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.ABSTRACT

A microcomputer based Data Processing System has been
;developed. This comprises a Data Base Management System

(DBMS) and an application program capable of performing
some primary analyses of the data including missing data
estimation. The 8ystem can store, retrieve,and list weekly
groundwater level data and.also important characteristics
of observation wells. The principal functions of the
application program are determination of highest and
lowest water levels in a year, computation of annual mean
and standard deviation, and assessment of significant
harmonics. The system routines are written in FORTRAN.
A combination of hierarchical and pointer structure has
been used in the Data Base whose basic structural unit
is the station-year record. With a view to providing easy
access to the system a user's guide has been written.

A real-world application of the system has been done
by processing groundwater level data from Mymensingh-
,Tamalpur area. Weekly data for five years (1979-1983)

from ten observation wells have been selected. These data
have been analysed with the-system. Two methods of missing
data estimation, namely: spline-fit interpolation and
weighted averap;e interpolation, have been compared •Accuracy
of the former method has been found greater. Four methods
of determining significant harmonics have been investigated
and the method based on plotting of cummulativeexplained
variance against the number of harmonics has been found
to be most suitable.
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Chapter - ;1.
IN1'RODUCTION

One of the major assets of any
data of its natural resources. This is particularly true
of data in water resources. The amount of water resources
data is usually enormous. Efficient use of this vast amount
of information is the key to successful planninp of water
development projects. A good storage and retrieval system.
or in other words a Data Base 1s.necessary for the purpose.

A good storage and retrieval system should serve severa}
purposes. Interrelated data should be stored together without
harmful or unnecessary redundancy. There should be sufficient
safe-guard a~ainst the stored data. The system should be able
to serve a number of users simultaneously. Retrieval of the
data should be easier for the Users. There should be provision
for continuous modification or updatin~ of the data. The tradi-
tional computer-based data banks and file management systems
can not meet all of these needs. Researches on this aspect led
to the development of so called Data Base Management System
(DBMS). It is a package of Computer programs and documentation
that allows the users to set up or use a Data Base.

Groundwater is an important water resource of Bangladesh.
Development and management of groundwater resources involves

I

extensive processing and analysing of groundwater level data.
Groundwater level changes with time and it is a stochastic
process havinp annual periodicity. Ban~ladesh Water Development
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Board (BWDB) maintains a larp:enetworJ.:of observation wells
throu~hout the country to measure groundwater level at 7-day
interval. As a result enormous amount of data .is_piling up
every week. It is impossible to handle this vast information
manually and as a result maximum utilization of the whole
data is not achieved.

Recently BWDB has set up microcomputer-based data bank.
However,it is a very simple storage and retrieval system which
consumes large Computer storage. Redundancy and protection of
the data has not been considered. Necessity of setting up a
DBMS has already been stressed (1 ). Present study has been
aimed in this direction. Considering pragmatic advantages, it
has been decided that Microcomputer would be used to develop
the DHlrS.

Use of groundwater level data in mathematical model studies
sometimes requires some preliminary analyses, e.~.•determina-
tion of statistical parameters. performing harmonic analvsis,
etc. Estimation of missin~ data is also a necessary part in
any planning and design studies. It has been decided, for
greater benefit, that facility for those analyses would be
incorporated in the data processing system.

(,



Therefore basic objectives of the present study are
- to implement a microcomputer-based Data Base
Management System for proc~ssing of weekly ground-
water level data;

to include an application pro~ram for missing data
estimation, computation of statistical parameters
and determination of si~ificant harmonics: and

- to test the system using groundwater level data
from Mymensingh-Jamalpur Area.

3
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Chapter - II
DATA BASE

2.1.0 INTRODUCTION
In this chapter a brief description of Data Base and

Data Base Manap'ement System is given. Objectives of DBMS
are discussed. Some existin~ DBMS packages in mainframes
and microcomputers are mentioned. Data Banks of BWDB are
discussed. DBMS program of World Meteorological Organization
(~~O) has been evaluated and selected for modification for
the present purpose.

2.2.0 DATA BASE MANAGEMFHT SYSTliI'l

2.2.1 What is a Data Base?
.The word "Data Base" has been defined by many authors.

Two famous definitions are given below:

i. A Data Base is a collection of interrelated data
'stored together with controlled redandancy to serve
one or more application; the data are stored so that
they are tndependant of the .pro~ramswhich use the
data: a common controlled approach is used in adding
new data and in modifying and retrieving existing
data within a Data Base(2,3). A system is said to
contain a collection of Data Base if they are
disjoint in structure.
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ii. A Data Base consists of all the record occurrences.
set occurrences and areas which are controlled by a
specific schema. If an installment has multiple Data
Bases. there must be a separate schema for each Data
Base. Furthermore. the content of different Data Bases
is assumed to be disjoint (4 ).

The main drawback of earlier data processing method
is that separate file(s) is created f"or each applicatioh
of the same data records. This shortcomin~ is not present
in the Data Base where a common file serve the purpose
of multiple application. Hence. a Data Base is the
repository of information needed for running certain
functions in a body such as cornporation. factory.
university, or government department. Such a Data Base.
permits not only the retrieval of data but also con-
tinuous modification of data needed for control of
operations.

2.2.2 Data Bank Vs. Data Base
A data bank is a collection of data, complete in some

sense for the purpose of a particular job. It closely resembles
to a tradional file. ];dch file is created for a single or group
or accessing programs. With a Data Base variable amount of
data can be used by the same program without recompiling it.

I
I
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A data bank cannot serve more thanone application at
the same time, conversely, the intention of a Data Base is
to allow the same collection of data to serve multiple
application concurrently.

To use data directly from data bank, users must know
the exact fO~mat of data storage, while to use data from Data
Base, users need not know the format of data storage.

Data banks serves simply and solely as a storage and
retrieval system without generally giving any consiilera.tion

cof redundancy, data protection, etc. , which are the prime
factors considered in a Data Base.

2.2.3 What is a Data Base ~anagement System?
A Data Base Management system is a package of computer

programs and documentation required for setting up and using
a Data Base. The functions of DBMS program is to insert data
in Data Base,to modify and delete existing data in Data Base
(in disk), to transfer data from Data Base to application
program.

2.2.4 Objectives of DBMS
The benefits ani objectives for examining and evaluati:jJ.g

a D~lS software are summarized below:
i. ~esent an accurate model of the data.
ii. Organize data with simplicity.

(

\
\
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iii. Provides timely response to queries.
iv. Reduces cost of dat.amanagement. Disk storage is

getting cheaper, and programmers are getting more
expensive. A DR1S package reduces the need of ,both.
A DR~S stores data in nonreduntant and compressed
form thereby saving disk storage. Another important
saving is programming time and 'effort. With a DBMS
solution to simple problems take hours rather than
days (5 ). Complex applications requires one pro-
grammer instead of a team (5 ).

v. Uses only non redundant data. A data base has sometimes
been defined as a nonredundant collection of data items,
but irireality some measures of redundancy often exist's
in order to give improved a?cess time or simpler add-
ressing methods. So in reality a controlled redundancy, ,

is applied in a well designed data base.

Uncontrolled redundancy has several disadvantages.
Firs~there is the extra cost of storing multiple copies.
Second, aridmuch more serious is that multiple updating
operations are necessary to update at least some of the
redundant copies. Redundancy is therefore, expensive
On fi~es with a large volume of updating or, worse, in

i
which ~ew items are frequently being inserted or deleted.
Third, because different copies of the data may be in
different stages' of up-dating, the system may give
inconsistent information.
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simple and easy to learn.

) •Pro-6,7.8

to ask a wide variety of questions about the data.
Most Data Base Management sYstem have a Duery language
for asking these questions. This language should be

and interconnections. If something goes wrong _ a
power failure, for instance a part o~ the Data Base
may be unreadable. The DE1S should check itself and
immediately let the user know i~ it find,somethine
wrong with the system •

composed of a number of files, records, data items,

data stored in computer system has becomes a deep'
concern to many people in the last decades and as such
considerable amount of work has been d9ne to improve
the Data Base from this direction (
tection includes data security (Protection of data
against accidentalanddelibarate disclosure to unauthori-
zed persons or unauthorized modifications or destruction).

mine for themselves, when, how, and to what extent
Privacy (right of individuals or organization to deter-

intormation about them is to be transmitted to others).

vi. Safeguards data integrity. A Data Base is often

.vii. Permits access by users. A DBMS user should be able

viii. Provides data protection. The proper protection of



PLj1, FORTRAN, BASIC etc.

data base programs.

9

•

data. Data Base

loss by power failure or similar other reasons ••

sometimes ca~sing downtime and lost

o

data from conventional files, and it should be able to

management systems.can make change less painful. Often
users can rearrange or add data elements without touching
any programs except those which use the new elements.

x. Interface with the past. A DBMS should be able to accept

of interfaCing to lower level language like COBOL,

most trivial changes can reouire rewriting a lot of

output data in file forwat for use by existin~ non-

programs. Once the rewriting is done,new bu':\"sappear:

iX. ~rovides fail-safe Operation. A good DBMS should
have the facility to recover data due to accidential

xi. Interface with the future. Without a DBMS. even the

xii. Permits shared usage of data.

xiii. Offers language flexibility. In addition to the high-
level query language, a good DWIS should be capable

2.3.0 SOME DBMS SOFTWARES
2.3.1 Mainframes

The number of computer installation using DBMS packages
is increasing rapidly over the past years. The national Computer
Centre Ltd.(NCC) of U.K., has evaluated experiences with a wide
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range of these sytems in Over forty organization both in'the
U.K. and in the U.S.A. Six major mainframe-based DBMS packa~e
(ADABAS, 1DMS, 1MS, (DL/1), ROBOT, SYSTID42000 TOTAL) were
discussed by ncc ( 9 ). These packages differs in their
package environment, design facilities. data manipulation
facilities and performance issues•

.All the packages can be installed in an 'IEol360/370
mainframe computer' except ROBOT which can be installed
in a ICL-1900, 2903, 1904 or UNIVAC Computers.

2.3.2 Microcomputers
With the advent of hard disk for microcomputers,

microcomputer manufacture rs have released network and multi-
user operating system and terminal facilities. Some microcomputer
base~ DH1S meet most of the objectives set for a large computer
system. Such microcomputer based DB1S is preferable to a main-
frame-based one, because microcomputers are cheaper portable
involving low maintenance cost.

David Kruglinski ( 5 ) has worked with sever21 DB1S
package on microcomputers. Some of the well-documer.ted and
widely used packages are Conodor Series 20, dR~SE II. FMS-80,
TillBS III, Peral Level 3 and Data Star. All these packa",erun
under CP/M operatin~ system and are ~enerally suitable for
report generator, bURiness and information processings.
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2.3.3 Data Banks of BWDB

loped are described below:

Objective

Storage and
Retrieval of
river stage data.
rai.nfalldata.
Storage & retri~v
of su~ace .rater
data
Storage & retriev
of ,groundwater
level data.

Type of
Computer

TRS-80 Model 16B

TRS-80 Model 16B

TRS-80 Moden. 16B
& 1 EM ')281 i

I

Programming
language

FORTRAN

BASIC &
FORTRAN

DERPG

Vituki of Hungury, on behalf of World Meteorological
Organization (WMO) has developed at DBMS for primary process-
ing of hydrolo.<dcal data. 'i'he syst.emruns under a TRSlJOS
Version 2.Oa operating system. 'A TRS-80 Model II or an:
enhancf'dmodel .,microcoumpter is required to install the

Bangladesh Water Development Board (BWDB) has already
started using Microcomputers for computerization of hydrological

packa,!e.

.information and data. No DBMS package is yet installed but
microcomputer-based data banks and File Management System (FMS)
have been set up. A number of Data Banks that are already deve-

Table 2.1 Main features of Data Banks of BWDB

Divisions
of

BWDB

Surface Water
Circle

Flood forcasting
Division

Ground Water
Circle
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Ground Water Circle uses Data Entry Report Program
Cenerat:lr(DERPG)to store) groundwater level data or Observation
well characteristics in traditional file. Floopy disk is used
as the storage media. Usually no user is permitted to use the
data directly from floopy disk in their programs, instead a
printed output of the data is supplied to the user, from this
printed output users again. insert those data in their programs.
This causesincroased programmin~ time and effort w~ich can be
removed by using Data Bases.

2.3.4 Selection of D~~S Software Por Present study
Once the decision to implement a DBMS packaR:ehas been

undertaken the choice of suitable software obviously depends
on the type of hardware installed. Experience (9,10) indicates
that in most case the chOice is made for reasons given below:

i. Needs .ofa particular, organ~zation or company
ii. The size of the Data Base : Data compression,

The ability to archive part of the Data Base.
iii. Hard,;are co.nstraints
iv. Security features : Recovery, Access Control
v. Language interface : Host language supported; Self

contained capabilities.
vi:. Support : Design and 'malnt~!lance requirement,

Level available from the users.
vii. Cost.
viii. Ease of use



13

ix. Ability to adapt to change
x. Siz~ of user base.

~~O DBMS software has been selected in this study and
is modified for the following reasons:

i. It is a TRS-RO microcomputer based data processing
system specially designed for primary prQcessing of
hydrological data.

ii. A TRS-80 Model 16B computer,:which is now widely
used in our country support multiuser operating system
(TRS XENIX) and terminal facilities (upto 6 terminals).

iii. The system routines was written in a popular language
FORTRAN which can be easily modified to adapt the
system for a slightly different pUrpose.

iv. A fRS-80 Model 16B microcomputer is available in the
Water Resources Engineering Department of BUET.

v. R1DB mainly uses fRS-SO microcomputer for processin~
of hydrological data.

2.4.0 DATl,.BASE I~ANA8-BM:SN"TSYSTEM OF ';~O
2.4.1 Introduction to the Package

WMO DBMS is a TRS-80 microcomputer-based data processing
system which can be used for primary processing of diverse hydro-
logical data e.g., river stage ,data, precipitation data,



Version 4.10 etc.

•

i. rapid .retrie,ralof unique record.
ii. ability to dandle records of variable length.

The following requirement have been identified for

computer. It is also compatible to other enhanced model, viz

purpose are described in the following articles.

The system is Dot portable which means it will not

."

The system can be installed in a TRS-80 Nodel II micro-

Organization (WEO). A detailed description of the DIMS is

A 8-bit CPU and a minimum of 64 K memory is required

Its source language is FORTRM1 and it can lllterface to

enhanced operatL~gsystem such as TRSDOS Version.2.0b, TRSDOS

2.4.2 Package Environment

source program and modification necessary Ior the present
manipulation facilities of the system, a brief description of

TRS-80 Nodel 12, TRS-80 Hodel 16, TRS-80 Nodel 16B.Operating
system supporting the package is TRSDOS Version 2.0a or any

.
discharge data.

given in appendix-A. Hardware requirements, structure,data

be available to any other compute~.

any program written ~ FORTRM~. The system was originally
developed by VITUKl of Hungury for World Meteorological

for the system. Slllgle sided and double sided floopy disk

the structural development of the system.

as well as hard disk can be used as the storage media.

i /1
~ ~,



iii. ability to store data in most compact fl1rm.

Rapid retrieval is performed by the use of record identifier.
A new combination of hierarchical and points structureha.s been
developed by the designer of the DBMS.

2.4.4 Data Manipulation Facilities

The system analyst communicates with the Data Base
with the following commands

*I Insertion of new data record on to Data Base
*M l'jOdification0:" existing data record in Data Base files
*D Deletion of existing data record from Data Base file
*c Copying data record from one Data Base file to another
*L Listing data record on Line printer
*p Listing data record on the screen
*w. Writing new data record onto Data Base file
*E Exit program with writing of data record from buffer.
*Q Exit program without writing.

The application programmers or users communicate with the
Data Base by compiling their FORTRAN program and linking those
programs with the Data Base by the follo.ring command

LBO PROG-N ,USER, MSCLIB-S, TRNLIB-S-E
where PROG is the run file saved in the disk

USER is the users program
MSCLIB & TRNLIB are DBMS programs.



2.4. 5 :ar~ef Deser},p: 1cn of tr:f:? Pros:-:r-am

MSCLIB : This library is composed of 32 wicellaneous sub-

data records froll2tell2porarycomputer storage to

18 subroutines in particular Tm,WRT,T~'R,Tili,DE1,

This group of subprogram is used to transfers

data base and vice versa. This group consists of

TRSTI.m, TRHERR, TRNHDR, LKLCRK, HKLCHK ,KEYSRC ,ri"TRW,
N'i'RR,WSPDEC, rISPCNF, WSPSHF,WSPLBL, WSPKEr,STOKEY,

!
RCLKEr. A user communicat'es with the Data Base

,

I,
througb these subroutines as illustrated L~the
Fi,~.2.1 .

data from compacted block, opening disk file, c
version of data, compression of data,Reestablish
program. Functions of these subprograms are COD-

QFN, IHB" RCni?, H])BDYR, DC?, DCPI,CNPI, DCPE,

NNREAD, NTCH,HRAlI, RlIJEAN,ENCD,EI~DCR,NEIWD2,EDTERP..
This library comprises 7 subprdgrams namely

!r'ilHTIn,HNTDNP, r-lNTCPY, ~LASH, il'lliTLST,which
are used in maintaining Data Base filets).

1'1AXDYF, NTSH, SPLmE, FSPLN,QCD, JWRITE, Nl'SD,NDDF,

\)

checking dates etc. The names of subroutines are

j 6

NREADI-:RREJ.D,'.EL.'tEAD,FOPEN ,NPSHF ,NDTCRK, !1AYDY,

The whole data processing system consist£! of 13 programs

TRNLIB

HNTLIE

each of which calls one or more of 107 subprograms. A number of
subprograms in grouped in a library. The basis of grouping is
the function they perform. The groups are described below:
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PCELlB : The number of subprograms in this library run into 11

STELlB

STGLIB

PRCLlB

LSTLlB

\8

This library has 7 subprogram viz. STI,TER,STI,PAR,
S~\'IUNP,Sl'ALS1',STADEL, 3TAMOD, STAWRT. They are
used in maintaining only those data Base files which
contain basic characteristics of the stations.

This library pOssesses 13 subprogram namely RCUBlQ,
STOBl0, DCP\¥, cr.;PW, DLJW, STGCHK, INLrr~,INDTE, IN3Tr ,
INSTN, ISTG, WSTG, WSTG, which are used in enterin~
and editing water level data from Keyboard into the
data base.

The subroutines of this library number 14 and named
as RCLBIQ, S1'OBI;;:,DCFw, CMPW, DLTW, PRCCHK, INLIM,
INDlE, lNSTP, lNSfN, IERC, MPRC, WPRC. They are used
in entering and edit~g precipitation data from
keyboard 'into the data base.

and are used in entering and editing ratirJgcurve i'rom
keyboard to Data Base. The subprograms are WDIR, RDIR,
RCDINP, VLDCHK, STNINP, IRC, DRC, LRC, ~L~C,WRC.

This library consists of 7 subroutnines viz. lNLlM, LDSTN,
J~STG, LDDCH, LADCR, LDPRC, J~PRC which are uRed in list'

I daily or annual water level data precipitation data and
I

! diRcharge data.



Table 2.2 Purpose of prcgrams of WMO Data Processing System
and their calling subprograms (used libraries)

Used libraries

HNT1'IB, MSCLIB,
TRNLIB

STGL1B, MSCHB,
TRNLIB

I'RCLIB, NSCLIB
'I'RNLIB

MNTLIB,JIlSCUB,
TRlHIB

STEMB, JIl3C11 B,
TRl'i"LIB

STLIB, MSCLIB,
TRNLIB

LSTLIB, M3CLIB,
TP.l'TI,IB

L3TI,IB,MSCI,lB,
TRNLIB

LSTLIB,MSCLIB,
TRHLIB

NONE

NONE

NbNE

~.. ' .

Purpose of the program

Initialization, CoPying and Dumpingof Data Base file(s)
COPYing Data Base file(s)

Initialization and editin~ of basiccharacteristics of stations
Insertion and' edition of water leveldata

Listing of yearly daily table ofprecipitation data

Listing of yearly daily table ofwater level data

Insertion and edition of Precepita-tion data

Listing of y€arly table of discharge

Listing of daily table of discharge

Helps explaining meanings of avail-
able co~~ands of various program
Aids in detection of error by TID0Subprogram

lnitiali-ation of common blocks ofTRN ~roup o~ subpro~rams

Functions or the programs are given in th€ i'ollowing
table.

Name of the
Program

HDB!'lNT

HDBcn

LSTS:L'G

PRECIP

LSTPRC

L3TDCD

LSTDCA

STEDIT

ISTAGES

HLPCMD

TRNBLD



W]qO dn ta processinG sy lOt em fias been develo})ed for handlir,g

The station file management subprograms of ~110DR~S are

Out of 13 programs listed in table 2.2, 5 programs

01' river stage data, precipitation data and river discharge data.
It does not have provision for handling of ground water level
data. It has the facility to store data at four intervales, viz.
1 d2.y, 60 minutes, 30 minutes and 15 minutes. Groundwater level
at 2.n ohservation well is measur",d at 7-day interval hYFYlDB.
Hence it is necessary to modify the suhprograms used for insertion
modification and deletion so that they can handle 7-day interval

, '.

2.4.6 Nodification TIp.ceSF:cry:['0, the ?re'lent ,FurposE'

20

ground water level data.

employed to handle river station characteristics. Since basic
characteristics of an ground water observation well differs co
considerably, so to process observation well characteristics,
th6 subprograms used for insertion, modification and deletion
of station characteristics data requires modification.

namely PRECIP, LST3TG, LTSPRC, LSTDCD, LSTDCA, are not
included in the present data processing system. Accordingly
none c~ the subprograms 01' groups PRCLIB, RCELIB, and ISTLIB
are called by any program of the present system.



DEVELOPMENT OF GROUNDWATER
LEVEL DATA PROCESSING SYSTEM



3.1.0 IHTRODTTGTION

is !mo"T.. The measurem'mt is made in F.P.S. unit

WhOSA height from the ground surface and above m~ar.sea

13WDB maintains a large number o~ observation wells

application program for performing few primary analysis of the

This chapter contains the dev~opment of the present

3.2.0 GROlj'ND\'IATER LEVEL D.f.'l'J; O:F' BWDB

Chrlpter' - III

1613 microcomputer of' BOEL The deve10pmentie aC'lieved in two

W~O DBMSprograms. The second phase is the development o~ an

groundw2ter 1e"",1 data processing system in t.he TRS-30 l.jode1

subprograms and water le"el -fjle manao:ement sUbp"'of'T'lms of' tl1e

data. A users guide has been prepa~ed.

phases. -The first is the modi,f'ic.~~ti.on in st3tion file management

throughout the country. Every well is numbered by mea.ns of a

one or two lettered prefix indicating the district in which it

is loca,ted. For example. ,,'ell number M- 25 refers to tbe ,,'ell

the well number 37 in the district of Tangail. Depth of water

table in a well is measured beloW"8-ome fixed f,"leasur:tng point

(J"'C'\.i ••. ) ,

(feet) upto two diglts after decimal point. Measurement is

number 25 in the district of Nymensin~t and TA-37 refers to

taken at 6 a.m. every monday.

1 1 Ir"~\eve \ ',iJJ.!!
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There are two types 0: obserV'.l't.'ion"i'211s:dug \;ell and
piezometric well. Diameter of dug wells varies from 1.5 feet
";0 6.0 feet of which most of them are 9.75 to 48.00 feet deep.
The piezometric well consists of 46 feet to 355 feet lone G.l.
blind pipe of It inch diameter. Studies (11) reveals that the
deep piezometric ,Tells and dug wells measures difi'irent piezo-
metric levels and they cannot, therefore, he treated as one
homogenous network. SUrveys(11) in Bagmara Upazilla, Rajshahi,
reported that in the same location piexometric "'ells measured
readin€s more than one meter higher than those measured by dug
wells.

3.3.0 INCLDSIOI~ O?' FA(;II,ITY FOR NISSING DitT'.-=:.ES'I'INATI01~

3.3.1 Bethods of estimation

usually some data remain missing from some station-year
record. Estimation of these missing data is required for planning
and design studies. SUbprograms are developed and incorporated
in the application program for estimation of missing data. Two
methods have been used for estimati.ng miss:img data. They are
spline interpolation method and weighted-average method. The
application program first test the possibility of using the
spline interpolation method. If the anm!er is negative, then it
goes for the wsight"d average method. The two methods are des-
cribed in the followin~ sections.I

I
Ii 3.3.2 Spline-fit interpolation method

Spline-fit interpolation is adopted when at most 2 con-
secutive data are missing and at least 3 previous and 3 sub-
sequent records are available. Detailed theory of spline func-
tion is given in (12). A brief description is given below:



z.
ky" =

InterDolation of two consecutive point by splL~efunction.

'y

t

is accomplised by a polynomial such that the first and second

is selected in this study.

If a function y = f(t) is ~iven by m point (t1'Y1)'
(t2'Y2) ...•..(tk' yk) •..•. (tm'Ym) arranged in order of
increasing value values of t, then spline-fit interpolation

derivative i8 continuous at each point. A third degree polynomial

Let Zl' Z2 ••••Zk' .•••Zm be the values of second derivative
at the points. Then at any point (Fig. 3.1)(t,y) in the interval
between two consecutive point (tk'Yk) and (tk+1, Yk+l),the second

derivative is given by

where dk = tk+1 - tk
Integrating (3.1) for first deri~ative,
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Integrating again the equations of the spline-function becomes

From equation (3.3) after substitution.

2Yk = (Zk dk /6) + 01 tk + 02

Yk+1 = (Zk+1 d~/6 ) + 01 tk+1 + 02

From wbich

SUbstituting 01 and 02 in equation (3.3) eauation of the spline
function in the interval (tk - tk+1) becomes

Y = [Zk (tk+1 - t)3/6 dkJ + [~+1(t - tk)3/6 dkJ+ 0tk+1 - t)

(Yk/dk - Zkdk/6)] + ~t - tk) (Yk+1/dk - ~+1 dk/6)J (3.6)

In this equation all variables are known except ~ and ~+1;
the values of khe second derivative at the end points of the

iinterval. One 'condition which can help to determine these values
, is that the slope at (tk, Yk) as determined by eauation (3.2)



(3.8)

must be the same as that determined by the corrS'sponcting
formula for the interval (tk - tk_1). When the v8.luesof C1
from (3.4) is substituted in equation (3.2), the equation for
the first derivative at the begining of the interval (tk+1 - tk)
becomes

From conditions of spline function, equation (3.7) and (3.8)

Similary the relation at the end of the proceedin~ interval
(tk - tk_1) is

y' = - [Zk (tk _ t)2/ 2 dk'-~ + ~k (t - tk_1)2/2 dk-J

must be same and hence

yir= ( - ~ dk/2) + [<Yk+1 - Yk)/dk] -.fZk+1 - Zk) dk/6J
= (Zk dk_1/2) + fYk - Yk-1)/dk_~ - EZk - ~-1) dk_1/~(3.9)

An equation like this can also be obtained for each of the internal
point, that is k = 2,3 ••••.m-1. So there are (m-2) equation in m
unkno~~ second derivative Z1,Z2 •••.•Zm.Two more conditions are
imposed in order to determine these quantities completely. In the
present study they are taken as: the third derivatives are contin-



uous at the two points (t2, 'Y2)and (tm_1, Ym-1)' Different:ing
equations (3,1) the third derivative becomes

From the imposed conditions, values of y'" before and after
the point 2 must be the same.

Hence - Z1/d1 + Z2/d1 = - Z2/d2 + Z3/d2 (3.11)
Similarly at point (m-1)

- Zm_2/dm_2 + Zm-1/dm_2 = -2m_1/dm_1 + Zm/dm_1 (3.12)

Equations (',11) and (3,12) along with (rn-2) equations of the
type (3,9) constitute m equation in m unkno~~ second derivative
z1' z2'" ,zm' In the present study spline fit interpolation is
applied when 3 previous and 3 subsequent data are available.
Hence m becomes 6. Total number of equation involving Z and C
becomes 18, 2 from third derivative condition,4 from first
derivative condition and 12 fron constants of integration C

1
and

C2• These equ2tions for the &K are solved by Gauss-Jordan
elimination method. r.'henthe ,raluesof '1c and Zk+1 are substituted
in equation (3.6), working equation for interpolation at the point
t in the interval tk<t<tk+1 is obtained.

•



if n denotes

Interpolated data

\
1

I,
I,
\

••
t1 == 0

t2 == 1

t3 == 2

spline function. Hence referring to Fig3.2
the number of consecutive missing data where n is equal to either

In this case t .represents the time in week and y represent
corresponding groundwater level in metre. It has been decided

1 or 2, then the points for passing the spline function are
determined as follows; ~nifting the groundwater level axis to

at most 2 consecutive data will be interpolated by the

a convenient position



missing data.

missing this mf'thod i8 not applic:.ble.

thaterti'T'ate

i

data for a particular reco~ station-year record.

year is missing, this methGican!)ot

Hence i;> any of the first ? or the last 3 data of a

fnissing data.

i. It is not suitable to estinate mO?ethan 2 consecutive

This method has, however somelimitations as given below

i1. If any of the 3 previous or 3 aft~ards record i8

."lC

If n = 1

t4 = 4

t5 = 5

t6 = 6,

If n = 2

t4 = 5
t5 = 6

t6 = 7

Yl' Y2' Y3' y4' y5' y6 are the cOzcesp~n;llnggroundwater level.

'l'hese values are detersined by tbs comPJiterand missing data

iii. Application program can re1rieve ~roundwater level

between Y3 and Y4 are estimated. Iiisting of computer program

is given inc appendix - D.



3.3.3 Weighted-average method

This method is applicabl~ for estimating any number of
missing data at a station provined corresponding record(data
measured at the same time) for the surround ing wells are
present. Missing data at the station S is estimated as the
weighted-average of the groundwater level at the surroundin~
observation .Jells S1' S2: ..•.....••. Sr.. Surrounding wells
are selected satisfying the following conditions.

Fig. 3.3 Schematic diagram illustratin,<:weighted-average
method.



\.\

. S
2

ElS

5

as the observation well S.
i. They must be same type of well (dug or piezometer)

30

i1. Station S should He inside the polygon 31S2S3 ••,Sr,
formed by the sides (Fi~, 3.4 )

iii. 3.~ L .~ 6 where L is the total number of selected
surrounding wells. Four possible configuration are
shown in Fig.3. 4

iv. Angles LSS1 S~, L.SS2S1,. ~3Sr,-1 Sr,' LSSr,S:L-1 etc
should be less than 900•

Fig. 3.4 Four possible configuration of surrounding wells



computed as follows
= are the l<ei,;':htedfactor for station 3 .which are

j

(3sf + Sl ~ - S~)

2 3S, SlS2

1 - Cos2(Q)

SSl COs(9) SSl Sin(9)
2

SSl Sin(e) (S1S2 - SSl Cos (e»
2

=

=

Hj,i = measured data at surrounding well Sj at ith week
of the same year •

Xi=------- _
L

~ L:..Aj
j = 1

The working equation for estimatin~ missing data is

31

.6.A .
.1

.ELlA .
J

,
where Xi = estimated groundwater level at ith week of a year

at the station S

= area SSl Fl' D2 ~ area SS2 F1, D3 = area SS2 F3 and
so on. Where F1, P2, •.• PL are the perpendiculars
drawn from 3 to sides 3132, S2~' "'~1~ respectively.

Refering to Fig.3.3.

Cos(e) =

Similarly D3, D4 •••D2L can be computed.
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3.3.4 Accuracy

separately estimated by the two methods.
3.1. It indicates that spline function

:Ehen they vlere
!shown in Table

Now
A1 = D1 + D2L
A2 = D2 + D3

and so on.

in the one dimensional array Xi' Corresponding data of the surround-
"ing wells are' thm retriv,edand stqred in a nlO dimensional array

codes of the corresponding surrounding wells ar-ei stored in a two-

Effectiveness of the two methods of missin2' data estimation

average method is stored in a one dimensional array. The station

In the computer subprogram, station code of all the
stations for which missing data estimated by using weighted-

H, i. Weighted-factor are then computed and missing data areJ, ,- _

estimated.

is tested with the data processing system. sample results are

,dimensional away. The sides SSl' 882", 8~, 8182, 8283" 8L-l~
for each station are stored in another two dimensional array.

given in appendix - B.
In order to compare the accuracy of the two methods, on missing
data estimation a few data at observation well M-47 were assumed,

Results are
as missing.

The computer first read in the data for the station S and store it

is more reliable than weighted average method for missing data
estimation.



+3.74
+4.78

5.243
5.186

Year : 1979
Welg e -average

method
Estimate Error

data (% of
m rane

+.89
+1 .28

5.125
5.041

Sp ine-"1
internolation
Estimated Error
data (% of
m ran e

5.088

4.988

Observed
data
(m)

Observation Well Number : M-47
Date of
observa-
tion

.5.3.79

12.3.79
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iv. Depth of lOwest level below ground surface
v. Range of fluctuation

iii•.Mean level.

Table 3.1 Comparison of accuracy of two methods of missing dataestimation

ii. Lowest water level above MSL
i. Highest water level above MSL

vi. standard deviation
vii. Variance

3.4.0 INCIDSION OF SOME PRIVJARYANALYSIS
3.4.1 Computation of statistical parameters

is included in the present data processing system. Data in the

statistical parameters such as highest and lowest ground-
w<::terlevels in a year range of fluctUation in a year etc. are,
useful information. Provision for determining these parameters

Data Base are stored-w.r.t. a measuring point (MP) at station.
Whose reduced level (RL) andheip;htfrom ground surface (GL)

of groundwater level data at a station in year are as follows:

are also stored. After retrieval, the.groundwater le"el data
are converted 'ii.r.t.mean sea level (MSL). Statistical parameters
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Ail the above parameters are processed by the computer. sample

is the total

IPROGRAM

i

Where i is the week number, N
number of data in a year.

i

3.5.1 General
3.5.0 MODIFICATIONS IN THE WNO DBMS

results are given in APpendix- :B~

3D =x

2
VA~ = SDx

variance,

The standard deviation

I

The present data processing system is a modifica tion of Wi~O

XMEAN

RANGE =XMAX - :>G1IN
The mean level,

DB"'iSand equipped with an application program discussed in
article 3.6.0. It was already mentioned in article 2.4.6 that

ing point .from I-iSLand GL respectively.

The range of fluctuation, RANGE is given by
XMINGL = EU1PSL - Ell~PGL - XMIN

above MSL. Let ELMPSL and ELMPGL be the elevation of the measur-

Depth of lowest level below ground surface,

Let Xi, t =1 ,2••N denotes a station-yeQr record, XYillX,XMIN
being the highest and the lowest groundwater level measured
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WMO Data Base Management System cannot be directly used for
handling of weekly groundwater level data and data relating
to observation well characteristics. The modi-f"ice.tionthat is
necessary for this purpose was also outlined in that article.
A detailed description 0: the modifications done is given in
the following sections.

3.5.2 Modifications in station-file management subprograms
Program STEDIT (of WMO DBMS) can be used to insert,

modify, delete and list data relating to river station e.g.,
i"'

station code, name of the river, size of catchment area, dis-
tance from the mouth etc. A total of 11 characteristics can be
handled by the program. Groundwater observation well character-
istics differs considerably from those of river station and
accordingly the program is modified so that it can handle following
11 characteristics of observation well.

1. station code: station code must consists of three
numeric digits indicating the observation
well !lumber in a particular district.
Thus for this system, station code lies
between 001 and 999.

ii. Observation well n~: Observation well no. can be assigned
any data consisting of 20 alphanumeric
characters including special character and
blank. In the present case it indicates the



should be stored in the Data Base.

and the serial number of the observations
district in which the well is located

Iestabld-shrnent
i

I
Iconsists of

I •10 alphanumer~c
Iobservation well no.

case pr~viousnumber

of the observation well.

is modified. In some

variable indicating year of

character. Sometimes
a data consisting of

36

two type of well: DUG & PIEZOMETER.

may be useful. Hence old station number

well in that district. For example
Mymensingh-25 stands ~ observation well
number 25 in Mymensingh district.

two numbers, an integer number (degree)
.and a real number (minute).

v. Type of well: This can be assigned to any data consisting
of 10 alphanumeric character. There may be

vi. Availability of recordsCsince): It is an integer

iv. Old station code: Old station code can be'assigned

vii .Latitude: Latitude of the observation well

iii: Location (Village): This can be assigned 20 alphanumeric
characters (including blank, the special
character). In the present case it
indicate the name of the village in which
the well is located.

,



of 'water level ~ata are INSTF, ISTG, MSTG respectively. All these,,
subprograms belonging to STGLIB are modified so that weekly ground-I .
water level can:be entered and modified directly. The old STAGES

I
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)
can be inserted, modi-

number.

xi. Depth of well
All of the items (ix-xi) can be assigned any real

viii. Longitude: same as latitude.

!that observation well characteristices

x. Height of MP from ground surface
ix. Elevation of,MP above MSL

program uses two codes for missing data. -998 is taken as the
initial value and -999 is entered as the missing data. A third
code, -997 is to be entered for weekly missing data. This code

3.5.3 Modification in water level tile management subprograms
Program STAGES (o~ vTMO D~!S) can be used to handle water

level data collected at four intervals: 1 day, 60 minutes. 30
minutes and 15 minutes. calling subprograms of STAGES which are
used in (i) selection of interval (ii)insertion (iii) modification

Base exactly in the sequence as they ,are described above. The
application program however, list them in a slightly different
sequence. 'sample results are given in Appendix-B

the basic characteristics of observation well are entered in Data
fied deleted and listed easily. By the modified STEDIT progra~

The calling subprograms of STEDIT used in (i) Insertion
(ii) Modification (iii) Deletion and (iv) Listing of river
station characteristics are STAINP, STAMOD, STADEL, STALST.
All these subprograms belonging to STELIB are modified so



CORRECT! ON ANij
MODIFCATION IF NECESSARY

FIG. 3.5 STRUCTURE OF THE DATA PROCESSING SYSTEM

of the system.

When the necessary observation, measurement and recording

is introduced to the system from consider~tion of e~ficiency

3.5.4 Struccure of the system

of the data is made, function of the data processing system
begins. Data Base files are first created by the Dill1Sprogram.
Data (basic characteristics of observation well and groundwater
level data) are then stored in Data Base files. Any modification
of the data, if necessary is made by the Dill1Sprogram. Stored
data can be retrieved by the system for use in application
program for further processings. Schematic work structure of
the data processing system is shown in Fig. 3.5.



3.6.1 General

common users of the data processin~ system. Pro~ram USER embodies

c

Listing of the source. program is
A short description of the suhpt'ograms

f- -

MSL •

detail in appendix- B,

14 subprograms, namely DATAIN, LSTSTN, LIST, MISS1, SPLIN,SPLICO,
~~ISS, MISS2, AREA, SPLSTN, STAT, ADDRESS, PERMIT, HARM and a

missing data estimation described in the article 3.30 and 3.40
an application p.ogram (Program USER) is developed for the

On the basis of the primary analyses of the data and

Block Data subprogram. These subprograms are grouped in a
library (USRLIB).Purpose of each of these subprograms, parameters
involved, CO~WON BLOCKS, called subprograms etc are described in

3.6.0 DEVELOPJIlENTOF THE APPLICATION PROGRAM

presented in appendix- D
I
,

is giyen below.
,,

Subprogram DATAIN interact with the Data Base through
TRN-group of subprogram of the D~lS and read in basic character-

3.6.2;Subprogram for retriev~l of data,

istics of observation well and groundwater level data. For a
particular observation.well and for a particular year. Raw data
input to the Data Base are in centimetre (integer) and measured

the subprogram,
I

I
I

w.r.t. some measuring point. After retrieval fro~ the Data Base
convert them in metre (real) and with respect to
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3.6.4 SUbprogram for listing station characteristics

is first

AREA and DATAIN are used as

checks the presence of missing data. If present, control

the calling subprograms of NISSl •
those of NISS2. Their functions are described in appendix- B

The various characteristics of an observation well mentioned

well and groundwater level data).SPLIN, SPLICO, IiMISSare used as

analyses cannot be performed by the application program. In that
case, users can only list data(basic characteristics of observation

transferred to subroutine MISSl which attempts to estimate missing
data first by using spline-fit interpolation. If splin'e-fitinter-

3.6.3 SUbprogram for missing data estimation
After retrieva~, of the data from Data Base computer first

in article 3.5.2 is listed by the subprogram LSTSTN. sample list-
ing is given in appendix- B

3.6.5 SUbprogram for listing groundwater level data
Groundwater level data (of a particular station-year record)

together with their date of measurement can be listed by the sub-
i

program LIS~. ThiSisubprogram can 'list both the row data as it is
entered in the Dat~ Base and the refined data (missing data
estimated). sample/results are given in appendix-B.

polation is aborted to estimate missing data control is transferred.
to subroutine NISS2 which estimates missing data by weighted-average

method. If missing data estimation be still unsuccessful, primary



41

3.6.6 SUbprogram for computing statistical parameters
The various statistical parameters described in article

3.4.1 is computed by the subprogram 8TAT. sample results are
given in appendix- B

3.6.7 Subprograms of determining significant harmonics
The significant harmonics together with their amplitudes

and phEses is computed by the subprogram HARM. sample results
are given in appendix- B

3.6.8 Flow of processing
Program USER first select a particular station (observation

well) and a particular year for which data processing is needed.
It then retrieves data (basic characteristics of observation well
and groundwater level data) corresponding to that station-year
record, estimates missing data if any and displays a menu to
the screen. Detailed description of this menu is given in User's
guide (appendix- C) • User's can perform their desired processing
on the retrieved data using this menu. To perform analysis on
data of Ii new station year record, user's must first exit this
menu •.Computerwill then ask the user to enter the station code
of the new observation well and the year of analysis. The flow
chart is showing data retrieval and analysis is given in Fig.3.6.



DATA BASE

SELECTS STATION

, •

SELECTS YEAR 4-

READ IN •DATA

,
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3.7.0 USER'S GUIDE
A guide has been prepared for the user's of the data

precessing system. To facilatate use of the ~ide, users are
cate~orized into three classes.

Class-A: Those who will run the application program developed
-in the present study or run their own application

program retrieving data from the Data Base.

Class-B: Those who will enter data in Data Base file, edit it
if necessary and then retrieve the data like class A users.

Class-C: Those who will first create the Data Base files and
then enter and retrieve data like class Busers~

. './ ••..• 'v' ./ •For convenience, the guide i~divided into a few sect1ons.
Only a user of class Q need to consult all the sections;other
users will have to read only prescribed sections. The user's
guide is given __ as appendix-C.

Data can be stored in the floppy disk in any systematic
way. A procedure is suggested -here. One diskette should be used
for one year. If all the stations can not be stored in one
diskette a second diskette will then be needed. This procedure
will minimize the number of diskette. Further it will ease the,
irandling of diskettes, or in other words it -will eliminate the
fperation of locating a diskette that contains a particular
station.

•



3 • 8 • 0 SUJolMARY

The data processing capability of a data processing
system solely depends on application program and without
application program a Data Base is quite useless. A data
processing system, should, therefore be equipped with
large number of multipurpose application programs. The
application program developed in the present study will
facilitate the users to use data in their application
program from Data Base.

Groundwater level data invariably contains missing
data and therefore, it is imperative that all applic~tion
program of diverse user embody some subprograms for missing- -,

data estimation.
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Chapter - IT

HP~'U;1Olac .i'J'I,ALYSIS OF GROUJJDWA:i.'}1R LEVEL DATA

4.1.0 lliTRODUCTION

In this chapter, fluctuation of groundwater level, theory
of harmonic analysis and methods of determining 8ignificant
harmonics bave been described. Five years (1979-1983) groundwater
level data from ten observation wells in Mymensingh-Jamalpur area
bave been collected and different methods of determining significant
harmonics have been investigated.

4.2.0 FLUCTUATION OF GROUND'v.'AT"ER LEVEL

Fluctuation of proundwater level is a periodic-stochastic
process having annual periodicity. In Bangladesh F,roundwater level
fluctuates mainly due to recharge from rainfall. Besides variations
of stream stage and evaporation, tides, atmospheric pressure fluctua-
tion, earthquake, etc. affect groundwater level. Water table rises
with the rainfall and starts falling with the cessasion of rainfall
at the end of monsoon period. Lowest water level below land surface
occurs during the last week of a April and Mayor in early June.
The highest water table occurs during the last week of Au~~st and
early September •..Differences of the highest to lO.lestwater table
ranges from.3 to 5 metre in most of the wells although a difference
of f to 6 metres was observed in some wells (13). The magnitude of
fluctuation of water table is the greatest near the river Brahmaputra
in Mymensingb-Jamalpur district.



,. \-
\ I

riefinedas,are
i

I
I
I

is the standard deviation
icomponent

46

The periodic component Dt is mathematically described as

(ifN is even) or (N-1)/2 is N is odd.

4.3.0 HARMONIC F~ALYSIS
4.3.1 Theory

and composed of a deterministic component in the form of

m

Dt = Ao + L. Ai Cos(27l it) + Bi Sin(21Tit) (4.2)
i=1

theory is given below:

component which is a rann.om variable. Detauf'd t!1eoryof hamon1c
analysis is given in ( 14.15.16,17 .1!?). A short description of the

annual periodic movement in Rome parameters and a stochastic

Groundwater.level data exhibits annual pbriodic1ty

Let Xt represents the time series consisting of weekly ground-
water level data. then

where Dt is the periodic component. 0;.
of the sample and tt is the stochastic

where t = 1.2.3•.••N with N the b~sic period of the series
m = Nos. of harmonics and can have any between 1 and N/2

The f The fourier Co-efficients Ao' Ai' Bi
N

Ni~Ao = ~ Xt = X

1=1



(4.4)

(4.6)

1

Ox

ta~-1 (-Bi/Ai)
Phase of ith harmonics

. ..
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Four alternative approaches were suggested by Vujica

1. First approach selects on as a constant (6~ 11l ~ 12)
for all practical purpose with Dt having m first
harmonics as significant regardless of the probability
of significanue level, N, the length of periodicity.

=

CPo =
~

Series (2) can be written in its equivalent form

The stochastic compnent [t may be computed using

where Ci = Amplitude of ith harmonics

=v4i + Bi

4.3.2 Methods of determining Significant Harnomics(m)

Yevjevich for finding out number of significant harmonics



which uses the brea}:ing point of a comulative periodogram. Equation
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(4.8)

harmonics is present
greater than P . , mmm

C~
J

2. The second approach is to use a lower prohability
significance level. Pm' used as a constant in this
study (Pmin = 0.10). If the m first harmonics have
the explained variance defined as

3. ~he third alternative approach is the use beside of

4. The fourth method is a graphical estimation procedure

Pmin, also the upper limit Pmax computed as Pmax = 1-
" ,
'I '.P in. If P <P . ,no significant harmonics is found in the

m mln CI !
sguence of Dt values. 'If Pmino« P ~ Pmin all m harm_on~~s determined
by 2nd approach is significant. If however P> P ---:--;::only some, max. 2of 'the m harmonics are significant. The value of C. /2 are then~J
sho•.ted from highest to lowest. Only those harmoIiTcs'with high-

2est Cj/2 when summed exceeds Pmax for the first time are ~elected.

which is less then. P . , no significantmJ.n
in Xt• If this explained variance (p) is
harmonics are used.

(4.8) reveals that P is a function of m and as a matter of fact
1

if P(m) is plotted against F' graphs like (Fig.4.1) a.re
obtained. The graph composed of two district parts (i) The
peridoc part of first rising of P(m) with m and (ii) The sampling
part of the slow rising of P(m) with m.
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feasible.

(depth of flooding

value of elevation

To estimate the breaking point ~~o

data processing system groundwater level d ta from Mymensingh-

First, the two parts are approximated by sooth curves that

In the 2nd approach the two parts are est~ated by straight

The area covers eastern ,region of Ja lpur and north-western

lines, which intersects at a point ~iving .e number o~ significant

Jamalpur area have been collected. A brief hydrogeological

harmonics. The proce:l.uresare illustratod

intersects at a point. The intersecting po t gives the number
of significant harmonics.

4.4.1 Description of the study area
In order to demonstrate the applicab"lity of the present

through the eastern region as shown in Fig. 4.2 • The area

description of the area is given below.

region of Mymensingh. Over the area the old Brahmaputra flows

consists of pleistocene area, low-lying ar

and those of Jamalpur are 70 feet and 20 ~ et respectively.

elevation in the Mymensingh is found to be 65 feet as a maximum

2 m) high and intermediate lands (depth of flooding 0.3m) and
very low lying area (depth of flooding 2m). The ground surface

.4.4.0 ANALYSIS OF GROUND\>IATER I,ElTEl, DATA F OM JlITM'"N8INGH-
JAJlIALPUR AREA

.val~e of elevation and 15 feet as a minim
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Rainfall is one of the main recharge ~omponents. The
part of the accretion to the Proundwater occurs mainly due to
horizontal inflow from thee-river old Brahmaputra. In the study
area with the cessation o~ rain~all in the month of November
of in the latter part 07 October, the ma40r scope for recharping
of groundwater is stopped. groundwater level be~in to fall and
the recharged water is being gradually lost by discharge into
the river.

The lithological data of the soil shows that water bearing
formations contain mainly of medium sands. In the Jamalpur region
the formation also contained coarse sand with thickness varying
from 100 ft to 180 ft, while in Mymensingh region some fine to
medium sand (thickness exceeding 80 feet) also exists in the
water level formation.

4.4.2 Collected' data
sample (a station-year record) data was collected from ten

Observation wells (M-2, M-24, M-25, M-42, M-43, M-47, M-65, M-72,
M-73 and M-74) in r'lymrmsinf'"h-<Tamalpurarea. (Fig. 4.2). Usually
a station-year record 0:" weekJ.y.lSround~vaterIf'veldat.a contai.l'lS
52 data. But as groundwater level is measured each wonday, so
this may cause collection of 53 data in some years. Groundwater
level'data exhibits annual periodicity. 53 data represents a
period (53 week) which is greater than a year. Bence, harmonic
analysis is performed on first 52 data. sample having too'many
missing data whose estimation is out of scope of the .present
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marked by X.

Minimum level above

Table 4.1 sample data on which ha~monic analysis is per~ormed

data processing system is excluded from harmonic analysis.
Table 4.1 presents data sample on which harmonicanp.lysis
is performed. Sample on wh ich analysis is not performed is

'Out of ,10 wells, M-65, M-73, M-74 were peizometer wells
and all others were dug wells. From the statistics of samples
it has been found that water level in those well in the duration

water level fluctuation occured in observations well M-Q43 in
1981 and maximum fluctuation occured in observations well M-73

(1979-1923) fluctuated frOm 2.160 metres to 4.360 metre. Minimum

observations well M-25 and in 1QS1 •
in 1979. Maximum water level above mean sea level (MgL) was in

MHLwas .81 metre and in observations well M-74 in 1980.
\

I~f-1-2f-1-24M-25 !'j-42M-43 M-47 M-65 f-1-72r-l-73M-74
YEAR

1979 vr v vr vr vr v )< I v v X

1980 v v vr vr ...,.--- vr :x I v ...,.--- ------

I ,1981 vr ~ ~ v' v- V )( ~ \./ v I
,

1982 )( 1- X X X X
"l-

X X )(

1983 )( X X- X l( X :x- x )( )( ,



computed using

4.4.3 Comparison of methods of determinine significant harmonics
For all samples data on w~ich analysis was per~ormed the

number of significant harnonics have been determined by all
methods. Typical results for two observation well M-2 and M-25
is given in table 4.2. The table shows that only ~irst harmonics
is si~nificant in most case as determined by method 2.3 and 4.

Table 4.2 Typical comparison of 'number of significant harmonics
determined by four methods. .

Observation Year ~umper of significant harmonicswell Nethod 1 r:'ethod2 Method 3 Method 4

1979 6-12 1 1 1
N-2 1980 6-12 1 1 1

1981 6-12 1 1 1
1979 6-12 1 1 2

f-j-25 1980 6-12 1 1 1
1981 6-12 1 1 2,

The periodic component Dt (computecigroundwater level)
have been computed for all possible number of significant
harmonics. Sum of the SQuares o.f"the residuals have been

52
3i =L (Xt - Dt)2

t=1
These values for the two observations well M-2 and M-25 is
given in table 4.3.
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Table 4.3 Sum of squares of residuals (31, in _square metre)

well !-i-2 N-25

1 Year 1979 1980 1981 1979 1980 1981
Nos.of .
harmonics

1 16.6 4.82 6.53 5.42 5.47 3.82
2 44.2 10.70 11 .56 2.28 11 .50 1.80
3 41.8 8.57 19.98 1...96 9.05 3.47
4 49.9 9.11 18.90 3.17 8.83 3.53
5 40.1 8.93 19.01 4.22 10.48 3.53
6 50.8 8.90 19.10 4.13 10.25 4.53
7 50.2 9.23 19.16 5.11 10.44 4.99
8 50.6 9.32 18.73 4.99 10.58 6.13
9 50.6 9.32 18.74 4.95 10.48 6.02
10 50.7 9.30 18.97. 5.27 10.44 5.96
11 50.7 9.27 18.87 5.21 10.91 6.10
12 50.7 9.27 18.83 5.35 10.90 6.08
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On the basis of minimum and maximum Si' observed (Xt)
and computed (Dt) groundwater level have been plotted against
time, t (weeks). ~he b~st and worst fit for these two observa-
tions well is shown in Fig. 4.3 and 4.4 respectively. The upper
curves (Fig. 4.3a, 4.3c, 4.4a, 4.4c)shows the best fit obtained
by ~ifferent methods. The lower curves (Fig. 4.3b, 4.3d, 4.4b,
4.4d) sho",sthe worst fit obtained. The amplitudes and phases
of various harmonics in those station-year is shown in Fig.4.5.
Obvious~ it .~~difficult to cO~-;~~d~f~ihenumber of significant
harmonics using figures like 4.3 and 4.4. Table 4.3 s~ows that
values of squares of residlJ'lls(3i) obtained by 6-12 harmonics
(method 1) is large compared ~o th~se obtained by using 1 or 2

iharmonics. Thus method 1 is not applicable for weekly groundwater
i

level data of Mymensingh-Jamalpur ,area. Table 4.3 further shows
that method 2 and method 3 always suggest the first harmonics as
significant. Howeve~ in some cases (observations well M~25,
year 1979; observations well M-35, uear 1981) sum of the squares
of residuals obtain using 2 harmanics is less than those obtained
by using the first harnomics. Method 4 determines 2 harnomics in
thos cases. Method 4, is, therefore, selected and included in the
present data processing system. However, from the nature of the
curves shown in Fig. 4.3 and 4.4 as well as from the'values of,

!some of squares of residuals (Table 4.3) it can be inferred that
I

the first harmonics can be taken as significant for all practical
purposes.
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4.5.0 CONCLUSION

harmonics may be taken as signi~icant.

in the data pro,cessing system for determir.ation

Method 4 (graphical estimation method) has been selected

of number of significant harmonics. For all practical purpOse

and illcluded

involving analysis of weekly ~roundwater level data, the first
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Chapter - V
DISCUSSIONS

The data processing system developed in this study
is essentially a Data Base Management Sys-t;em(DJ3!I~S)coupled
with an application program. This DBMS is a modification of
that of the World Meteorological Organi~ation (WMO). The
original DBMS had been developed for surface water data.
Modifications was necessary to make it compatible with handling
Df groundwater level data collected by Bangladesh Water
Development Board. This DBMS can be installed in a TRS-BO
microcomputer. A TRS-80 model II or any enhanced model such
as TRS-80 model 12 TRS-80 model 16, TRS-80 model leB may be
used for the purpose. The system is compatible with .several
versions of tRSBOS (Tandy Rario Shack Disk Operating System)
and TRSDOS-II operating system such as TRSDOS version 2.0a
TRSDOS version 2.0b, TRSDOS ver.sion 3.0, TRSDOS-'II version
4.10 etc. A memory of only 64k is required for the system.
Almost all TRS-80 microcomputers available in our country
including those of BWDB and BETS have a memory capacity
greater than equal to 64k•

The source language of system program and subprograms
is FORTRAN. Although programming is more complicated in
FORTRAN, results can be obtained in shorter execution time
than would be required for a program written in BASIC. Further
FORTRAN is extrenly efficient for coding complex mathematical
and scientific algorithms which are increasingly used during
data analysis •.



Basic stru~tural unit of the Data Base is a station
year record. A station-year record contains the entire set
of observation for a particular year. This unit has proved
to be efficient for hydrological data ( 4 )

An important development in the present study is the
inclusion of facilities for some primary analysis of the
data including missing data estimation. Basic analysis
comprises determination of highest level, lowest level and
range, computation of mean and standard deviation and deter-
mination of significant harmonics tog~ther with their amplitudes
and pliases.These parameters are computed for one year at station.
Users have given the option so that they can retrieve data with
.or without the analysis. Inclusion of facility of missing data
estimation and primary analysis -will greatly -increase the
practical utility of the system. It will save a great deal of
time and programing effort of the user.

A difficulty was encountined during developing the
application program due to storage limitation of the computer.
Attempt to perform all the analysis using the same retrived
data was not successful. This difficulty. has been removed by
making a compromise.The analysis involving determination of
significant harmonics is to be done by retrieving the data
again. However, the process of estimating the missing data
is not to be repated,
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Another important feature of the applic8tion pro~ram is
that it works in interaction with the user. At every step of
operation computer displays a messaue on the screen so that
proper response can be easily entere~ by the user. Once the
program is started it will not stop untill and unless requested
by the user. Users can perform processings on as may station-
year data as recorded provided the data were previously stored
in the Data Base. While performing processings on a particular
station-year data the program displays a menu on the screen
showing sever~l options for data proc~ssing e.g., listing of
station characteristics, listing of groundwater level data,

Icomputation of statistical parameters ;etc. Just by pressing
i

a single key users can choose any opt~on or!even they can
terminate processing for the current ~tation-year data without

. I
. . . I . ,

perfoz;plingany of the -"processings listed in the menu. Further,. . I'
a particular option can be selected-as many times as desired.

The D~lS programs also works in interactive mode. Insertion
modification, deletion .of data in data base is per~ormed in
interactive mode. This eliminates the possibility o~ making
mistakes during data entry. It also make the operation easier
for the user by reducing the effort for learning the syste~.
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The DE1S is most useful when it runs under multiuser
operating system. The present system is in single user
environment. However when multiu8er operating system will
be installed in the computer, the data processing system can
also be implemented in th~t system. Present work may be extended
in this direction in further studies.

The present system has been designed for data entry in
centimetre and it accepts only integer number. The unit of
data measurement which BWDB presently uses is metre upto two
digit after decimal point. However, the system is flexible
enough and can easily be adjusted for data entry in other
units say millimetre. After retrieving the data from Data Base

I

the application program again converts it to metre dividing by
a factor. Which is obvio~sly 100. If the input unit be changed
(say -millimetre) then only this factor needs be changed -(1000
in this case) in the application program.

Two methods of estimating .missing data have been used in
the system. They are spline-fit interpolation and weighted-
average interpolation. The former method is an interpolation
process along time axis only while the latter method involves
interpolation aloni'(a.space (sur-face)only. The spline-fit
meihod has been found to be better as show in table 3.1

Horever if an abrupt fluctuation occurs during missing period
due to stochastic reason, this method cannot take into account
of this factor. In that case weighted-average method is more
reliable. However, such a sudden rise or drop in groundwater
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level is not frequent. Hence for a small number of missing
data spline function intepolation can be applied without
causing an appreciable error. The weighted-average method is
unable to estimate the missing data of a station when data
of its neibouring stations is not stored. For these reasons
this data processing system is designed in such a way that to
estimate missing data, spline function is attempted first. If
this method is not applicable due to absence of consecutively
threeprevions and three subsequent data, then the weighted
average method is used.

iExperience ( 14 ) studying periodicities of daily flow
and d~ily precipitation and other hydrologic series reveals that

Iindividual harmonics beynod the sixth harmonics add relatively
little additional explanation to the variance of the observed data
It is :shown from ,the Fig. 4.5 that amplitudes of individual
harmonics beyond the third harmonics is less than 5% -of that
of the first ,harmonics,.Obviously -those harmonics are very
insignificant in compared to first few harmonics.

Four methods of determining number of significant harmonics
have been investigated. They are (i) selection of an arbitary
number between 6 and 12; (ii) using a lower probability signifi-

i
I,

canee level I equal to 0.1; (iii) using both lower and upper signi-
ficance levJl (0.1 &0.9); and (iv) plotting cummulative explained

!
variance against number of harmonics. It has been found that all
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of missing data estimation •.

Chapter - VI
CONCLUSION

The conclusions of this study are

i. If a user need to perform a number of processings,
subprograms for the processings should be linked
to the Dffi1Sby a single program. This will permit
all the processings to be performed on the same
retrieved data,

ii. It is better to save the data on a separate.disk rile
after missing data estimation is completed. This is
because almost all analysis involye missing data
estimation.

iii. The spline-fit interpolation shows greater accuracy
compared tOthe_weighted-average interpolation. method

!

iv. The method based'on plotting of commulative explained
variance has been found appropriate for determining
number of significant harmonics.

v. Out of the 26 harmonics ~he first harmonics may be
taken as'significant for all practical purpOses
involving analysis of weekly groundwater level data.
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I.l/INTRODUCTION

1./ GENERALVIEW OF THE DATA BASE

.-A data set can he )"e',.larded as "" Data Base only if the triple systen,
of tondamental criteri? can be met ~.e. the data system should .have:
structure
e}:hau:tivit!::j
non redundancy
The Data Base Management System DBMS) should be able to meet all

pre~ent and fLlture demands of the User'(s). E>:perience shows that to
fulfill ttlESE requirements fiVE fundamental operatiol1S ITlust be perfOrITI-
ed by the DB~lS:

INITializ",tion
- ADDition or Subtractio~
MODi fi cat ion
SELection
CLEANing ,

INIT,operation opens the files of the D",ta Base and sets the starting
y~lue necessary for the further development of the data strLlctLlre.

ADD".operation carries out the insertion of hew data records into the
Data Base as well as their final deletion froITI the Data Base.

MClD operation modifie~ the contents ,of a Data Base data record
SEL operation selects +ttlE subset.(s) of the whole information set which

ar'e required b~ a particular, usel" .01'" us.er applicai:ion.
CLEAN operation ren,CJve:::_ those dLlrnm~ areas- of the Data Bas,e cy'eated

durihg the c6ursE of Data Bake oper~tion5 which may not be acce5~ed
~y the fundamental operation~ listed abOVE.
These operations can b~ executed e:ither by independent progranlS

e.g.HDP,MNT for ',INII" Dr 'CLEAN' ) 'or by optional ",ubpr'ogr",n,s,en,bed-
ded .in :the processing.or User's progra~s ( e.g. TRN subprogram group
for "ADD' or 'MelD' or' ", SEL' ). ! ' •

" " I,
The FORTRAN programming language was selected for the preparation

of sysiem prog;~nls.,and subprograms ..for. the following reasons:
, -',whf1st"progr'';;''irriing is more complicated'with FORTRAN, results can be

dbtained in,shor~er execution times than would be required for a
program written in BASIC.
FORTRAN is e,:tremel~ efficient for' coding comple>: mathematical a,nd
scientific a"lgorithms which are increas.ingly used during data en€;1.-
l~sis.
The following chap~ers des~ri~e how the triple systenl of fundamen-

tal crit~~ia Can be met.
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1.2/THE STRUCTURE OF THE DATA SYSTEM
The following rc:qui('ements h?'/E' bCE'rl ldt?nt"ified for' 'the ~ill"U(:t_lll.11

(jE"/eloprnent:: of the d3i:::'\ s1J=.teni:
i) rapid retY"ieve,l of unique rECDrds
ii) ability to ha"ejle records of '/ariable lengtt1
iii) ability to stoy'e data in the most: conlpact: forITI
Rapid re~rieval is fJerformed by .tt'le u~e of record identifiers.
A new cOITIbinatic1fl o~ t,ierarchicaJ and pointer strLlctures t.as tJeert

dr~'\,Ieloped bS the de~:.ignF:~r of present: l)Bt'1S. The method of keu- ..poinh?l"
tables tlad to be disC8rded, because se'~ue"tia] searct,ing is wnavoidabl,e
tor hydrological time seri,es dat~ eveT' if the table searct)es ar'e e}:e-
cuted in memory). l"lorE:'over, the ke~-p'ointer tables. would r'e.~uir'E' PP1'-'-

rTli::\nent sorting. In thi=: nt211!design it is the, serj.es of address.
es

( i. E'.
the sequence of pointel~S ) establi:=:.hecj b~ the l~ecord identifiel"'s thenl<'-
~elves which has been utilized. Traditional ~ce~-poirlter nlethods r'es\J]i:
in either superfluou:=:.19 la.rge, unutili::able :=:.torage Cl.rE,la:=:.in the ~;~::t[~111

or the application of highly comple~ functions for the calculation of
addresses: .Pr~condition5 for t~le s~lected met~lod of addres:sil'9 are:

nUITleric record identifiers are fleeded for sirrtple manegerrlel~t
_ record identi'fiers should 110t enter ttlB Data Base 35 ~~e~s but

must be split UP into digits: and stored in a one-din~en5ional
arl'".ay, e.<:'l. the "triple group of ke~s.:

10109 1983 21
station code year code of d3ta type
enters the Dat~ Bas~ as a one-diITlensional arra~ ( BLOCt( ):
/1,I2l,l,I2l,9,1,9,el,3,2.,1/,~ where each digit occupies one l.iJor'cl.



1.3/1,JRlTlNG TO THE DATA .'A~']E

The DBMS subroutine used for wr'i t.ln';l +':0 the Date:..•. Base fi)rlst (Jbt~'ji'l'.'
tt'le record identifier descrIbed above arId after ctlec~~irlg its va]ldit.~
;:t-c:\r1:s to establish ttlt? 'stDrage Cl.dcll"E'~S, be',:]lnning with the firr::.1: elr=--
na-:,nt,of P.L(H=~"::arr?o!::l, in the folloll)ing way:

- a record consi5t.:iTl9 of ten wore1s "i5'opened at the tJeginnil19 or
the Data P.ase file. I: follollJi.n(~ it~:,hei:1.der record). The £tC::\r"till(j

address of the current free area of the file is then wrj,tten iT,1:0
the position correspollding to the value of BLCICK(l) of tl)E reccJr'd
This poini:er inrjic<:.".i:e::: the ~,t~2-<T'tirl(:i 2<.dd'r"e5= .. of thE ne>:t C'.d(jre=~

record.
- a new record of teG words is opened at the above starting addres~

where the new ~dd'2ss record l~ written. The startirlg locatiofl ot
ttle ne>:t addre~s lAecord is stored in ttlE appropr'iate position
( corresporiding to the value of BL(lCK(2) ) of this new r'ecord
and so on.

- after this series ',qf opel'"'ations, PLUCh(N) ( l~e. thE:' la::.t elEfllE\nt

of the record identifier) is reached and N address records ~li]]

have been written.
- the Nth record is twice the size of the ottler records i.E. twent~

words. The first ten words of the final re~ord are Llsed for t~le
last address recelr-rland the starting address of the data record
is stored in the appropriate position ( corres.pondin:g to the
value of BLOCKINl ). The length of the data record I LZ ) is sto-
red in ttle same position of the second half of ttlE f1inal record.

- the data record itself is- written to the DatE'. B3c:::.e. ~.
since the data has filled ~ome part of the free stor,age area, the
address of the nej:,tavailable s,torage location is written into
the file header record to update ttlE free storage area pointer ITl
preparation:. for the ne:-:t~rite operation. I

The next wr~'te operation at~empts to use ttle sequence ,of pointer~
described c:::o far'. If thi!:'. seqUE'nce ( or chain) of pointer'=. is ini:e-r'--
rupted i.e. the '~'L\b..rl:JutinE findc:::-<zer'o> .at the ,po=.ition 'corresponding
to the value of BLCICI'lll of the lthaddress record, the subroutine
~tore5 the starting address of the current free area of the file in
this position and Opf?nS ~ new sub--sequence of address records. TtlE la~t
step of this operat.ion is to write the flEW data record to the Data Base
3nd to update the free storage area pointer in the file-tleader reeor'd.

Studying the above operations it is apparent that address and data
r'2cords are handled jn'!isibl~ to the User w~)ict! provides 50nlE Jev81 of
~~stem security. It ShOLlid also be noticed that the longer are ttlE d2t:~.
r~C'cords, the 5m~lley' i~ thE' arei:< usee! for' addres!::ing ( i. E. as. much
data as possible stlould be inserted into onE data record ,.

On the othe~ tland, there are SOITIE.' disadvantages ass,Deiated with tt:E
USE of very long recur'ds. The~e disadvalltages relocate to the nUITlber of
II':l operations requit~ed~

Taking into cons,deration all these factors, the STATION-YE0R RE-
C(IRD has been selected as the, basic structural unit of the HydrmlogicaJ,

Data Base. A STATI()N-YE~R REC(lRD contai"ls the entire set of obstrva-
tions for a particular :::.tation in a particular" yea-.r~ This unit Tas pr~D-

ved to be efficient for hwdrological data. I .
When handling data in annual blocks the ratio between the storage

~rea required for address and data records is appro}:imatly 1 to 10.
,-r"ric:::ratio is ITluchITI!Jre effic.ient ttlan for conventional .~ey~pointer'
sustems,.
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1.4/READING FROM THE DAT~ BASE"

The reading prOCt:?dl.ilre also sti:il"ts with a.n an21-~5i~.: ot the .BL')(~<
~r'l"'a'd containing ke~(=.) =plj't-up to digit,;:, and procepds a= fcdloltl:

_ the =_ubroutine fir's.t reads the.- first c'lddre==" record of the tilp
and e>:8mines the word c~rrespo"ding to the value of BLClCK(l) to
find the startin'] location of thE' second address record.

- then reads ttle se(:o~d address record and provides the starting
location of the l,e~:t address rec(~rd and EO on.

- whell BL(ICt(N) is l"eached the subroutine reads ttle Nth record with
twent~_ words, l1Jhicli contains the last address recor'd ( i4 e. thE
address of ttle data record ) and the length of the data record.
finallkl, the da.ta. record i!:::. trans.ferl~ed into rnemor!d.

If the subroutine finds (zero} instead of an address in the ~pprop-
riat~ position of an address record, it means that the requested
data record does not e>:is~ in the Data Base ( i.e. the nece55ar~
br'anch of address rEcords has not ;Jet been estabI isr,ed ).

"
I.S/DELETION FROM THE DATA BASE

The operation ,of deletion is easil~ understood from a knowledge of
the writing and reading operations:

a trial read is ~ade using the identifier of the record to be de-
leted.

- starting from the last address record and moving bac~~ward through
tIle chain of .pointers, all the address records are examined.
the first a~dre~~ record which contains more ttlan one address
must be written tb t~le Data Base after reset to ~~zero> that POS]-
tion which ~orre~~onds to the value of the appropriate word of
BLOCK array.: ( i.e. the subroutine closes the onl!d wa!:d to the dr:,t~\
record ).,
the toteR length of this data record and the length of the add-
ress recordCs) intreas .t~~ amcunt of dumrrlY area of the Data Base
'f i 1e. '1

Before describir(g tl"le .s.ubroutine u~.ed to =-elect Data Hc...s-e record:::,
it is:.necessary to i.ntl':".()pLlcethe special procedures. used to optirnis.E'
the performan~e of subr~~tines.which handle the data transfer.



l) The subprograrrls of the DBMS (TRN-grOLtp have been prepared.u~-
ing the technique of s.tructured progr'2HTlfTling. p.~ this fT.ean:: the effic:i-'
encies inherent in Ll5ing ltniformed Dat:a Base structure l:an be utIllzed
t:D the ma;..:imurTI e;..:tent. ThE' principle of this method is that the progr2,nl

rllorjulE?S also have a 5.imilar structure and the meaning of particu13r '/20.-

r iabl€.;:os is the samE' in each module.!:;_ In this \J..Ia~ both program control
d?ta and variables needed irl 5e0eral fTlOdLlles (juring execution of the
,11:31nprogram, can bt? reduced in'to a 5inglr."" CDnllllon dc?\ta field.

All the information necpssary for the Dats Base file being pro-
:~EEed can be stored in ttlis C()~l~IONfield and t~rerE is no need to re8d
j1: fronr the file before eactl particIJlar operation.
J j) The Data Bas-e use=: a s.ingle logical unit i. e. single logical fi Ie
but it was considerE'd useful -frolll a ph~5ical point of view to separatE'
tl)i5 file into smaller sub-unit= i.e. into physical files.

On the one hand this ~,as deternrined by the need for data securit~
~nd on the tither hand b~ ~he consideration of file size.

Since operations 2re E?);ecuted con5~cutively, it appeared at first
-tt"rat information contairled in t-he C(IMMO~1 field could be continuosly
E~:changed as different files- were accessed. However, =-ince the- DBMS
dOES not usually operate with more than three physical files simul-
taneounously, it was decided to create ~ COMMON field capable of
storing the information for three physical files opened in parallel.
The length of this COrtr-K>N field i". 3 * 145 = L,35 word" and its detailed
content is described belo~ ( see Section TRNBLD I.

It the pr6gram haE to use more than three physical files, a SUbrOlj-
tine decides, by mean of a counter, which of tt)e t~ree sub-fields of
the COMMON field will bei.used for the file control data of the incoming
tile ( see Source program list of WSPLBL in TRNLlB/FOR ). When a new
tile is accessed its'fil~ control data are loaded into the sub-field
having the highes't"" count:~r value, as trlis file has probably been open
..f01- the long'est 'rferiod. . .
'iii) Ba~ed on pr~~"tical e>:perience, another optimizing operation -has
been introduced hand'ling storage of the add,-ess record pointer" chain
in memory.

It was explained whe~ ~escribing I/Cl operations that the sub-
routines first read the address records. For the analysis of hydrolo-
gical data 5-ome particular" types ,of data retriE'val are common. ( e.9.
observations of seversl years at a single station or observations of
a particu~ar year at ~everal stations are required ). In such cases
some part of the record identifiers change, but the rest rerrlains con-
stant. "Therefore, it is Llnnece~,5~ry to start r~ading froITrthe very be-
~Jj,nning oJ the addres-=, recDl"'ds for each I/O operation. The pointer
chain ~ i.e. the starting addr"es,s"Es, of the address records" ) and the
elemeTlts ( or digits 1 (Jf the record identifier are stored in suitab-
le merrrory buffers. The record identifier of the new request may ttlen be
compared, and searche~ on the Data Bas,e need only be made fol'" the ele-
fflent(s) of the record idel1tifier which ~rave changed.

Thus, the I/O ~ubr'outines "~ave rapid access to the data records
after the necessary validity checking) it it is found that only the

last few positions of the record identifier ~Iave changed.

•
1. 6/0PTHll ZATl')N OF THl: UI'~t::;
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iv) BeCaU5.e tt.le Dei::a F.::.;sE' is set: up .:'\S c:" series of physical file'£l 11.
must be pre-detprrrdTlEd Luhi:,t: i'=-nge of kE'~ ,/t31u.es i= valid for' eac:t, filE ..
This p'rablem has bel::'T'l sol'led by storlng ttlE' LIpper and lOLLH:?r' limits for
eactf of the ~:eys in "the header record of tt)e relevanf file.
Thus, all of the TRN subrDutines can.check these limits to estC\blish,
w~fether a record identifier is valid;for the pt)ysical file in questioJ).
The User will always see the record identifiers divided into coded ~cey
sub-fields ( e.g. statlon code, ~ear, code of data type ), when e>:ecut-
in~ any of the main programs.

It frequently happens that the upper and- lower linlits of different
coded 5ub-grDup~ al~e eqllal e.g.:

min. YEAR ~ 1 9 0 0
max. YEAR 1 9 9 9

I.~. is unnece=.Sctry ill this- case. to este:\bli5.h new addr,ess records
for t,!I.e _~l~me::'nts having equal min. and ma;.:. values, as, this would re::.ult
in superflubus repetition of the address recordls), wasting storage
:pace on ,t'heData P'i:,se.'Such elernentls) of the record identifiers
ttlerefbr~'are not used ~n the addressing sy~tem. However, they are pre-
se~tth,the key limits of the file and thus can be taken ~nto account
in the checking procedure. For this reason the DBMS recognises two le-
vels of,addressing:

_ theoretical ( which is apparent to .the Us~r
- real I whioh is used interna,lly by the DBMS

1.7/THESELECTION OPERATION
I

r,t has been st~own that files are initial~zed with their upper and
lower key limits and that they are defined in the system during e~e-
cution by information i~ th~ COMMON sub-fiel~. It ,is possible to chang~
the contents of the COMl10N sub-field by a special subroutine which is
able to C\djust\,Ebthof :the file limits. In the course of the selection
operation-.the r\e.levant' subroutine can acce=:s: only :th'e l''''ecords in the
'range,-pf ~these ~\jJu!=tEd limit,s .• If both the ~\Pper 'an'd lower .limits of
the file,are"set td\thE key values for 01 particuIC\r,station, the sub-
ro~tiA~ ~an.not .I'see'll the coding digits of the other stations. There-
fore ..~t ,i~ 'able to seleG"4;: the requested key sequence.

The'sele~tion operC\tion is terminated whEn the subroutine is not
able :to,.ge~e'rateneu,.ke~ ele~,erfts Ii. e. the subroutine reached the
current upper Iimit ).' 0"

I,

1.8/THEMODIFICATION OPERATION
In such ,cases the start position and length of the modified'data

is specified in a control block I ICB ) which is pC\ssed through to the
DatC\"'P,aseaccess subroutines. Only that PC\rt of the data record defined
b~ the control blocf, is overwritten by modified dC\ta. The starting po-
sition effectively defiTles a shift in the starting address for the
write operafion compared to the starting address tihat would be used for
operation on a complete data Y"ecord. !

I
i
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Logical Ullit nllmbe~ of ttle file
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~lord poi'lter in ttJe SEctor
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transfer on ttle file.
OUT = Addre5.s of ttle word following
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IF p,uttE?r of
C(l~lWIN 'f i e 1d ( " )

/CtHR/ l_UN
IPS
IP~!

'Purpo~.e of t!)e subprograIT!
Si /TIll 1c:( +: i eon 0 f utO""" dad dr.:"l::ssin 9 ac CC'S.5.

on ~ Direct: AcceS5 tile.
Transfer front/into tl-Ie file into/front t~le nlenlor~.
NTRR for REA 0 I N G
NTR~I for W R I TIN G

Par' anJE' "!:er 5.

"

.", ,,"

2,1 NTRR and NTRW .

" / T R N LIP.,



: r.1P

I 1-.1F)
l' r.lI)
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- lrjf--='--

condi 1: ion::.
d31::2\ record
LlJor.d=:. at.Eo to t) ..:.
nJenlor'y ar'e,3. 'I I.'

d?ta record - INP

=8

=6

~4
=5' T~,e description of ttJe record lengt~!

~ 1=- er,'oneOLlS
Iep.(2) .LE.1i!
Attempt to i.{le overflow

=3

COJ1~rol blocl,
Logic"'-:..l unii~ number of the tilE'
l_eng~~l of dst~ recol-d to be
traJ1sferred franl ttle ITlerrlory area 'IB'
in i:0 'I:he f i 1r?

f'>~urTlbe, of I~e~ elenten+:~ +:0 be 1:Ed::en

into con~,ider.~,t:ion -rr'crrl 'f<EYS' <?rl.=,~J
NOT USED
Err.o' condition
=0 ~Jorrrial return - NCI ERRCIR
.Gl-.0 Abl10rrrial retL\rn '.- [RRC)f~
=1 Logic31 unit nUHlber~ 1= er,onec.u.::

ICP.(l).LT.6 or ICP.(11.(oT.10
='-:' NUrTrber of I~es el(~fTlent=. to be used

iE not corresponding to ttle
addressing level of ttlE file.
ICPo(3) .r.IE. LBL 0: 8)
Non nUlTIerical chc,,'acter 10 7 ~'-:E"y'SJ
arY'ay or the reque<:::,ted I.e~ eJ errlt:':1+:;=
are OLtt of ttlE file linlits.

~7.

.LT.0

.GT.C'1

In case of ~ partial i:ransfer
/ICB(8).GT.0/ ~he description of the
zone to be,transf~rred iE erroneDL\S
ICB (8) -I + ICPo(9 ) . GT .ICp'(2 ), 'or
ICB(8).LT.0 or ICP,(9).LT.0
Attenlt to overwri~e an e>:isting data
record on the file in protlibited case
II CP.(,S). NE. 0/

()verwrii:ing of an E}:isting
on the filE'
=0 Per.mi tted
.NE.C'1 Prohibi~ed
r.J(lT U,,:ED
Description of ttl€? transfer
=0 COITlplete trallsfer of

iE. y.eqLle~-ted. ICP.(2)
transferred froITI ttl€?
ERROR /See ICP,(S)=8!
Partial tr2l.nE.fer of the data record
is: requE<:::.,ted. The dai:..? record on th~
file iE, to be uJritten (or over

'.'lJJri~~en) onl~ fran, the lCP.(E.)-~h
11lord. The 'trans.fer 5.tar'l:=:. from
IB( 1) in the rTlefTJoryw
ICB(2) rrlust contain ttle total

,.

(-.1 )

(:.:::: )

( 7 )
(8 )

PU'("'PD~:.f: of ~:hF ::u[:rP'('OSl' :=,.nl
Trr3n~.fl.:-r' CJf 1:~12 dt?\~i:.. r'r.0CC'f'd frc)nl ':he nJ!:?JlIDr'::;l

aree.. ' If.' in+:D +:hl'? file under' the C:Dn'i:l~ol ot' 'JCl','

bl Gel' ..
The datc:~ r'e.col"'d 1= dE'fined bs )~<EYS' on the tile .
•1 R I T I !'1 G

P t1 f' 201111:'::' 'I:er =:
Ie)'.
IC)'.

,'., .



•.j

.. J

••

HIP -

- Jr,IP
- Ir-IP

, NTf<'
, TRt'IBLD'

-: ."

, ,
:~:i...:.i- .;;

lel'lgtl-i of. the data record on t~je
til e.

LengttJ of ttlE' zone of data record to
be transferred in case of partial
tri4.nsf er .
.1_E.0 ERR(>R !See ICB(S)=8!
.G-r.0 NLlnlber of words to be transferred

fronl the. rTlE'fTIory area. ' IB' into the
data record on ttlE file.

Array of ~~e~ eleIT!ent~
Buffer of dal:a to be transter'r'ed fron,
t~le ITlenJory intcJ ttJe tile

t\EYS
Ip.

•

!

COI'H'10N tiE' I d ( s .\
,/C~HR/ ~;F" descri"p1:ion In Se"etian
~CTRN/ See description in Section

Called subprogranJ(s)
NTf~R
NTRoJ

, '- .

' ..::
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Conty-oJ bJc1cl::

LOQ1Cal unit liLwlber of the file lr"IP--
Lengttl of d~ta ("ecor'd to be - ,:)1_;"1
tr",:"n=,ferr'(~d intD thE: menIOI"':J (in lIJDr'.d:;o)

NUITJber of ~~e~ elenIEIli::: 1:0 be ta~~e,-\ - "lr.IP
into con=,idE'r~tion frofT! >~<EYS' ar'r,,=,.~;
N('T USED
Error condition - .(llIY -

=0 ~jorrrJal return - Nl:) ERF~(:IR
.GT.0 Abnornl2J retLll"n -- ERF~(:IR
=J Logical LIlli'!: nLIITlber is errorleOL,\S

lC}'.t!).LT.6 en' IC}'.':!).GT.1D
~Iunlber of ~(e~elerr!entE 1:0 be Lised
1= no1: CO"rrF5.pondi ng to thE'
addressing level ot ttle fi10.
I CB ( J ) . NE . LBl_ ( S)

=3 ~Ion nUITlerical ctlal~acter In ~~(EYS'

:::4 The data record dE'fined tJ!::I 'I<EVS' i~
noi: e~;isti~g on the file.

:::7

:::6

:::8 In C3se of a partial tr~rlsfer
IICB(B).Gl-.0! ttJe description of ttlE
ZOT1e to bE transferred is erroneOLl5
IC]?,(S)-1+ICB(9).GT.LZ, Qr
ICB(S).LT.0 or ICB(9).LT.D

='7'
(6) !'JOT J....JSED
(7) NOT USED
(8) Description of the t~ansfer conditions - INP

:::0 Con'rplete transfer of data record
15. reCJ.uEs-ted~ Length of datE( y'ecor'd
1:: 9 i~-/E'n 1n ' I CF ( "2) ~ •

.LT.0 ERR(IR ISee ICBtSI=8/'

.GT.0 Partial transfer of ttle data record
IS reClue=:-l:ed. The d31:a record ::one
1~ to be transferred into
, rr,' arr3!::1 fron! the I':=:P.(8)-th wOl-.d ..-,.,:
da 1: <3. Y.ecoy'd. ICB(2) contains the tot::-.]
length of the data record an the
f i 1E.

(9) Lengttr of the zone of data record to I~JP -
be transferred in case of parfial
transfer.
=0 KEY-READING

No transfer of data is to be
e;-:eCLl ted. The ~.Llt)prograrrl on 1~ ehecl: '-=
~he pre~eJ,ee of the d3ta record on t~E

ICE.
ICP, (1)

( .~::)

PL\l"POSe of ttrE ELlbprogran!
Tri:l.ns1'er' uf the datc.1 rE~CD'('d frOHI the fi Ie j ntc!
n!enlor'~! ~.;('L'-3. ' IF' und!.:"?r the' con"i:ro] of ., ICP,'
b1 Del: ..
ThE' d~\t8. rec.ot~d i~- dei~iTH.:'d b~ >~<EYS" on the file.
RFoADJN'S



COf'IW'f.j fie 1d I,,)
/CNTR/ See descriptieJn in Section
;Cl'R~I/ See description in Seetio"

Calle~ SLlbprogranl(s)
NTf,R

f'EYS
rB

,
.: 1 • :. [ \':' .

. e! ',:;."".' •..' -;-'. :." _.' '.

. - ., " ..';- (-: -.

' ...
',~..

filEr ]C~,~) contairlS tt"IE total l~'lytr,
of tt!0 dat~ recor.d on t~,e file .

.LT.0 ~R~OR /S~e ICBIS)=8!

.Gl.0 NLlnlber of u!ords to be transferred
frDn, ',he dOlt", record (i. e. fron, the
ICB(8)-th word of the record)
ICB(2) contains the:total length of
the d",,,O\ record.

Array of J~e~ elenleAi:s I~IP
BLlffer of data to be transferred into - OUT -
thE' nlerTIOr~.

, fHR'
, TPfIBLD'

. •.~',1•.,



92

HIF

INP -
(JUT -

OUT

- OI.....!T -

Coni:rol blocl.:
Logical \.lnit nurrlber of ttre file
Len3ttl of data record to be
transferred into the fTlenJory (in words)
~'ILUTlber of ke~ elenIE.nt5- to be taken
into cons.i der2.tion froITI ' ~\:EYS' array
Sequential .number of the position in
'hEYS' arr2.~ .. (fronJ the left) where
the last chang~ of the ~~ey eleJTlents was
e>:ecuted by the .sLlbprogram while
creating a new ~~e~.
Erl~or" condition
=0 Normal retLlrn - N(l ERRCIR
.GT.0 AbnorIT!al retLlrn - ERR(:)R
=1 Logical unit flLlITlberIS erroneQI.j,S

lCJ?,(1).LT.6 or lCJ?,(1).GT.10
NUITlberof ~~ey elements to be used
is not corresponding to the
address,ing level of ttre file.
I CP(3) • NE. LE.L ( 8)
Non nL1ITlerical ctlaratter in ~KEYS'=3
arra'd •

=1, The dai:a record defined b'oj 'b-:EYS' is
not E}:isting on the file in case
ICB(7)=0 at calling tiITle,'ottlerwise
rWT USED.

=5
=6
=7 End of file, '"10 more J~ey elements

are to be created.
IICB(4)=ICJ?,(3)/ "nd 'KEYS' "rrs'd
contains ttlE L\pper"J~EY lirr,its of
the fi Ie.

=8 In case of a partial transfer
IICB(B).Gl".0;' the description of the
zone to be tr'a11sferred is erroneou~
ICJ?,(S) -l'+ICJ?,( 9). GT. LZ, or
ICB(SI.LT.0 Dr ICB(9).LT.0

NOT U!:'ED
Description of the starting condition - INP -
=0 Performs the same 2S TR~jR.
. GT.0 The search is i:o be si:"ri:ed

with the first valid ~~ey elements
following ttle received ones.

Descr"iption .of the transfer conditions 1~if
=0 Compl~i:e transfer of d"i:a record

is reqL(est~d. Le~gttl of data record
is given in" 'ICB(2)'.

( 1 )
(2 )

( 4 )

(8 )

PUt'POSE of thE- ,::_ubprDgraol
-Tran!::.fer of the data rc?cc'r"d tl~'onl the f i 1E' i n+.'D
n,enJDr~ arE'e. • If.' undE'! the control of • Ie]?,'
blocl,. (Saffle "s TRNR if lCP.(7)~0.)

-Sinlu),atiofl of "sequent'ial reading fronJ t~fe file.
TI"lesl.\bprogranl 2re2t~5 ButonlaticBlly ,'lew~~ey
elE?rflentc: i:al~ing into con~,ideration the ke::,l lirrdts
of the.file e::isting In 'CTf,W C(l~1t1(l~1field /'ITB'/.

REf\DING
Par' :::c,rrle t er' 5:

ICE.
ICE.
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INP -

'NTR' .
, TRr,JP,LD'

(9 )

II'.

f(EYS
IF
IF

.L'-.0 ERRi:IR ISee ICP(S)=8!

.G-r.0 P::1rtil3J t::y~?nSf{:':l- of the dar:3- YE'CD't"d

is reque~ted. ThE data r£-?cQrd ::::CHlE-:-
is to be transferred into
J IB' arr.::~~fr'orrJ the ICF(8)-th word of
data r~cord. ICP.(2) contains the total
lengtt"of the data record on the
file.

Le~gth of the zone of data record to
be trahsferred in case of pa~tial
tran=-fer~
=0 KEY-READING

No transfer of data is to be
e';.:ecuted. ThE' £.ubprogram gives onl~
the '/alid i~e~ element=: in increasing
order fronr the file (hEYS .:::~rr2_~).
:ICP,(2) contains- the 1:ot~:\l lengtrl
of the data record fOLlnd .

.•LT.0 ERR(IR ISea ICB(5)=8/
~GT.0 NLlnlber of word:- to be transferred

fronl the data record (i. e., from the
ICB(8)-th word of the record).
ICBC:') contai n~ i:he tot,,1 length of
the dodoi:'.record.

~rray .of J~e~ eleITlents
I(B(7)=0 The same as for TRGIR
ICB(7'.GT.0

INP Key eleolents for the start of t~le searc~.1
.(IUT 'Key eleITrent£ of t~re data record

found on the file.
P.uffer: of date:' to be trans.ferred into - OUT --

.' the ITlerrlory.
C(>~lr'l(>N fi'~ I d ( '" ) .

/C~rR/ See description in Section
/CT~~! See description in Section

Called 5ub~rbgram(s)
NTRR

".



2.5 TRNDEL(ICB,t<EYSl

HI F'

- Jt.lf' -

- HIP -

, NTR'
, 'TRNP.LD'

Section
~.ection

record

ke~ elell"!E'nt~
f i 1E'.

Control bloc~,:
Logical unit nLlrrJber of the file
NOT USr::D
NllITJber ot ttlE J~ey elen!ent~ to be tal~en-
into consideration froITr 'KEYS' array.

Art-BY of I

fr2,rn thei
,

(4 ) NOT llSED
(.=,) Error conditions:: - OUT -

=0 Norrni:d return - NO ERf~OR
.GT.0 Abnormal return - ERROR
=1 Logical unit number is erroneOLJ~

IC)?(I) .LT.6 01" ICp.( 1) .GT.10
=2. N,umber of ke~ elem'eni:s. to be us.ed

i~ not. corresponding to the
addressirlg levels of the file.

'=3 Non nUITrerical elernent in 'KEYS'
arr.ay or the J~ey eleITlents are out
of the file lifTIits.~

=4 The reqLlested data record (defined
b~ 't':EYS' i~, not E}:isting [)n the
f i Ie.

f'EYS

94

cor.n'1(l!', fie I d( 5, )

1CNTR/. Se~ de~c~iption in
/c~R~j/ See description J,n

Called ~LtbFrOgranJ(~)
NT'RR '
NTf~~I','

Purpose of 'the" sLlbprogranl
Deletion c)f e}:istiTlg dat~
control of ' ICB' block .

. ParC<.l1'le~:er,=.
ICP.
IC]'. (1)

(2 )
(3 )

, .i:



- HIP -

- O')T -
- .1NP -
- HIP

'. OUT -

field

'NTR'
'TRf,P-LD'

the file
Hie f i Ie
i'n ' ITF.'

Control blDcl::
Logical unit nun,ber of the ~ile
NOT USED
t'iufTlber of key elefl,ent=: to be taken
lnto cons,ideration frorn 'r(EYS' arrcV::l
- Reading
- 1'1odification
F~eqLlest eo'de
=0 Free'the file fro", 'ITl','field .
. LT. 0 'Reb d

=-1 Lower liITrit of
=-2 Upper li",it of

:GT.0 Modif~ file li",its
=1 LOll.ler limit
='C' Upper Iiri,it

Error condition
=0 Noimal return - NO ERROR
.Gl.0 Abnormal return - ERROR

Logical unit number is erroneOLIS
ICPo(.1).LT. 6 or ICP,(1 ).G!. 10
~L\rrlber of J~ey elements to be llsed
is not corresponding to the
addre~~"i"~g level of '"the fi Ie.
ICPo(:3).NE. LBL (8)
"~on n~{fTl~rical charac~er in 'KEYS'
ar0ay 6r the ~equested ~~eyeleITlents
ar~ OLlt of. the file iimits.
in case of ~T,odifi.cation oryly".

=1

:;8
=9

:;10 The reqLIE'st code is erroneous
ICB(4l.LT.-2 or ICB(4).GT.2

Array of J~ey elefTlents
- Reading _ OUT _

if ICP-14l=-1 'f<:EYS'arra~ contains
the Lower limit of the file

"if IC}-:,':4)=-2 '~':EYS' at'ray contain=::.
the 0pper limit of the file.

- r'lodi~ic2.tion _ INP _
if ICB(4)=1 'KEYS' array contains
Lower limits for modification,
if IC£(4)=2 'KEYS' arra~ contains
Upper" limits for modification.

if ICP-(4)=0 'KEYS' arra~ is not used

. -,',

"; .. ""

~\EYS

Pur'pose of thE" '::-ubprogr"an,
Readirlg irlforrr,ation fronl t~le file Head Label.
Modification of the file limits in CTRN-COI'11'1ONfield
for E;..:ecutioTl.

Parameters
I CP,
I C.r. (I)

(2'
(:3 .>

COl'lMON fie Id (5. )
/CNTR/ See description in Section
/CTRN/ See description in Section

Ca II"d subpr09rarro (5)' NTRR



2.7 TR~IERI~(ICB,~<EYSl

'2.8' STOllEY ( f<:, N, I<:EY,hEYS)

- I NP -
- HIP ~,
- (11)1 -

HIP ~

96

- H',lP -
- Ii'1F
- HiP -

INP,OUT -

',";,

,',;- ," ;'-'

'~: ~: '.PQr~6se of the 5ubprografTr
-Ii.: ... "Read::, f'.l elementC:::,) fr'orrr ~~:EYSarr2.y startin~ with

KEYSCt() a~d it6res decimal value in KEY
P~U<3riIEd:~r5I'

~\ Startin9 word in-de>: in t<EYS
N I",JurTrber of E,lerrIE'rri:(::) to y'ead fro'm hE,YS
t(E~, Va~iable ~ontainiTlg decimal value
KEYS' ,Array to 'be read

'cOMNoN field(s) NONE
Called :=,L1bpr'ogra~j(") r,jOr,jE

RC1:.J::EY(f\, N, f\EY, ,<:E.YS)

PLlrpose of t~le 5ubprogra~r
In CEl£.~,E' of,THN err'Ol~ it (ji::pla~s 'lCP.' c\nd
'hEVS' arra~s,.

Pal ....a.rTIeters
ICB Control block to t,,,, I i"ted
KEYS Array of ~':e~ El~ITjent:: to be listed

COt-V"IONfie I d ( s ) NOt'IE
Cal'led sLlb~rograrr,(s) NONE

Purpose of the sLlbprograffi
~plits ~~EY co~tent ir) digits and stores th~IT!
fro~ t<EYS'~~) 'ih N w6rd(s).

Pay' arTre t: er s.
"'-'f<:' St",'rting"worcJ incJe,., in I<:EYS'to be "tored

't.J f\lurriber ot" sp"'lit digitCs,) to !:.tore
KEY VarIable td split and store iri hEYS
KEYS Array to be stored

COMMONfieldls) NO~IE
Called. ::,ubpr'oqram( 5) r,VlNE- '.' .. ' - ~

"

,'.; :'

,.: .-;..' .
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3./ SUPPLEMENTARY INFORMA1ION

97

UJor d:: ) .

'NTR'
nunlber'

( in

unit

fieldrTF'

Section
logical

See descripti9" in
Lower limit of the
to be u::-ecJ.
(LU~,IL=6)
Upper limit of the logica.l unit number
to be used.
(LUNH= 10)
Starting.vallle for t~le test of the file
to be l'eJEe{sed froIT,' ITF' field.
(NCX=--l )
Subtield length in
(LTF=117)
Length of 'ITF' field (in wordE.'.
(LTP=351 )
Starting value for b2cJ~ward ~92rctlin3 of
the: free s-ubfield in 'ITB' field.
(I J:Z=23",1
COMMON field area for the storage of
infornl3tion cOllcerning the files llsed.
Nu1mber of ,:;:ut,fields: :3
A~r~y of .~ey eleITlents llsed durillg the
priogr-am e>:ecutjon. (It contains the
a~i:ually L~SE'd ke'd eleme:ni:!:: .. )
Au;.:iliar'd t8.ble fDr' the. mininl\Jrri test ot
f~~y e.lements reqLlested._
ALi>:iliar'd table for' the ma;.:ifllum test of"
t~le I~ey elenlents reqllest~d.

LU~,IL

NCX

l)::Z

I
r'T~,

LTF

LTP

I
~.ID!T

TRS-80 MODEL II or equivalent
TRSDOS '/e~~-ion 2.0E\ ...Januar'd 1, 1981
( or equivalent )

been elaborated b~ 1,)1Tt.JI-<I/EUDAPEST-Hungary (c)
the 10th of September 1983

PUJ~pose of t~le ~LI~Jprogranl
FL(ICI< ;).ATl'\ =:,uDpr-ogr3ffl for t~he TRN ~lrDUp of =ubp!-C\gr~UfI~

T~lis ~L\bprograrrl rrlus,t be at the end of t~le n~aiTl progr'anl
calling ~IJle of the TR~1 slIDProgr2IT!s.

CO~l~IO~, fie J d ( " .'
/C~HfU
/CTRN/

2. 10 TFdmL.D

COITlputer to be Ll~,ed Tor run:
Operating syst~nl to. be \Jsed:

Th i 5 pacl~2.ge 'ha:=



INP -

- INP

- I~.:P -

- INP -

discharge

requested day is between two validity
periods of ttle RC-directory
reques,ted d3Y' is out of ttl'? range of
validity periods
requested water level is ollt of the t.ar'ge
of RC

Co'ilt'rol block containing inforrr.ation
for Rating Curve file (see TRNLIBJTXTI
Array of data idel,tifier con~aining
station code for rating curve search
Arr<a~ containing d3te of reques.ted d='.y
ID,"TC 1) --- da;J

(2) ---) fflon~~h
(3) --->. !:..~e2r:

Water level in C~ for wich dischargE

-993.0

..,

f(EYS

GFN =

IDAT

Miscel1aneo~ sUbprOgranls

Purpose of the subprogranl
COT1version of water level given in NSTG into
Converted discharge will be given in ~13/S
Error codes:
'.~H.I = -991.0

98

PararTlEters"
ICB

is -to be converted
C(lM~l(1~Jfie Id (s I
_ JCRC)/- SeE> description !iTlSection RCINP

Cal led ~Llbprograr,,(s)
RCINP
FSPl:N

. -,

1.1 REAL FUNCTI(IN 0FNCICB,KEYS,IDAT,NSTGI

Ttlis librar~ contains all subprograITI wictl can be Llsed by any prog--
rani of ttle Data Processing System or bU an~ new User's prograrll.



1.2 INTEGER FU~ICTI(IN IHFNIICB,KEYS,IDAT,Q)

.- 1 hiP

- HIP -

- HIP ..

level

requested (jay is between two validity
periods of the RC-directory
requested day j,s out of the range of
val idi t.y periods
reqLIEsted discharge is out.: of ttle range
of RC

-993

IHFN =

r,EY5

Purpose of the subprogram
Conversioll' of discharge given iTl Q into water
Converted water levei will be given in CN
Erl"'or codes.:
IfWN = -.991

Parameters
ICB

99

Control blocl:: containing. infDrrrIC\t.:ion
for Rating Curve file (see TRNLIB/TXT)
Arlftay bf data id~ntifier containing
~tation code for Ratill9 CLlrve searctl
Arra~ cont.:aiT1ing date Df reqLlested d~y
JDAT(1) ---> day

(2) ---}" month
(3) ----> year

Discha~ge given in M3/S for wich
water level is to be converted

C(i~1t1(lr,1 f i f' 1d( 5)
ICRCI/ See description in Section RCINP

Called subprograITI(s)
RC I NP
FSPUI



100

H'IP --

d2~.J
1 ines

- I NP -

found

Cur've f i 1E"

containing
few" the given
contc-\ining 10

the Ratingcurve on

nurrrber of 1ine in rBT
v~lidity period fouI,d
two-din,ensional array
of thE' RC-,di rector;)
nUITrber of rating curve fOLlnd
for the given day
2,~'ra~ containing the rating c:ur'/E'
for t~le given day
error codes of the search
= 0.0 no error in RC-search
= -9'i'1 ..0 see Sect ion= ,;'FI"l, IHFN
::: -992-. 0 ~.ee Sect ion~ (~!F~"J, IHFt'J

r.IRC

un

RC

COI,trol blocf~ contaihing inforrriatiofl
for the Rating Curve file (see TRNLIB/TXTI
Array of data identifier contaiTling
station code for Rating Curve search
Array containing date of reqLIEsted day
IDAT( 1) ---',. da~

(2) ---', month
(3) ---> ~ear

ERR

I Oil T

f,EYS

Purpo!:-e of the ~.ubprograrn
Searctl of '/alid ra1::i'1g
fOl- a given dald '

PararTteters
I CPo

CO~I~101'Lfie I d ( " )
!CI~CI./ IF'..'!

Called"subprograrrl(s)
TRNRDR
TRNERR
STCWEY
NT SO

1.:1 RCH-IP( I CP.,f,EYS, IOAT)



'-'

,

t
I
I

I
I
I
I

f-

INfO -

- nIP

- (JUT
- (JUT

- HIP .-

- I Nf -

./

a ':J i ven {j,_the Data BaSE file for

Control blocl~: containing inforrrl~tion
tor the Data BaSE? tile (see TRNLJB/TXT)
At~r'as ot' (j2.t~\ identi f ier contc::d ning
=::i:':.?li:ion code, ':::JeC:4,I~and data typE' code
fo;'" data- search
Arr"ay (:ontaini~g data read froITI Data Base - ('VT -.
for' ttle,given day
Byi:e arra~ co~tainin9 @ualit~ Code(s).
of d3ta read for the given day
Number of data. in IB and 19 arl~cVdS
Tirne of observation if daily data w~s
found for the 9i\/E?n cJCl.!::J
.by,te J.eft: rmur
byte .right: minL\te
UNCHA~JGED if rrlore ttlarl Olle data e}:ist
tOY' the given da~ ( N :;- 1 .)
Array contaiJling d3te of reqLlested da~
It,,,, TE ': 1) I ,. da.y

(2) ~-> month
{~) 1..._";. 11E?"'r• -. I ' ~ _.

l~;~e of cOITIPre~sion used on
ttle D~ta ~ase file while inserting d0t8

- --- .:, ,J., a t er J eve 1 /' d<i!I 1'Y7 ca;;, ,r.')
-- - -':. prE' c i pii tat ion (,. e.p.er._t;:./~.~?! .. H.<..)I-J.

r,IONE ,

IE

hEYS

N
IT HIE

IDATE

NFG

101

PU1"'P05.e of 'I~hr;: 5ubprogri.'\ITI

Read daily data fron!
P 3.1"~\nle t: e r ~:.

I Cl',

= 1
= Cl

COi'U'ION tie 1 d ': s. )
Called .5ubprograrrl(S)

TRNR
TRNERF:
ST(:>f<EY
DePI
DePB

1. '. HDP,DYR( JCJ'., i<:EY", Ir, I'), N, I T J~1f::, IDATE, NF'~)
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1.5 DCP(ICB,KEYS,IP,MONTH,NDAY,N,JBI,JB8,NFGI

••

INF

INP -

INP

(>UT
'An

-~ -.~.,

block

- INP
yearly data is requested
daily data is reque~ted

\

Control blocl~ c'oni:aining information
for DataBase file (see TRNLIB/TXT)
Array of data identifier containing
station code, year and data type code
tor data,search
Array contaning daily data of a year - INP,OUT -
INP: data record read from Data Base
OUT: reestablished data series of the given year
Mon tt, - HIP= 0 reeitablishing of yearly data is requested
> ~ reestablishing of daily data is requested

for. the month MONTH

IF.

KEYS

JP.I
JPoG,

NDI\Y

NFG

tlONTH

N

Purpose of the =,LlbprogrcO\nl
Ree~tablish.data from compacted

Paranlei::ers
ICE-

Day= 0 ree;tablishin~ of
)."0 reestablishing of

for the day NDAY
Number of data in JBI and JB(~ arlnay~ - ('LIT
if reest~blishing of daily data is requested
( 'N = 24, 48 or 96 )
Array co~taining reestablished daily data
Byte array containing Quality Code~ for
dai 1',1 data
Type of conlpression"used on
tKe Data Base file while data input
= 1 ---> water level. ~ = 0 ---) precipitation

CO~H'ION',fie Id(s ) NONE
Called"~ubprogram(~l

TRNRD.R
TRNERR.
STOKEY
DCPI
DCPB

,



- f)UT -
- !r.lf' -

- U.IP -
- HIP

_. I~IP .-
J NP -

.- I NP
(IUT

rLlrpo~,e of 1:h[~ ::ubprogran!
HE-~E's:.i:~i,'::,li:~.hin9 cDnrp,:;\c't.ecJ di:\t_t.~ blocl:: (INTE'=11'~P)

Pe,"arrJE'i:ers

103

NCB Control blocJ! ~f r'ee~,tablistling
NCJ!.( 1) L,--:ngth of JP.D arr"13.~ in l.1.lords - It-IP -

NOTE: the subprogram uses the IBDILENGT~I+l)
as 2 wDrl~ing area

(2) eLlrrent nLIITrber of T'eestablished data
(3) Length of corrrpac+:ed block in words

The compacted block starts from IDCll)
(4) T~I~e of cOITlpre5sion in lEe array
(S) Fi} ler '/,:31ue to U5.e in output ~erie5.

( see corresponding internal code
Section nlPI )

(6) Initial 'valLle to use in output series
(7) Cqde of ITriSSillg data

IBC Ar~ay of compacted data
IBD 'Array of reestabl{shed data

COMMON field(s) NONE
Called subprogram(s) N(I~IE

1.t, DCP] (NCE., IP.c, IP,P,l



1.7 CMPIINCB,IBC.IBD)
104

INP
- OUT

(JI")T

I ~II'

DCPI

( J NTE':1ER)

COJli:rol blocl~ of the corrlpressiOll
Has the sanl~ mea"ing as in Section
except fer NCB(2) ---)

NO', CJ.I -_ ...:>

'.•-100te

to

125 te .101

-H,)I

-127

'+100

PLlrpose of f'~le SLlbpr"ogranl
COITlpre~s.iQJl of d~ta series

Pa r e.nlE +: er~.
NCP.

lEe Arl~ay of cOfTlfJacted data
IE1) Array o'f"data series to b~ conlpacted

((INMON field(s) NONE
Called sLlbprogranl(s) N()~IE
Met~lod used for conlpre5sion

Acc:ording to t~le tYPE of cOITII~ression given in 'NCB(4)~
NCB(4) = (')
the' s,ubpro'~rc:HTI (iQITrPUi:es the repeti tion number Df the
cOTlsecLltive data bei'l9 eqllal in ttle in~ut data ~eri~~~
and storei then, in lBC;

"~~pending on th~ value of .data to be stored, ttre SLlb-

'~ro~ran, Llses' one or .two bytes in.lBG to store;
the repetition ~unjber is al.wa~s stored in one byte
in IP,C, 03nd in c~.s.e this. nunlber is grE'c\ter t~lan 25,
a ne1J..t ~ubf iel d lJ-li 11 be s.t3rt:ed;
NCB(4) = 1 ,
ttte sLlbprogranl COITJputes the differenc~s between the
cOTlsecLltive data in the inPLtt data se~ie5 2nd perforrr!s
the contprE'~.=-.ion for the=.e difference=-.! as. ab;::....:e;
in thi::::- i:~pe of cQrTtPl ....e=:sion the firs-t! elenle,nt of the
inpu't datEr s.er'ies wi 11 be s.tored in IfC( ~).)
U5~d internal codes in'compacted blocJ~:
1'27-<. preced i n9 da t a are stor~d on

I , I.two-byte-subfield(s) I

p~eceding data'are stored.on
one-byi:e-subfield(s)
pr.eceding data Dr internal code is to be
repeted ~~code:~'-100tiITIES

s.tored data.( bytE left )
NOTE~ -25600 .LE. data .LE. +25600
filler value is to be repeted
ABS<code)'-100 tinrES
code of initial valLle
code of missing data

", :



t

lNP
r)UT -
);.IP --
1r.IP
(JUT

Ir.IF'

105

I I-If'
- OUT _.
OUT

101

NCE-

125 to

+ 100 . J: 0 -12:3

Purpo~.e Clf i:hf.-? =.ur.lprogl" <""\111
ReL'=.~"'.blishiJ)g ccn,pe-c,ed tJ,,':a bl"ci: (P,YT[,l

PClr'anlr::.1:E',('~

Nell. ('.ani:ral blocl;: of rE'e~,tc3,bli~.hing
NCF( j) Length of Ir.]) c<~i>r'a.';J in Ll'ord=

(?) Cl.ll-rent nL!ITlber of ree5t2bli=rl~d d0ta
(=:) Lc.;.n9th of cC:'fllj::,=\cted blocl:: In .. 1J..IDrd~

,lEe Array of conl~lacted d~ta
lBI) Array of reeEtablisrled (jat~

COMMON fieldlsl N(INE
':alled =-uc.prografil':=.) J,kINE

Purpose of tr,E 5llbprogranl
Compression of data series lBYTE)

p ~ r' :?orrl!? t er-~.
Coni:rD-~ block Df the compre=,~,i(Jn
Has tl1e 52rrle rrle~'ling 35 in DCPB
e:-:cept fot, NCE.(2) .>

NCB';]) ,.
IEC ~rr~y of cO~Jpacted_~ata
IBD Arr~y of d3ta series to be compacted

CO~IMON field(s) NONE
Called subpro9r~ffi(s) NClt.IE
l"lethod us,ed tor !compre==.ion

The 5ubprograrrr conlPLltes the repetition nllITrber of ttle
cOT'lsecutive d~ta. being equal in the inpLlt d~ta series
and. stores ttrenl in IBC;
(i.n ca=.e. the r~petition nunlb(?}-~ i.s.. gr'eater th~n 25
\2.'new Sllbfi.eld w~ll be started.
(ISE?d int'?rnal. codes. in COfTIPc'.cted blocf'!:=
12'-;:.., ,no.t us:.ed

,126 if the length of the, compacted block
IS:. an odd nUITlbef1 the leo.s.t bstE

of the last word wil.l contain this: code
preceding data IS to be repeted
'~code:~'-100 tirrlEs
stored d2.ta.

1 Q
. -'

L 9 O"IPPl NCE-, IP-C, 1P.D)



.,
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- J t.j f' ...

.. H,IP ..

.. INF -
- I ~If'

SPLINE--funcl: ic"nof a

•

NONE
NO~IE

NUrilber'. oJ pOl n t=. in. F~C
J N <: 34
TU)l)-dintensional arr'ay containing - 1~IP,(ILJ1- -
INf',: fiCO, I) ._--". -indcYPllndent '/ar-iable.

at the Ith point
RCC21 I) --,-". deF'~2ndE'nt variablF2

at the Hh point
(IU"f: RC(3, I) ---). cLlr'/atLlre of ttlE functio"

at i:he l1:h point

RC

PU1-po~~e of j:~!f~ sl.lbprogram
ComputC:1t10n of "trle par'r.,\llletel~'S=,

Pal"ariJ£~i:E?r~:
~I

CO~1~10N fie Id (".)
Called subprograrrl(s)

REAL FUNCTION fSPLNCX,N,RC)

PLlrpose of the sLlbprogram
Computation of ttle valLIe of a SPLINE fLlnctio"

Paranleters .
X Independent variable of the function
N ,Sa!-rl~ as .in SectioTl SPLINE
RC Two-dimahsional array

containing the SPLINE parameter"
See descriptiOTl' in Section SPLINE

COMMON field(,,) NONE
.Called "ubprograml,,) NONE

.,; .

1. 11



+ M(I) -------.--------------------- + Y(I) --------

----------- MIl-I) + :2 MIl'. + ----------- M(I+l) =

XII)-1,

X-X:(I-I)

•

L ( I ) +L I I + I )

.-,
L

U I )

Y(I)-Y(I-I)

3 2

LlI+I)

the following. sirrlultaneoltS eqLlations for M(l)
I = I, :2, 3, M-l)

(X:(I)-X) -:::: L(I) IXII)-X:)

L(I' .. XlI) - )(1-1),

M<I) .- 5" ( XlI) )
M(I-l) = 5"(X(I-I»

6L(1)

(X-X(I-l» - L(I) ()-X(I-I»)

Li I )+L': 1+1)

UI+I)

Y( 1+1) -YI I)

.
Li I )

whf.:?r'e:

P'!d so 1 v in 9
I

UI)+L(I+l

= 6 --------------------------

M(GI = 0.0 and M(N) = 0.0,

Matheulatical rrJett)od Llsed in COITIPutation
If a function y:::- f~):) lS gi'lE'n b'3 N+1 points:
>: ( " ), X ( 1 ), >: ( :2 ) , X: ( r, )
Y(,1), Y(l), Y(:2), YIN)
t~le sLltJprogranl appro>:irrlates on ttlE ini:er"/al
>:(1-l),XII) (I = 1,:2,3, r,j)

with 2 pO].ynonlial of degr'ee 3, 53tlSf~i'lg the follow-
in~l conditions.:
f(>:(I») = S.:.x(I)), and i:he pol~:lnofTIi3]= of the nei,;}hbDUr--
ing intervals ~Iave equal 1st and 2"d derivativEs.
The pol~nonli21 he.=- the follDwing for"nl:

107

?nd taking into con:=ideratiC'n the following c:ondi.tiorl~:

the polynomial of degree 3 '8' can be defined.

S(X) .- MIl-I) ------------------------ + Y(I-l) ------ +
6L.(I) UI)
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/

\

INP

- INP

- Ir.!p
- (JUT -

13..000
0.001
0.023
0.456
7.89

89. 1
124.
4568
12500

Bll) .to B(7)

'., ,

.,;'

-.' ...

LUNF
FNlt

• ,j' ••• (.1 ' .. < m]/~;)
I, .:"

0;" ,"00
0.001
0. (/)23.
0.456
7.89[1

89.087
123.789

4567.891
12468.357

Logical unit nLlrnb~r of the file to open - INP -
Ar'l'"C\Y containing: - INP,(lUT -
INP: qu.estion for the fi Ie narTIE' (ma:-:.16 char.)
(lLJT: file nan'IE entered on the display

LRL Loglcal record length in by tee
COMMON fieldlel -NONE
Called sLlbprogl~anl(~)

OPEN (F-ORL IP. .1

Purpose of the\subprpgrarrr
Rounding of.di=: ..charge value to f"ir.,st.:_three digits and
conversion of rOllnded discharge digits into characters

Pare.fTIE?ters:
Disctlarg~ ValLIE' in m3/s.to .convert - INP -
@fTIB}: = 99999.0 fTl3/s
Gn,1n = 0.0 m3/=

B BYTE array containing converted d'ischarge- (IUT -
,COr1/'lONfie IcJ 0: e) NONE
iCalled subprogram(s) NONE
~ethodused for rounding

Purpose of t~IC subprogranl
(lpen djSL file asJ:ing for file narrle on the display and
screeTljng of open file:nanlE

Pal-arrlei:ers

Purpose of the subprogram
Split of I--:'l.alL\E',.into digi. __t.Cs.) ,and
conversion pf.:ithe split' digitCs) j.nto character(s)

Parameters .IlW Length cif subfield in P. out~ut array
1 Value,~d be converted
I BYTEarfay containirg converted I-value
I if I, less .than ,the subfield given in HI
I the"!Ieading bl.anke. wi II be converted into zero

1. 12 F(IPENILU~IF.FNM.LRL)

1.14 JfIRITE(HJ,I,B)



PUy'po~,e of tho£? ::llbp"rogrcuT'
Computation of the nunlber of day's fOl~ a given nlont:h

P~rarneters

109

•

- HIP --

- HIP -
• !

= 1
= 0
=-1

NT::';D
> cNTSD

---'>.f\JTSD

Arra~ containing the date
of t~le requeE~ed month
IDI~T(l) ---> da,J

(2) ---> rrlonth
(3) ---> ,Jear

r,OI'lE
NO~IE

Date to' be checked
IDIH<l.); da~

(2), ---) ~Tlonth
(3 I ---> ~ear

NOr'IE

Date to-be corrlpared
Date to be cOIT,pared
IDAT( 1 ), ---> da~

,(2.) -~->'fTronth
(3) ---} ~E'ar

fieldls) NONE
subprogram(~) NONE

- .....-.••.

COMt10N
CallE'd

,IDAT

COI"lMON fie Id (s,.1
Called 5ubprograni(s)

INTEGER FUNCTION NDtCHK(IDATI

C(I/"'IMO~j.if ie Id (sJ
ea lIe d ....sub pr Dg ..r arT, ( =.")

~lAXDY

Pur'pos.e oJ thE ::::.ubprog('a,rn
Comparison of two dates
IDATI greater'than IDAT2

"IDATlequal ,toIDAT2
IDATI les~than IDAT2

Par-ame.ters
IDAT 1
IDAT2

PLlrpose of ttlE subprogfanl
Checl~iTlg of a given date
If the date is adrrlissible .---).,NDTCHt( = 0
If the date is wrong ---> NDTCHK = 1

"'R~ng'e of ~eB.Y'S u=.ed in the subprogr:3ITI:
1700 to :2100

Paramet'er'=.
',Gi'~ D,AT

PurpOE.e of the- E.ubprogranl
ConJputation of the nunlber of da~5 of FebrLlary
fOl~ a 9i\:en year

". Par~fT1E'ter~.
NYEAR Re~uested ~ear

COMMON field(s) NONE
Cal"led 5~bprogranl(5) ~I()NE

: ;.

; ':...

1.15 INTEGER FUNCTION MAXDYIIDAT)

1.16 INTEGER FUNCTIC'N MAXDYF(NYEARI

1. 17

1.18 INTEGER FUNCTION NTSD(IDATl,IDAT2)



- INF' -
- HIP

HiP
- lNP -
-- (JUT -

=.hi fting

)

be decreasl"'?d
be subtr"2.cted

." da!j-~-> month
---> ~ear

O"te i:o
Date to
IDIH(I,)

<2 )
<:3.\

NLlmber of days for
O"i:e i:o be shifi:ed
Shifi:ed d3te
ID,;T(l) .> d3!J

(2) ---". month
(3) }. 'dear

i'IONE

f /)1 T 2 .::;7.'

\,IM71
>, { •

..

'.

I 01, T 1
.ID{~T2

. I

":N
!DATI

, IOAT2

'2 y- iT/I?/,
I '

I
!

, :,"..z; j-f T2 --/ ;;?b~/j-:/f? J
tV::" - .>--7 ..'

COI'II'I(JN fiE I d ( s:' ~1(iNE
Called sllbl~rograrrr(S)

I'IAXDY

Purpose of t~le subprograrrJ
Corl)putation eJf'the dittereJ1Ce between two dates ill da~5
NODF= IDATI -IVAT2

Pal"C\meter!::.

1 10

. C(JI-1f10N ,'f i e I d ( s)
Called sltbprograITr(S)

I'IA.':DY

'. I!,

. '., . '

;; ,..

,",I

i,' iPurpose of. the.. subprogralTl
,~t :::~';,";Shi~fting of da.te b~ a given number of d2.~r;:

r. ;'",' ! ParaITIE'i:ers.

1. 19 I ~ITEGE f( FUI\ICT I 01,1 I',WDF ( I OAT1, I D" T7:)

1.20 NOSHF(N, IDATI, IOAT2)



L'

and

- H,P -

- INP -

- OUT -

characters:

of

the .i.nput string

follolJ!ing

_._-".

---->

o
=-,l~~ 1

=-42

=-43

Input strfng c:c:n.taining c:har.acter(s)
INr~: left byte nUITrber of characters

to be i::aJ:eninto corlsideration
in IR arra~

right byte number of subfields
to seal~ch.in IR
if <right byte)- = 0 the subprog-
ram looks for 40 5ubfields

(IU"r nLIAlber of sLlbfields found iTl IR
a $ (dollar) tlas b~en fOLlnd aftel-
ABS(N) subfield(s) In IR
ttlE same as above, bllt no ~ub-
field had been found
arithmetic .overflow in a sltbfield
( NP(Il ),32767 l
IR contains more sltbfields than
reques.ted

Arl~2.y containing the converted decimal
valLle(s) of the nLlmerical subfield(5)

fieldls) NONE
subpro~raITI(s) NC1NE

IR
N

NP

R

IR
N

.,.'

',."'

PLtl~pose of t~Je sutJprogranl
Search of numerical ,::;.ubfi.eld(s) in".the input ~3trin9 •.~~
conversiol' into INTEGER decimal value
The sLlbprograITI recogni:ses only the followirlg ctlaracters=
o 1 2 3 4 5 6 .~ 8 9 $

PararTIeter~.

~If'EAD(IR,N,~JP)
11 1

GOM~10N
Ca.lled

RREAD( IRl N, R)

Purpos'e'<of. ,ttl£:? sut?progr~uTl' ','
" \. ' '-. -..~ " ,,"'" ,

Sea,r\.ch of numerIcal subfIeld(s) In
con'~'er:sion into' REAL decLrnal value
'The s~bprograrn recog~ises-only tt.e
o 1 234 , 6 7 8 9 - + . $

Parameters ' ~: ~. •. , .
Input string containirig ~tlaracter(s)
BarrIeas :in NREAQ, except for chec)~ing
aritt.metic ove~flow
Array containing the converted decimal
\;-'alL\e( =,:) ':of the nL:irrrericar s.ubfield(s)

f i ;e I d ( '" ) t.jONE '.
subprograrr!<s) NCINE

Cor.Jt'lON
("dIed

1. 21

.,



1.23 HREAD(IR,N,NB,TX)

I~W -
INP.

OUT -

INF -

N+l

HIP
- INP
- I NP -

- INP,OUT -

Po~-i tion No_ of la~.t char.acter
Input string containing characte~(5)
Same Cl.=. in NREp,D, e>:cept Ifor

'INf-': nUfTrber of =.ubfields ito 5.earch in IR
Arr'ay containing the con,,;erted decimal
value(s) 'of the nUITlerical subfield(s)
INP.: p05.ition No .. of the starting character
(JUT: po"ition No. of the ch"r"cter following

the,last tested subfield
fie 1d (5) , t.IONE
subprogr"mlslMONE

given character set
NTCH = ~, otherwise

I
Same as in NNREAD I
S"me as .inNNREAD
Nurr,ber of et,ar"cter(s.) to be t~sted
from the first not blank ch"ra~ter
Array containig the character set
to be sear' ehed
S"me as :in.NNREAD

fieldlslNONE
subp,-ograRl (5-1' Ni)NE

IR
N

I

NP

NCH

Purpose of the 5Llbprogranf
Search of numerical subfield(s) :in the input =-tring IR
starting froITI Ith c~,aracter LlP ~o t~Je .~th ctlaracter
Conversion o~ the conteni: of suJfield(s) illto
INTEGER decin,al value
The sLlbprograITI recognisEs only ihe foilowing characters:
o 1~2 ..3 4 5 6 7 8 9 + - $

Parl3.mete'rs
~\:\. .

CO~H10N
C"lled

INTEGER FUNCTIC'NNTCHII(, IR,N,NCH,I)

I
CO~l~l(JN
Ca II ed

'Purpose of the subprpgrarrl
Testing of. inpu~ string for a
If NCH(l) h"s'b'een found ).

. Pcu"'alTleters
I(
IR
N

1 12

,.

Purpose of t~le sutJprogranl
Search of ~iol1erith E;Llbfj.eld(s) in the inpLlt striJlg
The Hollerith 5Llbfield~t'las to be between apostroptles
Thr=i =-ubprografTI recogn i SE'= an~ va 1 i d chC:-l.l""acter
If the $ (doJ..J"r) is on "Hollerith subfield,

I. the" o;:ubprogram recognise:::: it as the part of the te;.:i:,
ho- error code will be .given

, ':"Par c:HT~etier s
IR InPLlt st.:riflg containing character(s) - I~IP --
N SE,""" as. in ::t.IRf:AD, e>:cept for:

OUT: =-42 ---> Hollerith subfield is not
closed by apostrophe.

=-43 not.: used by the subprogran!
NB Array containing the length of the - OUT

SLl b f i f: 1 d ,( :,:.) i n b~ t E'S

TX Arr"y containing 'che content of HoJ.lerith- OUT -
".' ., ." s.ltbfield'(s.) found in' IR.
COMMONfield!s) NONEr ....', .,
Ca'lled 's.ub'pr'ogr'am(s); NONf:

1. 25
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r

I-

- HIP
I'W -

- I NP -

I
- ,

H-I P
- INP -

HW -

NCB See description in Section DCPI
N Length of the inpLlt data series
IB Array containing t~le input data series

COM~l(>N fie Id IC' I ,NONE
Called_ subprograrr,(s) Nor,IE

:.\ .

" .'

'-' ".'

,
'.:.; ..

r,IC]?' ,See des_cription in Section ,DCPI
N Length of the input data series
RB Array containing the input data series

C(WIM(lN tie I d <,s) N(I~jE

Called sLlbprograrrf(s) NONE

Purpose of the 5ubprogranr
Computation of the If\JTE(~ER olean value
of a given INTEGER d~ta series
If IBII)=NCB(61 or NCE(7) the Ith data will be ignored

Par.BlTleters

i "-,

1.26 INTEGER FUNCTION MEAN(~ICB,N, IE)

1.27 REAL FUr~CTION RMEA~(NCB.N.RB)

Purpose of the su~program
COITlputation of ~'~le REAL mean value

,'0.::" -'-:' of, a giv.en REAL data series
If RB('I)"'NCB(61 or NC]?(7) -the Ith data "Jill be ignored

Pararnet:er5

J. i1}. ';-, -~." ~

. ! {.',,'i, : -':..;';. ; .• ". '
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nw -

lNP -

INf' -

I~If' --

OUT -

I Nf' -
It.IP -
(JI'}T -

OUT --

- I NP
- H'IP -

to be tr2nsfel~red
the input: =-.i:ring
ttlE output striTlg

PurpoS':e of th'e subprogram
COl,ver~ion of the REAL value given in R
into ctla;acter string

ParamEters-
R Variable c9ntaini~g.the vallIE

to be conver-ted
LBUFF Ar~2Y ~ontinil1g the converted

c.h ~\r a c: t e r f- t.: r i n 9
F(IRM Array containing the FCIRMAT description

Cor'1MON fie Id (5.) t'IONE
Called subprograrrl(s) NbNE

PLlr~o~e of tt)e ~Llbprograrrl
COllversioTl of the INTEGER ,value giveJ) in I
into character string,

-Parameters
I ~ Variable containing the value

to be convertf?d
LBUFF Array containing t/ie converted

chElracter ~.tr i n9
FORM Array containing the FORMAT description

COMMO~I field(5) NO~/E
Called subfJrogranl(s) N(INE

Purpose of the-subprogranl
~Ttan=.ft?r. of b~.te~i from :an c:,rr"c\y to ~.nother

Param~ter~ !

~{\ Number of byte'(5..)
TEXT. Array contkining
LBUFF Array cont~ining

CO~1MON fi.,Id Cco.). NOt.IE
Called sub0rogram(5) NONE

Purpose at the subprograrrl
Transfer of te>:t +roITIa program to displa~
preceded b~ 7 ~ an d
followed by ttle ITlessage: Pre~s C to con1:inue .,
The sLlbprogram recognises only the character 'C'
f01ft cOT,tinue t~e e>:ecution

Parameter= . IN Number of chsractterls) in output string
" TEXT Arr-.ay c"ontai.nini the OLlt"put 'stY'"ing
COMMON fieldls) NONE
Called 5ubprogramCs) NONE I

1.28 ENCDJCI,LBUFF,FORM)

1.29 ENCDRCR,LBUFF,FORM)

1.30 ENCDTCN,TEXT,LBUFF)

1.31 EDTERRCN,TEXT)



"of,

tor run:
be u=.ed:

TRS-80 l'lODEL.II ( or eQlli'/alent )
TRS[lOS version 2. 0a \JarH.\dr~ 1, lC?(

( or equivalent )
been eJabor~ted by VITUKI/DUDAPEST-HlIngary Ie)

the 10th of September 1983

~' .. ;

: .'
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,:'

Computer to be lI=.r=d
(lper~ting 5ysterrr to

2./ SUPPLEMENTARY INFORMATION



NonE

NONE

for run:
be u5.E'd:

iTRS-80 MODEL. II or eGu1ivaleni:
TRSDOS vers.ion 2. 0=1 J2dlUpr~j 1, 1'7'f:'1
( or eql.\ivalent ) !

been elaborated b~ ~!ITUt(I!BUDAPEST-HL!n~ary (el
the 10th of Septerrlber 11983

'):=::ed librar~

Th i 5 Py'og I" cWl

ConlPuter to be used
()perat~ng s~5tenl to

11 6

L80 TRnERR-n,TPNERR~E

Th'!? progre.rrl di~.F,la'd:: i:c:.>~;t:e;-:r-,J.3.i rJlnl] :!:he error det.QctE,d b') 2, Tf~N
:::ut'prograITJ. In C2£-E: 0:.; f11":'.in p,-osr=-ni u~j!'r(::1 TRN s.ubprog)p':lrTl(S) StOF5 with
? TRN error, thE":7 curl~'en"l: cDntent of thE:' Control P.Jocl:: reF ctnrj t:hE?
ctrr'a~ of datc"( i dE?nt: i of iE~r':=- ~\EYS ~:q::pr::-~=l,ron the s:crc~en. The cod~ of
tl)e detected error can always be fUlll'l(j ill ICB(S) foy' lfior'e illfc)rrllation
:::ee THNLIB/T):T ). For !?i.-\=:.ier recognii:ic)Jl, the error codp is underlined.

After s.t2r'ting, ttle program prOrTrpt5 the 1)=:E'r to enter- the error .•.
code by 5creeniJlg: '7 Error no Havjng ellt:ered an error" coeje the
appropriate error nless2gE' is screerled 211d t~le prOgralTI stops_

..: .

.L.;. In=:i:ruci:ion for i inkecge .of "the progy-am

J.

5 . .' U".ed fi le

o. I SLlPpll~nrentar~ jntoYIT!3i:ion
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.'

NONE

"jOt'IE

NONE

for run;
be us,ed:

TRS-80 MODEL II ( or equivalent
TRSDOS ver~,ion 2.020 Janu2.r"!j j, 19131
( or egllivalent )

been elaborated b~ VITUt<I/BUDAPEST-Huflgary (c)
the 10th of September 1983

L80 HLPCMD-N,HLPCMD-E

This iprogr2.rT1,

;

COITJPu:ter to be u~ed~'
Opera~ing system to

/ Available cOITIITland

•

J. I Used libr2r~

Thi~. progr"21nl di=,pla~~=. te;;t:. e:-:pla.ining thE' nleani.ng of the 21v~.l,ilah]e
cOr/Inland::. of a prograrrl. DUE' 1:0 the 1 inli tE:'d c~'\Pi;\ci +:~ of thE' nlE'nlor~l the
progr"anls u=.ing cDrTlnlands ha= not enough plE:\ce. to edit thE'~;:e te/:t:s b~'
~ h'E~rrl:::.e1 f.

After starti'l9, ~';LPC~1D display~ ttle available progranl naRIES arId
P!-orrlpt~. the User' to Entr.:-'"; the,required onE', b~ screening: '? j'-lELP;:::
H~vin9 antered a ?rogr3A! nanlE .the appropri~te list of conlmand is
~creelled and the program as~~s for new progranl narrlE. l-he progr~m stops
i f 'G~' i=:- f?ntE'red in pI .::~ce of the required py"ogr"cHTr narrrE?

4./ Instruction for lin~~ag~ of i:tle progranl

6./ Suppl~nlentary information
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1.1 Purpose of the prugram HDBMNT

This progranJ nlaini:alns Data P'2.~-e 1'-ile(s). DuriD9 the evolution of
t:he Data' Base, fi les hCi.'le to be initial ized, cDP!:Jed, dumped Dr the User
can be. interested about the state of {he files. The program HDBMNTis
to per.form ttlese'taS~(5 in dialogLIE' mo~e. The possible User's an~,wers
are listed after the question in parantt)esis, each of them divided by
~,la5hes. Default an!"::-w~r is alwF-\Y5- ~.hD\J.ln in brac~::E'ts. In case of ent("~r-
ing more than one numerical information in a line, an arbitra.ry nLtrTJber
of spaces stlould';be left between ttfenl ( FREE F(IRMAT .>. The User's ans-
wers are controlled by ttlE' progranl, and in case of er~or an error ITles-
s3ge will be screened"before repeating the question.

After E.tarting, the pr09ram ask=:. for the output device L displa~
or line printel'" ), then prompts. the J...J=:.erb~ scy'eening an * (astE:'ris~()
to ent~r'co~lrrland.

L./ Ava.i'lable,conJmands

*1 Initiilization Df a Dat~'Base file.
The Data Base file h~5 ~to always be initialized before using
the TRN subprograms. 'These subprograms .need especial informa-
tion about the file dur:ing the I/O ",anipuIation ( for ",ore oe-.
tail see TRNI_IB/TXT J. Under the control of this command the
Us.er can entE'1~ ,'these information wieh will be written on the
File Head Record ( see below I. When the program asks for
the number of J"'ecords fo be re~.et to zero, the tot?l record
number of the file shdul d be given, be~au=e,' the TRN subprog-
rams, even in CBS.E of :\.i.triting, read the fi Ie fir=:.t ( see
TRNLIB/T,:r I. The program eT)ters. supplementar>! information in
the. fir!:.t: recor.d of tt-je file, wier, ar.e uS.Ed onl~ in li5tin9.

*L'. L:isting\'ofthe .Heae; Recor.d 0" a Data P,as.e file.
,;.'.:": '.Th'[? ~coiTliT(and rE~.ult= ;the_..writing. current informatJ.on of the

'Head Rec6r.p .. The list. 'is. ver!::1 us.eful for s.eeing the curY"ent
";1 '.~st;at-e3'-bf...' i:~;~.D:3ta . .Ba=~ 'f (Ie" E'speci ally: the' Si ze of. used par t
:.,,-,c. ,fOl'i_the',e:.,tension, or. the: Si.ze of: du",",>! area, (see. TRNLIP,/TXT)

for the CLEAN operation.

'*D:;.1 DUfTl(:);.o.f.: a',Data Bas.E.' f,i Ie sector by sector,.
Ge'lerally the Dump operation is not needed during the norfTtal
US.E' of a Data E.as.e,:file. HO\.i.tE'\/er, the poss.ibility of dump can
be very useful at debL!gging time of the TRN systenl.

*c. Cop~ of a Data Base file to another. CLEAN oper~tion
This operatioTl tranfers every data record of a Data Base file
to another, sweeping .ttJe dUITlmy areas of the input file.
Before a COFY operation the output file has to be initialized,
Lls-ing +:-1 CDfTIITI~~.nd, and the l~nrits. of the data i'dentitiers h£~ve
to be the same as on the in~ut file. The Size of the output
fi Ie should be at lE'ocs.t thel s?me than the input file.

r



5./ Used file.in eX,ecution of" t~e progranr

The prograrrr can llse an~ Data Base file with the 2omnJands: *L, *0 or
+c~ Under the cont~ol of *1 cOITlmand the gi~en file name S~IOLlld Tlot be
in TRSDOS File Dir.ector!.:.i, the p~ogram will create it. It i~he program
finds. the file i"n:""thE"director~, the previous con:tent. of i:his file will
be lost',' the progr'~rn reinitialize=. it after entering the number ot'rec-~
ords. 'tOo' be re=:et:',to zer"o.

U~.ing *F commar-rd:the -fjle' has to have four =:.ubfields, in its data
identifier wittr the following lengths and ITreaning, in order:

(not L!sed ,by the pr~gram)
to 6 dig its

3' digi ts.
4 digi ts
:2 digi ts.

from 1

E>:it the progr~m .
This COITIITlal,d reSLllts e):iti"9 the pragran, and the control re-
tlll~n= t.o TF~SDt)S.

*F (!uick edi+:3.on of 'the con;:ent of a Data Bas-E:? file~ (FLf\SH)
This operation per-forlTl=: 0;\ quicl:; edition of c:\ Data r.~~~,:,fil£:
containing 5.t:ation-year' t"E'cord!:::'. The prograITJ 'prepder'~- eejit.io'i
tablE'S nlar'king ILiith *" (e,~:tE?ri==k.) thl? pre~ence of th(~ st.:~l..iD)
ye~:lr record::: on the Data P.as.e. ThE' 1ifl'J:i ts of ~ec3.rs are r'(JI.lnc1pd

by the program in the wa~ to rrlakE? po=:.i ble to E'di t HId>: inlulI! S,~
years at .::\ tin,£?

~lNTLJB For st:ruci:L\'ril19 the progranl, different subprograrfl5 have
been written for the different progranl part=:_ The~e ~ub.-
prograrrrS can Tlot. be Ltsed ~n an~ other prograrrJ.

MSCLIB See description i~ MSCLIB/TXT

TRNLIB See description in TRNLIBiTXT

L80 HDBMNT-N,HDBMNT~MNTLIB,MSCLIB-S,TRNLIB-S-E

station code
ans ke~-s.ubf i e 1d

- ~ear'
type of data

i 1 3

3./ Used libraries

4. / Instruction for J inka,(.:le of th(:l prograrrr

•



b.) Supplementary irlfor.rrlation :3.bout the Data Base "file:
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BC"!:..!::?fi Ie i=:. for especial task, infDr-
file. ThE' TRN subprogralTl~ cori!:.ult, in
Head Record, before e>:ecLlting a!,~ ope-

the !,eCe5,sary information are stored fOIR
part of the record is the ~iead Labe).

TRS~80 MODEL II or equivalent)
'TRSDOS version 2,,0a Januar.bI 1, 1~81
( o~ equivalent )

Ielaborated bY] VITUKI/BUDAPEST-Hungarw (cl
the 10th of September 1983

I

been

Date of initialization: DAY
/'IOr.ITH
YEAR

Owner's ndlTlE (in 16 ctlaracters)

infor.rrr2.tion

Size of t~le file in sector~
PosJtion of the last valid word in the last ~,ector
Serial I1Llrriber of the ~ector containing the CLIy'rent
frE'!:': F/os],t ion (word) on the fi le
Position of the current free word on the sector
Size total of dUlTlmy area(s) on the file (sectors)
Size total of dLlffilTlYarea(s) Ofl the file (words)
File cbndition word
if LBl_(7) .NE. 0 --} the fil.? st~.uctllre i" d"fTl,,\'~e(j
Total length. of dat,::\ idf..?nti fier "to be Lls.ed on the
file in digi.t" .•( !TriOn,.15)
Total nU!Trberot element(s) of the data identifier
Llsed in the addre~s-s~stem of the file
Lower 1imit of.data identifiers Llsed on the file
Upper limit of data identi.fiers used on the file
Validit~ of dat~ identifier element(s)
LBLC39+Ii = 1 i Ith element of the d.ta identifier

participate on the address-systenJ
= (1 i Ith element ecf thE' d3t2. id=-ntifier

15 a Jdumm~-':+e!:::l
.Subfield deE~ribtor. i:n the data identifier.
LBI_ C:' it + I ) IZI! =U b f i'e Id

= 'I . end df ~LltJfield on ttlE lth.position

LBl( 1 )
( 2)
( 3)

it)

5 )
6)
7)

f3 )

IRECC11Z11)
(11Z12)
C103)

IREC(121)

9)

from (10)
from (25)
from (40)

from (55)

Description of the ~{ead Record of a Data Base tile.

a.) The content of H,e Head Label i" 'the following:

CorrlPuter to be used for run:
(Iperating system to be Ltsed:

ThB first record of a Data
nlation are stored in about the
ever~ CCise this recol'"'d, narfJE'd:
,r21:ion on the Data B2se.

(In the words from 1 to 69
thE! TRN 5ubprogrc.-\nrS" and thi~.

The 5~cond part of ttre Head R~cord cont,ains SOlTle supplementary
inforn-Iation about the Data Base file, a5 follow:

~./ SLlPplementar!:::l
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Insertion of th~ basic characteristics for a new station.
Under the cantr'of of this comm:3,ndthe stations. l.l.i? the basic
characteristics) alread~ being on the Data Base are protected
agai~st accidental ov~rwriting.

Listing of basiF char~cteristics of a station~
Entering this cbITlmand, an edit jon of the basic ctraracteristics
wi~l be prodL'ced for the r~qLlested station. Deperlding on -the
used '!:.LlbcomITran'd,this Ii!::,tcan be tr'an!:.ferred either to the

~'di~.play' '(, P ~.LlbcDmrfland ), or to the 'J. ine printer (.L sub-.
cornman d ).

i
D~letiOJl Of.3 station,froITJ the Station Fi-le.
T~is commind resLIlts t~r~ deletion of tt~e reqLIE'sted station
f~om th~ Station .File ..

MDdificatiOh~of basic 'characteristics of a station.
Under the cOIYtrol _of this:, cOITJlTlan-dthe current content of the
record of basiclCbaracteristtcs can be modified for t'Me re-
quested station .. ~he prograrrl displays the MerlLI cOJltaining ~11
val fd"!ti.1.1o"'lette~'-=.L\bc.oIT,ma'nd=_and. prompts; the t..Jserby screen-
ing ** (asterisl~s-) to ent~r the requested one. .
After' enteri,ng :--the s.ubcoITJITIand, the cur.r.ent value of the app-
ropriate:basic ..characteristic will be screened and t~le prograITI
asks: for the ITID~ified 'v2.lue. The onl~ po,::.s.iblee>:it fronl thi5
comITland 15 to t~pe $ (dollar) in the place of the 3ubconJrrl3f1d.

(..}r:i'ti"tlgnelLl.inforITlation :onto the Station Fi Ie ..
ThE COffiITIBndresults the writing of basic characteristic(s)
'trpns,iting. in rfieITJor~buffer onto th~ Station File. The. m~,;.:i-
'.nlu~ capacity bf the transiting zone is enoug~1 to store t~leb~t'C characteristics of one station.

E;':lit program with writing.
Th~ ~o~~and. re,::ult5 the execLlting of a Write command and the.' .cont~blreturns to.TRSDOS.

->,L

>:D,

,
"/'1

Available command=.

This program ITr2intaill5 the D?ta Ba~e file containing the basic ct~a-
(-E<,cteris-tics, of the =:-tr:.•.tions. The pr-Ocjl"anr perforrrl=:_ its- 1:a~-k in dialoguE?
rllode. The pos5ible"lJser's answers are, always listed after t~le question
in par'anthe~_is, each of thE.~rT1 divided .b~ sla~he=,. Default anSltJer is
5~lown in bracJ(ets. In case of en1:erirlg n'rore ttlan one informa1:iorl in a
1iJ1e, an arbitrary nLlrTlber of space: strOLlld be left bei:weeJl thenr ( FREE
F':)RMAT J, Th~ User'5 answers are COlltrolled by the program, and in case
of error, an error me=sage will be screened before repeating ttre ques-
t i c)n.

TtrE new "inforrrr3tion enter -first in a merrrory buffer, BTld by L!sing
another command ( see *w ) they can be transtel-red to the Station File.

After stal-ting, the progr~.fTJ ask=.. fDr the naITIE of the StEl.tion Fi Ie,
thc'n prornp'ts the l..Js.erb~ an +:. (astE.'risk) to entE.?r corwTk"\nd.
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(REf\L __J

(REAL)

di reet ~aCCf!=s
256 by t:es. '
WI th TRN-s~=,t2m
Xn:X! .
1-6 I !
station:' I
code

. ,,

lCl.titude in

(HOLL )
(HOLL)

of the ::;.tat iDII
( HOl_L>

name of opE"('ating ins.titute (H(IL.L)

year of establistrrrlen~ of ttle :::tation
( I NT )
(HlT)
( REAL)(nn)
( REf\L )
( REAl_)

degrees-
minutes

longitLlde in de~rees
ITlirl utes

elevation of the statibn .
in meters aboveM.S.L. I
'size of the catchment- area'
ins-quare km2
.distance from the mouttl
in ki'lonle1:ers.
NOT USED

'coordinate

31 ,
to

32:
~~ to 34 :

35 :
36 to 37:
38 to 3'1:

4Q.1 to ~+1 :

42 to ",]:

44 to biJ.:

For =.tructuring the progr'aITI, di fferent subprogr'~ms haVE'
been written for different prograrTJ part:::. ThE':::E'subprog-
ranIS can 110t be used in any other program.

- fi>:ed .len1t::h ;ecord containing
mixed (REAL,INTEGER,HOLLERITH) ~alues
logical record.leDgttl.: 64 words
words: 1 to 10: nanJe of the statioll

1: to 20: name of the river
2J to 25: pre"liou=:- identification

See desrriptionin TRNLIB/TXT

See description In ~lSCLIB/TX1.

Record of basic c~,aracteristics

E>:it pr'ogY"arrl 1..J..l)1:hout 'writing.
Tt,E control retLlrf)~.to l'RSD(:lSwithout writing
of the transiting zone 011tO the Station File.

~ISCLlPo

The'progr2.m crea.tes the follo!JJing record for eac'h !::.t::2"!.tion:

STEll J'.

HDJ'./STN Station File,
Type of the file:

...Ph~si,cal r,ecord "len.9th:
I/O manipu-lation: ,:
Forni of rec:ord idehtifier:
Size of I,e~-subfield (digits):
Name of ~:ey-sLtbfield:

L8.0.STEDIT-N, STEDI T, STEL n., r'lSCLn.-s, Tm.ILIB-S-E

TRNLlB

J./ U5ed libraries

TklPing $ (dollar)-h2~ resul1:s, in ever~ cas.e, to e=,cape the cur'j"en1::
cornmand and the line containing the $ will be ignored.

5:/ Used file in e>:ecLltion of the program

4.1 InstrLlction for lin~~age of the prograrrl
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'_'. / SupplE'rTlPni:ar~ informatiDTl

)

J 9.'3 J
TRS-SO MODEI_ II or equivalent
TRSD(lS verSiOJl 2.0a JaJ1U2r~ 1,

-DJ~ equivalE-?nt )
elaborated by VITUKI/BUDAPEST-Hungary Ie)

the 10i:h of Septenrbelft 1983

for r'un:
L-)e u =.ed :

I

This progr'am ~Ias

Conlputer to be l,15~(J

(lperating SysteITI to
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1. / Purpo=.e of the prO';]1"c..1rTr ReEDIT

This progl"arrl E'ntt:~l~~ dis.cha,"'ge rating CLlrVE'!:" from i:he I~ey board to
tl)E Data Base. Data inplJt is p~rforITled j,n dialogue Rlode. TflE possibJe
Us.er's answers are alwa~s list~d after t~le qllestion in pa)"anthesis,
each of them divided b~:/ !::.la=.he~.. Default an~lLler is- s.holJ.Jn in bracl~et~.
In case of entering morE' th~\n one dati..':\. in a line, an arbitrary nunllJr."?r
of spaces should be left between then, FREE FORMAT ). The User's ans-
wer"=:, are controlled by the progr-arfl and in ca.s.p of error., .:"\n error rrle=~"-
age will be screened before repaei::i"g ttlE qllEstion.

TtlE' rating CLlrves tlBve to be entered in fornl of water level (ill eM)
and discharge (in t'13/S.l dat~l couple::: .. ThE' :::.tead~ rating curve hc."\5 to
be elaborated before entering.

Ttle prograITI can accept 99 different rating curves for eactJ sta-
tio!" and every rating curve C3n have one or several validity peri-
od. The: total nUITlber of '•...al idii:.~ pE.')~iod::.. i=:. 990 for 13. :::,tafion.
Ttle program accept~ only onE rating curve for a given period, no
interpolation between two rati.ng CLlrves is possible.

A rati.ng 'curve tl3s to be given at least by 2, and at ITlost by JJ
d.3.i: 2. couple=.~ Both the l~lc:~tE'r level and thE' di=:.charge have to be en-.
tel~ed :in 'increa=.ing' orde'r. f~ftE'r entering the liJhole rating cur.vE' the
program computes parameters of a SPLI~IE-fLlnction and stores i:herrl in
t~le Data Ba=E. The rating curve IvilI be valid only betw~en ttle lower
3ncj higher water level=. igiven in input, it can not be e}:tr':?,poI3ted

for more information see MSCLIB/TX~ Section SPLINE ).
The rating curve and its COITrputed p3rameters enter fir~t in a

nlenlory buffer, and using another command ( see *l-1 ) the!:i can be t:r~n::-
f~~~ed-onto-the'Data Base.

After startihg, the 'prograrrr asks for the used files, ttlen pronlpts
t:he. User .b!;f screening an. * (asterisk) to enter- command.

'.";'



T~ping $ (dollar.)-ke~ res.ult::., In every C2.=.e, to f2s.C2.pe the curl~~;;t
conlmand and "the line containing the $ ~Jill be ignored_
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l2::..t content

and theconllTfand
I

I
it,e
I

Exit prograITI with writing.
The COAlnland results ttle executing
COTltrol retLlrns to TRSD(:IS.

Exit progr3n! without ~Jriting.
TtlE control rei:urns to TRSD(IS wit~IOLlt writing
of the transiting zone OJ1to tt18 Data Base.

,
*M Mpdification of the rating curve director~.

Under the control of this comnland two sub~orrrll,arids caTl be Llsed:, .

M-s~bcqmnland i
It.Modification df e>:isting validit~ period in th~ ra.lng curve

di rector~.
The rating cur~e directory is screened au~oITratically, line b~
line (\i;e. '1al"idit~ period), and after each t~le program C\.sks
the U=~r for Modification. T~le User ~las t6 ellter the whole
fTlO d i fie d ~-per. i 0 rj.
N-subconmfa nd
Allows the User. to ent~r a new validity period for an e>:isting
rating curve. ,.<.)

*p Listing of a rating curve or the rating curve directory.
Tt,e list will be edited on t~le screen.
Ttlis comnland I-lasttlE sallIe effect as the *L con.mand.

*1 Insertion of a new ratIng curve.
Under 'the control of thi~ corrlrrl~ .•.nd 1:he l-e.ting CllrV(:?5 F)r(:?viou~

l~ stored on the Date Base are protected against accidel1tal
OVt?rwr-i t i n9.

*L Listing of ,::\.ratin'-:J (~ur\le or the r8.ting curve dil-~ctor~.
Tht-? list tJJill be edited on the line pt"intel-.
TabLllated rating curves can be produced eitt)er for t~le
entered wat~r level and disc~large cOLIPles, or by. the given ill-.

crenJent of \.ila~:er level.

*D Deletion of arl e>:istirlg validity period frorrl the direct(Jr~l.
Under' the con~:r.c)l .of thi!::. corr!1113nd the rating CUl"ve director.~
is~s.creened C\.utom3ticall~, line b~ line (i.e.validi1:~j periud),
and- after each the prOgrcHT! asks the U!::.er for Deletion. If no
Deletion is required the screened 1 ine can. be skipped by
ENTER key. l-Jhf~n all validity period is. deleted for a ra-
.ting c~\rve, the U!::.E of *(...J command results: the deletion of. ,

the rating curA;e its.elf from the Data BaSE?

*W Writing new informatio~ onto ttfe Data Base.
The command results ttre writing of rating curve al1d validit~
period transit,ing in ITlerrlory bLlffer onto the Data Base. The
ma>:imLtm c~pacily of tt~ tran~iting zone is enOUgtf to store one
rai:i~g curve .al1d one validity period.

~.! Available conJnlands



HDB/STN Station file

LB0 RCEDIT-N,RCEDIT,RCELIB,MSCLIP-S,TRNLIP-S-E
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Seq. No.
of F:C-di rec
tor~ part:,::

RC
No.

direct aCCE'=5
256 b~tes
with TRN-sC/steITI
XXX X XX XX
1-6 ::: 2

station
code

For strLlctLlring the prograrn, different sLlbprogranrs ha~'e
been written for'different program pari:s. Thes_e s.ubprog-'
rams can not be L1=.ed in' ~n~ other program.

See description in MSCLIB/TXT

SE'e desc:riF,tion in TRNLIB/TXT

Type of the' file~
Ph'd-=ical :,'ecoy-d length:
IICl ITranipLllation:
Form "of record identification:
Size of J~e~-subfiE'lds (digits):
NarrrE of ~~eY-SL{bfields:

'.U

- the length of this record = 1 word.

a.) Nul-TIber of lines. '(i.e.validii:~ period::.) in RC-director-~
(RC No.> = 00 and <Seq.No.> = 00 )

See tiescription in STEDIT/TXT

- variable length record containing REAL valLtEs
if a record contains ~I couples of RC-point with
tt)eir computed pararrlEter, the Ith group will cont?in
RC(3*I-2): water level in eM
R"-:(3*1-1): discharge in ~1J/S
"RC(J~'I): curvature of RC in the lth p6int

b.) Record of •...'at ihg curves and its par'arTreters
( <RC No.> .GT. 00 and <Seq.No.} = 00

RCELlB

MSCLlB

TRNLIB

HDB/RTC File of discharge rating curves

The program '~reates three" t~pes of record:

3./ USEd libraries

4./ Irlstruction for linJ~age of the program

5.1 ysed f!l~ in execution of the program



127

HDB/vIRf': \J.'ork file ~ for transiting"

i1I!E'
.e".,

of RC,
lin. ito f .} D-Irll N
1 i fTl i t of" IHI'I';>:

tD be r'Es~ir=-t: u=-e
records:. neSi'-

1=,
~' fj 1"1-=-\1

~ number
:m= loLuer
~ hi'gher

'this ~le hE..;"~

n, e Tl!1!ifb e r 0 f
I

- H! 1 i"", of H,e RC-direciE
<t +:. Hi;INTF5ER \J.'or d"
if <S"",-No.:: = 01 the re:Jiiliii=.
fir"t 'fen 1 inee cof the R!E:
tfl'£> c:m;rten t of ~.._ 1 inE' i=~
l1IEird r= ~-tc:\rt ing datl::-? of __ O,\Y

l:!')NTH
[YEAR

d<?te of~DAY
l'f')r,ITH
f'YE,.\P,

T~pe of thefile:
Ph~:i:=iC2i1 r~d length:
1/ (i rrlani F"u.l~ on :, .

", I

'!
NOliE:

I
I
i

c.) Reo:rr'{j rrif:- RC-'diy-ect:or~ par'~"l
_._ .. __ . ( <" PC r,jo.:: II:- . <31. (1(';
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SMIPLE PROGRM1:

DO 20 MONTH=I,12
))0 10 ND/>,Y=I,31
IF(B0INDAY~MONTH).LT.0) GO TO 5
0INDAY,MONTH)~0FN(JCB,KEYS,IDT,IBI(~IOAY,MONTH»

1

P.YTE p.,~, ,T p.1,'
DH1ENSION ICP":10),. f<EYS(lS), IP.(S64),
/ IPI':31,12i, P"'(31,12), JBI(96), JB':1(96.1,
/ JCF'H~), IOT(3.', 1~(31,12), 1,0(96)
E';!'_'I';ALEr.I'~:E.:1]'.1(1,1), IP.(1», (p.,~( 1,1), IP(374»,
/ 'roJDAY,IDT(I», (WINTH,IDT(21), (NYEAR,IDT(3)l

CALL TRNRDR(ICB,KEVS,IB)
IF(ICB(S).E~.0) GO TO 1
CALL TR~IERR(ICB,KEYS)
STOP

1 CALL DCP(ICB,KEYS,IB,0,0,N,JBI,JB0,1)

GO TO.10'. !
5 CALL 'DCPIICBiKEYS,IB,MONTH,NDAY,N,JBI.JB0, 1)

DO 8 'I=l,Ni

' •

(,10(I )=:":900~c
IF(JBI(Ij~~0.-999) GO TO 8
IF(JBI(I).E0.-998) GO TO 8
QD(I)=QFNIJCB,~EYS,IDT,JBI(I)

8 CONTHIVE

10 CONTINUE
20 Cot.IT I NUE

3.
4.
5.
6.

".....
1.

7.
8.
9.

10.
1 1 •

1 '-;",
13.
14.
15.

2l.

16.
17.
17.
18.
19.

24.

The eas.~ L\<:::.E'of l.he \~Bt_ i"9 cur',1e= In.a prografTl is enc:::ured b'd tt!E
'~F~.Jfunction. ThE' fo} IDL1'":ng sa.rrJple pr-bgra-rrl showc::: the method of using ,_
thi~ function:

Line::- "7. to 14. provide the'lLzai:er le\/els from the DatI?, BasE'
far more information see iSTAGES/TXT ).

The NYEAR variable and ~CB arra0 are set in the program part
betorethe Line 15. I

Line 15. converts the dailY water level to discharge on ttfe date
given in IDT array. ,..JCp.~arrlay contains. information concerning the
rating" curve file. t<EYS arra~ will be Llnchanged.

Line=:. 17. to 22. CDn\/ert all water Ie\!!:?l of the d3Y to discharge.
GD arr'ay will contain -900.0 in case of no observation at a tinle step.
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for' ,'un:
be used:

TR~=;-80 t"10DEL II ( or- equi valent.
TRSDf=I~: ver~ion 2.03. ,Janu;li'.j 1, 19::.1~

or equivalent: )
been elabor'ated tJ~ VI1.U~(I/BUOAfJEST-~~Llng~ry (c)

t~le 10t~1of September 1983
This- progl~arTi h2.s

Co~puter to t)e Ll~-ed
(Jperat.ing sy~1:enl to



130
1./ Purpo~.e of the progran: STAGES

'then prompt=:-

ina t!Jorkin 9
thE;~ can be

!
CODE for each,da~a. This is not pro-
tbe Use~'5 du~y. The program recog-

'for Cm"rect data
Dou.btful data
~stimated data
'...Jnu=:.able data

0 for DA1'- Y:
1 1:..(1 '
.-, 30'k

:3 15 '

blank
D
E
U

This progranl en~ers water levels from tt,e ~~ey boar'd to the Data
P.ase. Data input is PE'rfcor"rTled in dialoguE' fTrOd£? The PD5sible U:er'=:
an~.wer= are t:"i1 W2.!::I=. listed after the :quE'=:tion in paranthesi:_l each of
tl)efTrdivided by slas~le~ DefaLllt an~wer i: shown in bracl~et=: ..
In case of en1:ering fTtcr€? than one d3ta in one line, an arbitrar~ nUlltt!E'r
of spaces stlOLlld be left between ttlEnl ( FREE FORMA1- ). Tt'le User's ans-
WE'l-'S ate controlled bkl the pr-ograrrl 2,nd in C;l.:.E? of et~ror', an error rTlE'==-
age will be =.creened before repeating the qLIEstion.

The- program can wor.1:: in fwo mode=:. of operation:
- in INSERT mode new data can be entered 2nd"
-in MODIFY mode existing data can be modified or deleted.
Water levels tla'/e to be entered in centimeter: ( Crl ). The program

checl'E first the inpL\t data fbr lower and upper lirrlits,' ttlen the diffe-
rence-between the input data and the immediatly preceding.one for t~le
lirrlits relative to the differences.

,Data ..can be entered. and 5~ored in four differen~ ~i~,e s~eps, depen-
ding"on,.the.,."TIt'lE. STEP. CODE' 'cho"en by ~~Ie User. The pos"ible TIt1E
STEP, CODE" are ~.he fo1 locoi n9".:

In case t~le freqLlency of observations ~hange~ in ~ime the most app-
ropriate tjme step has to be ctlosen and data Can be ent~red at the tirrre
of ob~J.ervation ( with a'. precis.ion of 1::, minute!:: ). The other time E.tep5
are ~o ski~ by ENTER I,ey.

3he.program can accept QUALITY
duc:ed by the pr9g~~m it==.elf, it i~.
nises the follo~~ng QUALITY ((IDEs:

Tt)e input data enter first in a memor~ buffer and
file ( HDB/WRK l, and using another command ( see *W )
transferred onto the Data BaSE.

After starting, the progr~m asJ~s for ttre used files,
~h~ U~er b~.scr~ening an,*_ (a~teri5J~) to enter command.
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See de"criptiol1 in MSCLIB!TXT

See de5cription in TRr~L,IB/TXT

For strLlcturing ttle prbgram, different subprograms tl3ve
been lLlritt'en for the different program parts,. These sub-
p~ograrns can not be LIS~d in any other prograrrl.

t-lodification Dr DeletiDn at luater level=: ..
Under ttlE con'l:rol of 'thi.==.rr,ode of operation e>:i:::1::ing data
can be cOY.'....eci:ed or' deleted. The progranl make: aLltorni.~tic i:illlE
step, date:" b'.d d3ta, and if no cor'rection i=:. reQl:drec1 thE
screenE?d d:3t:::\ can be ~-kippecl by Et'ITER ke'~. The 'D' 5ubCOrllrlJ':.'1nej

deletE'=: no+: onls the s.crE'ened data but each of the CU{'rE'Tlt

dc_Yo In ca~-e th(~ time step 15, '1:0 be Ch3nged, the u:hol€" d3'.:;
ITru!:::.t be delE-?T:ed fir~t u.Jith '[)~ s,ubcomnlc\nd, then the nelll i:1011.::"
step and data can be insertecj l.\sing -*1 corrlrn2Tld.

L~rite new jnforrriatioll onto the Data Base.
Th~ corrlril~nd r~5ults the writing of data tranEiting in ITlenlory
buffer'and 'on ,the work file onto the Data,B""e. The ITI":-:;IT,Ltn,
capacit~ of t~le transiting zones is enoLlgh to store all data
of one yeal~ ~Jithin 15 ITlinL\tes ).

"M

*1 Insertion of flE'uJ lJ..J3t:et~ levE'ls.
Tt.is rrtode of operation protects tttE data alread~ belllg on
ttle Data Base against acci,der)tal overwriting.

*E E>:it progranr with writing.
Ttle COITlmand nesults the e>:ecuting a ~Irite corrlmand and ttle
control rei:urns to :TRSO(JS.

TRNUJ'.

*0 E>:it prograrrl u1ithou-t writing.
The control retLlrnE to TRSDCJS wit~IOLlt writing ttlE last carlt-
:~nt of th0 transiti~g zones onto ttl8 Data Base.

Src:iUP,

L80 STAGES-N,SlAGES,STGLIB,MSCLIB-S,TRNLIB-S-E

MSCLlB

I Typin'g- $.(~911'-ar)-kQ~ resu.1-(5, in E'ver!d cas,e, to escape the current
COlTlill,,,id a'nd~'th'\=' '-line cc:onta'ining H,e $ will be i'gnored.

4. / In-::-truct'ion f~r 1inkage of the p,'ogre-rTf

3./~U5ed librarie~-



See description in STEDIT/TXT
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.....•~

(stacl, No.> = 000

dir"ect Cl.CCE'==

256 bSltes.
wi th TRN-s~=.i:efTI
XXXX XXX XXXX
1-6 3 4

station
code si:acl::

No. year

a.) RE.corcj o'f daily date<.of a year

Type of the file:
Phy~ical rf?cord lengttl:
1/0 rTiClniFI.\lai~ion:
Forni of record identification:
SiZE of 1::E.''j-'~-ubfields (digit=:):
Na.me of l:.e~:!--5.ubf i e 1d=: :

- daily water levels in eM 1 to 372. wor'dE
31 * 1~ INTEGER words
in i t i ail ',', J ue: -998-
code for nli~sing data: -999
if mor~'tha~ one data exists for a da~,
thE~ ap:propriate word contains.:
.'" I' 'I .' 10 ., t d' .(S"'_Cl.C ::11'0 •. >:* . + <.tlme s .ep co e.>,
w~l~re 1~:stacJ~ No.)' is the .nuITlber qt the stael:
contai~ing data for this day

-.qu?].ity codes for' daily data 374 to 559. 'weY'ds
31 '" 12 BYTES
in i ti.p.l value: blank
cocje"for missing data: blanJ~
if more than one .data e~:ists for a day,
the .appropriate bytE contains:
-r~IT( <starting address> l 24 ) - 1
w~lere (starting address)- is ttle starting
po~;jtion of the data for this da~ in ttle stacl~

- time of daily observation 560. wor~
b~i:E?left: hour
byte r'ight: rrlinute

- cantr'ol war.ds. 561 to 564. words
for CMP andiDCP subprograms

b.) Record of comfjac+:ed UJa'ter levels and qual i ty cod"s
l S T A C X / ( 000 .LT. (stack No.) .LE. 366

- length of cJmpacted 1. word
water level bloc~~ in words

- length of compacted 2. word
qUC:llit~ c'c~)(?~~.bloc;:k in words.

- compacted ~~ter .levels and ~ to 240.words
qualit~ codes

The eo"de e:'if data i::~pe i 5. =.et. to 1ft) in the program •
.( See 1',LOU< DATA: NDTYP )

,
HOB/STN Station fIle

HDB/SGW Current data file of w~ter level~

The program creatEs two types of record:

5./ U~ed files in e):ecution of trle prograrrl



;C': .::'."' ..

di reet acce~=
256 b~t:e=

.FORTRAN I/O

Twpe of the file:
Pt,ysical r'ecord,lengtrl:
I/Cl ma'liPLllation:

'.~

•. ",
DO < 20 r'lONTH= I , I:' '
DO H,,'<NP/W=I, 31
IF (P',' (NDi. Y, t'IONTH) • LT. 0) . GO TO 5

, .
'.~ . ;:

5. CALL TRNIW,{(ICB,hEYS,J:P.)
6. IF(ICP(SJ.E0.0) GO TO 1
7. CALL TRNERR(ICB,hEYS)
8. STOP

HDB/l-JR~"; LL.lorl::fll€.:' LI,=,ed for tr2.ns.iting the input data

NOTE: i:hi::: file must be re=.et to zero before"its; fir~.t u:::,e
The nLlITlber of records rleeded = 300

1. BYTE BG, JBG'
L DH1ENSIOri ICB(H)), I(EYS(15), IP,(S64),
3. / IBI (31,12), B';'(31, 12), JBI (96), JPJ,H96)
4. E',1IJI\)ALErKE (IBI(I,I),IP,(I), (B',1(1,1),IB(374»)
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13. GO TO 10
14. 5 CALL. DCP(ICP"hEYS, IP"t-l0NTH,NDAY,N,JBI,cTP,(,', 1)

15. 10 CONTINUE
16. 20 CONTINUE

'10.
11.
1'.2 ..:

Data are cOITlpaci:ed on the Data B3Ee dLte to the lirllited c3pacii:~
of the available data ~::tDrc\ges~ The operation of comprE==iDn ?.nd its-
iTl\/erE are done by the help of special 5ubprograrrls ( for ITlore inforITI2--
tion =-ee r1SCL_Ir./T):T ). The follol1Jing ~,ample program =-hows the nlE'thcd of
llsing t~lese subprogram~:

SAI-1PLE PF:OGRA~l:
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for run:
tie u=:.ed:

TRS-80 M(JDEL II ( or eQllivalent
.TRf;[JOE; ver=:.ion 2. 02 J3nuar~ 1, 1C?81
( br eqLlivalent )

been elabo~ated by VITUKI/BUDAPEST-Hungary Ie)
~tle 10th of September 1983
I

This program ha~;

CorrjPu~er to be Llsed
(lperating system to

Line S. readi tt'lE' record of dail~ data of ttlE ~ear given in t(EYS
array. IeB and ~'~EYSarra~~ i:\rE' set 1n the program pari: bet:lJ.le(~n

Lille 4. to Line S.
Line 6. tran~fer~ the control to the label 1 in case of correct

reading. ()t~leruJise the prograrn stops 'Iia Line 7. to Line 8.
Line 9. re5tore~ dai.ly data froIT! IB array ( compacted inpLlt: ) BJ)d

outputs therr! in 1:£1." Since the fourth .;.:~ndfifth parameters are 0 the
arl"".a~5 ICE" ~<EYS', JP,I and JP,(:-~ 2rc.=: not: used. N will coni:ain i:he tiHie of
obser'/ation valid for tt)e whole year. Tt)E las~ pararrleter indicatE~
thE: t:~pe of corrlpres-~ ..ion of IF. arra.~ in input.

Line 12. t'r8.n5.ff:,r"S the contro) to the labelS in caSE ttH::'re i5
than one data for tt-Ie cl3Y NDAY of t~!e nlon1:tl M(INTH. (ltherwi~e
JP.I(t~J)AY,r-l()I\JTH) con1_ains. the \.i.later le'/el and :£'.~~~(NDAY,M(JNrH) the QuC\lit!':'j
code of the given day

Line 14. re:::torE?= .::-~ll d?it2. or thE' d::\~ t"JDi;Y of thE~ fTlonth r'l~)NTH fl~"C;m

the aPf~ropriate STAC~~ 1:0 JBI'and JB(l arrays. N will contain the nunlbEr
of data in JBI and JBlj ( N = 24 or 48 or 96 ).



1./ PL\rpOSe of thE pr8gr~nl PRECJ.P
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then prorTIpt~.

in a lJ.lorking
thE~ can be

,

for Correct data
Doubtful data
Estimated d~tc:\
Unu~able data

0 for DAILY
1 60~
:2 30'
3 1=, '

I bl ani,
D
E
U

The input data enter first in a memory buffer and
file ( HDB/WRI( I, and using ~nother command ( see *W )
transferred onto ttlE D2'1:2 Base.

After starting, i:hE' program a::;-~::=. for the L1s,ed files.,
the User by screening an * (asi:erisJ() to enter COITIRland.

In ca~,e t~le frEqlJe~C~ of observations changes in tirrl2 thE rrlo~t app-
ropriat~ time step t"IBS to be ctlosEn and data can be entered at the time
of observat~on ( wii~h 2 precision of 15 ITlinutes ). Tt.e ottler tinle 5tep~
are .,to' sk i p: by ENTEF~k:c'y.

The prograITI can ac~ept 0VALITY C(IDE for each data. This is not pro--
duced by the prog"ram its.elf, it is. the User's dut~~ The prO'3rarri recog-

. Inises,the followi:n.g (.!UALITY CODEs:

Tt.li~ program enter~ precIPitations from t~re key board to tt.E Data
Base. Data input is perforrried in dialogue "lode. The pO~5ible User's
answers are always listed after the qL\E'stion in paranttrE'siS, eact. of
them .divided by sla~ ..hE'5,. Default an~.u..ler is s-hown in brackets.
In case of entering rr!o~e than one data in one line, an arbitrar~ nLlmber
of spaces shoL\ld be left between ttlenl ( FREE FORMAT ). TtrE User's 2n5-
wer~ a~E' cOTltrolled'by the prograrrl and in case,of error, an error nless-
age will be screened tJefore repeating the question.

The progranl can wor~~ in two nrodes of operation:
- in INSERT nlode new data can be entered and
- in MODIFY mode existing data can be modified or deleted.
Precipitat'ions ha'/e to be entered in tentt15 of millinleter~. The

progralTf chec~~5 ttlE inpllt data for LIpper limit given by the User.
Data can be entered and stored in fOL\r different tinle steps, depen-

ding on the 'TIME STEP CODE' chosen by the User. The possible TIME
STEP CODE~ are the followings:



Typing $ (dol13r)-ke9 res.uli:s., in ever~ case, ...to es.cape the curr-'en1:
cOrTlmandand the"'line ~ontainihg the ,$, will be ignoy'ed.

c\ l-/)'-' i te,

See dEscription in ~lSCLIB/l-XT

For structLtring the program, different subprograms ~rave
been lJJri tt'~n for the di fferE~nt program part::_. These 5.ub-
programs c~n not be used ifI any other program.

See description in TRNLIB/TX1-

Insertion of new precIPitations.
This nlode of operation protects the data already being on
ttle Data Base against acc~dental o\/erwriting.

E>:it prograITI with writing.
Ttre command ~esults ttlE executirlg
control rE.tur'Tl::. to :TRS[l(JS.

PRCLlP.

~lSCLIP.

TRNLlB

, "I .

':.

LBO PRECIP-N,PRECIP,PRCLIB,MSCLIB-S,TRNLIB-8-E

*0 E>:it 'progranl wi.thout writing.
The cQrltrol r~turns to TRSD(tS without writing the last cont-
'ent of the t~~nsiting zones onto the Data Ba5e.

136

'*W Write new inf~rrriation onto the Data Base.
T~le corrrITlaf\d (Esults the writirlg of ,data transiting in merrlor~
buffer and orr the worJ~ file onto the Data Ba5e. The ma>:inILIITI
capacit~ of th~ transiting zorle~ is enoLIgh to store all data
of one ~e8,r ( within 15 minui:e5. ).

*M Modification or Deletion of precipitations.
" Under the control 'of. this. rHode of (.")perc:\tion e;.:isi::ing date-.
call-be corretted or deleted. The prograrn nJa~:e~ autonlatic tinJ2
stE'P, dat~~. b!:) -data, and if no correction is required the
=-cr'een~?d data can be skipped b~ El\ITER ~::e~. The "D' ::ubcon!fT.8.nd
deletes not only tt)e screened data but eac~r ot the current
da~:J. In C2.s.e the tifTIE step is to be changed, the whole da'.::l

mu"st be dElei:€,d fir=-t I.1.lith 'D' 5.Ut.)COfJIfTland, then the neu.! tim'_?
"' !:tep and data can be in~erted using *1 corrlrnand.

2./ Available corrlm2nd~



See descriptIon in STEDIT/TXT

HOB/STN Stati'oTl file

word

word

1.

,-,
L.

.3 to 240."JOrds

<stacl, No.} = 000

direci: access
256 b!dtes
wi th TRN-=~=i:err!
XXXX XXX XXX X
1-6 :3 4

=.tation
code stack

No. 'lear

•

- length of compacted
precipitation blo'c~~ in words
length of compacted
quality code block in words

- compacted precipitations and
qua I i t~ codes-

a.) Recm-d ;of:dai I'~ data of a year
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,

- daily p~ecipit2tion= in tenths of MM 1 to 372. words
31 * 12: INTEGER words
initic31! '-/alue: -9'7'8
code -for mis~ing data: -999
code for "('.::l.in in trace: ~10t.:l
if rTlOre than one data e>:isi:s for a day,
the appropriate word contains:
<=.tac~;: ~No.:> il:' 10 ;- <t ime step code~~',
_~~Iere ~::5tac1~No.:~.is ~he numb~r.'of the 5tacJ~
2cintainiing data for this ~ay
qual ityJ codes:. for dai I'd datc~ 374 to 559. word=:
31 " 1,2 BYTES
initial value: blanJ~
code for mis.sing d:?1:c\: blank
;i'f more than.one data e>:i::.t:. for a da.!:h
ttrE appropriate byte contains:
-HH( <starting addre==> / 24 ) - 1
w~!ere c:starting address). is t~le starting
position of the data for t~lis: day in the s:tacJ:

- timE: of dai:ly observation 560. word
fir~t byte:. hour
sEcond byte: minLli:e

- control words 561 to 564. WOlds

for eMP and bcp subprograms
. I

b.) Record of .corr'IP~cted precipitations. and quality COdE'=:
/ 5 T A C f, / I ( 000 .LT. <s tack No.:> .LE. 366

!

The code of"data type is set to 2G in t.he prograrrl.
,( ',See:BLOCf\ DATA: NDTYP

T~pe of the file:
'Physi~al record length:
'llC) rTlanipulai:ion:
Forni of record identification:
Si:::e of keS'-~,ubfi.eld= (digits.):
N='.ITIEof ke!::l.:-5ubfiel:J=::

HDB/PCW- Current data fileof precipitations

The program creates two types of record:

s.! Used files in e}:ecut16n of tt)e prograrrl



, ...•.

SAI1PLE".P,ROGRMI:

direct acce:=.:=.
~:-:56b~tes
FORTRAN I/O

T~pe Df the flle:
Pt'rys.ical record length:
IICl nlaTliFulatiol1:

D.'J20. W'NTH=1 ,12
DO ~ici,NDAY=I, 31
. iF(~0i~ri0!~MO~TH).LT.0) GO TO 5

BYTE J?,'j, J1',(;'
...DHIENS.jON IC}!'(H», f<EYS(15), IJ',(S64),
;' IBI(31,12), 1"';1(31,12), J1'.1(96), JBO(96)
E';lUIliALENCE (IP.I!l,l),I1'.(l», .(B(j(1;'1),'IB(374»)

U\LL TRNfmRc'ICp.,hE'''S, H)
IF(]CB(S).E0.0) GO TO 1
CALL TRr~ERR(ICB,hEYS)
STOP

1 CALL DCPC]CB.KEYS,IB,0,0,N,JBI,JB0,0)

"
k"l' .. ',r

1.

3.
4.

6.
7.
8.
9.
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NClTE: thic file ITrLISt be reset'to zero before its first ~l~e
The nLlrrrberof records needed = 300

HDB/WRk wor~~ file Llsed for trallsiting ttte input data

•....-- .

10.
1'1.' .., .. ; '.
1 '0'

13. GO TO [0
14. 5 CALL DCP(JCB.KEYS,IB,MONTH,~IDAY,N,JBI,JB0,0)

15. .)~ CONTINUE
16. 20 CONTINUE

Data are compacted on the Qata Base due to the,liITrited cap3cit~
of thE' avaifable d:3.ta stor-ager:::. The operation of compression and it~
inver~ are ITlade by the "t'relp of ~pecial subprograntS ( for rrrore infornra-'
tion BEe MSCLIB/TXT ). The following sample program shows the method of
using these 5L\bprogram~:



Computer to be used for run:
Operatirig sssteITI to be used:
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TRS-80 ~10DEL II ,( 'or equivalent l
TRSDOS version"2.0a Januar~ 1, 1981
( or equivalent ,)

beem elaborated b~ VITUKI/HUDAPEST-Hungar~ (cl
the 10th of s~ptember 1983

This prograrr! ha=:-

Line 5. re:3.d~ thE' record of' dai l~ dai:a of" the ~e.::,r gi'/en in t.;:EYS
6('ra~. ICE'. and hEYS arra~s are s.et In the pr"ografTI pari: bei:wE'en
Line 4. to Line 5.

Li ne 6. transfers the control to the label 1 in cas.e of correct
reading. (It~ler~i=e the program stops via Line 7. to Line 8.

l_ine 9. restore=: daily data troITr IE arra~ ( cOITlpacted input) 2'ld
OLltpl\t~, them in lB. Since the fQU1~th ~:\nd fifth parameters are (3 the
arr'a~= ICE" ~\EYS, JBI and J-P,G!CO.r.e noi: USE::-d. N UJill contain the tifTle of
Db;.;£erv3tion valid for 1~hE'luhole ~ear'. The last parameter indicates
the t~pe of cOITIpreS5ioll of IE array in input:.

. Line 12. tr-ans.fers. the control to the labelS in case there is rTlorE
tl)~n one data for t~le day ~IDAY of the rrlont~1 MON1-H. ot~lerwlse
rBICNDAY,MONTHl contain~ the precipitation and B0CNDAY,MONTHI the qua-
l,ity code of t~le given day.

LiTle 14. restores all data of the day NDAY of ttlB month M()~ITH froRi
tt)e appropriate STAC~< to JBI and JBG! arrays. N will contain the nUITlb~r
of data in JHI e.nd JP.l;!C ~I ~ 24 or 48 or 9S l.

6./ Suppl~mentary inforrriation
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HDB/SGI.-I)
HDB/STG )
HDB/ PCI.-I ).
HDB/PRC )

files, as follow:

s:ource and de~,i:ination .l, ulich
d3ta idE'ntifier .. These =:,:_\bfields

,,
islfixed for each type of

cu~;ent Water Level File
Artthive Water Level File

I .Cunrent Precipitation File
Archi'le Precipitation File

frOITI 1 to 6 digit~
J digits
4 digits
2 digi ts

10 i=. used for'
11
20
21

- ~.tai:ion code
s.tack nUrTfber

- year
t'dpe of data

The code of data t'dP~

T~re prograrrl wor~(s wi.th two file~
tl2ve to have fOLtr subfield~ 1n their
3rp the followings, in order:

(80 HDBCPY-N,HDBCPY,11SCLIB-S,TR~ILIB-S-E

This pro~rarrl tratlsfer5 data records froITI thE Cllrrent data file to
the ArchivE fi Ie, or, if neCE's'=?:ar'=J data correction needed on trlE
Archi'/e filE' " froIT,Archive to Cur.rent file. In ",ddition, HDBCRY can
e>:ecui:e t~ansfer 'between CLtrrent to Current and Archive to Archive file
too.'Tf,E prograrrl perfOrITIE its ta5J~ in dialogue mode. Ttle possible
U~er'5 answers are listed after ttle que~tion in paranttlesis, Eactl of
-them divided b~ 51a~.hes-. Default an5.wer is. allLlays- shotun in br.aekets-. In
case of entering rTlo)""'e than one nLlmE~ric21 inrorfTJe1.tion in a.line, an i;l.r-

bitrary number of spaces should be left between them ( FREE FORMAT ,.
The User's answers are controlled b~ ttlE prograrn, and in case of error,
an error ITIEssage will be screened befbre repeating the queEtian.

The Current data file ~las to contain statiorl-~ear recordCs) of tf!e
cUl"rent ~ear. The record(E.) are not 1n corrlpacted form on. this, -fi Ie.
When the data processing of ttlE current year is terminated ( all data
of the year are input on the file), the record(s.) ha\/E to be trans-
fer'red onto the Archive ',datEI fi Ie. On this. fi Ie t~le s.tation-~ear rE'C-
ordCs) are in COITlpacted fOrITI•. A Sc3ITlple prograITI is shown in STAGES/TXT
for read data either frOm ~he C0rrent or the Archive file."

After st?rting', the, program 'as~~5 for the t~a~sfer conditions and
executes the transfer. (Ince the .transfer is terminated, the prograrrl
asks for ne11.1 transfer. plI3.s.e. If no new t'rans.fer pha!':.e is required,, .

the program stops. I
~,

.' A'iai lelble command NONE~.

-.::. / Used I ibreH~ie=

~lSCUP, See des-cr i pition i!n ~ISCLIB/TXT
,
,

TRI\IUI', . '. i 1nSee 'de=::cr i p't ion TRr,lLn,/TXT. i ,

4. / Instruction for Iinl':age of the program

5./ ~sed file~ in e>:ecL\tion of the program



, '" ,r! , .' i

f01P
• run:

bE:' used:
TRS-80 MODEL II ( or equiv.lent )
TRSDOE' version 2.(:;3 JanLtar~ 1, 198J
( qr equivalent )

been elaborated by VITUKI/BUDAPEST-Hungary Ie)
ttlC 10th of Septenrber 1983

-" , ' -,

:r. I
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Corn~uter to be l_,sed
Operati-ng system to

This program has

0./ Supplententar'y intorrrl31:ion



1./ Purpose of ttle LIST prograITI~
142

l .-1.00code:internal

internal code: -999 ).

where no data 'has been ente-
interrlal code: -998 ).

for example: 31. FEbruarw ,.

days and
da~

on the daw
I
~RACE

NO~E

i
. I . I

the i'1ex:istant
NO RAIN On the

edites ye9rly or d3i]~ tables of water Ie'leis accor-
ding 1:0 tt'le U~er'5 reqllEst ( D or A 5ubcorrlnrands ).

edites ~early tables of disctlarges.

edites dajl~ tables of disctlarges.

edit~s ~early or daily tables of precipitation data
accordill9 to the User's reqLlest ( D or A sLlbcomrrland ).

~r
for

for ~AIN I~I

See description in MSCLIB/TXT

See description in TRNLIB/TXT

0.0

blank for the in~xistant d3Ys

for the MISS1NG data
! ti:mefor ttre d3~ or step,

red ~et
,,
i

blank

LSTSTG

LSTDCD

LSTDCA

LSTPRC

MSCLIB

TRNLIB

LSTLIB For structLlring ttre programs different subprograrr!s ~laye
been written for tt)e different parts of each program. The5E
5ubprograITlS can not be used in .any ottler progranl.

The5e prograITI~ edit ye3rly or daily tables of water level, di~-
ctlarge or precipitatiol1 ~1~t8. Tt)e edii:ion table can be OlltPLlt either
or! the displa~ or. on ttJE line printer according to the User's re-
qUEst. The listing progranl5 can recogn,ise the two types of data
fi le ( Current and Archive - for more information see HDBCPY/TXT

The listing prograrrl P2C~~ag~ contains tt)E following pr'Ogr2n!s:

Ttle programs LSTSTG, LSTDCD and LSTDCA use uniforrrr signs,
as follows:

~../ Available conrmand

The program LSTPRC L\~eS ~orrle ~ore sign according to the special
requir~m~nts of the dat~:

3./ Used libraries



For more illformation about Arct.live files see HDBCPY/TXT
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See descripkioll in STAGES/TXT

This file i~ used b~ each listing progrBITI.

For' the progran, LSTSTG:

See description in STEDIT/TXT

LST~I:G, LSTDCD and. LSTDCA
Thi~ file can be used by the .following progr'ams:

LBO LSTSTG-N.LSTSTG,LSTLIP~S,MSCLIP-5,TRNLIB-S-E

For the progran, LSTDCD:

L80 LSTDCD-N,LSTDCD,LSTLIB-S,MSCLIP-S,TRNLIP-5-E

LS1-STG, LSTDCD and LSTDC~

LSTDCD e"d LSTDCA

SEE desct ..il~ti(Jrl Ifl ReEDIT/T):T

This file is .to b~ Llsed by the following progr3ms:

•• :.>

lSTPRC

Ttris file can lJe used b~ the following programs:

See description in PRECIP!TXT

Ttlis file C~n be Llsed by the following program:

L80 LSTDCA-N, LSTDCA, L511IP.-~3,~ISCLIP,<',TRNLlP,-S.--[
For the progran) L.5TF~RC:

HDB/STN Station file

HDBISGW .CLlrrent data file containing water. levels

HDE/STG .Arctli~~. data file'containing water levels

H[IF./RTC R2-.ting CUi"'-.'/C-; file

HDB/pew Current datb tile containing precipitations

.L80ILSTPRC~N.LSTPRC,LSTLIB-S,MSCLIB-S,TRNLIB-S-E

-------_._--_ ..-._----_. _ .. ------- -- _.- ..._- --.._-

"'!. In=t:ruci:ion for 1Jnk:?':H';:' of .l:he F-ro'-~r13.fTl=

s.! Used files in e>:ecLlti.on of the programs



I~DB/PRC Arctli'/E data file containing precipitations

0-

)

1921

:-'

tDr run:
be used:

TRS-80 I'IODE,L II or equivalE,nt
TRSO('S version 2.0a JanLlary 1,
( or equivalent.: )

been elaborated b~ VITUKI/BUDAPEST-Hungar~ Ie)
ttle 10ttl of SepterrltJer 1983
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LSTPRC

Ttlis file can be u~ed by ttlC fal,lowing prograIT1:

For nlore inforn,at.:ion about Archi'/e files ~ee HDBCPY/TXT

,

C,onlFuter +':0 be us-.ed
(Jpcrating systenl to
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f'R(JGARMUSERS

3.1 Used Libraries

UataBase file containing station characteristics
Data Base file containing water level- data of the station.
Uata tile where refined data is saved.

HOlliS!N
HDB/SG1.J
HOB/UAT

145

l"he progr"am first ask:; the user to enter desi red stat ion number"and
year of analysis. It then retrieves basic characteristic of the station
from HUB/SIN and water level data from HUB/SG.I. If missing data is
present, H,e prograrr; sends the raw data in subroutine MISS to estimate
missing data. ~Jhen estimat'ion is completed, the program then save the
refined data in HBD/DAI tile and show a screen displaying the Usres
Main Menu, whence following the USER'S GUIDE user can have his needs.

Analysis program ( U ) can process some desired data for a particuJar
station ( Obs. well) and tor a particular year. Ihe program can meet

the tollowing needs ot the users'

llSRLIJl- tor processing de5ir-ed proces5ing of the data.
MSCLIE - tor mi=celleneous proce£5ings~
rRNLIB - for reading in data from Vata Base tiles.

L Listing ot basic ct.aracteristics of a station ( Obs. well ).
2. Listing of groundwater level data ( ra"' data ).
J. Listing ot groundwater level data ( missing data estimated I.
4. Computation ot some statistical parameters.
5. Determination ot significant harmonics of data.

L80 U-N, USER, USRLIJl, MSCUB-S, TRNLIB-S-E

1 Listing of station characteristics on screen andlor Printer.
2 Listing ot raw dcta on screen and/or p)"inte)~~
J Listing of retined d3ta on screen and/or printer.
4 Listing ot desired statistical pal"ameters~
5 Listing ot significant harmonics

1./ Purpose of the program

2.1 Available conlma.nds in 11ain t'1enu

4./ Instruction for linkage of the program_

5./ Used files in the execution of the program

6./ Pcrameters



8./ Called subprogram(s)

2.0i DESCRIPllO~J OF SUBPROGRAMS OF U R S L.1 B UBRARY

data

( including

e"cludi ng

month at a

station tile name
water level file name
Data file name where refined

i

i
basic charateristics of station )
Data Base files Fll, FL2 ( HDE.lS"II,

Array containing water level data

146

RX Ar-ray containirl9 (.aw data
See description in section ~DA1AINu

Arfay containing
Array containing
Array containing
is saved
Array containing digits of station number
}'ear- of analys is
Station number
Record number ( of HDB!DA'I ) ••r,ere data is saved

Year of analysis
Array containing digits ot station number
Array containing raw data
Contra] block for Water level file

Control block for Station file
Array containing key elements
Array containing water level data
qualit~ code data ) I
Array ~ontainingwater level data
quality code of data) I
Array containing nos. of d~ys in
gIven year J

x

Fll
FL2
FL3

KST
NYEAR
NST
NREC

IRAWDA 11
IDAIAINI

NOMS

Jell
I(EYS
IBUF

IB

subprogram(s)
Reading in station data (
and water leva] data from
, HDBlSGW )

1[)ArA(;~li

DAlAW
MISS!
LS1SIN
UST
SIAl
HARN
PERI'lli

Called
2.11 DA1AIN ( NYl:AR, f\Sr, RX )

Parameters
NYEAR
f\S'1
RX
ICE.

COMNAND fields

7.1 COMMON tield(s)



,
2L2/ LSTSIN

Purpose of the program
Listing of basic station charact~ristics on screen/printer

147

See description in section "DATAIN"

An integer whose assigned value determines whether

Logical unit number for writing
~raction of the coordinate latitude of the .station
( minute )
Fraction on the coordinate latitude of the station
( minute )
Elevation of MP above MSL
Height of MP trom ground surface
lIepthot Obs. well beJoU!ground surface

COL.OMI

ELMPSL
ELMPGL
VEPTH

Parameters
LO
COLAMI

dalled subprogram(s)
I PERMIl

J.J/ LIST (INDt:X )
IPurpose of the subprogram

Listing water level data (raw data and refined data ) on
screen/printer.

COt1MONfield(s)
/DAI ACt~/

Parameters
INDEX



2.51 SPLIN IX,Y,M,XINT,YINTl
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function.

array
array
of spline

Array cDntaining the raw data
Array containing the refined data
See descriptiDn in section "DATAIW

Array containing the independent variable
Array cDntaining the dependent variable
Nos of points
An intermediate absciss~ in X
An intermediate ordinate in Y
Array containing coefficients

NONE

-Nos Df data taken befDre and after ",issingdata
tD pass Spline-functiDn.
See description in section l1NNISSW
Arra'::,lcontaining independent variables through which
the Spline-functiDn is passed.
Array cDntaining dependent variable thrDugh which
the Spline funtion is passed.

YY

N~SC
XX

COMMON fieldls)

Parameters
X
Y
M
XINI
YINT
C

raw data or refined data is tD be listed.
INDEX = 0 for listing of raw data
INDEX = 1 for listing ot refined data

LO Logical unit nu",ber for writin"

COMMON tieldls)
IDA-IACt1/-See description in sectiDn "DATAIN"

Called subprogramls)
SPLI CO

Called 5ubprograffi(s)
Nt1ISS
MISS2
SPLIN

PurpDse of the subprDgram
Passing a Spline funtiDn thrDugh a set Df points I X,Y)
tD estimate an intermediate PDint ( XINT, YINI )

Parameters
NB

PurPDse Df the prDgram
EstimatiDn Df missing data either by Spline~fit interpDlatiDn
Dr by weighted-average methDd.

2.4/ MISSl

Called subprogramls)
pERM 11

COMMON fieldls)
I RAWDA-I/ RX
IDAIACMI P
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2.81 1"1ISS2
Pu.rpose of the progr am

EstimatiDn Df missing data by weighted-average methDd

"DA1AIN"

C - array) ot spline function.

NONE

NONE

NONE

See description in section "SPLIN"
AuxilIary array required to cDmpute C array

i
See descri1ption in section

One dimensional array containing station numbers
whose missing data,can be estimated by this
subprogram.
1"wo-dimensionai ant"ay containing neibouy-ing stations
l related each of the ST station for estimating
missing data ). i
Iwo-dimensional ar~ay containing distences between
Sf station and rel~ted RST station and also
distences between tonsecutive RST stations.
array containing area elements formed by SIDES
Array containing weighted factor of RST stations.
remporar'y one-dimensional a~r.ay containing data
of a RSI station.
l~o-dimensional array containing all data at HSl

An integer whose value determined by the subprogram
indicate wh~ther missing data can be Estimated by
Spline-fit i'nterPDlation.
Array containi~g p~sition5 in the X array where
dB.ta is rflissing i
lotal numberi of mi~sin9 data.

,

KS

SIDE

RST

lJ
FACIOR
XH

Parameter =.
ST

Nt

Called subprogram(s)

COMt10Nfield(s)
IDA fACM!

Pararneter:::
NESC

Purpose of the su.bprogram
Uetermines whether missing data can be estimated by Spline--fit
interpDlation.

Called subprogarm(s)

Parameter:::
X,Y,M,C
D,P,E,A,B,L

COMMON field(s)

tmlSS (NESC)

Pur-pose at the subprogram
Computation at coefticients

2.61 SPLICO ( X,Y,M.C )



2.91 SPLSIN ( NST , IS'!"

COMMON tieldIs)
/DATACI"1/ See description in 5Ection uDAIAINl!
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NUt,IE

NONE
NOt~E

stations for a particular 51 station.
I'otalnumber of RSI station for a particular Sf
~tatiDn.
Station number

Station number say 24
Array containing digits ot station number l 0,2,4
for station 24 J

Ihree sides 'of a traingle.
Area containing elements of areas by this subprogram.
It is obvious that total number of elements in D
array is ~ x 2 = 12 .
Position in the RST station for which elements of
D array is computed.

NSIDE

NST

Par arrleter;;
NSI
IS'I

Purpose of the pr'ogl.CiITl

Splitting a station number into three digits contained
in an array

Called subprogramls)
OAlAIN
PERMII
SPLSTN
AREA

COMt101<tieldIs)

Called subprogramls)

Purpose;of th5 subprogram
Computation o~ a~eas ot a traingle trom three sides and to
split this area into two parts which the line drawing tram
the verte>: I Si station) perpendicular to the opposite
side ( Joining two consecutivE RSI station) divide this
area. ,'he divjded areas in contained in D arr3~.

2.101 AREA IA,!,C,D,K)

Parameters
A,B,C
D

CC'MMONfieldls)
Called subprograms

2.11/ PERMIT
"Purpose of the subprogram A

l"empor'ary of cessation of e}~ecutioTl of the program.



2.14/ HARt"

2.13/ ADORES ( NST, NYEAR, NREC

"DAfAm"

NUNE

See descl....i pt ion insect ion

tJOtJE

NOW::

Integer number indicating choice ot the parameter
Ma,/:inlu.rrJ '~falue in the X an-a!:!.
Mininmuffi value in the X array.
Range of -f Iuctua tIon l XMAX Xt1II~J
Depth of lowest level from ground 5urt3ce
Standard deviation of the data
Variarlce of the data

St"3tion number
Year of analy=i~
Record number

Called 5ubprogranl(s)

C')f1r10N fi e I d ( 5 )

Parameter:
NCHOIC
XMAX
mw
I,At~Gl
XMINGL
SD .
\!~R

2.12/ STA"[

COi,1MON fie I dIs )
• fDA"JACM/

Ihe ~ubpro?ram writes on the screen the nle~5agE
. ~res. ENTER to continue . and at the same time
asks to enter data tor an integer I~CONI. pressing
Er~TER assigns a value zero to NCONTand the e;.:ecut ion
of tt:-e pl~Dgralfi. resurnes~

Called subprogram(s)
PER~lI r

Purpose of tr'E =Ubpl~OgrallJ

Computation of some basic statistical parameters."

Purpose of the subprogram
Compute record numb~r ( HUB/OAf file J In which retlned data
is saved

151

Parameter::
NST
NYEAR
NREC

•i
COt11'lOlJ tl' Idls) "

Called sfbprogram(SJ

Purpose ot the subpro9f='.1T1
I"his program .was original1~ intended tor harmonic analysis



Pararr,eters NON!:

COMMON fieldls) NONE
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NONE

NONE

XXM
RES

H

Array containing the groundwater level data.
Array containing-amplitudes of the harmonics
Array containing the phasEs ot the harmonics
Au}:illary array reQuir.ed to compute AMPand
PHA ar'ray
Periodic component computed taking a number of
harmonics ( 1-26 ) taken as si~nificant.
AuxilIary array used in computing H array
Array containing sum of residuals ( stochastic
component) tor all possible number ot 5igniticat
harmonics ( 1!2,3, ..... ,26).

P,DP,VDP AuxilIary arrays used to determine significant
harAlonie!::_ by graphical mathod~
Sum of X ar-r ay
Sum of ~quares of X array.
Standard deviation ot X array
Variance of X array'

SX
SXX
Su
VAR

Called subprogarmls)

3.1/ HAHM

of the data~' DUE for nterrfo-ry defici t .the subprogarm has been
isolated as a separate progarm and is named a;; HARt1. The
progarnl HARM and its subroutines are descr-ibed in tr-!E ne:d
article. the purpose at this subrqutine is just tQ intorm
the user what action to take tor harmonic analysis of thEdata.

PurpOSE of the program
Determination ot significant harmonics present in the
pEriodic component of the data.

Parameter(s)
X
AMP
PHA
Ad',

COMt10Nfieldls)

Called subprogarm(s)
ANALYS
ADDRES

3.2/ ANALYS (N,X)

Purpose of the subprogram
Analysis of the stochastic component computing standard
deviation, variance, skewness coefficient, excess



coefficient.

3.31 ADURES ( NST, NVEAR, NREC )
iPurposE of the 5ubprogr~ln

F.ind the addres~ of the record ( record no. ) in fIDB/OAI
where retined g~oundwater level data is sdved.
(his subprogarm :is identical to that descr-ibed in
a.rticle 2 .. 13. I
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NONE

NONE

array containing the stochastic component
Nos ot data in the array
Sum ot the array
Sunl of sew,are!:: Df the I3rray
Stand3rd deviation ot the arra~
r"ean the By-ray
SI:ewneS5 coefticient ot tl)E a('ray
Excess coefficient of the array

COt1f10N fie I d ( 5 )

Para.meter=:
X
N
SX
SXX
SO
Xt1EAI,
CS
CE

.Called.subprogram(s).
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~lSL
Gl.
90

/ (~1-073)~lY~lENSINGH-73
IW-98
PANGARA
PIEZOMDER

39.014 ",etr.e
14.5/2 metre above
1.168 metre above

rrlin / Longitude
( since) : 1918

24 deg 32.5
of r-ecor.ds

Basic characteristics of station

OBSERVATION .JELL NO
Old No ( if any )
Location (Village
1YPe of (~eII
Depth of Well
Elevation of 11P
Height of ~1f'
Lab tude :
Avai labi Iity

SL DAlE OF WAH.R LEVC:L SL DA-IE 0:: 'WAIER LEVEl_
NO. OBSERVA I-ION FRO~1 MSUm) NO. OHSERVA-IION 'FRO~1 MSUm)

I. 7i 111980 9.342 27. II 7/1980 9 ..26.2
2. 14/ Ii 1980 9.212 28. 14/ 7/19EJ0 9.392.,

211 1/1980 9.082 29. 21/ 7/1980 9.492~.
4. 28/ 1/1980 8.882 3121. 28/ (/1980 9.-622
5. 4/ 2/1980 8.732 31. 4/ 8/1981.\ 9.152
6. 11/ 2/1980 8.502 J:2. 11/ 8/1980 9,,"872
/ . 18/ 2/1980 8.322 :53. 18/ 8/198L'l 1111.022
8. 25/ 2/1980 8.11142 34. 25/ 8/1980 1~.232
9. 3/ 3/198111 1.842 35. 1/ 9/198111 10..282

10. 1121/3/1980 7.862 36. 8/ 9/1980 10.532
II. 17/ 3/198121 7.382 37. 15/ 9/198111 10.532
1') 24/ 3/198121 7.232 38. 221 9/1980 1121.482
13. 311 3/198111 7.11152 39. 29/ 9/198111 HI. 462
14. 7/ 4/1980 6.852 4121. 6/1121/1980 10.41212
15. 14/ 4/1980 6.702 41. 13/1111/198111 1111.41112
16. 211 411980 6.652 42. 20/1111/198111 10.382
17. 28/ 4/198111 6.622 43. 27 /1111/198111 1111.382
18. 5/ 5/1980 7.252 44. 3/11/1980 10.332
19. 1"1 5/198111 1.412 45. 1111/11/198111 1111.21212~,
20. 19/ 5/198121 7.562 46. 17/11/1980 1121.12152
.2L 26/ 5/198121 7.862 4-i. 24/11/1980 9.902
':r-) 2/ 6/1980 8.142 48 • 1/12/1980 9.852.•.•_,.
23. 9/ 6/1980 8.352 49 .. 8/12/198111 9.152
24. 16/ 6/1980 8.532 50. 15/12/1980 9.672
25. 23/ 6/198L'l 8.732 51. 22/12/1981.\ 9.312
26. 3121/6/198111 9.012 52. 29/12/198~ 9.212



Highest l.evel = {iii. 53:! n,etre abo','e ~ISl.
I.owe,,! Level = '6.622 n,etre above MSL.
Depth ot lowest level trom Gl. = 6.782 metre
Range of fluctuation = 3.91~ metre
Mean Level = 8.980 metre
Standal"d deviation = 1.2~6 fi.etre
Variarlce = 1.455 ~q. metre

Harmonic ~nalysi" at groundwater level data
OBSEfNAT! ON Wl::l.l NO : ~1 -73
Year': 198~

Number' at signiti"cant ha~monic5 =

Hay'nlonies An,pli tude Prldse

1. 658 79.81111
.") •~125 313.192~
j • 186 47.695
4 .1II7~ 288.728
5 121""''''' 31113.145• J:.. •...

6 •11167. 82.962
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{(M-~47)

Basic characteristics ot station

156

deg 50.8 min

11SL
GL
9~

JAI1ALPUR - 4 (
MY-bl
SOU1HAn\APARA
lJUG

n.8Jl metre
~.~98 metre above
.45) metre above

25 deq 0.0 min! Longitude
records ( since ) : 1977

OBSIORVA.IIONl.JELLNO
Old No I if an~ )
Location (Village
fype of Well
Depth ot Well
Elevation of ~IP
Height of t1P
Lati tude :
Avai labiIity of



SL DAlE O}, WA'IER LEVEL 51. DAlE Ole 'WAll:.RLEVt::L
NO. OBSER,'ATIUN FRot-lMSl(nd NO. OBSERVA T1ON '1-ROM MSl( m}

I. 1; 1/191'1 5.878 2/. ,"')I //1979 '/.728~,

~. 81 1/1919 5.768 28. 9/ 7/1979 8.1Il08
" 15/ 1 i 1t.,'19 5.648 29. 161 '1/1979 8.128
w.
4. 22/ 1/1919 5.568 Jill. 23/ '1/19/9 1.678
5. 2C,'/ 1/1979 5.538 31. Jill///]979 8.99B
6. 5/ 2/1979 5.4B8 ..1,-, 61 8/1979 8.388~.
I. 12/ 2/1979 5.388 .53. 13/ 8/1919 1.958
8. 19/ 2/1979 5.338 ..14. 2~1 8/1979 8.11108
9. 26/ 2/1979 5.208 35. 27/ 8/197~' 8. 158

10. 5/ 3/1979 36. 3/ 9/1979 8.258

I!. 12/ 3/1979 37. 112119/1979 8.38B
1"-} 19/ 3/1979 4.958 38. 17/ 9/1919 8.238~.
13. 26/ 3/1979 4.958 39. 24/ 9/1979 7.828
14. 2/ 4/1979 4.908 40. 1/10/1979 7.678
15. 9/ 4/1979 4.878 41. 8/10/1979 7.958
16. 16/ 411979 4.858 42. 15/1111/1979 7.628
17. 231 4/1979 4.878 43. 22/1011979 1.648
18. 30/ 411979 4.878 44. 29/10/1979 /.068
19. 1/ 5/1979 4.958 45. 5/11/1979 6./08
20. 14/ 5/19/9 5.898 46. 12111/19f9 6.688
21. 21/ 5/1979 5.918 4 f. 19/111l979 6.478
'-r"') 28/ 5/19'/9 5.878 48. 26/11/1979 6.428
L.~.

23. 4/ 6/197'1 5.748 49. 3/12/1919 6. /88
24. 11/ 6/1979 6.478 50. 10/1211979 6.611l8
25. 18/ 6/1979 /.llI18 51. 17/12/1979 6.528
26. 251 6/1979 1.398 52. 24/12/1979 6.428

53. 31112/1979 6.298

1(M-1II47)
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deg 5111.8min

MSL
GL
90

JAMALPUR - 47
MY-61
SOUTHAHiAPARA
DUG

17.831 n,etre
9.11198met ,oe above
.457 n,etre above

25 deq 111.111min 1 Longitude
records ( since) : 19/7

OBSERVAflON WELL NO
Old No ( if an~ )
Location (Village)
lype of Well
Depth of .Iell
Ele',ation of t1P
Height of NP
Latitude:
Availabi Iity of

.' '

Basic characteri~tic5 of station
--------------------------------



JUsHin;;: data estiml< ted by spline-fit interpota tion

SL DATE OF ~JATER LEVEL SL DATE OF 'WA'IER LEVEL
NO. OBSERVATION FROl1 11SLlrid NO. OBSERVATION 'F'ROt1MSLlmi

;
I
I1. 1/ 1/1919 5.878 I '~.'7 2/ J/197'~ 1.128L' •.-, 8/ l/i979 5.768 28. 9/ 1/1979 8.12108L.

3. 15/ 1/1979 5.648 '-.'0 16/ 7/1979 8. 128..:..i •

4. 221 1/1979 5.568 JLD. LJ/ '//1979 J.678
c 29/ 1/1979 5.538 • 30/ 7/1 't 19 8.998oJ. 31.
6. 5/ 2/1979 5.488 32. 6/ 8/1979 8.388
1. 1--" I 2/1979 5.388 33. 13/ 8/1979 7.958L'

8. 19/ 2/1979 5.338 34. 20/ 8/1979 8.011l8
9. 26/ 2/1979 5.208 35. 271 8/1979 8.158
10. 5/ 3/1979 5.125 36. " 9/1979 8.258~.
11. 12/ 3/1979 5.041 37. 10/ 9/1979 8.388
12. 19/ 3/1979 4.958 38. 17/ 9/1979 8.238
13. 26/ 3/1979 4.958 39. 24/ 9/19/9 7.828
14. 2/ 4/1979 4.908 40. 1/10/197'1 ).678
15. 9/ 4/1979 4.878 41. 8/10/1979 1.958
16. 16/ 411979 4.858 4") 151 II!!/197'1 7.628
17. 231 4/19/9 4.878 43. 22/10/1979 /.648
18. 30/ 4/19/~' 4.878 44. 29/1011979 /.068
19. /1 5/19/9 4.958 45. 5/11/1919 6.708
20. 14/ 5/1979 5.898 46. 12/11/1979 6.688
21. 21/ 5/19/9 5.918 47. 19/11/1't 19 6.478
")'-:' 28/ 5/197'1 5.818 48. 26/11 /1979 6.428.:....:....

23. 41
,

3/12/1979 6./886/19/9 5.748 49.
24.

,
111 6/197'7' 6.478 l 11/1/12/1979 6.61/18

25. 181 6/1979 7.1Il18 5 .. 17/12/1919 6.528
2.6. 251 6/ 197~' J.398 5L 24/12/1979 6.428

53. 31/12/1919 6.298

deg SIIl.8 ",i"

MSL
GL
90

/(M-1'l471JAI1ALPUR - 4/
rlY-61
SOUIHArMPARA
DUG

1/.831 ",etre
9.098 metre above
.451 metre above

deg ~.~ mIn / Longitude
records ( since) : 197J

Basic characteristics ot station

OBSER'JATION WELL NO
Old No I if any )
Location (Village
Iype of ~leII
Depth ot Well
Elevation of MP
Height of MP
Lat itude: 25
Availabilit~ ot



Missing data Estimated by weighted-average method

SL DATE OF !-JA'IERLE'v'EL SL, DATE OF '!-IATER LEVEL

1\10. OESER"!AIION FROI-1MSLlm) NO. OP,SERVA'IION ' FROl1 11SUm)

1. 1/ 1/1919 5.878 2). 2/ 7/1979 7.728
-, 8/ 1/1979 5.768 28. 9/ 7/1979 8.1111118~.
3. 15/ 1/1979 5.648 29. 16/ 7/1979 8. 128

4. 221 111979 5••568 :Jill. 23/ 7/1979 7.678
5. 291 1/1979 5,538 31. 3111/ 7119/9, 8.9'98

6. 5/ 2/1979 5.488 :52. 6/ 8/1979 8.388

I. 121 2/1979 5.388 33. 13i 8/1979 /.958

8. 1,' / 2/197,' 5.3:J8 :J4. 20/ 8/1919 8.1108

9. 26/ 2/1979 5.21218 35. 27/ 8119 f9 8.158

1111. 5/ 3/197':1 5.24J. :56. 3/ 9/1 97':1 8.258

11. 12/ 311979 5.186 T' 11211911':179 8.388, .
1'") 19/ 3/1979 5.196 ~8. In 911979 8.238
13. 26/ 311979 4.'158 J9. 2.4/ 9/1''1/9 /.828

14. 2/ 4/1979 4.908 4U1. 1/11M1979 '/.678

15. 9/ 4/19/9 4.878 41. 8/1111/1979 :.958

16. 16/ 4/1979 4.858 42- 15/10/191':1 /.628

17. 2"J1 4/1919 4.878 43. 22/1111/1979 1.648

18. 31Z1f4/1979 4.878 44. 29/ 11M1979 'l.12I68

19. /1 5/1979 4.958 45. 5/11/1'179 6.11118

20. 14/ 5/1,'79 5.898 46. 12/11/1 'i'79 6.688

21. 21/ 5/1979 5.918 4/. 19/11/1919 ,6.478
.-:, ..) 28/ 5/1979 5.818' ' 48. 26/11/1'il'l 6.428~~.
23. 4/ 6/1979 5.748 49. 3/12/1919 6.188

24. 111 6/1979 6.478 SUI. 1121/12/1':1/9 6.61218

25. 18/ 6/1979 1.1.118 51. 17112/1919 6.528

26. 251 6/1979 7.398 5'/ 24/12/1979 6,.428
53. 31/12il979 6.298

159

deg 53.7 min

~lSL
GL
90

/(M-1II02)2JAMALPUH
MY-1II4
BARAHAIIA
lJUG

9.271 metre
10.160 metre above

.914 metre above
24 deg 53.8 min I Longitude

records ( since ) : 1961

-- _._----------------------_._------

OBSER'JAlION !-JELLNO
Old No ( if any )
Location (Village
I"ype of !-lell
Depth of I.e 1I
Elevation of MP
Height ot 11P
Lat itude :
Availability of

Basic characteristics ot statIon



Number ot significant harmonics = 1

160

291.269
298a296
321. 615

1.282
15.1"16

28.3.51112

. .J •

Amplitude

1.632
.44~
.0/9
.114
.126
.~2~

1
:2
3
4
:,
6

Harmonics

Iti9hest Level = 8.9Y8 metre above MSL
Lowest I.eve] = 4. SSS n,etre above MSI.
Depth ot lowest level from Gl. = J.7SJ n,etre
Range of fluctuation = 4.14~ metre
Mean Level = 6. :'32 metre
Standard deviation = 1.:219 metre
Variance = 1.487 Sq. metre

Harnlonic analH'sis .of groundl1later. level data:
OBSERVATION W"-LL NO : ~1 -47
Year : 1979



f1ar'rr,onic anal~sis of 9roundwater level data
l.It,Sc.RVA r ION WlOL'l. 1110 : 11 - L
'lear : 1979

NUrTlberot significant harmonics =

Har",oni cs Amplitude Phase

1 2 ..126 291.12188
" .588 273.12195~
Ji .299 324.344
4' .319 326.63~
5, 0169 31219.49/
61 .145 358.841

Harmonic analysis of groundwater level data
OBSt:f<liA lION WI::LL NO : rl - 2
Year :' 198121

Number of significant harmonics = 1

HarRlon ics Amplitude Pt,ase

1 1.886 310.828
2 .275 354.876
3 .286 ' 37.6~6
4 .12184 18.417
5 .12185 76.162
6 .~J2 . 292. 2illill

1 61



Ilarmonic analysis of groundwater level data
OIlSERVAI JOI~ WlLL NO : 11 .- :2
Year: 1981

---Number of significant harmonics = I

Harllionics Amplitude Phase

1 1. 793 329.354--, .254 :2/.431k

J .328- 299~382
4 • 2k14 ... 3'01.9/3
5 .iIl38 14.324
6 .1/133 3/.44'0

Harn,onic analysis of ground'uater -level data
OIlSERVAI JON WELL NO_: M -25
Year : 1979

Number of signiticant harrrionics = 2'

Harmonics Amplitude Phase

1 1.681 284.990-, .345 85.324~
3 .109 331. 464
4 .123 JiIl).98J
5 .115 46.)42
6 .06111 68.64i1l

--,
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Hanmonic analY5is ot ground"ater level data
OBSERVA lION WELL NO : 11 -25
Year : 198~

Number of significant harmonics. I

Harmonics Arr,plitude. f'ha5e

1.58'< 298.935
" .268 21.51ilJL

.I .27'1 48.203
4 .093 286.285
5 .145 .131.628
6 .094 336.1IJ23

I
II I, i

Harmonic analysis or groundwater: level data
O£Sl:fNAlI ON .Jf::LL NO : 11 -25 ..
Year : 1981

Nun,ber of significant harmonics.

Har"nlonics Arr,pIitude. Phase

I 1.068 35J.6liil.-, .218 lJ • .IIIL

3 .146 353.374
4 .026 2.751
5 .113 85.17J
6 .016 291. 9'11
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HOW 10 USE IHE GUIDE :

INTRODUCTIUN :

is for class
I

I".' ." "
,

Those who WIll retrIeve and analyse, data already stored in
Data Base files.

[hose who will enter data onto Uata Base files and then use
use the data like class A users.

Ihose who wiil first create the Uata Base files and'then
insert and retrIeve data like class B users.

i
i,

CLASS A

CLASS Il

this guide is divided into four sections :

CLASS C

Users of this DATA PROCESSING SYSTEM. can be looked upon into three
categories:

CLASSES OF .USERS

164

AI'PENIJl X . U

USE R • S G U I U L

Section III describes steps for entering data onto Uata Base
for class Band C users.

SectIon IV illustrates use of data after retrieval from the Data Base
Here the steps involved in running the application program developed
in this study are described. So this section is a must for the beginner
ota class A user. Class A and Class B users may also need to consult
this section if they wish to retrieve and analyse data from Data Base.

Section I decribes how to boot the prog~am diskette and start up with
the system as well as what precautions to adopt during.runnlng the
programs. lhis sectIon is for all classes of users.

Section II describes Data Base files and their creation and
C users only

this ouide is intended for the users of present Groundwater level
Data Processing. System which can be implemented in a HlS-80 Model 11
or an enhanced Hodel such as IRS-8~ Model 16E. An effectual use of
this Manual need that users have a smattering of the operating system
and are conversant with the terms: SYS'IEM, TRSDOS, EOOlINb A DISI(EIIE,
LOADING THE OPERATING SYSTEM, EXECUTING OR RUNNING A PROGRAM etc.
Beginners are advised to scan the first two chapters ( INTRODUCTION,
COMMAND & UTILITIES) of the OWNER'S MANUAL of the TRS-BIIlMicrocomputer;
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SEC r JON I

1.11 LOADING! HE PROGRAM DISI\ETTE.

Load the program diskette by following the instructions below

1. lurn on the TRS-80 Model 16B Computer.
2. lurn all peripheriels ( including Disk Expansion Unit ( if any I,
3. printers etc. ) on.
3. Insert the program diskette in drive zero l the left disk drive

built into the Con,puter J • Be sure that the level on the diskette
faces left.

4. Close the door of drive zero firmly.
5. rhe screen should show INITIALIZING or LoAllING. If the screen shows

EOoolERROR 11\ press RE.S~I button located below the system power
light and the screen will "OW show INlTIAl.IllNb oR LOADINb. [ If
still a BOOT ERROR occurs, then probably the program diskette is
not a system diskette, insert the proper diskstte 1. Ihe Computer
will take a few seconds to load the operating systen, and then will
display on the screen
E.nterDate (MM/DD/YY~YIJ .••"".'.
Now the user is to enter tod3Y's date exactly in the format ( ~lonth/
IDay/Year ). The year must be a four digit year. As for e>:ampJe it
today is the first day of february, 1985 , Ihen type

02/01/19135
and press EN°IER. rhe ,screen :Wll1 now show
Enter lime (HH.MM.SS):••••••••
Suppose it is 10 minutes 5 seconds after 9 a.m. Then type

09.10.05
and press EN IEIi.o1he ;screen wi 11 now sl,ow
TRSDOS READY

a •.•••••.•.•.•••••.•••.•.•••••••••.•••••••••••.•.•••••••.•••••••.•••.•.•••.•.•••.•.•.•••.•••••••••.•••.•••••.•.•.•.•.•••.•••.•.•••••.

Look at the CAPS key. The red light should be °on. If the light is off
press the key once.

1.21 CAUl!ON

Never leave the program diskette when work is done. It could be harmed
by power failure or mechanical ;failure in the drive(s)o.
Never remove a program/data diskette(s) from the drive(s) when the
program is running. I .
Keep cOPies of Data file(s) reserved. Because if a power failure occurs
during execution of the progra~, open Data filets) will not be closed

° ,and a next attempt to open it will destroy it.
I

S E.C T IoN 11



2.2/ CREATIUN OF DATA BASE FILES

2.2.1. Initializing HOB/SIN

~-,....
•

Q

HuB/SIN

I

IYPE AS GIVEN IN fHIS COLUMN
AND PRESS ENfER IN EACH SIEP

21/1
001
'J99

111111/12/1985
NIAI

Station tile
Water Ie)lel tile
Work tile

HDB/SIN :
HDB/SGW
HOB/WIlI\
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THE SCREEN SIIOWS

HlIll/SINcontains all the basic characteri'stics of stations lObs.
lIIell). Actual data ( lIIaterlevel data l is storeu in HDB/SGW.
Ilefore entering actual data ot a station in HIJB/SGW, basic
characteristics of the station must be entetred first in HOB/SIN.
HliB/WRI\is a temporary tile used during execution entering onto
HDB/SbW. The input data first enters a m",mory butter and in
HOIl/WRh and then onto IiliB/SGW.SIEDII program is used to enter
station data (baSIC characteristics of station) in HDB/SIN and
SrAGES program is used to enter lIIaterlevel data in HDB/SGW •
.But before entering data in HDB/STN or HDB/SGW, they must. be
.created and initialized by HlIBMNT.

When TRSDOS READY is on the screen type HUBMNT and press ENIER. Follol11
the sequence of steps that are given belolII:

He lJata Processing System composed of some tiles IIIhichcontains
the body of the programs. They are called program files and are
the follolllings

HDBMNT
SrEDI/
STAGES
U
H

While a number ot files, called Data tiles are used during
execution of the programs. fhey are :

1. HDBMN/-program ready
f. ••••••••••••••••• ; ••••••••••••••

2. INn of IRN-fi Ies ready
'{Wich file HLENAhl'JE.Xl:d = ...•.•

3. Opening file : HDB/STN
? No of sectors to be reset to zero =

4. 1 LUWER limit of data identifier =
5. ? UPPER limit of data identifier =
6. ? Enter date(DD/MM/YYYYl =
7. ? Enter NANE ot UWlliERin 16 char =
8. File init done tor HDB/SIN

f •••••••••.•••••••••••••••••

2.1/ GENERAL INFORMATiON ABuUT PRuGRAM AND DATA HLES



2.j/ Initializing HUll/WRK

HOll/WRK be initialized exactly as the same way as of HlJB/SGW, except
that in this case only first three numbers is to be entered for limits
of data identifier. More clearly, type I'll'll1'100 1950 for 10lllerlimit

When TRSDOS REAllY is on the screen, type IIUllMI~1and press ENIER. ~ollolll
the sequence of steps gIven belolll
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Q

I

HDll/SGW

21'11'1
I'll'll1'11'11'11951'1 11'1
999 J66 21'101'1 110
1'11/1'12/1985
NIAI

lYPE AS GIV!:.NIN 11115COLUMN
AND PRi:OSSENH:J{ IN EACH SflOt'fHE SCREEN SHuWS

¥.*at address J2Ell¥.*
READY

Response to be given a~ainst steps j,2 and B are not
changable for this Data Processing System. Nos. of records

depends on data sets to be entered in HUll/SGW and is equal
to 4 records per Year per Station. Limi ts of data identi tier
( steps 4, 5 ) consists of four numuers ( Station limits,
Not used, Year limits, Code of data type limIts ). Unly the
Year Iimits can be changed depending on the time of data,analysis. lhe four numbers of da~a identi her limit is entered
in free format. Leave arbitary nf'mher of space(s) ( 1 in the
above exan,ple ) betellleenthe num ers.

Bye
SlOP
TRSDuS

REMARKS

R!:.MAIlI(S:Response gIven against steps I, 2, 4, ~ and El are not
changable for this llata Processing System. Nos. of
sectors ( Step J ) depends on the number of stations
to be stored In HDll/SlN file and is equal to half the
number at stations pjus 2.

2.2.2. Initializing HD8/SbW

1. HUllt-iNT-program ready
f- ••.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•.•..••..••.•.•.•.•.

2. INII of 'IRN-ti les ready
? Wich file FILENAHE/EXT:d =

3. Upening fi,le : HDB/SGW
? No of sectors to be reset to zero =

4. ? LOWER limit of data identifier =
5. ? UPPER limit of data. identifier =
6. ? Enter date(DD/MM/YYYY) =
I. ? !:.nterNAME of OWNER in 16 char. =;
8. File INn done for HDB/SGW !

* ~ .
Bye
SlOP **at address 32Ell¥.*
TRSDOS READY



When IRSDOS RE:ADY is on the screen type STEDI r and press ENTER. Enter
data following the sequence of steps below :

<,

•
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I

0.'114
9.:nl
~

1'116

lYPE AS GIVEN IN IHIS COLUMN
AND PRESS ~NIER IN EACH STEP

911l

DUi:i

53.1
111l.1611l

1Il1ll2
NYMEtiI!:HNGH"':1Il2
,JlARAHAriA

t1Y-l!l4

24
53.8

All the data except those entered in step I, 2, 16 are
changable and depend on the station to be entered in Data
Base.

i
~EMARKS

I

S ~ C I ION III

':,

HOll/DAT is not in tact a uata Base tile and as such it need not be
created by HDBMN!. It is autoR,atical1y created by Users prograR,.

and type 9'19 366 211l1ll1llfor upper ,limits of data identifier.

2.4/ Initializing HDll/LJAI

3.1/ ENTERING SIAl ION DAtA IN HDB/SIN

3.2/ ENTERING WAIER LE:VEL DArA IN HDB/SGW

•ft •••••••••••••••••••••••••••••••••

IH~ SCREE.N SHOWS

1. S'IEDll-program readyi ? Station tile FILE.NAME/EXf:d =
2. Opening file : HDll/SIN

3. ? Station code =
4. Y ubservation well no =
5. ? Location ( village ) =
6. '! lildstation code =
7. ? l~pe ot well =
8. ? Availability ot records (since =
9. '! Coordinate latitude (degrees) =
111l.'! (minutes)
11. ? Coordinate longitude (degrees) =
12. ? (minutes) =
13. ? Elevation of MP above MSL (01) =
14. ? Height of MP above ground surface =
15. ? lJepth of well =
16.•..•....••••••••••.•••••••••••••••

Bye
SlOP '*at address.J419**

IHSD0S R~ADY



---------------------------------------------

WELCOMETO USE R S-program

•

ex1mPle
integer

HDB/SIN

HDB/S(;W

HDB/WRI\
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'IYPE AS GIVEN IN HilS COLUMN
AND PRESSENIER IN f::ACHS1EP

1

Iil999 -999 999
,1211/01/1979

7
1<l1lJ2

3 and 4 in the above
in step 9,mu5t be in

of the station is entered i"
screen , t!Jpe SrAb~S and
below :

stages
max =

SEC 1 ION IV

Nesponses given in steps 1, 1,
is not changaule. Data, entered

and in CM.

1Hf::SCR[f::NSHOWS

Make sure that basic characterIstics
HOB/SIN. When TRSDOSREADYis on the
press ~NIER and follow the procedure

1. S TAG E S PROGRAMRf::AUY
? Station fIle: ~lLENAME/EXi:d =
Opening file: HUll/S'IN
Water level file: HLENAM~/EXI':d =
Opening file HUB/SGW
Work file : F1LENAME/EXI:d =
Opening file HuB/WRII

2.
?

J.
?

4.
«

5. ? LIMITS in eM for checking
min, max, -diff min, ,diff

6. ? Starting date(OU/MM/YYYV) =
7. ? ritt,e step code (1/7) =
8. ? Station code =

When TRSUOSREADYis on the screen type U and press ENIER
The screen will show

i

i
9. Now enter water level data and quality code, if any as per directions

5hown on the screen. When insetion of data is completed scree!' wi 11
show *, type.!: and press EN'IER; Computer will save the uata iil disk
( file Hflll/SbW ) and return to I RSD(IS.

REMARKS:

4.1/ HoW10 RUN rHE Af'PLICAllON PRoGRAMDEVELOPEDIN nils STUUY

THIS PROGRAMCAN --------- ,_

(i) List station charateristics and data
(ii) Estimate missing data

(iii) Give statistical parameters of data
(iv) Give harmonics of data

FORANY YEAR AND 1-0RANY srAnON EStABLISHl:.D IN DATA !lASE
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Press ENIER to Continue

Press ENlI:.Hand the screen wiII show
Station :

rype station ( Obs. well No. ) number in three numeric digits and press
ENTER and the screen will show

Year

type year ot analysis in four digits and press ENrER ;
COR,puterwill now retrieve station data from HDB/SIN tile and water
level data from HUB/SGW file. It mlssing data is present in the data
Computer will proceed to"estimate it first by Spline-fit interpolation.
"if Spline-of;t is aborted to estimate the missing data screen will show

Missing data estImation by Spline-fit is aborted
1)0you wish to continue estimation by weighted-average method (YIN)

Type Y and press ENIER. If missing data estimation by weighted-
average method fa" the station under analysis is established in
the program then Computer will proceed to retrieve data for the
neibouring statio~ and the estimate the missing data b~ weighed-
average method. T~e screen will then show
l Jt missing data lestimation is not possible, screen will show

! OUI OF HANG':'
Missing data iestimation is still aborted ,"
Press ENIER to Continue

I
Press EIHEk and the screen w,J1 show )

ENIER USERS SELECTION
=====================

1. Listing of station characteristics
2. Listing of raw data
3. Listing of refined data ( missing data estimated )
4. lIarRlonicanalysis of" data
5. Exit from program

I
Ihis is the Main Neriu

I

5uppose you need to llist the station characteristics then type
1 and press ENtER, H,e screen WIll show
Printing desired on ~edio Screenl Printer ( VIP ):
fype f' if printing is desired on Printer, otherwise type
V and press ':'IHEk. Computer wilJ print you basic characteristics
characteristicse of the statIon you are currenlly analysing and
return to the screen



Press ENIER to continue.

DE51 RED 5 IAll51 1C5-----------------
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and the Computer
N wi 11 close

Now if you wish to analysis a new station type Y
will ask for station and year of analysis. Typing
aU the data files and return .to {RSUOS.

Printing desired on PRlNft::tl,CONSUL (PIC> :

~uppose you need all items t 1-7), type IJ and press ENIER • the
screen will show

1. Highest level above 11SL
~. Lowest level above M5L
J. Depth of lowest level from GL
4. ~ange 01 fluctuation
5. Mean level
6. 5tandard deviation
J. Variance
8. All of above ..
9. ~xit from subroutine

Now suppose you wish for some statistIcal parameter of the data
In that case type 4 and press ENIER and the screen show a subMenu

Now if you wish to terminate analysis for for the current station
type 6 from the Main Menu. The screen show

In this way you can have all your needs for the current station
and for the year you have entered at the start of the program.

Press ENIEf< and the computer will again return to the Main ~Ienu

Iype P or C and the Computer will prinl you all desired
parameters and return to the subMenu again. Type 9 to branch
to the.Main.Menu again.

Any user requiring data for his progran, should write a subroutIne
like DATAIN t NYl::AR,I{SI, RX I presented in appendix ...0. Input
to this subroutine is NYI::Af<( Year of data I and KSl ( array
containing 3 digits of station number ). Output from this subroutine

are f<X( array containing raw data I, I~ ( array containing station
data I, DAY & MONlH ( arrays containing dates .01 data collection I
Ihe arrays III, lIAY, MaNrH are contained in CUMMvN BLOCK. In most
case users are likely to need only the raw data ( array f<X I

Analysis for the station l ] is completed
Do you want a new phase (YIN)

4.•21 HOW W Rt::lIUEVI::DATA FROM DATA BASE: H>H U5EIl'S "~Obf<AH
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Ihis progran, must be linked to the DBMSfollowing instruction given
in appendix - D.

An example is given below to illustrate data retrieval fron, lJata !lase.
I'he problem is to write a program to compute differences In groundwater
l~vels between two station 0~2 and ~24 in 198~ retrieving data fron,
fron, Data !lase.

, 1'I, FL2/'HOll/','SGW ',2"DAIA FU/'HOJl/','SIN ',2*'
CALLOPt:N(6, eLl, 0J
CALLUPEN(1, fL2, ~J
CALLUAiAIN <1981i1,0,0,L,Y)
CALLOA-IAIN (1980,0,2,4, Y)
Do 111 I = 1 III NIOIAL
OIFHI) = VII) -- X(I)
SlUt'
tND

111

- Good Eye --

In such cases UATAINsubroutine can be direct ly used. I t other data
are required a COMMONBLOCI\must be present in the user's program.

C PROGRAMILLU;;lRAIING RURltVAL Ur IJAIA FIWH!lAIA BASt:
DIMtNSlON X(5J), Y(53J, DIFHj.3) , RX(5J), IU(4), fL2(4)
COMMuNIOAIACMI [(5.3), I:B(64), I\SI (:5), OAY(5.3), !'IONIH(5JJ,
NIUlAL, NMS

When••ork ••i th the Computer is done

1. Removethe diskette(s) from the drivels)
L. Iurn all peripherials I' including floopy disk expansion-unit

(if any), Printers etc: J OFF
3. Iurn the Computer OFf

4 •.31 ENOINGDATAPROCESSfNG
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• /' FOR ANY YEAR AND FC,R ANY STATION ESIABLlSHElJ iN DArA EASE'
-f .I / )

CALL PERl'llT
CALL OPEN(6,FL1,0I,
CALL OPENI7,FL2,0),
CALL OPENl8,FL3,IilIi
~JRlIE(3,3)
FORt1AT<' Stat ion .:, 1• I
REA[)(3,4) KST
FORI')ATCJl1l
~IRITE(3,51
FORMAT<' Year 'I
READ l:l,6) NYEAR
FORMAltI4)
CALL DAIAIN( NYEAR, KSI, RX )
NMS=Q!
00 101 I = 1 , 5J
IF (RX (J) .EQ. ,9'11. flJlNt1S=Nt1S+1
X(II = RX (I)
IF (NMS .EQ. ~ I GO TO 991
CALL MISSI
tjt15=0
00 113 I = 1 , NTOfAL 1IF I X(Il •E(~. -99 I . ,n NM = Nl'iS+ 1
CONTINUE
NSI = i0~*KST(I) + 10~KS (21 • KST(3)
CALL ADDRES (tj5T•NYEAR, NRI;.C)
IF (NREC .EQ. ~) GO TO 998
WRITEI8,RE(=NREC) NSr,NYEAR,NTOTAL,NM5,X
WRlrEIJ,111) CNTRL
FORMATIIX,Al,l/i/120X,'ENTER USERS SELECTION'/20X,21('=' 1,1,

-t 110X,'I. Listing of station characteristics'
• /10X,'2. Listing of raw data'

/10X,'J. Listing ot refined data (missing data estimated)'
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&: data'

, I

-------------------------------

I /,I-L2/1HDB/ I" ~SGW '.2*'

..
iiI List Station characteristc~

Esimate missing data
Give statististic at data
Give harmonics or data

--------------------------------

, ',

/ ' (i i )
," (iii)
I' (v)

•
-t

•
"

PROGRAI1 U5E.RS
INTEGER DAY,YEAR
BYl E. CNT RL,NO, AN5
DIMENSION FLI(4),FL2(4), FLZ(21, K5I'(J) _
COMMON /DATACM/ X(5J),18164),JSTIJ),DAY(53),MONI~(53).YEAR,

NTOTAL, rms
COMMON /RAWDAll RX(5JI
EQUI'vALHICE (COLAMI, IB (331 ), (COLOm, 1BUb) ) •

(E.LMPSL,lB(JB), IELMPGL,IB(40), (DEPTH,lB(42»
O"TA CNJRLl3~/,NO!'N' /
OATA FL1/'IHDB/I 1 ISlN 1,2*1
DAIA FL3/' HOEI ,,'DAI '1
WRITE(3,l) CNTRL
FORI'iAnIX,AI,' WELCOl'iETO USE R S-progran,' //i j)

WRlrE(3,2)
FORriAT(' THIS PROGRAM CAN

-t I'

,-

11J
991

101

998
111

4

6

101il

5

2



1111 CALL LSTSTN
GU fO 998

2222 CALL LIST(III)
GO TO 998

3333 CALL LIST!I)
GO TO 998

4444 CALL STAI
GO TO 998

5555 CALL HARI1
,GO TO 998

6666 WRITE13,6667) KS]
6667 FURMAfU/!lIX, 'AnaJ!ojsis tor station' .311,' is completed'

.l /lX,'Do y6u want a new phase (YIN) : ')
READ(J.6668) ANS

6668 FORt1AT(AI) ,
IF ! ANS •EQ. NU ) SIOf' USERS
GO TO IlIIiD
END

t /II11X, '4. Statistical anaJ!ojsis of data'
~ /l~X,'5. Harnlonic analysis of data'
t /IIIIX, '6. E>:it from program'////9X,' ')
READ(J,222) IND~X

222 FORMATU1)
IF( INDEX .G<.. 1 .AND. INDO .LE. 6 ) GO 10 999
GO 10 998

999 GO 10 (1111,2222,3333.4444,5555,6666), INuEX

....•. ",,..,'

174
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SUBROUflNe DAIAIN WYEAk, hS (, RX)
INIEGeR DAY, YEAR
BYI-E ANS, NO,CNI-RL-
DIMENSION ICBlI0),JCBiI0),hEYS(IS),[BU~IS64),RX(SJ),

.• I(SI(3), IS1 (3), IH(31, 121,NDAYSlI2),I'I\lMl (4),FNI12(4)
COMMON/UAI-ACMI XISJ);IB(64),JS-(13),DAY(SJ),MONfHISJ),YEAR,

-( NIO IAL, 1,11:3
EQUIVALENCE 1ISII 1) ,I<EYS( 1»), I IHI I, I), IBUFI 1»
EOUIVALENCE lCOLAI11, HUJ) I, (COLOI11, IBlJ6)),
• 1ELNPSL, !B 138) ), (ELMPGL,] B (40) I, (oEP I H, I Eo (4;:) )
DATA KEYS/lS10/,ICB/7,G,12,710/,JCB/6,m,J,m,0,0,m,0,0,m/,
• NDAYS/3I,-28, Jl, 30, 31,3111,31,31, 31iJ,31,30,31/, CNTRU30/
WRI1EI3,J3J) CNIRL

333 FORNArlIX,AI)
ICB(4) = -1
CALL TRNL~lNl 1CB,f(EYS)
1~IICB(S) .Ea. 01 Goro 2
CALL fRNERRIICB,KEYS)
REIURN

L DO 222 I = 1 , 3
JSl I I) = I(ST ( I 1

222 151(1) = hS-(I)
CALL TRNRlJCB,I(EYS,IB)
IFlJCBlS) .EQ. 0) GO TO 5
IFIJCBIS) .Ea. 4) G0 TO 3
CALL TRNERRlJCB,I(EYSI
RE1URN

3 WRITEI3,4)
4 FORNATI' ! Unknown sta_tion')

RETURN
5 YEAR = NYEAR

CALL STOKEYl7,4,YEAR,KEYS)
CALLIRNRI ICB,I\EYS, IBUF)
IFIICBIS) .EO. 0) GO TO 6
CALL 1 RNERR1I CB,f\t::YS)
RETURN

6 CONTH,UE
IFI~10DIYEAR,4) .EQ. \'I) NUAVS(2) = 29
N = I2l
UO 7 ~1 = 1 , 12
DO 7 -J = 1 , 31
IFl J .GT. NDAYSIN») GO TO 7
H'l IHIJ,11) .EQ. -9991 GO HI I
IFI IHIJ,M) .EQ. -998) GO TO 7
N = NI 1
IF I IHIJ,M) .EQ. -997 ) GO TO 67
RKIN) = FLOATlIHIJ,t1) )110111.0
RX(N) = ELNPSL - RKlN)
GO lO 68

67 RKlN) = -997.111
68 CONI !NUE

DAYIN) = J
NONTH(NI = 11

7 CONTINUE
N10TAL = N

.'
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',F9.3,' metre above MSL',
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, )

, , 14)5i nce )

, , 10A2)

!,5A21

',F9.3,J metre1
)

SUBROUTINE LSTSTN
INTEGER YEAR, DAY
Bn E CNTRL, VIDEO, PRINTR, ANS
,COM~10N IDATACt1/ X(53),I1H64), JST(3), DAY<5]), MONTH(53) , YEAR
+ , bITOTAL, NMS
EQUIVALENCE (COLAMI,IB(3]) ),( COLOt1I,IBl36i),

( ELMPSL,IB(38) ), (ELMPGL,lE.(411J) ), ( DEP"IH,lB(42)
DATA CNTRL!30/,VIDEO/'V'I, PRINTR/'P'I
LO=]
WRlTE<3,1)
FORMAT(' Printing desired on Video-streen/Printer (VIP)
READD, 2) ANS
FORi'lAT(AI )
IF ( ANS .EQ. PRINIR ) LO = 2,
]F ( LO .EQ. 3 WRIIE(],3) CNTRL
FORMAI ( 1X, AI)
WRITE(LO,4)
FORNAT<11i1X,'Basic characteristicsot station' 11X,32('-' )11)
WRITE(LO,5) (IB(1),I=l,1l11), JS'I
FORNAf( 1X, 'OBSERVATION WELL NO
WRI1E(LO,6i (IB(I),I=21,25)
FORMAT(lX, 'Old No ( it any'
WRltE( LO, 7) (IB( 1), ]=11,20)
FORMAT(lX,'Location (Village
WRI1E(LO,B) (IB(I),1=26,30)
FORMAT(lX,'Type ot WeI]
WRI1E(LO,91 VEPIH
FORi'lAf(lX, 'Depth ot .Jell
WRI fE(LO, lIill EL~1PSL
FORMAT(IX, 'Elevation ot MP
WRITE(LO,II) ELMPGL
FORt'lAI(IX, 'Heig~,t ot ~lP ',F9.3,' metre above GL')
WRITE(LO,121 IB(32),COLAMI,IB(35),COLOMI
FORi'lAT(IX, 'Latitude: ' ,14,' deg ',F4.1,' IT,in I Longitude

-t ,14,1 deg ',F4.1,' min')
WRITE(LO, 13) IB(]l)
FORMAT(lX,'Availability of records
CALL PERMII
RETURN
Elm

SUBROUTINE LISI( INDEX)

RETURN
Ehll)
BLOCf( DATA
INTEGER DAY,YEAR
COMMON I CNTRI LUN, I PS, I PW, l.i, ] S ( 128) ,LSPS, LSLUN ,r~.IF('
COMMONICT RbI/LUNL, LUNH, NCX, L IF, Ln, lXI, ITB( ~35), I\EY (15), NDI (15 i,

•• NDS(15)
(:011t10N IDATACMI X(53), IB (64), JST(3), DAY(53), t10NI H(5J), YE:.AR,

t NTOl AL, M1S
VATA LUNL, LUNH/6, 11M, Nex 1-1/, UF 1145/ , L fE./435/, I XU2901
DATA ITB/85'~,2,14.0,1,44'0,B5'0,2,14'0,1,44.~,85'~,2,14'0,

I 1,44'IIJI
DAiA LSPS,LSLUN,N.JFG/3*-1/, IBI3I1J*' ',34'0/'
END

10

9

7

1

4

2
i
I

6

8

5

III
i
II'"'I~
b
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INTEGER DAY,YEAR
BYTE CNTRL, ANS, YES. N(l, LPRINT, CONSOL
DIMEt~SIOI" X(S])
COMMON/DArACM/ P(S]).IB(64),f(SI 1]),DAY(S3),MClIHH(SJ),YEAR,

; NHIIAL, NtiS
CO~lMON/RAWDAT/ RX(SJ)
EOUIVALEI"CE (COLAI1I, IB(:.I]», ICOLOMI, IB(6»,

t- (EL~lPSL,JlH38», (I::LMPGL,IB(40)), <DEPIH,IB(42))
DATA CN1RL/30/,YES/'Y'i,NO/'N'/,LPRINl/'L'/,CONSOL/'P'/
LJO 99 I = I, tJl'YI AL
IF (INDEX .E<.l. 0) X(!l = RX(I)
IF IINDEX .EO. II XIII = PII)

99 CONl I1~UE
WRITE(3,1) CNTRL

1 FORMAT( IX, AI, 'Listing desired on (PRINTER; CONSOLl (LIP) ')
READ(3,2) ANS

2 FORt1AT(AI)
LO = 3
IFI ANS .EQ. LPRINI) LO = 2
IFI LO .E<.l. 3) WRIlE(],]) CNTRL

3 FORMATIIX,Al)
WRlTE(LO,4)

4 FORMAI'(IX,
t- 'SL lJATE OF ~IATER LEVEL SL lJATE OF
~ 'WATER LEVEL', 11 X,
+ 'NO. OBSERVAnON ~ FROM MSUm) NO. OBSER'v'ATION
+ 'FROM MSL(m)'/)
007 I = I , 26
J= 1 + 26
IF( LO .E'). 3 ;ANlJ. I .EQ. 14 ) CALL PER~lll
IF< XII) .1::1). -997.0 .AND.X(J) .EQ. -9''!1.0) WRIIEILO,8)

t- I,"DAYI I), MONTH( I), YEAR, J, DAY(J), ~10NIH(J), YEAR
IFIXII) .E<.l. -99J.0 .AND. X(J) .NE. -99J.01 WRllEILO,9)

+ 1 , DAY( I ) , MONTHI I ) , YEAR, J, DAY( J ) , ~10NIHI J ) , YEAR, XI J )
IFIXII) .NE. -997.0 .AND. XIJI .I::<.l. -99J.0) WRllEILO,101
:" I, DAYI I ) , MONTHI I ) , YEAR, XI I ) ,J, DAYI J ) , MONTH(J) , YEAR
IF(X(I) .NE. -99/.0 .AND. X(J) .NE. -997.0) WRIlEIL0,11)

t- I,DAY(I),MONTH(II.YEAR,XII),J,DAY(J),MONTH(J),YEAR,X(J1
~I CONI INUE
8 FORMAI(lX,I2,'. 1,I2,'j',I2,ljJ,I4, 4X,1 -----J,8X,I2,1 .

. -1 2(12,'/1)),14, 4X,~ -----')
9 FOR~1AT(lX,I2,). 1,2(12,',P),14, 4X,.1 J,. 8X,I2,

; 202,'I'),I4,4X,F6.J)
113 FORMAT(lX,I2,'. 1,2(I2,'/'},I4, 4X,F6.3, 8X,I2,'.

+ 2{I2,'/'),I4, 4X, 1 -----')

11 FORMAT(IX,I2,'. ',202,'1'),14, 4X,F6.3, 8X, 12,'.
t 2112,'j'),I4,4X,F6.3,14, 4X, F6.J)
IF(X(S31 .EO. -997.0) GO TO 91
IFI NTOTAL .EQ. 5]) l<JRI1EIL0,12) DAY(SJ),MONTH(SJ),YEAR,XISJ)

12 FORMATI3SX,'S]. ',2(12, 'I' I,I4,4X,Fb.3)
CALL PERMI"f
RETURN

91 WRIIEILO,IJ) DAY(S3),MONTHIS]),YEAR
13 FORMAl<SJX,' S3. ',' 2( 12,' I' ),14, 4X, ,-----, )

CALL PERMIT
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RtlUflN
ENlJ

I,
,

I
,

t

SUBflOUTINE MISSI
INTEGER DAY, YEAR
£.YIE ANS, YES, NO
DIMEI~SIOI, XXI 111l), YY(jIll) ,
COMMON/lJATACM/ X(53), IB (64), JST(3l, DAY(5:l), t10NTH(5]l, YEAR,

NTOTAL, NMS
EQUI VALENCE (COLAMI. I B <33 l ), (COLOMI, I B (36) ) •

t lELMPSL,IB(JSl), (ELMPGL,IBI411l)), (DEP1H,IB(41»
DATA NB/3/,FHI 1.IIl"LO/3/, YES/'Y'I, NO/'N"
NB1=NBtl
NBlJ=2>NB
CALL Nt11SSWESCl
iF( NESC .EQ. 111) GO TO 1
WRJTE(3,2)

FOR~lAT(f1X, 'Missing data estimation b" Spline-fit is aborted'
• I1X,'00 "OU wish to continue estimating bw Surface-fitting
+ , ' (Y /N l : ')
READ (J, 33) AI\IS
FORt1Al(AI )
I~ (AI'S .EQ. NO) REIURN
CALL MISS2
RETUflN
IS = NBt
Ie = N'JUrAL - NB
lJO ] 1 = is , IF
I tc ( X( I) • NE. -99'.: Ill) GO TO 3
IF( X'(1+1I .EO. -991.0 GO TO 4

, DO 11 J = 1 ,NB ,
XX(J) = FLOAT(J)*FR
III = 1 + J' - NB - 1
YY(J) = X(f;l) j

XINt = XX(NB) + FR '
DO 12 J = NBI , NHD
XX(J) = FLOATlJ+ll*FR
f\2 = I+J-NB
YY(J) = X(I\2)
WRITE(3,99) NBli , XX , yy
FORMAT(/IX,IJ/(IX,5Fll1l.3/5Fll1l.3/5Fll1l.3'5~1~.3»
CALL SPLIN(XX,YY,NBD,XINT,YINT)
XII) = YHjl
GO TU 3
DO 13 J = 1 , NB
XXIJ) = FLOAT(Jl*FR
1\4 =' I+J-Nf'.-1
YY(J) = X(f(4)
XINI = XXINf'.l + fR
00 14 J = NBI , NBli
XX(J) = FLOAT(Ji2)*FR
1;3 = I+J-NB+l
YY(J) = X(I,3)
CONTINUE
CALL SPLlN(XX,YY,NBD,XINf,YINTi
XU) = YIN'I
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3 CON rJNUE
REIURN
END
SUBROUTINE SPLINlX,Y,M,XINT,YINr}
DIMENSION Xll~),Yll~),CI4,1~}
IFIXINT - XII) 1 , 1 , 2
Y ItJT = Y (1)
REPJRN
h = 1
IFIXItJI-X(h+ll I 6 , 4 , 5
Y1hn = )'11\+1)
REIURN
1\=1\11
IFlM-KI I " 7 , 3
WRI1EC:j,~'71 11 , XINI , YINI

,FORMATIIX,13,2X,FI~.3,2X,EI~.31
CALL SPLICOIX,Y,M,C}
YINT = IXIK+II-XINT)'ICII,KI*(XIK+I)-XINT)**2 + CI3,KII
YI Nl = YUH , (XItJT-X 1I0 )* IC I2, 1\)f IXIN r-X 00 H' 2 : C I4 ,10 I
.JRIlE(J,921 Xl~;I,Xll'(+II,ICII,10,1=1,4)
FORMA1IIX,6EI2.51
.JRITEI3,931 M , XIN! , Ylm
FORMA1'(/IX,14,2X,2~12.5)
RETURN
.IR!r~IJ,81
FOR~lAT I' OUT OF RANGE FOR INTERPOLATION' I
EtJD
SUBROUTINE SPLlCOlX,Y,M,Cl
01 MENS ION X (1111I,Y I1111I,D (1111I,P (1111I,E I1111I,C 14, 1111I,A I1111,3 I,

+ B(II11},ZII1111
C WRlTE13,951 11 , X , V
95 FORI1ATlIX,'M,X,Y',I3,/IIX,5Fllil.3I)

MM = M - 1
DO 2 f( = 1 , MM
DlK) = XII\+I) - X(KI
Plf" = 00<1/6.111

2 EOO = lYO(+1 I-YliO liDO\)
DO 3 K = 2, ~1t'1

:3 EliO = EOO - E(I(-ll
All,2} = -1.1il- Dlll/Vl2}
AII,31 = Dlll/Dl2}
A12,3} = PI21 ,- P(]H'All,3}
AI2,2) = 2.lilflPll1 + PI211 Pll}*All,2)
AI2,J} = AI2,3}/AI2,21
E(2) = B(2)/AI2,21
DO 4 h = 3 , Mt-l
AO<,2) = 2.1II'IPlK II + PO<I) - PIK'1 I*AO"I, 31
BOO = BliO - PII\-II*BlI\-11
AIK,31 = PIKI/AIK,21

4 EIKI = BIK)/AIK,2)
o = DIM-21/DIM-l)
AIM,I} = 1.111+ Q ' AlM-2,31
AIM,21 = -0 - AlM,I)*AIM-l,3)
BIM) = BIM-21-AIM,llfBIM-11
LIMI = BIM)/AIM,21
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MI. = 11 -- 2
DO 6 I = 1 , Mtj
I\=M-l

6 Z(K) = B(K) -- A(K,3)'ZIK+l1
Z(I) = -A(I,2)'Z(2)-A(I,3)'L(J)
D07f<~-I,NM
Q = 1.~/(6.~'D(KII
C( 1 .10 = Zno 'Q
e(2,III = Z(II+ll'O
C(3,K) = YIKI/D(KJ-ZIK)'P(KI

i C(4,1() = Y(I(+1 I/D(I()--Z (1\+) HP(I\)
RETURN
I::ND
SUBROUTINENMISS( NE5e 1
INTEGER DAY, YEAR
DIMENSION MS(SJ)
COMMONIUATACM/ XIS3).IB(64),JST(3J,DAY(S3),MON1H(SJ),YEAR,
-, N10IAL, Nt1S
EQUI VALENCE (COLA~11,1B(33) I, (COLOMI , 1B(36) ),

., (ELMLSL, IB(JBI I, IELMP5L, IBI4~), IDEPIH, IB(42»
VATA NBi3/,NBli4i
I. I = e
uC> 1 I = 1 , NT01AL
I F (X (J) •NE. -997. 121) 50 10 1
NT = NT + 1
1151Nr:J = j

1 CONTINUE
NI::SC= 999
IF (N( .EQ. 1 .AND. M50) .GE.-NBI ) GO TO 9
IH N( .EQ. 2 .AND. 1"ISIl) .GE. IIIEI .AND. IMSUH1S(l)
i. .~E. t~BIA:AND. _~1S(2) .LT. (N)OTAL-NB:);, GO TO 9
,IF 1'11.1::'). L .nlm. MS(l) .GE. NBI .AND. (M5LH1S11»
'-( .EQ. 1 .AND. NS(21 .LT. (NTOIAL-NB1),> GO TO 9
DO 2 .1 = J , t'r1
IF(NS( I J .LE. NJ:',)50 TO 7
If'( 015(1)-1'1S(I-1) .EQ. IMS(I-l)-MS(I-2»)1 GO-106
IF( IM5(1)-N5(I-l») .GE. 4) NESC = 111

2 COtHmUI::
GO TO 9

6 NESC = 222
RETURN

I NESC = 222
RETURN

9 NESC = 111
RETURt-),
END I

i SUl'.ROUllNE mSS2
INTEG~R S-IN, RS1N,sr, YEAR, DA'(
DIt"1ENSIONDiI2), SI (1(1), RSTNI6,1121), SIUE(12,1121),FACTOR(6)

-I !, X5(6,S31, XHIS3),JST(31
COMMONIUATACt1i XISJ).IB(b4I,I(5Tl3),DAY(S3),MONTH(SJ),YEAR,

-I NTOTAL , NMS
EQUIVALENCE (COLAm,IB(33», (COLOt11,IB(3611,

-I (ELMP5L, IB(]8) I, (ELMPGL,IB(4~) I, (DEPTH, IB(42»)
DATA 5 rl24, 47,8'111/, R5TNI 42,25,72, ]'121,43, -42,72, 2, 2'~, 48'1111
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DI\'A SIDE/5.25, '1.35,'i. "1,3*iIl.0,12.1'1,11.45, 1:2.6,:J'1J.0,
• 1.65,9.55,3.7,4.35,2'1/).1,11.6,12.6,3.),6.9,2*0.0,96.1/).0,

C
C SEARCH FOR THE SIAl ION
C

SIN = 100*KSTIIJ+I0*KSJ(2)+KSTI3)
DO 11 NST = 1 ,lei
IFl SHNSI) .EQ. SIN) GO TO 12

II CONIINUE
WRlrEI J ,3) SIN

J FORNAll / IX, '! OUI 01" RANGE")
17 WRIIE(3,11/)
'10 FORNAIIIX, 'Misiing data estimation is 5till aborted')

CALL PERt11I
RETURN

12 DO 22 NSIDE = 1 , 6
IFI SIDElNSIDE,NSTl .EQ. 0.01 GO TO 13

22 CONTINUE
GO TO 14

13 NSIDE = NSIDE - 1
14 CONTI NUE

DO 33 1\ = 1 , NSI DE
A = SIDE(f';,NSTl
Eo = SIDEI/I+l,I,STJ
IF I K .Ea. NSIUE I B = SIDEll,NSf)
C = SIDE (1\+6,t,STi
CALL AREAl A , B , C , 0 , K)

3.3 CONTINUE
FACTORII) = Dill + DI2*NSIDEI
DO 44 II = 2 , t~SIDt.
FAC10R(K) = D(2*K-2l + D(2*K-Il

44 CONTI NUt:
SU/1FR=0
DO 30..11 = 1 , NSIDE

JOJ SUNFR = SUMFR + FACTORlI)
DO 101 J = I,NSIDE
NSIN = RBI'NII.NSTl
CALL SPLSTN WS IN,Jsn
NYEAR= YEAR
CALL DATAIN(NYEAR,JSI,XHl
1)0 10J J = I , 5J

10J XSII,Jl = XHIJI
11111 CONTINUE

DO 202 J = I , NTOrAL
IF ( X(I) •NE. -997.0 ) GO TO 202
XSUI1=0
00 2!llJ K = 1 , NSIDE
IF IXS(/I,I) .EO. -99).0) GO TO 77

203 XSUM = XSUM + FACTOR(K)'XSIK,I)
XII) = XSUN/SUMFR

202 CONTINUE
CALL PERMil
RETURN
END
SUBROUTINE AREAIA,B,C,D,KI



C
C 000 , NSTN < 999
C

DIMENSION D(12), ~ACTOR(12)'
COSO = (A**2 +C**2.~B*.2)/(2.0*A*C)
SI~] = SORIIl.0-COSO"2)
DI2IK-11 = AICOSQIAISINO/2.0
Dl2IK) = AISINU1IC-AICOSQ)/2.0
RE fURrJ
"NO

r., ,
\ .'
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DO I I = I , 9
13 = I11~11I
IF! I] .GT. NSlm ,GO TO 2
CON',mut=.
ISI!I) = 1 -. I
NS,N =1,31N .. ISTl I 1<100
D03!=I,'1
12 = 111111
IF I 12 ;GT. NSTN ) GO TO 4
CON1INUE
ISH2) ,; I :: I
ISTl]) = NS1N .. ISfl2111111
RETURN
END

SUllROUlINE SlAT
INTEGER DAY,YEAR
:BYTE ANS , PRINfR, CONSOL, eNTRL
COMt10N iDAl ACMI X(53) , IB( 64) ,KST (]). DAY(53) ,MONTH(53) , YEAR,
" NTOTAL, NMS
EOUIVALENCE (COLAt1I, IB(33», (COLOt1I, LB(36»,

I. (ELMPSL, IB(38», (ELMPGL, IB(40», (DEPtH, IB(42»
DATA PRINTR/'P'I, CONSOL/'C'I, CNTRL/31111
INDEX =0
WRllE(],!) CNTRL , ;
FORMAl ( IX, AI, 20X, 'DESIRED STATISTI CS----------

l
':----------:---'

t iI2/X,'I. Highest Leve! above MSL'
+ /27X, "2. Lowest Level above t1SL" I
t ,12"1, X, '3. Depth of !owe"t Le-"el tron, iL'
+ /27X, 14. Range of fluctuation'
.: /2JX, '5. Mean level'
• /27X, '6. Standard Deviation'
i /27X, ) I. Variance'
j /27X, '8. All of above'
., 127X, ''-1. ~"it fron, subroutine'/J

SUllROU rr NE PER~lI f
BY1E ANS, Y~S, NO
DATA YES/'Y'I , NO/'N'I
I.RllE U,!)

I FORMAr(IIIX,' Preis ENTER to Continue 'II)
READ(],2) NCOtf,

2 FORt1AT ( I I )
ROURN
END
SUBROUTINE SPLSrN( NSTN , lSI)
DIMENSION 1511])

,",~
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, )

I,F7.3, I metre above MSL')

1 .AND. NCHOIC .LE. 9) GO TO 3

1
1 ) GOI 0 99

WTOTAL
XMAX) XliAX=X ( I)
XMIN) XMIN=X (I)

RIOAO(3,2) NCHOIC
H)RI'IAT \ I 1)
IF( NCHOIC .GE.
GO TO H\
INDEX = INDEX +
If-' ( I NOEX •GOI•
XMIN = XU)
triAX = X( 1)
liltlI;:;2,
IF(X(I) .G1-
IF(X(J I .Li.
CONI INUfo
RANGE= XMAX - XMIN
Xml~GL = ELMPSL-XMIN-ELMPGL
SX= 1Z!.1lI
SXX=fII.1lI
lJO 8 1 = 1, NHITAL
5X = SX + XCI)
SXX = SKX + X(I)**2
CONI INU"
SSX = SX'SX
VAR = (SXX-SSXiFLOAT(m(nALl )/FLOAT(NTOTALo)
SO = SURT(VAR)
XMEAN= SXiFLOATINTOTAL)
Ifo \ I'KHO I C . foO. 9 ) GO HI 98

i ImnE(3,4)
; fORMATIIlK,' Printing desired on PRINTER, CONSOL (PiC)
REAOU, 5) ANS
FOR~lAl(AI )
LO = J
IF ( ANS .EQ. PRINTR ) LO = 2
GO TO 111i22,JfII,3J,44,S5,66,71,88), NCHOIC
WRIIE(LO,12) XMAX
FORMAT(/IX, 'Highest Level = ',FI.3,' metre above MSL ')
CALL PERtl1 I
GO TO IIl1
WRJIEILO,23) XMIN
FORMATI/IX, 'Lowest Level =
CALL PERIi1 I
GO TO 113
WRITE(LO,Jl) XMINGL
FORMAT(ilX, 'Depth ot lowest leveL trom GL = ',Ff.3,'.metre ')
CALL PERMIl
GO TO 10
WRJIEI3,34) RANGfo
FORtiAI (/1X, 'Range ot tluctuation = '.Ff.3,' metre')
CALL PERli 1 I
GO TO 10
WRIOIE(LO,45) XMEAN
f-ORliAl (/IX, 'j-Iean Level = ',FI.3, ' metre')
CALL PERIi1 I
GO TO 10
WRlIE(LO,S6) SD
FORf"1A((/lX, lStandar.d deviation = ..• F7.3, 1 metre")
CALL PERlill
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GO TO 10
66 WRI1EILO,67) VAR
67 FORMAT(/lX, 'Variane = 1 ,Fa.3,' SQ .• metre',

CALL PER11l"i
GO TO !0

n ~IRIrEILO,78) X~IAX, XM!N, XMINGL,RANGE • X~IEAN, SD, \JAR
18 FORMATl/IX. 'Highest Level = ',F1.3 •• metre above MSL'I

+ lX, 'Lowest Level = ',F7.3, 1 met~e above MSL'I
.•. IX, 'Depth ot' Jowe::t level t'l~onl GL = -,,F/.3, ~ rTl£?tl"e~."

t lX, 'R:mge ot fluctuation = '.F/.3, 1 metre'/
.; IX, 'Mean LFv'el = ',Fl.J, rTietre7j

j. IX, 'Standard deviation = I .FI.3,' metre'j
-t lX, 'Variance = ' ,FB.3, , ::Q .. meti-e' /)
CALL PERm 1
GO 10 10

88 RETURN
Elm

130 SUBROUTINE HARM
WRIH:13,l )

"1 FOR/,,1Af(//lX,'Well, If you are interested in harmonic analysis}
of ,1 then e:<it this system7/1X,'From system type H; pre':;;5 Er~II::R'
• " and proceed'lli)
CALL PER111"1
RETURN
END

SUBROUflNE AVVRES(NST.NYEAR,NREC)
INIEGER*! SlN(If111
UA1A STN/2,24,25,42,43,47,65,72,73,741
NREC=f11
IF l NYEAR .LT. 19/9 .OR. NYEAR :GT. 1983 ) GO TO 7
DO 1 I = 1 , !f11
IF l NSf .EQ. SfNI]» GO TO 4

1 CON"IlNlJE
4 NSTNU~l=]

IF ( NSt"NUM .EQ. 10 .AND. NSf .NE. STN(10) ) GO TO 7
NREC = (1'51 NUM-l) *5 + I'NEAR - 1978

I RETURN
END



PfW5RAM HAR~ION
Hn~G~R YEAH. 511,. ADDH

HYrE AN5, CNTRL. yES. NODIMEbIS1C'N X(5..1),A11f'(5..1I,PHI;I53) ,A1111I5..1),1;111"2(53) ,
• UIFF(5JI,AI5J),B(5JI,HI2b,5JI,XXM(5JI.RES(26),XR(5JI,
, P(2b), DP(2bl, DDP(26),151\3), Fl(2),RlI531,R2(~3)
UAIA FLJ'HDBi'. 'OAT 'I, Pl/3.14159271 ,PMIN/.12!167/,CNTRL/3I2!i
WRJIED,I) CNIRL

I FORMATIIX,AII
\~R11E<3,4)

4 FORt-1AI(lx,'5tation 'I
RlAD(J,21 151

2 FORMAl-13II)
\"R11EI3,5 )

5 FORMA T (J I IX, 'Year ')
READ<3,6) NYEAR

6 FORMAT (141SfN = 1[JI2!Hsn I) + 10>151\21 ,-I5T<31
CALL ADDRESlS1N, NYEAR, NREe
I~ I NREC .EQ. [J ) GO TO 1
CALL OPENIB,FL,[JIREADIB,REC=NRECI SrN , VEAR, N10TAL, NM5, X
ENDF1LE 8
IF INMS .GT. 0 50 TO 9
GO TO 8

i WRIIEI3.J?)37 ~ORMAr(l!lx,~Data not found'/!)
STOP : r38 FORMAT(/ilx,'Analysis is aborted due to presence ot missing'
_, " data") I, '

8 CONTINUE :
N= NT01AL
~J= FLOATINI
C = 2.111. -
5X= 0.111
5XX=I1I.11I
lJO 25 I = 1 , N
_5X = 5H X \II
SXX = 5XX + X(I,»2

25 CON1INUE
XM = 5X/FLOAT(NI
5SX = Sx*SXVAR= 15XX-55XIFLOAT(N»)/FLOAr(N)
SD = SORT(VAR)

uO 35 \-;:=1,26
Hi=l\
V=I1I.11I
2=111.111 I
uO 26 J 1 N I= • ,
XXM(J )=( X(J I'Xli)
FJ=J
V=V+XX~l (J1*COS (12.0111*PI*Fh*FJ IFLOATIN 1I

26 Z=l+XXM(J»5IN(2.I1II11*Pl*Fli*FJ/FLOArINI)
A(hl=2.I1I/FLOATINI*V
Blhl=2.I1I/FLOA1(NI.Z
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PA=A(f\)
PB=B(i'\)
AMP(I;) =SQR"I (PA*PA+PP.. PH)
AMP211() = AMP(K)"2/2.11I
AMMIK)=AMP(KI/AMPI IJ.II'lIi1.1l
PHA(i'\)=ATANI-PH/PA)'181i1.I!I/PJ
JF(PHAIK) .LT. 1l.Il)PHA(KI=PHAli'\)+J61'l.1i1
CObll INUE

WRITEI2,81) SIN, NYEAR
~'ORI1AT(//////lX,}HanTlollic analysis ot gY'oundwater lEvel data",
• !IX, 'OBSERVAflON WELL NO : M -',12,
I !IX, 'Year : ',J4/1f)
IF INMS .Gf. I'l I WRIIE(2,38)
I~ (NMS .GT. 0 ) STOP
WRIrEI2,82)
FORMAT(IX, 'Groundwater level data above 11SL are a5 follow5'11/)
WRITE(2,84) I XIII,I=I,N
FORMAT(IX,IIlFII'l.41
WRITEI2,83) XM , SO
FORMAT(IX, 'Mean of all data = ',F8.3,' metres',

..• /lX,'Standar'd deviation = ',FB.3,' Sq" metres'///)
DO 1111 INDEX= I , 13

DO 1001 J=I,I'~
SU~l=I'l.1'l
RJ=J
uo 101i12 i'\=I. INDEX
RI\=I\
SUM=SUM+AMPIKI'COSI2.I'l'PI>RK'RJ/FLOATIN)+PHA(K)'PI/181'l.I'l)

CONTII,UI::
HIINuEX,JI=XM+SUM

CObff INUE
RES(INVEX) = 1'l.0

DO 111I1'l4J=I,I,
XRIJ) = ( XIJ) - HI INllEX,J) J/SU

DIFFIJ)= IXIJ)-HIJNDEX,J)"2
RESIINllEXI = RESIINUEXI + VIFF(JI
cOin I NUE
.IRIIEI2,H14) INDEX, RESIINUEX)
CALL ANALYSIN.XR)

WRI TE (2, Ii1iJ) (J, XI J) , HI J) , DI FF I J) , XXMI J ) , j= I, N)
FORI'IAT14X, 'WEEI(=' I2,4X, 'ORIGINAL DAIA='!'6.J, IX,' COMPUTED DATA

• =' F8. 3, 3X, 'DIeFERANCE=' FE:!.3, 4X, 'ORI. UATA-MEAW', . F8. J)
CONTINUE
CONTINUE

FORMATII9X, 'Residuals for',!3,' harmonics =',FI0.5/9X,3E:!('=')/)
DO 11.; NH= I , 26
SU~l = 111.1:1
DO 79 1 = I NH
SUM = SUM + AMP2(II
CONTINUJ::
P (NH) = SUI1/VAR
CONlINUJ::
I-IRITEI2,31
FOR~lATII 19X, 'SI.No.', 13X, 'PI I)', 13X, 'DELlP( I»', 13X, 'DDP( I)' /l
DO 21 NH = I , 25
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41

11/

118

119

227

228

JJ7

J38

JJ'~

1

DP(N~I) ;::P(Nrl+l, - P\NHl
DU 22 1'~H;::- J.. 25
UuPlNHI = UPINHtl) - DPINHI
WRIlE12.411 , i . Pll) , Will. DDP(l). 1= 1.25)
FORt-1Af(1I1i.',,!J. HJ.':,FIO.5,IOX,FIO.S,10X,FII1l.51
NSIG = J
SmN = RESlI)
DO 117 1 = 1 ~ 13
1F ( RES( I) •GE. sm N ) GO TI) 117
SI11N = RtS,])
NSIG = I
COI~I ltJU!:
.IRITE(2, 118) NSIG
FORl"lAT(III/1X,'NUITrber at ~ignitica.nt har'nIQnic~ = ',12//)
.IRI rE(2.119J
F('RMAT(//lX,Hermonics Amplitude Phe5e'lll
WR11E<2,22'!) ( 1 , AI-W(II, PHA(l) 1 = 1 , NSIG )
FORMAT(4X,12,5X,F9.3,5X,F9.3)
DO 228 1 .= 1 , hi
Rl(II = >:II) _. H(NSIG,IJ
R2(1) = RI(])U::'
cOin iNUE
1'1SUrl=O
R2SIJI-1=O.O
DO :i3i I = I , I,
RISIJM=RISIJM+ Rill;
R2SIJM=R2SUM; R2iI)
CONI INUE
WR11E12,338)
FORI'IATlI/lX,'Sl. OBS.value CAL.value 'f/)
WR11E12, J:i9) (I, X( j i , H( 1, I ) , I-j(2, I ) , H(J, 1>; H(6, I ) , H(8, Ii, 1=1, N)
FORMAT(IX,12,5X,F9.4,5X,~9.4,5X,F9:4,5X,F9.4,5X,F9.4,5X,F9.4J

STOP .
END

PROGRAMHARMOI~
INTEGER YEAR, STN, ADDR

BYlE ANS, CNTRL, YES, NO
DIMENSION X(53i,AMP(5JJ,PHA(53J,AMM(53),AMP2(53J

+ 'DIFF(53),A(53),B(531,H(26,53),XI"(53),R~S(26).XR(5J),
• P(26), DP(26), DUP(26J,JST(3J, F1(2),Rll(5JI,R2(5JI,
DATA FLI' HDBI' , 'DA I 'I, Pl/J. 1415927/ ,PI1[N/, 1111611.CNIRL.':iO.:
.IRlTE(3,1) CNTRL I'

FORMAI(IX,All
WRITE(3,4) I
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PRuGRAI1 HARI10lJ
INTEGER fEAR. SIN. ADDH

BY1E. AI'S, CNI RL, YeS, I'.J
uIMENSION X(5~I.AMP(5]),PHA(5J).AMMI5J).AMP2(5J) ,

+ DIF~(5JI,A(5JI,B(53),HI26,5J).XXMI53),ReSI261.XR(5J),
t P(26). DP(26), OlJP(26),ISIIJI, FL(21.R115JI,R215])
DA"IA FL/'HDB/', 'DA"I '1, PlIJ.1415927/ •PI11Nl."~1671,CN"lRLi3ei/
WRITE(J,l) CNTRL
FORI1ATllX,AI)
~JRl rE(],41
FORMATI1X,'Station 'I
READ(],2) ISr
FORMAT L.lI1i
~JRITE(3,5 I
FORMAIII/1X, 'Year 'I
READI3,6) NYEAR
FORMAT( 14)
sm = 1ei0>IST(1) + 10>IST(21 t ISI(])
CALL ADDRES(SIN, NYEAR, NREC
IF I NREC .EQ. 0 ) GO TO 7
CALL OPEN(8,FL,~)
READ(B,REC=NREC) SrN , YEAR, ~lTOTAL, NMS, X
ENDFILE B
IF (NMS .GT. 0 I GO TO 9
GO "10 B

"~IRIIE(J,3n
FORMATC//1X,JData not tound'!!)

"-,
L

4

1

,,

6

5

38

B

25

FORMAl (I/IX, 'Analysis is aborted due to pre5e~ce ot
I data')
CONTINUE
N= N10lAL
L.)=FLOAr IN)
C = 2.~
SX= ~.0
SXX=~.~
U0251=1,N
SX = 5X+ X(II
SXX = SXX + X(I)**2
CON IINUE
xt1= SXlFLOAI (NI
5SX = SX*SX
VAR= (SXX-SSX/FLOAT(NI)/FLOAT(NI
5D = SORTIVAR)
DO 35 K=1.26
Fh=h
Y=IZJ.0
Z=IZJ.~
00 26 J=l,N
XXMIJI=IXIJI-XMI
FJ=J
Y=Y+XXM(JI*COS(2.~0*PI*FK*FJiFLOAT(NI)

26 1=1+XXM(J).SlNI2.~~*Pl*FK*FJ/FLOAT(NII
A(KI=2.~iFLOAT(N)*Y
B(KI=2.~/FLOAT(N)*l
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PA=A00
PB=BOO
AMP(K)=SQRT(PA'PA+PB'PBJ
AI1P2(Ii) = AMP(10" 2/ 2. III
AMM(K)=AMP(K)/AMP( 1,.1111111.111
PHAII()=ATANI-PB!PA)"81.\.~/PI
IFIPHA(K) .ll', 1II.III)PHA(KI=PHA(K)+36111.111
COI>JlHM,

WRITEI2,81) SIN, NYEAR
FORI1AT<111111 IX. 'Harn,onic anal'lsis of ground"'ater le'vel data",

11X, 'OBSERVATION .JEll NO : M ,'.12,
/lX,'Year : ',!411/)

IF INMS .GT. 0 ) WRII'EI2,3B)
11- INMS .GT. ~ ) SlQP
WRIJEI2,82)
FORMAT(lX, 'Groundwater level data above MSl are a;; follow;;' //1)

WRllE(2,84) I nIl,I=I,N
FORMATllX,II11Fll11.41
WRI'IEI2,B3) XM , SD
FORMAfllX, 'Mean of all data = '.FB.3,' metre;;',

!lX'~IStandard deviation:= ',f8.3,1 SQ. metres'///)
DO 1111 INDEX= 1 , 13

DO 111101J=I,hl
SU~I=0.111
RJ=J I
DO 1011121';,=1,INlJEX,
RII=I', 'I
SUM=SUM'AM~IK)'COSI2.III*PI'RK'RJ/FlOAT(N)+PHAIK)'PI/IB0.111)

CONlINUE
HIINDEX,J)=XM+SUM

CONTINUE _,
RESIINDEX) =,0.O

DO 101114J=I,1~
XRIJ) = I XIJ) - HIINDEX,J))!SD

DIFFIJ)= (XIJ)-HIINDEX,J)"2
RESIINDEX) = RESIINDEX) + DIFF'(J)
CONI INUE
.IRIrE(2,l1ll4) INDEX, RES(JNlJEX)
CAll ANAlYS(N,XR)

.IRITE (2, 11113)I J, X(J) • HI J) , DI FF (J) , XXMI J) ,J=1 , 1')
FORi1ATl4X, 'l,JEEI\=' 12,4 X, , ORIGINAl DAIA=' F6. J, 1X, '

• ='FB.J,3X, 'DIFFERANCE='FB.3,4X,'ORI. DATA-MEAN)'.
COI>J'[I1JUl
CONTIWJE

FORi'lAl U9X. ' Re;; i dual;; for', Ll,' harmon ics '=' ,FH1. 5/9X, 38 ( '=' ) j)
, ,

DO 10 NH= 1 26 1

SUM = O.O I
DO 79 I = 1 , iJH I
SUi'! = SUM + A~lP2( I )1'

CONYHJUI:
PI NH) = SU~l/VAR
,CONTINUE
WRITE(2,3)
FORMA'I11I9X, 'SI.No.' ,13X, 'PIl I', 13X, 'DEL<P(l) I' ,I:1X, 'DlJPII)' f)

DO 21 I'H = 1 , 25

•
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21 UPINHI = PINH+I) - PINH)
DO .22 NH= 1, 25

22 DlJPINH) = DPINH+I) - DPINH)
WRllf:IZ,411 I 1 , P(1) , DP(1), DDP(1), 1= 1,25)

41 FORMArllGX, l3,IGX,FIG.5,IGX,FIG.5, I(/JX,f-IG.5)
t~Slb = 1
SmN = RES(I)
DO III I = I , 13
IF I RE5( 1) •GE. SHIN ) GO fO 11'1
51111'= RES(1 I
N51G = I

117 CON']!NUE
.JRIrEI2, 118) NSIG

118 .FORMAT(//I/IX,'Number ot significant harnlonics = ',12!/)
.IRrlEI2,119)

119 FOR~lATllllX, 'Harmonics Amplitude Phase' II) ,_
WRlTE<2,227l ( 1 , At1P(1), PHAO) 1 = I , I~SIG )

227 FORMAI'14X,12,5X,F9.J,5X,F9.3)
DO 228 1 = 1 , N
Rl<11 = Xll) ., H(NSlG,I1
R2(1) = RlIlIH2

228 CONTINUE
R15U11=12I
R2SUi1=G.121
DO 33i 1 = I , 1-1
RISUM=RISUM + RIll)
R2SUM=R2SUM+ R2II)

337 CONTINIJE
WRlTE(2, J~,8)

338 FORMAlI III X, '51. OBS.value CAL. value" II)
WR11E<2, :539) (I, X( I I , HI I , I ) , H12, I ) , H(J, I ) , H16, I ) , HI 8, I ) , 1=1 , N)

339 FORMAl(IX,12,5X,f-9.4,5X,F9.4,5X,F9.4,5X,F9.4,5X,F9.4,5X,F9.4)
STOP
END

SUBROUTINE ANALYS(N,X)
DIMENSION Xi:;3)

SX= 0.121
SXX=0.1Zi
UO 25 1 = I , N
5X = SX+ XU)
SXX = SXX + XIII**2

25 CONIINUE
XM = SX/FLOAT(NI
5SX = SX*5X
VAR= (SXX-5SX/FLOAT<N) )/FLOArlN)
SO = SQRT(VAR)
S3=G.12I
54=121.0
lJ0111I=1,N
S3= SJ + (XII) 'XM)**3
54 = S4 + (Xll)-XMI**4

111 CONI INU[
C C'J=5DI XM

CS=53/FLOAT I N) 15UH3
CE=Sq/FLOAfIN)/VAR**2 -J.G



WHI"IIoU,113) XI1,SD,CS.Cl
I1J FORMAl'( 9>:, IMean = 1 ,E12.5.5X,} S.U. :: '.f-8.4,5X, I Cs =

-I ,FB.4,5X,' Ce = ' ,f".8.1.j )
RETURN
END

1
4

2
3

7

SUBROUTINE ADD RES (NST ,NYEAR, NREC)
lNllGER SlN(10), YEAR(j)
UA"IA STN/2,24,25,4~,4].4l,65, 12,13,'74/
DAIA YEAR!19!9,1980,1981,1982,198JI
NREC=0
IF NYEAR .LI'. 1979 .uR. NVEAR .GI. 1983 ) GO TO 7
DO 1 j = 1 , H1
IF (NS', .EQ. 5ItHI» GO TO 4
CONTINUe
N5rNUM=I
IF ( NSTNUM .EQ. ,10 .AND. NSf .NE. SfN(10) 1 Gu 10 7
DO 2 I = 1 , 5
IF ( NYEAR .EQ. YEAR (I) ) GO TO 3
COhlT INUE
NVRNUt1 = I
NREC = INSINUI1--1)*5 4 NYRNUI1
RETURN
END

" ,
i
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