
Ground Water Data : Storage & Retrieval System 

1. Introduction 

The increasing capability and availability of 
computer-related technology are having a revolutionary effect upon 
the techniques available to those responsible for the assessment 
and management of natural resources. 

The most fundamental advantages of computerized -Processing 
systems, and perhaps still the most significant, are:', 

Data are stored in a compact, organized manner' 

Data may be rapidly retrieved in a wide variety :f formats 
and aggregations. 

With respect to subsequent• data applications therle are other 
important benefits. The computer's ability to perform systematic 
consistency checks offers a powerful aid to impr:ving and 
maintaining the quality of data and data analysis techniques may 
be much more sophisticated than those found in any routine manual 
processing system. 

The many potential benefits of computerized data processing 
may only be fully realized by proper planning and management. This 
involves equipment (hardware), computer programs (s9ftware) and 
personnel. Unfortunately, there are still pri::lems of 
compatibility between different coMPuters, and this 
incompatibility affects both hardware and software. C re needs to 
be taken at all stages of system development .in ordez that such 
problems may be minimized. 

2.0 Data Operation 

The first group of operations is associated with data 
collection, •and covers the stages between data observation and its 
arrival at some processing centre. 

The second group of operations relates to data prccessing and 
covers the preparation, input and quality control of the data, the 
updating of the data base (or data bank), 

,,techniques to enhance 
the utility of the data, and standard dat

,
a retrieval options. 
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The final group of operations are those associated with data 
application, and involve the use of data in subject specific 
analyses such as the estimation of aquifer recharge, land use 
evaluation and efficiency of fertilizer treatments. 

The scope of this chapter is limited to the operation of 
second group only. A brief idea about the various operations of 
this group of data processing is given here under. 

2.1 Data processing 

It is the operations to be performed in data processing which 
are the focal point of this chapter. The data-collection exercise 
provides a variety of text descriptions, numerical values, charts, 
computer compatible media, etc. It is the task of the 
data-processing system to convert these diverse data, recorded on 
diverse media, into integrated data sets structured to suit the 
information requirements of the data user. Table 1 shows the main 
components of a data-processing system. 

2.1.1 Data preparation 

This activity comprises the operations necessary to convert 
data from the format in which it is received to a format suitable 
for input to the computer. The complexity of these operations is 
obviously governed by the degree of computer compatibility of the 
recording media. Much handwritten data may need to be transcribed 
and perhaps replaced by some coded value. This produces punching 
documents (sometimes called coding sheets) from which the data are 
subsequently key punched directly onto the computer or onto some 
computer compatible storage media, e.g. punched cards, diskettes 
or magnetic tape. 

Ind liable to produce 
transcription or coding errors. There are methods for reducing or 
eliminating data preparation effort. These: methods include the 
design of field data sheets from which keying may be performed 
directly. 

2.1.2 Data entry 

-There has recently been a major shift in methods of data 
entry (inPut). Punched cards and paper tape have been widely 
replaced by key-to-tape or key-todiskette systems. Large-scale 
keying operations normally comprise type stage's; in the first 
(punching) stage data is keyed by one- -Operator, in the second 
(verifying) stage the same data is keyed -by another operator and 
compared with the original input. Any differences between the two 
data sets cause the keyboard to look, and the data value being 
entered can be checked. This system is very successful in 
eliminating data entry errors. 

1— s/2 

This preparation is both tedious 



There are other more specialized data entry methods, e.g. the 
conversion of charts and maps to digital format using 
automatic "digitizers". 

2.1.3 Data validation 

manual or 

    

Once entered into the computer, data should be subjected to a 
set of checks designed to identify incorrect or unusual data 
values. These may be simple checks that compare the value entered 
with an expected range for that parameter, or more complex ones 
that compare, say, daily rainfall totals at one site with totals 
recorded at adjacent sites. If data has been coded, code values 
and code combinations can be checked for validity. 

Mis-coded or mis-punched data identified in this way can 
normally be easily correlted. However, correction ofisuspect data 
values, or the querying of missing values need to be referred to 
those responsible for data collection, an important reason for 
allowing this initial phase of data processing to be carried out 
by the field observers tlemselves. 

2.1.4 Primary processing i  

This stage of processing is concerned with preparing and 
assembling the data in the format necessary for it to be added to 
the existing data base. This may include standardization of 
measurement units, additional levels of coding fcr storage 
purposes, and the estimation of derived parameters, e.g. 
estimation of Penman evaporation from climatological data. The 
amount of primary processing necessary is related to the degree of 
coding of the data befdre input. Systems which utilize less 
initial coding are easier for the extent to which manual coding is 
used is governed by the quality and availability of data 
preparation and computer programming staff, and the capabilities 
of the computer system used. 

2.1.5 Data base updating 

Having processed the data to the correct format, it may be 
incorporated into the data base using an updating program. It is 
usual to update the data base at some fixed time interval, monthly 
being a typical interval for natural resource planning data. This 
requires the allocation of space on the various storage media to 
hold recently input data until the next update run. 

The data base comprises sets of data c-ross-references in a 
way which reflects the relationships between various data items 
and data groups. This structuring of data sets is fundamental to 
the proper design of any data base. 
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table 1 
shows, as is traditional, that data hcs updating does 

not occur until the 5th of eight stages. With this arrancement, validation is 

dons or. e-trer- 
 "transaction" before it is added to the data base: A recent 

development asseciatad with widespread interactive oroce=zing facilities is 
for data base tanng to be the first stage as part of data entry. 

ST15secuent =-
=fl=s then coerate on the data base using its facilities for 

r. nipulation and maintenance of data inte.rir. . With this e__,...,ement bcth 
management and users may acplv the same validation tests, which can be helpful 
when US':75.' demand: for urgency enceed management resources for validation. 

This use of full cata base -rarmi-.s in reric-=1 ,   offices has 

with miorccen2uter sof:wore structured  
 to main 

7:cane cofo-
ara which supnorts the national data base, althouch ha in; cacacity 

for less data. 

2.1.0 Seccndar7  nroca=sina 

    

This stags of. nrocessing covars the retorts penoratad atd analyeas 

pardoree on routine basis after the eafa bass has been upectad. 

Fcr enanole it is usual to 77.771ZiS statistics cod-
caring the mort 

cecactly  
 of a parameter wIth 172 long-tern variation, in order 

tha: any Z7E7:: ih values can 12,i rtnitored. 

also 7z-stn.:Cc of agrre7atic or inter
-  --tin; datt, 

-= dat. valur-T, : a.-t

f- 'flees cc the data, and - 7  - T-: -- 
'EZS are 

rdL th;s =t-7e. 

2.1.7 

• 

Z.:VE a vs,.uc 

7crtant chjecti-re of a cuton. 

EL-71 cc.nprehehsive i-esponse  

stad tata-prooessing system 
to aj .1,3c rsousszs for . rata 

of r:trieval :;tions shcli 

data ba“..r  and ---  • 

of 41 of  

Th..:s, a wide  

'nt=r--ction Of the 
-' data, s.c. th  

.1ch w;re.  at  = and B. . . 

ility to corn. 
to net71eval octions should also 

oel• -ct;d d-tt and er=eare data files fro-  cutseruent 

sttoistic_i software or user -.2plication 

Anothe -  attribute cf retrieval coCions is the shili__ to ellc_ 

any ui:ab: cot. 
cutcut d:vics for thc c:,-Eantation of the olleccod d: cc. 

2.1.8 Cutitt 

of output davicec 7 
storage r.iia, prino, 
its (Cats :7 VDUs 

plott2rs, 

:ices= cznputers sugyprt a wide 5nge 
in adeioicn to the ro.nge of c7riffuter 
and cathode ray tubes or visual (lb:play en. 
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ntk..11 to a conventional television screen). Of increasinu une are devices 

Jujeectiug .eh graphics and colour options. 

The above data-processing operations have been described only at 
un introductory level and are considered, as indicated, in the folowing 

chapter of this publication. 

iks a1re3dy stated, it e=y be desirable to split the processing 

fl*eratjons between pFe sical locations. It is proposed that initial data 
e'reperation end vel.detiyn are hest performed by field staff as a coneinuation 
e)f.the data-colleeion exercise. The use of microcomputers should', be 
considered to assist in this function. However, the computer and manpower 
requirements for the operation of an integrated land and water data base iTply 

eeisteeee .).E a central computer facility. 

Initial data preparation and validation by Field staff using 
microcomputers as a continuation of data :lathering has been imolemente in 

::01fl7 countries-. In retch cases, a c,n1tral computer facility nay'.iotj be 
neceseery4uhen_ethe advantages of integration are achieved throuen U:S2 of a 

common data struc -ure to allow free interchange of data between cctouters. It 

has recently bee feasible to implement on miwrocomputers a relational data 

base which suopee-s all thF functions preeeded on the largest computers for
data - although for smaller ceantities. 

3.0 The Nature of Data 

There are certain universal characteristics of data, 
which are indeneedent of the ivantity or element measured, but strengly 
infleence data colle-tion and stJraoe. Two imnortynt characterirtIcs of bate 
are the distribution ef the measurements in space and time. In -land and wLAter 
systems there an variations in the values of physical parameters in 

I 
 bth  
D space and time. 

When-monitoring natural resource data, _measureetents of quantities - _ 
of intere,:t laaeee he---tiiade at a numtiat of esreflvIlL., 1;teint5-and when b'1mi2.  
variation is a] so involved a series of oLeervatious at different times are 
also neechd. Usually to economize on date-collection costs the observations 
have to be spaced as widely as possible consistent with being able, to 
interpolate intermediate values to an acceptable accuracy. Three dimensions 

L-5/6 



mry be r,2cognized: the place of the oix.;rv.:tion, the time it wFs made, and 
acual parameter(s) observed. Figure 1 shows this three-dimensional nature 
o data. The entries in the matrix may be the numerical vAue of some 
me..surement, a quality or property of the place, or some text note or comment. 

Thus with every observation of a parameter are associated other 
information such as the time and place of measurement and the name of the 
parameter observed which serve to identify the data. A data-storage system 
has to reflect this identification information in some manner so that the data 
stored may be used correctly. In many cases the place of storage of the data 
can provide some of this identification, for example all river stage 
observations at a particular station may be held in a single file, and the 
times of observations will be given by their ordering within thf file. In 
other cases the place or time of observation will have to be explicitly 
stated, for example a bore-hole loo record would contain t.e cc9rdinates of 
the bore-hole. By grouping the data the amount of extra inforation which 
needs to bi—stOTed can be reduced. This chapter discusses how data can be 
broken down into groups for storage and defines those group: and identifies 
the attributes of each which govern data storage. Also described are the 
general characteristics of data-storage systems and the advantages and methods 
of coding data. 

3.1 Data types 

To assist in identifying data types, an immediate distinction may 
he drarn between data which is fixed F.nd data which varies in either time or 
space. In the case of fixed data only a single entry neel be made along the

.  axis of the dimension in which the parameter is fixed. -  Thus, data which 
related to a physical object at a specific location, or' to a parameter which 
is constant in space nend to be represented by only one 'entry on the spacc 
axis.- Similarly 'parameters which arie fixed in time nned only-cone...entrYnion the 
time axis—Convelysely, vetTablTparameters must be represented by a series of 

1  

entries along the axis of the varyin .  dimension. 

_ 
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Figure 1 - The three-dimensional nature of resources data 
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In this context ftxed does not necessarily mean absolutely 
tue varying a range which, for the Ft:noses c: data 

.2.00j. cation, may be considared fixed. For example, the physie:el, rtemical and 
 elozio,1 properties cf sail are conotantly changing, but :2a rate of 

chan:a. z.s canerallv ao slog that soil survey data are ur,-=11 v c:nsider=d as 
Einel Figure 1t7esents the possible combinations cf fixed and 
vtri_br.ta :n the space and time cimensions and gives examples ef each type 

;2f land and water ds:a. A set of data co"0-4-4  at a :oint for a 
o:ren.itar which varies with tire. is called a time series. 

Ti:a ser_ s data may be divided into three grouts whitn relate to 
int,rvals at • cbservations are made. There are rer2lar rims 

_rcarval, irregula: :ire intarval, and continuous 
.:inztion is trawn affects storage formats. Spatially ray 

. eivided into CT:o tr2uus to 2i.ohli2nt tia  =-: I,e  ae,  poi-tz e:azial interpolation, and Cate that 
on an ar--1 H e=rici-g -=chnigu=s. 

Remote  tne form of photographs need to be manually 
Cr =v--mar=7117 di-,-:- Ht-= entil If the data are s=ta --==ed 
chav are probably providad directly in computer compatibie firm. However. 
:_uch teea usually need C.-- '=fore ,they can be - the normal scale c data 1.1a==. Sir: croziers arise with data sampled zontinuousiv 
wi h mi. a az these s__ need to be digitized. Kow==-, the  
:r7osss :educes the number tf data storage formats recuared. arta ar being reiund to Sc:: ?  rdi - c_n_lnec,e _ee= Le-Lng .itized into an interval ter= ,...tHes. Thr., referring to rure 2, 

are -=fluired for non-ei-0 ==-'==data types 1 
and 2, and time series data :y.P=s 4. 3, 7, 3. 

3.1.1 -:-0  data 

    

Three kin:z of 4"-:= ==r-'0, 2 haje been defined. The renler time interval s,rie', the irregular time inter4a1 series and the continuous tire 
series. These setter usually relate to a single parameter. Hc.--ever, when 
several parameters are measured simultaneously at the sate site they are 
additionally del-:crited as being a multiple element or earameter series. 
E.:amples of this typ= of c=7"== are data from moteorologioal stations where 
several parameters are all measured at 09.00 GMT, or the values of water 
cualiL:y parameters derived fr.= a sample taken at a river duality tonitoring stat!.:n. 

For data observed at regular time intervals, only the time of obse -
vation of the first item is needed when storing the data. The times of 

occurrence of subsecuent observations can be estimated by kntwing the standard 
time interval. 

For data observed at irregular inter-vats, data must be stored as 
pairs of values. The first value in each pair is*-time and the second the 
observed value at that time. The time may be the actual time of occurrence, 
it may be the interval between the previous observ.tion or it may ta the time 
measured from some arbitrary time datum. Much of this type of CIE:E will be 
obtained by digitizing charts which converts the continuous time series into 
an irregular interval series, a stream of pairs of times and values. The time 
value is given in interval form but may be converted to actual time for 
storage. 
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:ata in a multiple pernmeter La ser:=,s rz 
ttrref := a nurSper of secarate :ars-fetes- Ect.:,ver, tis it:clic-sting station ::1-4  tire itaLL which ara carrion to all care:et-1-s. sild in sanarel such data is mc:e stored es a multiple .7-irer ,:tr-r rifs. Th: stsr-_je forr-,.t yill be sim:;1=r to the single ,...ar=mettr. sant' ixtecs tha: -in:, tire yalue wiL.1 the sEirci;ng ti for all 2craa-srs 201 , = - "c Y.-1  Mich gara‘ieter valaes are anf ia n order a:tear. 

EerSS: ::-e that the 
:as..ilat.ed :7 
Lrultanecus 

I no valid 
__:ratisn fano:ions 
tr. tisr..-_artte. 

arpasan sonsidered 
co"._....t with time and are imrans-,4,-- 

 -= soil, scrSace and ground water resources, 
soc_o  tata. 

:ant basis for cl-: 
sn ._....c: use: whtn zhe date :t:r 

ta er-i77:2:3 .- Lt-el.a 
ne tat-. 

A .7.er0:':::: L.12,2-1= ra.kl: a  heigh t ri: . :lace various :::7---.:127S -- i'4:.a. 72:-.1:L: .:-.:C: Surn a sers_s is ..frgolatt - lint- -=:n rec:rt  . c..,-,_, .,:i... over aeon _ricd of s: :I.E -2-.7C, which are lolad a. . HT77.-:.7-1 : en avereoes .iLl---: :T.:T.1= - and -stored t.:ey are of this kind. 
A recorder ray 77.2E..:2 the incrfreEt c-e . 

`i.Mc, e...7. r=sn==11 . :his kind' =..f. 
 

. .  

retrie ...c.iyas the tst 1 or the ra : rate sys: 

;.lcsnt respectively. Tinai 
re:as-creme= rapested zurn snserval 
inser7s:aticn for tires in Sezueeh. 

de:sne :a 
that enable transforratiuns. such as :toga :-.EL17.7.7. 

3.1.2 ctr:,==. - 

==='es ,:eta vary =1 • 
of the Se=ic cata set in Fic..:re 1, and a represented :pee 1  st '±71 F'g-ire 7.1  It  to ?ain't,. =7= -e, ide--'=' 

 and 'nd;-'-v=1  hnidingc. :he ;7.artrater ...sluts at then ;air's:: sr 

varies incluSsnc 

zwnarzhip, and 

This wide rance of data tytes means that, ..snii:se ti7.e series daza,. 
it is as: rcs'Thle to gonoralizc szcrare formats, arf each case wL__ need so be  individually. 

There is one kin.' of non-time da:" epeo'cl 
treatment. This is typified by soil data and Taolot-= lc; data for 
bore-hcles. In this type of data there is a General 

,fas:rlptirn of the location. followec2  by the description of sev=ral soil hcriz:ns or ;.eolooical strata a: a veri=ble nurbcr of levels. 
71.1 snolude a variety of c...-="1:c.,1 arc phy=;rel  analyses of samples tek=n each level. 't 

potentially very large amount of da:.: ray La tescrihe t7hish ra.:as its storage 
az a sirsle array of locations and caramete-= very - cc":-----, --ass sore 
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d=t= compression is performed. In such a case a hierarchical storage system 
is desirable where lccational details could be stored at the highest level 
with cross references to separate sub-groups containing data from each 
saes:fling depth. 

3.1.3 Spatially varied data 

    

Soatially varied data are conventionally Presented as maps showing 
the extent or variation of different oaramatars. For =cuter storage 
-----==s, the nap nay be converted into digital form, =--v=ca-=-' into table 
Form. or recrasenzed analytically in the form of . m  

I - 

:n the case of 72p data the ccovd,ne,as of --a a- of each 
disc:a:4E1y iter-'="d area Parcel :an b: stored. The 2=S  is also used 
to features, hs-e v -- __.-Let 1_ rr.ans of a 
dicitiz.r. Lines are trao.---; by she dicitizer cursor n :onrcizn=ta= of 
the l'n=s at '7-7:'.7Sr--c - en:v. The sa =vet _ancy - be manually 
or automatically =trona:. - PS renibetat on an x-y 
plotta to any racuired scale, and of processing can 
carried out such as oyerlay--; H 4"=-=--  :are, - cn __a =no..., in the same 
way as overlaying transparent map sheets or identifyino intersections of areas 
with 1122e.ae‘..1 ocmh4 n=Lione c1 scrtt7=ra t= also able to 

re'-'ate 27==c   of =y---7,7-m of 
ctcrrTs and de., :s  --s n ," 

m=chin=s. Its a'vant=ce   is no ices cf spatial 
info:ration between the ori,:inal ant the --77U7ST based 'ormat:tn. 

In the cese of tabular data a:en row in tne Jeanie may tyoically 
:=7-==-nt an area parcel that can be con-;:nitntly Leazerl on a 727. Each 

re„e=“t some  of that -.%-ette,;  cercel , ssth .s  
dens n-;. or the te..-.nteca.o= the zarcal -2 e-cte-: to some par‘"eular land use. 
ESSE.7,7 in certain special cans c= - =. table the form and scatial 
v=7 ="-n='-'es of the p=rc=1 = of land are This is L.:ie.-Z....12.  true at the 

level when no 1:::::nT1 4 7,r777t S raven. 'At the next level the 
as tne   of ersv;ty of the " 

tet - lojr,-  ?"--ibu-as to 
be -.7:7an to e..th :7-1.-:::-.7v^h.17. or =-7:- Ticn=1. For 
examg_e, A is next to E, C and 

The most imco  ,recial case of the 
Parcels repr=sented are cif:-m17 shared,  

hen the area 
7, ShUS fcrminc 

a crit. In this core most 
maintained. The crin can 
limit, where the in 

- = - In the 
-e, it is • tc arcntafv the et.:asz 

- .-e a. _a are 

location of the "-=tar - i--er ape: area car:els and 
t_ler= :5 no =pat:a' in=orm=r'on 'o== at all. HOWt7:Sf. there than much 
redundancy in storing the data, as par=matare which vary slowly an stace will 
have identical values stored in ma::y crid elements. 

The, final case is the r=7raaentfln of the data in an analytical 
Wheite'a caram.:_ter is known to vary continuolzsly, such as M2p7. 

rainfall, a map ii: n prepared wh4 ch shows tile 7natial veria:ien of rsH.h:all 
as a series of contours. In this case iathematica_ 
rale:ion:Thins can be used to raor=sen,  the variability of the Parameter. :h's 
13 highly efficient and can be of cr_c: than a simple contour 
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r-o. fla function, in addition to taking into account kn7wn Et _ 
incorate independent Parameters which are knc-n ti p'i -:^t7  

'- h2 Parameter being described, for example, altitude in the case of rainfall. 

3.2 Data  storace concipts 

Ha-ing seen how data can be cat=corced into c-ou7c  
diff7 En: treatment for storage g:_c-coses, the renters_ meth:ds of fat= ezorare 

be examined. Though r.E.7 =L. vary h:-E c2mou:,_ 
conre:ts and terminology of stir:.::; dftc are lar7cly a 

;   sy=tem will be :Ezori'eA first, foLl ±bv azfle- 
ecuivalent computer system ILD intict:c LICE areas "= -=----- 

3. 2 .1 Conventional cto7 -7crtrnt: 

    

In a conventional system data is F.7.72:?/ -n • 
1 of paper or carts. The it.1-n7S of data rtiating to a sin,le,  f.g. a 
place or an element (e.g. rainfall), will be put together on the ze=e sheet of 
gaper or at least on a   of carers which are ;ca.= tcg::.-ler.. Each 
data group can be seen as a  f,tta about the indiv:"--' - ct 
"c 7  c-  'ces a small =7.7.= .. __ on a 
s1 n7.:= cnec. of -ape* Corvc--- _ ret-^rd one 

of 7.'="ar. 

Each data record will have some structure: each data i"cm 
contained in the record is set out on the sheet of caper in a we: that the 
item can be identified and its value c;van. The item. n=7.- = be given 
followed by its value, or the item mfv be named only root and its -.7=1u= g‘v=n 
by n--c--zno it inc table c" values. In "- latter cast the ;dc,--:::1-="rn 
is made by position of the item in the table. 

h item of informatioth may be ex--ccced as a string of CextL such 
as a comment or remark; it may be a stecific cualitv, it. value  by a 
sinzle descriptive word; or it may be the numeric value of = -===--"1 - 
parameter. 4 

In order to assist with retrieval and updating it is ocn7Enieht 
for of related  to be gathered into ="--. For convenience 
of Lc:t-r—C2 file records would usually be ordered in some way to Permit 
rapid retrieval. A file may extend to several volumes if -c-y  with 
each v01.:me occuoving a physical storage device such as a folder, to::, drawer, 
etc. A nester file should give information about the 10-=-  'nn  and c---=--= of 
the main data files. 

When data are required from such a system, the relevant file is 
se for the piece of paper upon which the data are cv-.cr."=d to be found. 
That sheet of paper is the smallest block of dat-  that phv=11.7 be 
retrieved. Once obtained the cater can be scanned to obtain the necessary 
information. To locate this sheet of paper., all the Sh2EL: may be searched 
Until the one required is found. Altarnativciy, the search ray be  
by the existence of an index of file conc..  which points to the thysical 
location cf the data. This may be the exact lccaticn or a point from where to 

I start locking. 
T 



Another aspect of data retrieval is the frequency with which a 
file or part of a file is used. If Ziles are referred toDoften, for data 
retrieval or updating, it is desirable to have them, or the tarts requiring 
updating, permanently to hand. Files not required so frequently can - be stored 
at some remote location. These less accessible files are said to be archived. 

To facilitate data st-orage and r.tri.val each rem:n-(1 in a file 
must have at least one data item which serves as a unique Identifier to enable 
that record to be distinguished from all others. By ords,rinc the records in 
the file based uton this unique.  identifie", data retriavzi can be made more 
efficient. However, if the records also need to be accessed on the basis of 
another data item which appears lin the record, the efficiency i0 lost. One 
could save two or more copies of the file ordered by different data items in 
the records. It would be mire /fficient, however, to sa.velcnei ipy of the 
file ordered in some acceptable LAIner and also a series of Indexes or lists 
which rar_ked the data according to the different data item:. The indexes 
would be used to refer to records on the basis of the values -f selected data items. 

. J 'For ezample, in L soil inventory file, the major icentifier for 
each record might be the soil survey site nutte-  The data would be stored in 
ascending numerical value whiCh wohld make dat: retrieval usinr :his data item 
slraiohtforward. If, however, it was r.cui:ad to know which soil samples were 
fluyisols e  the first alternative wCuld "7, to r.=d every record, look at the 

in the record where the soil tyr., aptearad, and s='=": all records 
7nat:_ Lit a fluyisol naxe a: cod:. The second alternative is to have an index 

eion listed for the data value fluvi=ol, 0=2h record ccntaining a fluvisol 
-ail. Th; 1=1 2X could have similar entries for each soil type. Other indexes 

could be "aaki for any other data ito3 which ray be used a:3 the basis for data 
re:rice:al, ..a. coil textxre or st

iruc:uri. It will, be seen that the computer 
offers in addition a tadrd aliternative wnich i2 to sort the entire file using 
sail type a$ the record ine5.tifier. This brinos together all the records 

4 

co_tainint fiuyisol goi:ls, sThce their coda) would be identical, and these 
records could then he easily xtra ted. 

Anflcher simple eximple hf r is the way in which a librar- _ _ voyideo tn auihur int.1.2x and A aubjnct index. I, book title is obviously its 
rejor iden:ifier. However, the indexes enable 'he lc-cation of a given book to 
be aounO tuickly by km.dwing either the author Cm the subject. 

An efficient retrieval  :.system e'ii-1:as records to be found on the 
-.==',. of both their uniinie identifier and oth.r selected data items within the 
record. 

3.2.2 Commuter ncrace systems 

Coo-outer storage systems .are almost comoletely arslogeus to the 
manual system just described. The stora:e medi_ is not paper tr card but disk 
or tane. Related d--:a items are collected into logical records, the spec) 
re:rved fbr c-- ca th.ta be:: being calld fed. Data iter wmi .h will b.! 
1.121.:i as a cm for recor..a retrieval Cr-? Heyr. The morn i:20rta::: key 
ia the Ir.:tor record identifier. The unit, of storage media on ynich records 
are writtem are physical records rather than sheets of paper. 3evera1 Logical* 
uecordf:; ry cccumy a physical record or vice versa. Similar records are . 

IL-5/14 



t:ge.ther into files and several' files Are normally held in one 

tieal itor....ge device. In the case of the computer this is a tape, disk 
cr (7.skE:te, also called a storage volume. Very larue files ray occupy 

thE .- one -storace volume (multi-volume files as ognosad to multi-file 
storaun volume has a master file or catalogue containing the 

UcatirTn and otructure of the files held. 

rihen data are retr.eved by paEsing records one by one until the 

,:taoirei record is found, this is called sarial or sequential a: --g. The 

31,1,rner.ive a:oro,?ch of creating indexes for each desired kc-  and passing 

lictly to any r.2.:niirad record is called direct or random accs7sinc. Files 

..1_h are permeneetly accessible nsr:d to be held on mass stc.ace de-does, 

al:ctsc invariably disktfl and ar saio to be on-line. Files not h:.d a :he 

ase :raid to bch oft-,inc or arcnived. One feature of 

et7,..ace s-sta:s used entensivelm in computer systems is :Late to codir_ 

reci'ice the bufl and imp-40ve the lttelligibllity cf larga -7:lures of 

3 . 3 Codinc of data  

Two levels of coding ruaed to be considered, t..-„e coding of 

information external tolthe computer, for data input or cutout, and tne codinc 

l ot: data internally. Then using a computer there is no re.E.cn why separate 
coding systems May not be used to gain efficiency. The advantage of coding is 
that the volume of data can be reduced and ambiguity is avoided. 

A coding system is the representation of larg- azounto of 

information by a small amount. In ="°r-  "‘ code is a pointe: :: a larger 

idsfinition-  and becomes particularly ef=;-"ent when the item beIng coded is 
ictsaryed very freauently. One detailed copy of the information Is stored and 
is represented elsewhere by a coded value. These detailed c_:.ac can be 

grouped together by subject into "dictionaries". 

For example, consider the field observation of soil texture "sandy 
Flay loam". This may be transcribed onto a punching document or keyed 

!
directly into a data entry system encoded as "scl". This represents the 
.external code. Before storage, however, the computer may convert this to the 

umeric cod ff 5 by cross referencing with the dictionary entry for "sol", This 
'nternal coie is more efficient in terms of data storage scare than the 

:external code. 'The dictionary entry might contain: 

scl, 5, sandy clay loam, texture, definition  

The definition is a text description of this. texture- for the 

Purposes of th., data base. For output, the external !code_or :he original 

field observation may be used. 

At a grosser level, instead of referring to an area having a whole 
series of physiographic, soil and land use characteristics requiring several 
pages of text to describe it, it may be called land unit type 15, where 15 
refers to a detailed entry in a lar,:t classification dictionary. 

In .deciding upon coding zyste:.1 for malual e:Ldoding azd internal 
computer storage, two main poll-1Y should be considered. In. th CZ-se of manual 

codinvit is better in general to use alphanumeric codes becau.'s operators can 
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remember combinations of letters and numbers end their meanings more easily 
than strings of numbers, especially if the letters are abbreviations or 
mnemonics of the original items. 

In the case of machine coding it may be advantageous to use a code 
which gives the location in core memory or mass storage device where the full 
dictionary entry for the coded data item is stored. It may also be the 
location of a related record in another file. In these cases, numeric codes 
are to be Preferred since they can represent storage addresses. 

Whether or not a different sat of codes is used fee the aternal 
Sand exterlal representation of the data, the coding ray be e!.de camoletely 
'transparent to the user, in that the single word WHI,17. ray be entered, or a 
collection- of words, and these words will appear again ea tae ce.eput. It will 
not matter to the user how the data is represented inside the ::cuter. 

With conventional data-processing syseems, in otter to reduce 
input volumes and reduce ambiguities it has been cocan to lee an operator 

:encode the data for input to the system but let the machine iseode them for 
output. This was because it was not possible, or it was exErseely expensive, 
to put the machine intelligence and memory eecuired for the codier task at the 
point where the data were being entered. The sane diffieulty was not 
.xperiencee with output because the outeut device was always associated with 
the main ceee-Tef.Ae. In ceneral terms this sizuetion has now ch. d and by use 
of m'neco---peeors and remote terminals, machiee cia be placed a: 
the eoint cf data entry. 

Despite the availability of these facilities there are still some 
good reasons to permit the human to encode the data for entet. This is 
especially illustrated in the case cf surveys, or other zetuati_ez where it is 
difficedt to foresee the complete range of cede ve:ues :.:at might be 
required. :law, there may be difficult-; in e:.e...;ng an: setting them 
out unambizuously. For eeample. a land use cf 111-e.RIET ANL 7HE7e11  ray be 
classifiee for a particular application to be the sane as ;..]=7. EARLEY or 
Just C1:7=3. It is hard to wriee coneueee oeccramz that see these 
collections of wards as meaning the same thinc. It is cf:311 1-1-.;:a efficient to 
let an oeerator decide Cl a particulae code b - Eo:- 3 da ta :-2y!::. Th9 eerthee 
bee.eit ie., of course, :hat the key par.ch  e2fer: iz ra:_::d :::h volune eeel 
ieteAectual effort. If coding is dune al the key :7:a- eh a. eeeter trained 
opeeetor is recuired, and more sophisticated software - est be developed and 
maintained. 

An important feature cf any coda: 7 .eistem shoulei be its relative 
permanence. Whether numbers, letters or mnLmeeics are used, mietakes aa. 
always 1I-CE9 when a system is new. It is imepreent to aasign rystame 
whieh the flexibility to acecmmodate new or expanded range . 

Each encoded data item recuires a correseonding entry in a 
dictionan of allowable codes. In general eachticeicnery every m•.: give the 
external and .internal codes, an abbreviated name, a full r.=, ay.d a fell 
description. If the same data item is knotee by ':77.2.17 in oe.e.: 
classification ayst=s these may also be includee for tetaelatien eerposee. 

An essential code for all kinds of data is to he able to ke.yew 
whether data are missing because they were not recorded intentioeally ce, are 
mensing because thy were not recorded unintentionally. 



6.1111161  4.0 Groundwater DATA 
e Cereunt) rater riata cin be dealt with under three headings (as shown 

5e Fig:we 5 : r:erincs, well: and. yin:H./costs. Welt wa:er level is still 
mor t • cif: e en (.4".:-  e i ned by menu 1 di 1.1p g feichnigues and usually at irregular 

peducieg an irrejular time eeries formet. If the wells are 
pimeed, eetin ry.r. “( qu.Intities abstracted mav come frem meters, from duration 
°E owmeing, •:r frum aeeutAty of power consumed. These estimates require 
keceledee of the 1_.)1M111) specification and the pumping head, and ray be performed 
by the proceesing system. i 

In addition to defining the surface drainage system of which the 
serieg or eell ie a pert, it is necessary 'to code the aquifer system(s). In 
the case ce:: yell:: there is, in addition to the basic site description data, 
the full geolfeicel and hydrogeologic,11 logging of the hole. 

}ft probably better to save separate collectiens of data on 
wells, the dekils of discharge and sitter quality, the site location including 
licensing airenqement3, and the deteils of the logging of the hole. Water 
level, discharge and water quality die time series data sets which can be 
stored in'the standard formats presents:1 elsewhere. Site location and logging. 
are sinale eete of obeervetions do not change wile time. 

The natural resource deta hese system 

ie well euitcd to storine geoloqical and hydrological bore-hole data. 
Each horizon can be coded and ehe parameters of each horizon recorded. To 
devise the coding system for such a 0171 bank is a large job and existing 
systems effauld- be first reviewed to eseees their suitability 

However, .a simple start can Le Antedn by_ noting against each bore-hole 
the location ul- reports-rn that hole in conventional form. This system would 
start by being au aid to data retrieval in a conventional library sense. For 
many kinds of data the coding and abstraction effort required to store the 
full, detailed information is simply not worthwhile for the number of 
occasions on which it would be used. 

4.1 Station l'escril)tion data 

Previous reference has hen made to the two categories of data 
Ihich are use,: to characterize a eeation': data wh.ch  is fixed in time and 
c,ata which in time, e.g. w..er Jevel.:. and diecharge. Generally the 
fieed data is input wheo the station is F:irst incorporaLed into the data base, 
and the sets c_ observations made at the Station are added periodically to the 
stetion - timceseciee file. - 

- 
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s oftg huen, no'ed that this generAl view may he too 

simwlistig sgm.i tisgs of hydrological station. For ins:anon, whilst the 

prime gbje*ve r vnqing st,tion es Lu record a Lime series of water 

I hee In for many Stations J second time series formed by the set of 

laYel-discL.ige relationships. In recognition of the time variation of some 

station characteristicc, data n7ructure:A of the tyre shown in Figure 2.6 have 

ben utilized i.:i several water (;:i_a bas,s. The station history file is useful 

for al types of stations,. whilst the level-discharge calibration file is 

reluired- p7rticularly Err flow cauging stations. This strunture allow: the 

current station descripr.io‘n and calibration files. to be of fixed size and 

format, a useful feature' when designing retrieval programs. The station 

description fire contains data on the current instrumentation and time series 
data locatioc...and format and if this needs revision it is first copied to the 
si.ation histaty file then replaced in the station &ascription file by the new 

data. 

he Purposes of discussion all the data except the specific 
station time series, e.g: daily rainfall values, water levels, and water 

quality values will be classifie•.  as station description data. 

:Whether conceived as a single file or broken ddim 
the variables needed to describe the location, purpose, equipment, 

aFministration, rand operation of hydrological stations can be reajily 

ii!entified. Table 2 surnardzes these data, but also gives examples of 

station daha sdecific to some of the hydrological variables identified in the 

p—ivious s ctions. 

Site description data files are essentially as found in any manual 

system,..altbough more—emphasis is pieced on-tile- loce-tion and format of 0:her 

revant data. ,FOr'ecample, computerized hydrological station files need to 
explicit refelences to the disposition elsewhere in the computer of 

the asruciated time series' files, or the dictionary tiles which convert cndes 

for station. instrument, and analysis types, watershed .  names, data reliability 

etc. 

REFERENCE: 

"G4idelines for Computerised data processing in Operational Hydrology and 
Water Managemdfit", Joint FAO/WMO publication:, WMO-No.634, 1985. 
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TARLF 

Ii 'liii 11 1-11 ti.1 icti 11.11 ! 

I btu_ 

Sttion 

G7id coordinates latituda, longitu-e, or Un:.e7-iil 
rr:ins-.-erse 
(1-2:.!) 

a. Descri-, u of cite loc.tati.in - how td get there. = ,1 = ci 
to find sur;'s a:.71 full ,  
Oetails 

5. Hydrological location hydrological reftr-n.,e -ieze 
'race enc/or 

Zatails of in:trument type 
aa statiJi 

manufacturer 

serial number 

T pointer to razing/calitra_ion: 
curves 

limits of calibration 

1 time and meesurerent scaie. t or 
I data recorder 

date installed 

date last serviced 

frequency of servicing 

7. Details of licensing name of licensee 

address 

consent conditions 
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TABLE 2. (cnntd.) 

amount to discharge (-) or 
abstract (-) conditions may depend ,  
on time of year or flow condition 
(level or discharge) 

water cuality - range of values 
allowed for each coded para7eter. 
for each discharge condition 

8.. Structure of the time series 
incut data formats 

Structure of the time series 
stcraoe data formats 

--;ysid'71 orcanizeltion of 
t..71e =er'es 

Details of environment 

Details of cross-sections 

Ecre-holes . 

for each kind of input reccr:4he 
position, format and units if each 
data field 

format (Figures 2.1 and 2.6) 1 
number of data values per re:drd 
are multiple parameter data values 
identified by position cc by . 
parameter code plus data val...a? 

which d'2ks disks/tapes etc. 
for whs.: period is data available 
(including missing secments) 

data include' exposure of *ite. 
altitude, etc. 

for river sections only, in: udes 
datum cf location of verticals and 
level caugE. This may csntain 
only the latest section or it may 
contain a selection of cre7ious 
sections. If frequency of survey 
is high it may be necessary to 
create a separate time series file 
for this category, 

a basic m12.imum 2et of well data 
includes the depth, too cf well 
datum, diameter schedules and 
which aquifer(s) is tacped (c:ded). 

reference to detailed marr...1 or 
computer records'. to facilitate 
rapid access. 
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.1.7):_iLZ 2 (contd.) 

codld geological succession and 
analytical paramete:s 

pump test data in stand,Irdizel form 

constructional details 

I 

The drall'.age area or aquifer ciodeS must enable the dischar;e 
_1 I:a 

i  lc...Tic-ally related to the basin or aquifar. 
In the :ase  

ccordi.  ates and def4itien of the pur...ci.d aq
-Lie7 

r:Fsded;---n-the c.sa of stlrfaca discharge the site should at 
 

tflgologi:ally orde:ei. i 
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