6igld; accorc
G = #&(Lr), hence in most applications of this model to rai

nugget eifdelamtays present

The distance a in tHencdvaamdawaeiogram is canibaehdhe

itrefers to the distance above which the functiohRsr are ess

the exponentiathemodaebe 0oBdan bheed.

G+ Os callesgithe the variogram and provides the limiting v
distance and become’ etqabdotgikes the covariance for d =

6.3.7Q@themvariance andvaeimgram models

Beside the exponendthbmmaoelels are in us&figrijegdinary

Spherical model, and
Gaussian model

These models have the following forms:

Spherical:
|f ||d ’ ( )= + _ "o _
Otherwise:

()=1

Gaussian:

()»=c+ 1 =

The Spherical and Gaussian models are
6.15
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Figur@l5Examplespadfericgalussian and exponentvalibyramnf
models

6.3.7Fensitivity analysis of variogram model parameters

To show the effect of variation in the covariance or variogram
attributed to the observation stations to egptomatextthrapkalue at
presented byalsdad&drsvastavaQh98©Ovyations made at the stations a
inFigulBel 6bare used. Some 7 stations are available to estimate t
(65,137).
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Figureel@ Layout of network with locatidn7of stations 1

Observations:

Station 1: 477
Station 2: 696
Statiorn B7

Station 4: 646
Station 5: 606
Station 6: 791
Station 7: 783

The following models (cases) have been applied to estimate the
Casel:

()=101" exp — , =0, =10, =10 Eqme.27
Case 2:

()=201" "—) =2 (), =0, =20, =10 Eqme.28
Case 3:

()=101" " 3—) , =0, =10 , (&=_auGs)ian Egre.29
Case 4:

3()=0 ford =0
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3()=5+51" ("—), for €&®5, =10 =10 Eqr6.30
Caske
()= 10-exp =% , =0, =10, =20 Eqre31

The covariance and variograms for tireguddeaanafeges b @ n in

Figureel7ZCovariance models for the various cases

Figureel8 Semvariograms for the various cases
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The results of the estimate and variance at point 0 as well
stations computed with the models in estimatingabddéeht 0 are p

Tablé5:Results of computations for Cad¥dnlveoss ®nsitdDce
Weight#dcethod) with p = 2

Station Number (Distance from

Error 1 2 3 4 5 6 7

Vartan oy 4y 3.6y (8.0¢ (9.4p (6.7) (8.9) (13.4)
Weights

1 59 8.¢ 0.1 0.9 0.1 0. 0.1 0.4 o0.d
2 59/ 17.{ 0.1 0.9 0.1 0. 0.1 0.0 0.d
3 55 4.7 0. 0.6 0.1 0.0 0.4 0.2 0.
4 60/ 11.] 0.1 0.1 0.1 0.1 0.1 0.1 0.1
5 57 57 0.1 0.9 0.1 0. 0. o0 0.0
ID 59 0.4 0.4 0.c 0. 0.d 0.4 0.4

From the results the following can be concluded:
" Effect of scalepare Case 1 with Case 2

In Case prblteess variance, isewtbe aslllarge as in Case 1. The
this has on the result is a doubled error variance at 0 . The w
the estimraetmaiimnchanged. The result is easily comrdsrnf@dd)rom
and (3.10) a&, lmtdrlare multiplied with a factor 2 in the second

Effect of shape: compare Case 1 with Case 3

In Case 3 the spatial continuity near the origin is much larger
is the seamboth cases. It is observed that in Case 3 the estim
entirely determined by the three nearekKtrigialgpenscolpetevitinat
clustered stations; even negative weights are generated by st
statiofBts, 6) and (1, 2) to reduce the effect of a particular clus
estimate has changed and that the error variance has reduced
tothestationsoataristanfcem statioht @hows that due attention is
given to the corserlatctone at small distances as it affects
significantly.

" The nugget eftfempare Case 1 with Case 4

In Case 4, which shows a strongepatgale t erff@legiiesnbstantially
been reduced near the origin compaesdibh®e GeaskeelldiAsraminates
less among the stations. This is reflected in the weights giv

observed that alhosgti@lytuas given to the stations in Case 4. In
would have been zero the weights would have been exactly equ
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Effect of range: compare Case 1 with Case 5

The range in Case 5 is twice as large atsthre Gpaeidl. dosmelaniso nl
more pronounced than in,Casevbduldeedncgbetreigdtto the nearest

stations and a redurwakrianroa, which is indeed the case as can
fromabl@. Cases 1 and 5 basically are representative for rainf
aggregation level, respectively (e.g. daily data and monthly dat

There are more effects to be, ticetbes hfedctabofutanisotropy (spat
covariance being direction dependent) andesga¢indsimluemtoogen e
orographic effects). The latter can be dealt with by normalisin
prior to the applikkaitgomqaf denalime odnveke the trend after th
computations. In case of anisotropy the contour map of the co
elliptic rather than circular. Anisotropy will require variograms
two main axi®ldfpshegparately.

6.3.7Bstimation of spatial covariancowea fuogota ;n

Generathye, spatial corfahatibence the spatial covariance) as a
distance will show a huge scaRtgudstaigwmeinTo reduce the
scattelme variogram is being eshemvetgel yadmes per distance inter
The distance intervals are equal and should be selected such
are present in an interval but also that the correct nigture of
reflected in thedesamagram.

Like other interpolationthedigragitinmeshottnds to smooth out locs
details of the spatial variability of the attribute, leading to

values and underestimation of large ones. The quality of e
ordinaKyigimdgpends on the time taken to citadesmoaelapp riohpe

spatial continuity . KOgdmgahy a poor model may produce worse e
than the other simpler methods.

6.4 Transformation -effmianstant to equidistant series

Data obtained from diegugalsrhased on the tippiy gobuetiete be
recording informaeoimme of each tip of the tippiweg Wwdcktanti.e. ¢
series.

Such poquidistant series need to transfer to equidistant series
unit tip measurement to the correy@dndiigsdimenentiefrervals
which no tip has been recorded are filled with zero values.

6.5 Compilatodnminimum, maximum and mean series

Dailppnaximum raifdallimstantaneous, if available) found within
seascshold beompiliendo maximuminfadélrieas it is frequenoy used

flood analysesthmhnimurmminfall statistics on a seasonalagr month
be required for drought analysis. The extraction of minimum, m
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and any%and 90% percentile values (at a time) for any defined
year or for the complete year are given in the following exampl

Exampbet

A tedaily data series isocommhaliéyl fainfall records Meghabdg for
statiokkhedmatchment). Fordehily teata series for the period 1961
few statistitlsehikemum, maximum, mean, medpancandil25valaés
are compiled specificaibyd fbetwhadpe]l andSEpt. every year.

These statistics are shown graphically in

Figubd 9and are listed in tabThdieborDmatia of onge@a(d®&g5) is
notvailable and is thuBaniwsengnces may be derigefl Suem plot
statistics. Differsnf pattation betweemp@itcamtdl@0fatusisnilar
ranges of values in a year may be noticed. Median value is alv
value suggesting higher posttemkeaiddata i(whheh is obvious owing
many zero or low values). A few extreme values have been hig
general observation.

Figurel9Plot of statisticdaolfyteaminfall series Méghatiegn
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Tablé6: Tendaily statistics foMasghttdgtweentJlly andi!Sépt

Min. Max. Mean Median 25 %i| 90 %il

|

1961 34. 170. 99 | 39. 158.
1962 5.6 237( 78.C . € 8. 197(
1963 0.0 177. 530 .0 0.0 119¢C
1964 0.0 157( 39.C . 1.0 69 .0
1965 0.0 2370 56.(¢ .0 0.0 110C
1966 0.0 1510 31.G .0 0.0 980
1967 0.0 2700 75.0¢ 0 6.0 1580
1968 0.0 2110 630 .0 0.0 1850
1969 0.0 1280 49 .C 0 0.0 870
1970 0.0 2870 120¢( 0 0.0 2320
1971 0.0 118¢ 53.( .0 0.0 1140
1972 0.0 99.d 29.C .0 2.6 83.C
1973 0.0 3300 110¢ ¢ 170 322C
1974 0.0 510 16.C .0 1.6 31.C
1976 0.0 3330 108¢C .C 0.0 234C
1977 0.0 175( 67.0 0 7.0 1640
1978 0.0 3240 90.¢ 0 160 1230
1979 0.0 2820 460 .0 0.0 670
1980 0.0 430 15.C .0 0.0 420
1981 0.0 1980 810 .C 160 115¢(
1982 0.0 1440 38.0¢ .0 0.0 690
1983 0.0 2560 84.C 0 120 2190
1984 0.0 2650 870 ¢ 7.6 231C
1985 0.0 140( 36.C .0 0.0 1270
1986 0.0 1700 38.G .0 0.0 94 .0
1987 0.0 2870 38.C .0 0.0 330
1988 0.0 3000 990 0 3.0 2070
1989 0.0 1400 72.C .C 9.0 138(
1990 5.0 211( 91.¢ ¢ 100 203C
1991 0.0 361( 56.C .0 0.0 41.0
1992 0.0 2980 72.Q .0 0.0 1340
1993 0.0 336( 75.C .0 0.0 2690
1994 0.0 2490 121¢ 0 58.0 241C
1995 0.0 276( 85.C .6 0.0 2640
1996 0.0 3090 81.G ¢ 13.¢ 1090
1997 0.0 3910 105¢( 0 100 242
Full Peri 0.0 3910 68 .¢
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fRAINFADAAANALYSIS

7.1 General

Various kinds of analysis are required for data validation o
principally aimed to detect and describe quantitatively all
underlying a given sequence of observatyidnsth®onhe aeqlyses o
data presentation and reporting.

The types of processing consideretdefo urramtheltemeat a

checking data homogeneity
computation of basic statistics
annual exceedance rainfall series
fitting of freduwdanidytions
frequency and duration curves

Most of the hydrological analysis for purpose of vathdkation wi
Divisional and State Data Processing Centres andanfor the f
reporting at the State Data Brocessing Centre

7.2 Checking data homogeneity

Idealtgjnfall data from a single seheshemmwleniedeupslopBiis
implies théfterent psofidhe data series do not varystdpgisificcaantly
termsSimilarly, rainfall datasefoasmadltieighbouring stations shoul
possess spatial homogeneity.

Tests of homogeamequyired for validatiganputipeseds a shared ne
for such tests with other climatic variallaltes d9 dath Vealsdatio
spatlidhomogeneity and data consistency using double mass cu
other sections of this manual.

Single series tests of honedagemeitynahykcdusd mass curves, residt
curves, Student s t aW-deWtilcoxtdhe diffeeamse anfd W i-Mar-nn
Whitneyedt to investigate if the sample are from same populatic

Multiple station valdcdadi@emparison plots, residual series, re
analysis and double mass curves.

7.3 Computation of basic statistics

Basic stestiatric widely required for validation and reporting. T
commonly used:

Arithmetic mean

Medianhhe median value of a ranked series Xi

Modethe value of X which occurs with greanedsdMakwweuency c
of the class with greatest frequency

Standdedriatiame root mean squarelixdeviation
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The Standard Devcatliateec deviations of each data point from thi
squastehe resmudt sum of diffeéinceidésrs the numbemtsfS@amidard
deviation is equal to the square root of the variance:

= ) Eqn7.l

Skewness and Kurtosis

Skewness is a measure ofmsymmernegjsery, the lack of symme
distribution, or data set, is stahimeitrat demntsity distrillmwtien funcH
the same to the left ande nitgpkoti roth tchistribution is skewed if one
tails is longer than The dthet distribution shown has a positiv
means that it has a long tail in the positive direction. The di
negative skew since it has a long tail in the negative direction.

Skewness fornausdaftosticalisagnpéa by

| )
= Eqnr.2
C ) q
Kurtosis is a measure of whetheiry-thel edh tar -dagletde aelative to a
normal distrilbwtimola for coefficient of Kurtosis for a sample is
(D [P IR ¢ )
= Eqn/3
C ) ) )) d
In additiempirical frequency distributions can be presented
representation of the number of data per class ahdnasicangumul:
fromwhichheexomdance probabdiuygsan be extracted, e.g. the daily
which hasdxeeded 1%, 5% or 10% of the time.

Decile

In statistics, a decile is any of the nine values that divide the
size bis® thatbeaphntrepresentshbflithe sadppleulation. A decile is
one posdidxlm of a quBmdeideaeries is Nodaed po(musmbers) and
then/1®data pasntHedecile, 2hitkOstheéddecile and so on. If inde»
n/10, 2n/10, ..., Aot/lMteagelien we use interpolatibe daertewsden
data po.ints

For example, for n=100 items,thledfdast denii®riceredsdata
6hdecilahiéOhdata podnd,
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ExampTed

Thealsic statistics for monthly rainfall dataao&@d &limedfagahetat
period 2004 td Rénladysarearried boyiaking the actual values and a
months in the year. dtegiveslilablel. The frequency distribution
the cumulative frequency is worked out for 7 classasatl@etween
poinasnd is given infoabodaklsegraphFiguiZed. Various decile value:
are also listed in the result of the analysis.

Sinctheactual monthly rainfallno@alnesmdrigtributde, data will
exhibsomekewng$s2)tand kurtosis (1.01). The valuetlhdbmean is |
median value and the frequency distribution shows a positive
decivaluas,can be seen that 50 % of the mam@nsnr eoxcfeimenfasls th
From the cumulative tbanelgtiemzy be seen that 40 percent of the
receive zero rainfaaln (lwdpiedtin this catchment) and that there a
few instances when the monthly rainfall tAtamadlabecvee200 timer
data bin (i.e. fewer than 50 data points) would increase the a
curve. The frequency distribution function can be obtained b\
and applying thepMetibwgl position formu)awheme (m+ils the rank o
the sorted data point and n is the total number of data points.
be performed using the percentile.exc() function available in e»

Tablél:Computational results of the basic statistics for month
Ahmednagar

Stat/leDistr MaharashitAdamednagar

Year 2004 2005 2006 2007, 2008 2009 2010
January 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0
Februar 0.0 0.0 0.0 0.0 0.0 0.0 0.0
March 0.0 0.d 0.0 0.0 51 0.0 0.0
April 0.0 1.€ 0.0 0.0 4.6 0.0 0.0
May 17.0 0.0 8.d 0.0 0.0 0.0 2.6
June 123¢C 82.¢ 166C 205¢(C 37.0 75.0 173C
July 103¢C 146C 124¢ 101¢C 65.G 1220 1650

August 99.C 79.0 176( 126( 1080 1270 196C¢C
Septemb 2620 2140 225( 1570 3270 1230 171(¢

Octobe 60.Q 114¢ 71.G 0.0 530 73 .G 60.0G
Novemb¢ 12.C 0.0 0.0 0.0 0.6 127¢( 74.C
Decemby 0.0 0.0 0.0 0.0 0.0 2.6 0.0

Annual T 678( 641C 771( 591¢ 6480 6510 844(
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Statistics

Cumulativ
Frequenc

frequenc
0-50 48 48
506100 12 60
100150 12 72
15200 7 79
20250 3 82
25800 1 83
308B50 1 84

Calculation

Mean 57.4714
Sandard devidbi.dbB81l1l
Skewness 1.26290
Kurtosis 1.01169

Decile Value (m

1 0.00
2 0.00
3 0.00
4 0.00
5 2.0

6 60.2
7 91.20
8 124.30
9 172.45
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Frequency distribution of monthly rainf;i
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Figurel: Frequencywmdlative frequency plot of monthly rainfa
Ahmednagar

7.4 Annua&lxceedance raerfiald

The following are widely used for reporting or for subsequent u
of extremes:

a)Maximum of a-segiesaximum rainfall value of anofannual se
month or season may bAlscellewvetddes (peaks) over a spec
threshold magldetédr rainfall, daily maximacpermypaay are
usethut hourly-hmruNy maxima mag¢atseédbespecific analyses

b)Minimum of a-sfesrielse minimum daily value with respect t¢
frequently gerbhis statistic does not have the same impc
maximums

7.5 Fittingfodquenciystributions

A common use of raimsfahl thaet assessment of probabilities or ret
given rainfall at a given location. Such data cagedkleondbe use:
discharfgedesiraéturn peribdoughodellijogby using a previously
develomepirical for@alibrated raunbddfl modamssbe applied in
flood forecasting and for the design of various hydraulic stru
and culverts.
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Frequency analysis usually involves fitting of theoretical frequ
seleéed fitting method, although empirical graphical methods ca
fitting of a particular distribution implies that the rainfall sa
were drawn from a population of that distribbGtagm.liEatidcheinpui
designtis assumed that future probabilitiesodfcdraneed an o arid d
to those derived from the Hhoswuevea,deltare is nothing inherent in
to indicate whether one distribution is more likalgtherbandpgprop
wide variety of distributions and fivtebgeproeedmmasndad for
application in different countries and by different agencies.

Different distribut