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FOREWORD

Planning, design and management of water resources projects in India for
sustainable and optimal development of the country’s water resources have
to be essentially based on sound hydrological and hydraulic studies using
appropriately validated hydro-meteorological data. Two softwares namely
SWDES and HYMOS were developed under the Hydrology Project-I for the
first time in India with the objective of systematic management of hydro-
meteorological data, its proper validation and carrying out various studies
such as water availability, dependability, intensity-duration frequency
curves, rainfall-runoff relations, flood frequency analysis etc,

SWDES being the much simpler software of data entry only is quite user
friendly and people using it do not encounter much difficulty in adopting it
for regular use. HYMOS is, however much more complex and many users
find difficulty in developing sufficient expertise for it in a “self teaching”
mode. Consequently, use of HYMOS is still limited to a few officers only and,
as a result, utilizing the full potential of the collected and duly validated
hydrological data continues to be a major concern. It requires renewed
attempts to train, educate and familiarize all those engaged in this activity
about use of HYMOS which the Central Water Commission continues to do
time to time through its National Water Academy (NWA) as well as other
units.

In an effort to address these issues,NWA has brought out this publication
“Application Guide for HYMOS Users”. The guide illustrates several worked
out examples ranging from software installation to tertiary level of data
validation, i.e. rainfall-runoff validation etc. It is intended to guide users to
attain their task without much difficulty as it is simple to understand due to
the use of extensive screenshots and descriptions.

I would like to place on record my appreciation for the faculty of the National
Water Academy, Central Water Commission in bringing out this document.
Since this is the first edition of this publication, suggestions for
improvement will emerge in the days ahead. I am sure NWA will incorporate
those comments and make this compilation still better in future versions.

(A K Bajaj)
Chairman, CWC
& Ex-Officio Secretary to Govt of India






Instructions to Users

+ A series of hand-outs illustrating validation of rainfall, water level data; fitting of

rating curves; and rainfall runoff validation in the end have been incorporated in
this booklet. These examples supplement the already published HYMOS user
manual and a number of training modules brought out under Hydrology Project

A presumption that these hand-outs are enough in acquiring familiarity with
HYMOS has no merit. It is only a step forward in that direction. Accordingly,
users are strongly suggested not to follow instructions herein in isolation of user

manual and training module.

To guide the users accomplish their task smoothly, descriptive paragraphs have
been linked with concerned figures. This aside, references at several places have

been inserted in this document which users may refer to.

The beginner in HYMOS may start with these examples without referring to

these materials. However, gaining full familiarity with the various functionalities

of HYMOS does need understanding of materials referenced.
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Chapter 1

HYMOS INSTALLATION & EXPORT OF DATA FROM SWDES TO HYMOS

The set-up file for HYMOS 4.03 version installs the HYMOS software in addition to creating a
number of folders in c\ drive. Of them, c\HYMOS database and C:\Program Files\HYMOS
4\SYSTEM are important ones. Another file quite often used for report file generation is
C:\Program Files\HYMOS 4\HTML Report Sample. The SYSTEM file needs one license file

bt

with *DAT extension. The file WM.t ot hing with Hardware key/Dongle must be available
in the SYSTEM folder. Additionally, a green dongle driver/set-up launcher is required to be run

before HYMOS is ready for use.

Green Donge Drivers (Sentinel v2392) 95-98-ME-NT4-2000-XP.exe

B
Installation of HYMOS 4.03.01

DELFT-WISE water systems suite

(for Hydrology Project)

72 start [ HimoS IMPORT - bic...

This exercise aims to expose the user to export data from SWDES software to HYMOS followed by
its import in HYMOS environment for its secondary validation and extracting a set of invaluable
information for subsequent hydrological studies. Upon clicking on SWDES jcon, an opening
window of SWDES appears. A box in the middle needs username and password to start with
(Fig.1). Default username and password is admin & admin respectively. This step lets the user to
next interface having a series of options for data entry.
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M SW-DES (Version 2.2) - Work Area : C:\SWDES Databases\EXAMPLE_TRA.mdb MEE
|| Fle window Help

Password:

=]

e XAMPLE _TRA.mdb - 3
Sample Dalab
ample Databass =
u 4

Hydrological Information
System

Helpdesk

E-mail

Password |

Fig. 1

Click on the ‘Hydrological Data’ button followed by on 'Summary of stage-discharge data’
& from the dropdown menu of station name (Fig.2), select ‘Mancherial station and check if
data for a period starting from 01/01/1998 to 31/12/1998 is available (User may select a period of
his/her choice). Change in period/months etc is accomplished by appropriate selection of year
and month appearing at upper right part of the page (Fig.3). Close this page and return to Main
Switchboard by pressing __return to main switchboard’ .

SW-DES (Version 2.2) - Work Area : C:\SWDES Databases\EXAMPLE_TRA.mdb - [Stage Discharge Summary] [DEE

” File Edit Insert Records Window Help Utiities — |2 x|
“ b4 fiep e = add Rec |M Del Rec ‘ B ‘ [l 35 L5 L |_’| Reports = ‘ U8 Check Zera of RL 4] Dry/NoFlow | &5 ‘Quse‘

- |[5tation Code | - ‘sss =]

Sub-Division asin] = JCong_ | |.nugus| |
GoarCoverri | YELL! AGO0IP3
AGO00S9
DEGLOOR AGP20F4
Purna AGROOAS
9A_Pondugala AKOO0E_7|
MINDOLA @ BARDOLI BARDOLI
Bilodra Bilodra
Chaskman Chaskma
Kashti Kashti
Mahemdabad Mahemd.
i at Habhoi HS000D5
Watrak at Kheda HSBOOD2
Watrak at Gadvel (Ratanpur HSBOOIT
Pargaon Pargaon
FormView i

Fig. 2
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. |SW-DES (Version 2.2) - Work Area : C:\SWDES Databases\EXAMPLE_TRA.mdb - [Stage Discharge Summary]
File Edi Insert Records Window Help Utilties — = x|

B o b L Lt Lot kot Reports - | T Check Zeroof RL 8 DrvhoFlow | %7 7% | close

P4 NewRec - AddRec | PR DelRec

[Station Name: Mancherial - |[Btation Code_[ac00043 | ZeroRL| | Year|tss =]
SubDivison__[Mania SD. Nizamabal [Local River / Basn[Godavari J[Cat_[18750°007 Long._[78"27°00"|[WMonth[Apr it |

User Level : 1

ring _[Gradiert 'ﬂ
i

1 125266 3039 Observed ~| 1264 000093 3000 3000 0425 023 0079
1 125 256 2800 Observed ~ | 1235 000033 3000 3000 0412 0227 007
i (] Z605 Obeerved | 1214] 000053 3000 3000 0405 0215 0.7
1 125 24| 2454| Observed »| 1166  0.00093 30000 3000 0383 0214 0.076]
i 15 2 m‘tnmpuled <
1 125,246 2477 Observed - | 94 u. 0308 0252 005
1 126 236 2.303| Observed ~| 1114  0.00030] 30000 3000 0371 0.207] 0.075]
i 1522 2400 Computed ~
1 125276 2 200/ Computed +
i 175216 2200Compuled ~
1 125206 2057 Obseved - | 1054 000090 3000 3000 0351 0099 0077
1 1252 2.000[Computed ~
i [E3E] 1905 Obeerved ~ | 700 000050 9000 w00 0263 0251 O.04g)
1 125191 1.900(Computed
1 125191 1968 Observed ~ | 1004 0. 03450 1ﬂ 0.075]
1 125186 1760 Obseved | 964 000090 3000 3000 0328 0780 0.7

| N

Form View

[ e

¥2 start

Fig. 3

Click on __Utilities” > ‘Export of Data’” > ‘Export for HYMOS (New Version)” to get a list of
stations; data of which need to be exported to HYMOS. Select ‘Mancherial’ and click on

‘ok’ _(Fig.4). This step opens up a dialog box prompting user to select the range as well as type
of data to export (Fig.5). Backward/Forward buttons or spin buttons (if cursor is clicked next to
year fig) help select the desired duration/period. Destination file path/name is defined as
c\SWDES databases\mancherial_export. Else, user may define the path using browse button
appearing by it. Once done, press Transfer’ button to let software generate a file at user defined
location. Exit from SWDES now.

"¢ SW-DES (Version 2.2) - Work Area : C:\SWDES Datahases\EXAMPLE_TRA.mdb - [Selection]

File Edit Insert Records Window Help Utiities

Closs

amati

Select All

Selection window

[

:.' start

Fig.4
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SW-DES (Version 2.2) - Work Area : C:\SWDES Databases\EXAMPLE_TRA.mdb - [Transfer : Form]

|| Bl Edt Insert Revords Window Help Utiities

“ i option ¥ Cose

Transfer to HYMOS
data data
Al Mone Custom Rainfall Al Nore Custom Water Level Al Mone Custom
Station Characteristics & Daily o @ Mubplstines | &~
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wee oy Houly & o
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F 5 Climatic
C it b ki t o & I =
Hl:lrefnzme e: information &~ = T Femmtn @ @ ®
of Zero of gauge [ £ Twcadaly & € Sediment data - Summary
X-Sections © C 1
Hour & o @ Stagedischaige @
- Water Quality o 2gosohae =
Sunshine Duration Sedimentdata &
Sample Collection / fnalysis & ¢ ¢ EG! -
detais Hourly ® C C
01011390 31/05/2009
| |
bon Tus Wed Thu Fi Sat Sun bon Tue Wed Thu Fi Sat Sun
R Desfination File Name
@ 2 3 4 5 & 7 4 5 B 7 83 3 10 CASWDES Dalahasas\manchan&
8 8 10 11 12 13 14 M1z 13 1415 16
Click on the year lael to change the
15 16 17 18 19 20 21 18019 20 21 2 23 ot SF OTTE T Ved
@ 23 M W B/ 7 B 2 26 7 28 23 30 @ Transt
29 30 A —fansfer
[Farm view

chart 4 - Micr..,

Preceding steps have created a file

‘mancherialexport’

Fig.5

&)L Q0 Lozem

in SWDES Database folder. This point

forward, a number of steps involving HYMOS SOFTWARE guide the user to import this file in
HYMOS (For HYMOS, default username and password are administrator & hello respectively).
Open the Database Manager by clicking on Database Manager button on the tool bar and click

on ‘New’ under Database menu (Fig.6).

"1 HYMOS User Interface - HYMOS System Administrator

File Managers Language Help

BEES

O o it

Define the location for database as C:\hymos database and click on

right. Type folder name as

Middle-America
North-America
SouthAmenica
- Aiica
=-Europe
Netherlands
Asia

EEEX

Databases within area ‘Asis’

Name Location
iDatabased | C:AHYMOS Databases\CHEDA MEW ALL

Fig.6

'KHEDA_BASIN’ (Fig.7) and click on
to add this folder to HYMOS Database folder. User should preferably define folder name after

:Ok:

'Create  button on the

on either window box
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concerned basin/sub-basin as this folder will contain every detail of this unit related to all pre &
post data analysis.

"1 HYMOS User Interface - HYMOS System Administrator

File Managers Language Help

o ol &1 8l

New Directory

Enter new directory name to be crested under
“CAHTMOS Databases”

Cancel

| iz Dakabase

Areas Databases within area ‘Bsia’
= Wold Al [Hame | Lacation
- Australia and New Z Databasel C:AHTMOS DatabasestKHEDA NEW ALl
- Middle-America Database? C:AHYMOS Databases\Godavar Circle

Select a ditecton where the HYMOS 4 detabase is
located. This diiector must contain a b’ and a "maps'
diestory.

Destination:
ER
|EAHYMDS Databases

Godavar Circle
FARMATKA

Khai TUTORIAL
FHEDA NEW aG2001

Fig.7

Once over, close the box and press __import’ button second from right on button bar. This
opens up import wizard (Fig.8). Click on the ‘Next button” and appropriately define the file to
be imported using browse button. Move to next the step.

‘- HYMOS User Interface - HYMOS System Administrator - 3] X

File Managers Language Help

Ol oo 5[4 [

"+ Database Import Wizard

The Database Impart Wizard wil lead you thraugh the
process of importing @ HYMOS Transfer database. This
database can be a backup copy or an exported section of
another database. You must select a ransfer database and a
HYMOG destination database. Make sure these databases
are notin use by any other program.

Import HYMOS Transfer Database

Wersion: 1.0.68

ormation-Systém for Water and Environment

-
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This step asks the user for defining the location and appropriate file name where he wishes to
import data from and click on __next’ button. This pops up a window to define destination

folder (Fig.9). Press __‘next’ .

|’ HYMOS User Interface - HYMOS System Administrator

File Managers Language Help

O ol =l9(m

Select the HYMOS Database directory to import the data to
The data will be stored in this existing database.

Before sohing the imported data a comparison can be made
to detect double data

HrMOS Destingtion Database name (2.0, "C:iHymos
Databaseshkhai Tutorial'|

= =

|E SHYMOS D atabases\KHEDA_BASIN

T
ZYHYMOS Databases

&b
maps

Mest I

"""lnfé;r"rr'ré_t-!for_résys’téf'n for Water and Environment

At this stage define location of ‘Import Template’ as shown in Fig.10. Press ‘next’

. Go on

clicking on __‘compare database’ _and __import database’ to complete import task (Fig.11). On

notice of action completed, close the box.

|’ HYMOS User Interface - HYMOS System Administrator

File Managers Language Help

O i sl m

j - Database Import Wizard: Select Template Database

Select the HYMOS Template Database which will be used
for selection of the table fields to trarfer.

Template Database name:
C:AProgram Files\HYMOS 4A5YSTEMN\ mpo T emplate. mdb

T e !

-
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"1 HYMOS User Interface - HYMOS System Administrator

File Managers Language Help

o o 4 5E

"+ Database Import Wizard: Import Database
|
Press Tlose' to end the import pracess.
& Dvenaite all esisting records

" Donot ovenarite existing records

" fisk to overrite for each record

" Tnipont Database )

Actior: Import completed

-

. o ;
nformationSystem for Water and Environment

Fig.11

Go back to 'Database Manager’

box and select appropriate database and __‘double click’
it to open up netter screen (Fig.12).

on

[t HYMOS User Interface - HYMOS System Administrator

Fie Managers Language Help

o o 3[4 [4

| - Database manager,

Area Database

Areas Databases within area s’
= word Name | Location
ushalis and NewZ | Databasel CAHYMOS Databases\KHEDA NEW ALL.
- Middle-America Database2 CAHYMOS Databases\Godavari Circle

- North-America [tz CAHYMOS Databases\KHEDA_BASIN
- SouthrAmenca

Altica

= Europe

- MNetherlands
Asia

| 3

Open Close

-

£ Y S
- “Information:Systém for Water and Environment

¥ -

Fig.12

Go to Contents
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Chapter 2

CREATION OF MAP LAYERS IN HYMOS

NETTER is the map component of HYMOS facilitating display of various geographic features for
easy enabling of manipulation, viewing and printing of these layers. The GIS layers contain
geographic data in the form of vector Geographic Information System (GIS) or raster files. In
general, these layers are used as a background for the network layers, but they can also be
approached as stand-alone layers. However, these map layers are required to be in .MPL format,
which is native HYMOS format. The GIS layers which can be used in Netter have the following
formats:

X3

o

.MAP, Mapper map file

.MQOS, Manual of Style (Us Defense layer)

.MIF, Map Information , ER Mapper layer

.MPL, Mapper map layer file

.BNA, Boundary Atlas GIS layer file

.SHP Files, Arc view files and also *.e00 files (coverage) after conversion to *.shp

X3

8

X3

8

X3

8

X3

8

X3

8

The map layers available in any of these formats can be converted into .MPL, format (for use in
HYMOS) using the program MAPLINK from HYMOS as has been depicted in Fig. 1& 1a. The
easiest way to input the map layers in HYMOS from feature files of GIS, Shape files (shp, .shx and
ab.

@) ==t prowam sccess and pefats
B2 windows Catalog
“ Windows Update

» |98 HYMOs 4

» B LM Tools
(@ ePaswMMs.0 | LogOn DB repair
I Net Protector 2011

1@ Iwis

sy | Windows XP Professional
“

& L QY 12:06PM

Fig.1
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&1 MapLink - |0 x

Directory Input File Type Output File Type

|Qc: j | ﬂ |Happer [‘_HPLj

- Atlas=GIS [~.BHNA]
e - Maplnfo (= MIF)
A progra™i us MOs55s [=M05]
Y hymos4~1 Mapper [~.MPL]
ArcYiew [*.S5HP]
(L] dataedit
(L flexim
[ maplink
[ netter j
Status
-Ready... -
Convert Options | | Exit | Fay

Fig. 1a

Within Netter you can use GIS layers to generate a network from scratch or add elements to your
network. GIS layers should be provided in BNA format. The BNA format is a common ASCII format
for GIS layers and was originally defined by Arc-Info. File extension of these files is *.bna. Care
should be taken to place all the vector layers in the map folder of HYMOS, where the work is
intended to be stored.

When a GIS layer file is selected, the following situations may occur:

1. No active windows are available: Netter opens a new window to show the GIS layer
contained by the file.
2. The GIS layer is opened from a window which contains a network: Netter asks the user if

the GIS layer has to be combined with the network or not.

7

<> If the user wants to combine, Netter tries to combine the GIS layer with the network
using the co-ordinates of both the GIS layer and the network. If the co-ordinates are overlapping,
that part of the GIS layer will be visible which agrees with the current view of the network. If the
co-ordinates of the network and the GIS layer are not overlapping, the full GIS layer is drawn on
the current view of the network. The co-ordinates attached to the network are converted to GIS
layer co-ordinates. -If the user does not want to combine, Netter opens a new window to show
the GIS layer contained by the file.

3. The GIS layer file is opened from a window which already contains GIS layers:

o

<> If the opened file is a *.map (Mapper) file, Netter asks the user if he wants to replace
the current map. If the user wants to replace the current map, Netter replaces the current map by
the new GIS layers. When the co-ordinates of the new map overlap with the co-ordinates of the
old map, Netter shows the new data with the same view. If the co-ordinates are not overlapping,
Netter shows the map as specified in the GIS files. If the user does not want to replace the map,
Netter opens a new window to show the GIS layers contained by the file.

“» If the opened file is not a *.map file, the GIS layer is added to the GIS layers in the
active window. From the file menu a network File can be opened selecting the open menu.
Available network file formats are:

. AAD (*.2bp) . PDM (*.pdm)
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. BBB model (*.bbb) . Ribasim (*.ntr)
= Netter (*.ntw) = Ribasim (*.rib)
. OMIS (*.oms) . Siware (*.siw)

Changing visual appearance of Mapper layer

When you want to change the visual appearance of Mapper layer files, choose Option menu
followed by Map option command (Fig.2). Map Properties dialogue pops up (Fig.6), in which you
can change the appearance of each map layer.

Layers. in this frame it is possible to open a new layer, select a layer and make it visible and
selectable, save a layer with its new settings and close a layer.

Layer name. change the name of the layer.

Map scale

Zoom range.

Lines. change the appearance of the lines of the layer.

Filt change the appearance of the filling of polygons.

Points. change the appearance of a point.

Map: change the background colour and fonts of the maps.

i Netter - Delft Hydraulics E"E‘g‘

Fie Edb View Select [t Window Help
0 He O ok koweE 8RO S

i HYMOS.NTW

Metwork Options. ..

Legend Options. ..
Active legend

Ready.. 72,881, 23413

———
/4 start [ 2.0 LaveRs h e [ nterfaci.. jgg Metter - Delft Hydraulics &) QT 1037 A

Map layer creation

a) Vector layers in HYMOS can be created using a digitizing tablet and using a pucker to
catch the points.

b) It can be input by on screen digitization from ArcView/ArcGIS/ ERDAS/
EASIPACE/Geomatica/ENVI/ArcScan or any GIS/image processing software.

Q) By manual input of coordinates to prepare the .BNA format, which can be imported to
coordinates of the layer in HYMOS and also can be converted to native .MPL layer of HYMOS.
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Preparing BNA files

Boundary Atlas GIS file .BNA is an ASCII file format (Text file), generally used by ATLAS GIS and
related products for exchanging data with other software packages and hardware platforms. BNA
files can contain a combination of Points, Lines and Polygons within a single file. And this can be
created by notepad or also from MS excel (*.xlIs) spreadsheet. The BNA format is a common ASCII
format for GIS layers and was originally defined by Arc-Info. File extension of these files is *.BNA.
The longer spreadsheet data can have the ID, coordinates of vertices of feature files and saved as
Tab Delimited txt files and opened in Notepad or WordPad and saved again as .BNA format.

A. For Point Thematic Map Layer

1. Open notepad and enter the points as shown in Figure- 3. Point ID, Name of the point
within “ " should be put in without any space bar and the no of point i.e, 1. Tab may be used
for separation of words. Save as Towns.bna. (name of your choice)

“ID1”, “NamelD1”, 1
x1, y1

D2” , “NamelD2" , 1
x2, y2

\&gNetter - Delft Hydraulics =R

File Edit Wiew Select Options Window Help
EEraEE eI e L =
U AR
Stations shown below Tl r
represent locations (2190878, 2645

defined here.

256 " Jaipurt,1
75.79787,26.90349

257 " M Lucknow”, 1
\"\. 30.91831,26.85124

- | 265 ", "Hyderabad",1
68.36803,25.37786

201 " "Nagpur®,1
79.08958,21.15627

301 " "Pune”, 1
73.8542,18.53345

323 " "Chennait, 1
30.245952,13.05792

324 ", "Bengaluru”,1
F7.5848,12.97433

[

[Ready. [ | 87.322. 6.5 |

*jstartl ‘I'I- HMOS User Ink... | L@J map layer_flowe. ., | ﬁ maps | ¥ tetter - Delft H... ” 3 Towns - Notep... @ =

<< 5:00 PM

Fig. 3

B. For Line Thematic Map Layer

Enter the data in the following manner as shown at Fig. 4. Where, -N (negative sign) denotes the
no of coordinate points. Save as Brahma.bna. (or any name of your choice)
“ID1”, “NamelD1”, -N
x1, y1
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x2, y2
x3, y3

xn, yn

TEgNetter - Delft Hydraulics - [HYMOS.NTW] - |ﬁ| |L|
¥ File Edt View Select Options Window Help |

------ JJ#E’I% Mo edit action ~ & =

An array of latitude and L Brohme Soteped TIPS
longitude in the next

1", "Brahma”, -18 =]
window  plots  river
Brahmaputra.

Bretirt 85.14,29.24

Bengaluru
*

[Fieady... | | 95626 ,17.339 |

aﬁtartl ‘I'I' HYMOS User In... | map layer_Flow. .. | 'E Metter - Delft H... | ﬁ] maps ” g Brahma - Not... @ ?
Fig.4

« B s:44pM

For Polygon Thematic Map Layer

For the polygon feature enter the data in the manner as illustrated below in Fig. 5 & 6. The last
point coordinate (x;,y1) should be the first point coordinate (x1,y1) for closing the polygon). Do
not add more blank lines after the last line. All features may be entered in one single file or in
different files. Save the file with State.bna as file extension preferably in Hymos_databases/

yourname_database/ maps folder.

“ID1”, “NamelD1”, N

XY
XY,
X3, Y3

X1, Y1 (This should be the same as the first coordinates)
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o HYM0OS User Interface - HYMOS System Administrator
File Managers Language Help

D o =1 e ==

P\ state - Notepad

File Edit Format Yiew Help
YINTLY,, Ypoly' .30
43.50, .75

<47.50,8.25

<47.50,15.49

40.00,17.00
_|43.75,23.75
- |s0.75,31.74
66.25,28.99
70.03,33.50
&87.49,23.75
95.00, 26. 24
98.75,37.50
99.99,73.74

... % |5.83,114.96

= “l1.25,105.07
. |2.50,99.99
8.75,95.132
8.75.65.09
21.25,34.96
19.99,27.50
|31.25.6.949
G, .75

mStartI ‘Ii- HYMOS User Interface.,

Fig. 5

‘g Netter - Delft Hydraulics -8 x|

File Edit Wiew Select Options Window Help
I ElE e R O L =
=lolx|

ﬁl Xl +| *l Hl Properties | Label I Data I Coordinates I

w48

Bl Map Harne: Istate
- Country
- b_o_undary File: CAHYMOS Databazes\khai TUTORIAL\maps\STATE MPL
- cities Type: Wector [mpl)
- apab_hp
- guiab_hp Attibutes: [ Visible [V Shaw in legend
- kamab_hp
- kerab_hp ¥ Selectable
- mpab_hp
3 m_ahab_hp [~ £00M range
- oniab_hp

- trlab_hp I 0 I 20
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Fig. 6

Use MAPLINK program from the Start Menu and convert the .BNA files .MPL for compatibility in
HYMOS. Select the State.bna as input file and select .MPL as output format and click convert
button. A new file State.mpl will be created and added to the same folder in the similar manner
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as shown in Fig. 8. Open Option>Map Option and Click Add the layer button and add
State.mpl from Map Properties window. From Properties Tab change the Fill color and line color
and set width for better visibility (Fig. 6). Label the Name from the Label Tab and format the
fonts etc.

Navigate Upward Arrow/ Downward Arrow for proper sequencing. Click Apply to make the
new setting effective. Click OK to close the box. The map layer will be visible now.
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Fig. 7

Save the map file from menu File > Save - Map. The map layer and its properties setting will be
saved in the map file.

Adding a GIS map layer as a network file

Within Netter you can add GIS layers elements to your network. Add the *.shp file to the Map
folder and convert it to *.MPL layer in MAPLINK. Click Option>Map Option and Click Add the
layer button and add *.MPL from Map Properties window as shown in Fig.8 & 8a. Also,
AUTOCAD files dxf, dwg, and *.e00 files (through Import71 utility) can be converted to *.shp
files and then can be used in HYMOS.
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Adding Catchment’ s Coordinates to NETTER

Transfer the data from SWDES as done in the first chapter, so that the stations are visible in the
netter. Add the *.MPL layer after converting *.shp files, as has been done in the Fig. 8 above for
the Karnataka state. R-Click the station = Process HYMOS. Expand Entry and Edit -> Relations
- Catchment Characteristics > Add New and fill up the required information about the
catchment as shown in the Fig. 9.
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Then click the Coordinate Tab -> File> Import Catchment Coordinates-> Latitude
Longitude> *.BNA file. Click Ok. The Coordinates are automatically taken into the Hymos
database as depicted in the Fig. 9.
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Fig. 9
Generate a New Network

Select Open... from the File menu.

Select a *.bna file in the File Open dialogue, and press OK.

Select <network> in the Use as. frame of the open GIS network layer dialogue when adding line
elements or <add locations> when adding points only.

Make a choice between Full vector and Split vector in the Vector-Link options, see Set
calculation grid for more information on this option.

Choose a reach type for the line elements and a node type for the point elements, and press OK.
Now enjoy making a map layer.

To be turned on:

Prepare a *.BNA file from set of points and add to Netter.

Convert one catchment *.DXF file from AutoCAD to *.SHP file.

Then change the format to*.BNA and *.MPL and Input its coordinates automatically to HYMOS
and find its area.

Note. While inputting the *.SHP files, care must be taken to project the same to Geographic
Coordinate System (GCS)/Universal Transverse Mercator (UTM) projection, so that the file
superposes the real world co-ordinate.

Go to Contents
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Chapter 3

UNDERSTANDING STATISTICS & its APPLICATION in DATA
VALIDATION & ANALYSIS

Introduction

Detection and removal of manual and systematic errors are two essential requirements for hydro-
meteorological data validation to check for data continuity and consistency. Subsequent task is its
analysis to distil useful information for use in hydrology and hydraulics. Randomness in
observation procedure induces scattering in plot and demands its understanding by determining
several statistical parameters. This helps us know the behaviour of samples/population. A
multitude of data validation and its analysis functions available in HYMOS extensively employ
statistical tools to generate final results; and therefore, it is expected that a user must have a
grasp of rudimentary knowledge of statistics.

This chapter presents fundamentals of statistics in brief. For more details, readers are
encouraged to refer to Training Module No. 43" and any other good book on statistics.

Statistics

Statistics is concerned with the collection, ordering and analysis of data. Data consists of sets of
recorded observations or values. It also provides criteria for judging the reliability of the
correlation between variables; means for deriving the best relationship for predicting the one
variable from known values of other variable (S). Any quantity that can have a number of values is
a variable. A value that a variable takes is called Variate’ . A variable may be one of two kinds:

e Discrete — a variable, whose possible values can be counted, e.g. number of rainfall days
in a month or year. Number would take only integer values within zero and infinity,

e (Continuous — a variable; which can take on any value within specified interval. Annual
maximum discharge, for example, is a continuous variable as it could be any value
between zero and infinity.

Sample and Population

Any time set of recorded or observed data does not constitute the entire population. It is simply a
fraction of entire population and is called a ‘sample’ . By deducing the characteristics exhibited
by sample, inferences are drawn about the nature of entire population. In other words, collected
samples help us predict the likely magnitude and occurrence of future events. It is obvious here
that quality and length of sample used in analysis hugely impact the quality of forecast of ensuing
events.

Types of Errors
Errors reduce the reliability of observed records by severely altering its distribution. Some of them

appear in the plot as ‘outlier’ and some may not. Their detection followed by their
deletion/removal, retention or modification need good understanding of ‘Statistics’
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Manual error

Errors on manuscript in various form such as incorrect data entry, wrong water level assigned to
observed discharge value leave unidirectional (either + or -) impact on the observed variable and
are serious in nature. These are identifiable and causes can be assigned. Careful inspection of
record is a measure to detect and modify the errors. It is important not to let them travel beyond
primary validation stage.

Systematic error

Faulty graduation on gauge post/wading rod/sounding rod, pivot line markings, ¢/m under or
over recording the velocity, faulty/defective tape to measure water edge every day are a few
source that can induce errors in the measurement. The result is either under estimation or over
estimation of the variables implying unidirectional characteristics of this error. This kind of errors
needs removal/modification before analysis of data. In this case too, causes are assignable.
Periodical inspection of instrument, gauge post, pivot line method and several others could
minimize/obviate its occurrence. Like manual errors, a sample affected by systematic errors distort
the properties of sample; and therefore, their treatment is crucial to reliable data analysis

Random error

Once set of data become free from above two kinds of errors, their distribution usually follows
law of probability/chance & can be analyzed statistically. Errors of this kind will be either + or —
(bidirectional) and on averaging cancels its effect. Factors introducing randomness in data include
uncertainty in several operations such as lowering of ¢/m exactly at 0.6D (not possible because of
rocking of boat), at what point, time of exposure, wind direction and its speed, positioning of boat
at defined RD, number of verticals/RDs, movement of sandy bed, temperature of river water,
sediment concentration, depth measurement by eco-sounder or by wading or sounding rod,
water level measurement in windy condition etc. In the event of likelihood of more factors such as
these prevailing/working at site, wider scattering of plotted data is normally noticed. No matter
what measure one takes, randomness in variable can’ t be avoided. In other words, it is
impossible to exercise control over its occurrence and need statistical analyses to deduce
characteristics of samples/population.

Dispersion is also introduced by variable backwater/drawdown condition or by unsteady
flow condition. A site frequented by such conditions needs a different approach for data handling
as explained in one of the succeeding chapters.

Measure of central tendency

The arithmetic mean of a set of n observations is their average:

mean = thatis X =

sum of observations ZX
number of observations n

When calculating from a frequency distribution, this becomes:

X—ZXf DR
_T_?
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Mean for any variable is not a firm/fixed value and fluctuates on either side with increased length
of samples. This fluctuation is better addressed by St Error of Mean; as defined later.

Dispersion
e Range

The mean, mode and median give important information about the central tendency of data but
they do not tell anything about the spread or dispersion about the centre.

For example, the two sets of data:
26,27, 28,29 30 and 5, 19, 20, 36, 60
Both samples have a mean of 28 but one is clearly more tightly arranged about the mean than
the other. The simplest measure of dispersion is the range — the difference between the highest
and the lowest values.

e Standard deviation

The standard deviation, Sd is the most widely used measure of dispersion around Mean.

The variance of a set of data is the average of the square of the difference in value of a variable,
i.e. X3, X2, -+ X, from the mean, x:

)2 T\2 NVaY4

. —X) +(X,—X)" +...+ (X, —X

sariance = K0 =R+ 44, %)
n

If, cov(XY) >0 X and Y are positively correlated
cov(XY) <0 X and Y are inversely correlated
cov(X,Y) =0 X and Y are independent

This has the disadvantage of being measured in the square of the units of the data. 7he standard
deviation is the square root of the variance:

standard deviation =o =

'y

This formula with denominator as ‘'n’ indicates St deviation of entire population. However, for

all practical purposes, we deal with ’‘samples’ only; and in such case, denominator 'n" is
replaced by (n-1) to account for limited length of data.

If samples are normally/evenly distributed about its mean (when sample distribution is
not skewed), a pair of lines drawn at sample mean + 1.96.5d contains about 95% observations;
and only 5% lie outside. This introduces a concept of 95% confidence band or limit.

Standard Error of Mean

The Standard error of mean quantifies the precision of the mean. In other words, it is a measure
of how far the sample mean is likely to be from TRUE MEAN. It has application in optimization of
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rain gauge network in a catchment area and finding out the length of data to keep variation in
averaged value within an acceptable range.

g

Ty :ﬁ

For instance, if we are desirous of keeping percent deviation of estimated values determined after
fitting a rating curve from observed discharge within 2% with 95% confidence level; 2*o, should
be less than 2%. In other words, number of observations/values should be more than %age
standard deviation.

Standard Error of Estimate

The Standard error of Estimate is precision of the best-fit line defined by using least-square
method. In other words, it indicates how wide the dispersion/scattering of data around best fit
line is. A narrow band/plot has lower Sest than the wider one. Here too, a pair of lines drawn at
estimated/computed value + 1.96.Sest contains about 95% plotted points; and help engineers
monitor changes, if any, in the behaviour of river regime/basin characteristics with subsequent
arrival of measured values and their comparison with already plotted points. Here, in the formula,
Y represents observed/measured value, & Y’ an estimated one. 2,  indicates addition of all such
values in the series.

Strong relationships | |Weak relationships

Y

X - X

Denominator of this parameter is normally defined by {N - (n+1)}; where, N is number of
observations and n represents number of independent variables used in analysis. Parameter as
above is valid for n= 1. This implies that independent variable is one.

Correlation Coefficient
The correlation coefficient, r, quantifies the direction and magnitude/strength of correlation. It

tells you how much one variable tends to change when the other one does. It ranges between -1
and 1 where, 1 denotes perfect correlation.
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Positive Negative No
Correlation Correlation Correlation
O<R<1 -1<R<0 R=0

It is estimated by dividing the Covariance with product of Standard Deviation of two variables.
Covariance, Cxy IS GIVEN BY Cxy = Z((Xi — Xav)*(Yi — Yav))/ (N-1).

For Variance, X=Y, and so formula turns to = Z (Xi — Xav)"2/(N-1)

Now, Correlation Coefficient, r is = Cxy / (St Dev of x * St Dev of )

There exists a relationship between Standard error of estimate, standard deviation and
correlation coefficient and this appears as below

Sest = Sd (or o) V (1- r*2 )

Reader may notice here that if ris 1, Sest turns zero. It implies that there is no scattering of
plotted points around best fit line and all points lie on the best line itself. See chart below.

Y

r=+1

Best-Fit Line/Method of Least Square

A description to this sub-title is intentionally omitted here because of availability of wide range of
functions readily offered by excel and many other software to plot a best fit line of different
forms. Use of excel in plotting a best fit line of power equation type is demonstrated in
subsequent part of this chapter.

23 | UNDERSTANDING STATISTICS



Y depends on X

Best fit line is chosen

Y, 1 such that the sum of the
Dependent | squared distances of the
variable

points (Y;’s) from the line
is minimized:

A A A A S A Y I A B

T T T T T T T T T T T

X, independent variable

Standard Error of Mean Relationship

Just as Mean of a single variables is subject to vary on either side, position of an estimated/fitted
curves is also not fixed and does fluctuate on either side. Fluctuation limit with certain confidence
is determined by Standard Error of Mean Relationship, Smr.

Smr = * t*Se (1/n + (Pi - Pav)~2/Z(Pi - Pav)~2)*0.5

where, Pi = Ln (G-Go) & Se is st error of estimate.
G = Water level
Gy = Scale effect
t = student t value, 1.96
Se = Standard error of estimate
Pav = Average of all Pi

Outer pair of lines are estimated values + 1.96* Se away and holds around 95% of observed
records. Inner pair of lines is estimated values + Smr away and signifies fluctuation in best fit line;
which is likely to remain within this band with 95% confidence level.
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A pair of lines so developed help detect outliers because of manual and/or systematic errors;
alteration in river geometry or its regime etc.

Case Study
In the remainder of this chapter, a study involving water level and corresponding observed

discharge data demonstrates through steps the fitting of a rating curve; estimation of series of
statistical parameters and bands using functions of MS excel sheet.

Table 1
Water Level in m, G | Discharge in cumec, Q (G-Gp),Go=75
(1) (2) (3)

81.00 23418 6.00
81.07 23845 6.07
81.13 25974 6.13
81.35 26069 6.35
8140 25704 6.40
8140 26844 6.40
8147 26306 6.47
81.64 29028 6.64
81.67 24751 6.67
81.69 29148 6.69
81.77 27829 6.77
81.80 29317 6.80
81.87 29562 6.87
81.89 30053 6.89
82.02 26479 7.02
82.03 32181 7.03
8211 31292 7.11
8221 32811 7.21
8227 30500 7.07
8230 33727 7.30
82.65 35306 7.65
82.75 33697 7.75
8348 43695 8.48
84.03 51496 9.03

1. At the very beginning, water level is arranged in ascending order ensuring
discharge data against the same water level in post arrangement scenario.
Highlighting water level series followed by discharge and electing ascending
order function in excel accomplish this without disturbing the pair.

2. A relationship between two variables, i.e. water level and discharge is commonly
expressed by power equation of following type:

Q = ¢(G - Gy)*
Where, Q = discharge,
G = water level
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C & b are constants; and Gy is scale effect determined by Johnson
formula
Go=(G2"2-G1*G3)/(2*G2-G1-Gs)

G1 & G; are corresponding water level of Q; picked up from lower and Qs from
higher ranges of data series, and G, is read from series against Q. which is
obtained by square root of Q;*Qs;. Having known three water levels, Goy is
calculated and an additional series is created that contains (G — Gp). An estimation
of Gg based on data compiled in Table 1 is shown below:

Q G
Ql= 23418 81
Q2= 31988.27 82
Q3 = 43695 83.48
Go = 78.91667

Go taken = 75

Selection of Q; & Qs is subjective; and therefore, it differs in each case. For
instance, in the current selection, it is 78.91667 while value considered for fitting a
rating curve is 75. This departure form estimated figure is explained a bit later.

Having got a Gg as above, a best fit curve is plotted in excel keeping discharge on
Y-axis and (G —-Gp) on abscissa. Additionally, a rating equation with power
equation type and r* . correlation coefficient is also opted to distill this
information. A plot on these lines is depicted below for two Gy, the first with 79
and second with 75. We may notice here an appreciable increase in r* with
change in Go As our understanding of correlation coefficient suggests, we go by
second chart at it exhibits a higher degree of correlation between two variables.
In an attempt to reach better r?, various data handlers will converge to a single
value of Gy, In doing so, one has also to be watchful about realistic nature of Gy,
where river is expected to run dry. While fitting a curve in HYMOS software, user
intervention in obtaining Gy is not needed.

60000

50000 | Y =974.78x1768 o
R*=0.9115

40000 -
30000 -
20000
10000

0 T T T T 1
0.00 2.00 4.00 6.00 8.00 10.00
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10000 +
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4. Steps till now generate a best fit equation of following type and is used in
determining Q. (discharge estimated) value for each and every water level
values in the series.

Q = 974.78(G - Go)"**

Table 2
Water Level (G - Gp),Go = Discharge in | Estimated
inm, G 75 cumec, Qobs | Discharge, Qes
(1) (2) (3) (4)
81.00 6.00 23418 23169
81.07 6.07 23845 23649
81.13 6.13 25974 24064
81.35 6.35 26069 25612
81.40 6.40 25704 25970
81.40 6.40 26844 25970
81.47 6.47 26306 26475
81.64 6.64 29028 27717
81.67 6.67 24751 27939
81.69 6.69 29148 28087
81.77 6.77 27829 28684
81.80 6.80 29317 28909
81.87 6.87 29562 29437
81.89 6.89 30053 29589
82.02 7.02 26479 30583
82.03 7.03 32181 30660
82.11 7.11 31292 31280
82.21 7.21 32811 32062
82.27 7.27 30500 32536
82.30 7.30 33727 32773
82.65 7.65 35306 35603
82.75 7.75 33697 36430
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83.48 8.48 43695 42716
84.03 9.03 51496 47736

At this stage, reader may revisit descriptions under SD, Standard Deviation and
Se, Standard Error of Estimate in order to calculate these statistical parameters
based on data in Table 2. Estimated values are as under:

SD = 6316, Sest = 1737

Having determined Sest, two additional series to contain estimated/computed value
+ 1.96 * Sest can be created and drawn to appear on either side of the best fit line or
rating equation plotted on graph. For first row in Table 2, calculation is as below:

Qupper, Qiower = 23169 * 1.96 * 1737 = 26574, 19765

This process is repeated for remainder of cells; and series thus developed are
used in plotting of confidence band which is likely to cover 95% of observed
within its bounds. A plot showing these bands along with best fit line is produced
next.

53000 -~
48000 -
43000 -
38000 -
33000
28000 -
23000 -

18000 . . .
5.90 6.90 7.90 8.90

y =974.78x1.7683
R2=0.9115

Function to develop this band is unfortunately not available in HYMOS and only
recourse available is to plot it using excel. This visual aid offers the engineer to
infer a range of significant information such as

- Change in river regime, if all or most of the fresh observed data plot in one
side of the band;

- s there any data beyond the bounds. If yes, that data is suspicious and needs
to be handles for any manual or systematic errors;

- width of the band signifies the degree of randomness influencing the
discharge observation. A quiet and less windy river site is expected to
generate a narrow band than a turbulent river in hostile weather conditions;

- an altogether varying pattern of plot warrants a fresh fitting of rating curve
with new set of gauge and observed discharge data.
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8. Yet another question that confronts an engineer is to pick up a discharge value
against a given gauge/water level for variety of analyses. He, often times,
wobbles between observed discharge vs. computed discharge; and even if a
computed discharge is chosen, he suspects its firmness. Previously, we have
defined St error of mean as a parameter which defines the likely variation of
mean for a single variable. Similarly, a best fit line drawn based on certain length
of data has likelihood of fluctuation on either side with arrival of more data or
with consideration of increased length of data. St error of mean relationship
defined earlier draws this bound with 95% confidence level. A plot with this pair
of lines determined from equation of Sy, given earlier, apart from dispersion band
drawn previously, is shown next. Reader may notice the pattern of these lines
with what is appended below St Error of Mean relationship, S

53000 -
2
o 48000 - y= 974.78x1-7683 >~
2 = -
243000 | R4=0.9115 * -
o
= 38000 - /
aéa 33000 - >
% / .
@ 28000 -
a .
23000 - /
18000
5.90 6.90 7.90 8.90
(G -75)

9. An excel sheet containing column-wise calculations of steps elaborated in
preceding paras is given in Table 3. At the end of this analysis, we may conclude
from this table an estimated discharge value against a desired water level. For
instance, for water level of 81.80m, discharge with degree of uncertainty involved
is 28909 * 722 cumecs.

29 | UNDERSTANDING STATISTICS



Table 3

Stage Discharge Qc Qc pi=In (G-go) (pi-pav)*2 t*Smr Qc Qc

obs (G-Go) Qobs Qc (Qo-Qc)*2 | plus t*Se | minus t*Se plus t*Smr| minus t*Smr

81.00 6.00 23418 23169 61890 26574 19765 1.79 0.021 1268 24437 21902
81.07 6.07 23845 23649 38280 27054 20245 1.80 0.017 1198 24848 22451
81.13 6.13 25974 24064 3647010 27469 20660 1.81 0.015 1141 25205 22923
81.35 6.35 26069 25612 208424 29017 22208 1.85 0.008 952 26565 24660
81.40 6.40 25704 25970 70842 29375 22566 1.86 0.006 915 26885 25055
81.40 6.40 26844 25970 763593 29375 22566 1.86 0.006 915 26885 25055
81.47 6.47 26306 26475 28410 29879 23070 1.87 0.005 867 27341 25608
81.64 6.64 29028 27717 1718687 31121 24313 1.89 0.002 773 28490 26944
81.67 6.67 24751 27939 10162304 31343 24534 1.90 0.001 761 28699 27178
81.69 6.69 29148 28087 1125411 31492 24683 1.90 0.001 753 28840 27334
81.77 6.77 27829 28684 730668 32088 25279 1.91 0.001 728 29412 27956
81.80 6.80 29317 28909 166516 32313 25504 1.92 0.000 722 29630 28187
81.87 6.87 29562 29437 15563 32842 26033 1.93 0.000 712 30149 28726
81.89 6.89 30053 29589 215336 32993 26185 1.93 0.000 710 30299 28879
82.02 7.02 26479 30583 16845383 33988 27179 1.95 0.000 716 31299 29867
82.03 7.03 32181 30660 2312247 34065 27256 1.95 0.000 718 31378 29943
82.11 7.11 31292 31280 142 34685 27876 1.96 0.001 735 32015 30545
82.21 7.21 32811 32062 560677 35467 28658 1.98 0.002 768 32831 31294
82.27 7.27 30500 32536 4143389 35940 29131 1.98 0.002 794 33329 31742
82.30 7.30 33727 32773 909508 36178 29369 1.99 0.003 808 33581 31966
82.65 7.65 35306 35603 88138 39007 32198 2.03 0.010 1018 36621 34585
82.75 7.75 33697 36430 7469124 39834 33026 2.05 0.013 1088 37518 35342
83.48 8.48 43695 42716 958746 46120 39311 2.14 0.041 1646 44362 41070
84.03 9.03 51496 47736 14134927 51141 44332 2.20 0.070 2071 49807 45665

66375214 pav = 1.94
Se = 1736.9672 > (pi-pav)*2 0.2246
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Chapter 4

VALIDATION OF WATER LEVEL DATA

The validation of recorded water level data of a site is primarily essential to rid it of manual and
instrumental errors, if any by (i) defining a few bounds based on physical conditions and statistical
parameters; (i) & comparing it with the patterns recorded at adjacent station (s). A poorly
validated water level series will gravely impact the computed discharge series- a vital input for
subsequent hydrological analyses. The succeeding screenshots demonstrate the functionality of
HYMOS in achieving the intended objective one after another. To logon to HYMOS, use default
entry:

USER NAME - administrator
PASSWORD - hello (it appears on screen in the form of ‘ASTERISK' sign) (Figl).

Fig.1

The first step brings you to the opening screen of this software (Fig.2). On tool bar, use open
database or database manager to search for your desired work area. Here, we choose ‘KHEDA
BASIN, by double-clicking on it to carry out elementary exercise subsequently. Alternatively, you
may select the desired work area and press open button.
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The netter screen contains a host of hydro-meteorological sites” name and provides links to
database files of these stations to work with. To select a particular or a group of stations, do the
following:

1. Hold down Shift/Ctr/key and click the desired station(s) in tum.
2. Press right mouse button and select process data+HYMOS.

For the current exercise, select MAHEMADABAD site and press HYMOS.

Pressing HYMOS, a HYMOS function box pops up containing a group of five tabs on menu bar
(Fig.4). Most frequently used tabs are time and function tabs. Time tab allows the user to select
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the period and time base of the station/s according to the purpose. Function tab holds multiple
folders each having numerous functions within. These keys; selected upon+go to function button
open different boxes/windows; each performing specific functions.

57 Netter - Delft Hydraulics " Selection Info Q@@
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Press time tab and enter Start time: 01/07/1997; End time: 01/01/1998; Time base: hr

Once it is over, press Function tab again and click on + sign against Data compilation folder once
or double click on folder itself to obtain a series of function within (Fig.5).
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One such function is Min-Mean-Max Series. Select this choice followed by pressing the ‘go to
function’ tab. This pops up another window prompting the user to make appropriate selections.
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Here, user is requested to follow selections as they are and press ‘Execute’ button. HYMOS
does the rest and offers results in different forms. The result summary is obtained by pressing
buttons such as Graph; View; & Report on Hymos Function box one by one.

[+ View Report - Min-Mean-Max Series
File Edit Format

~
mInIIUL D |

01-07/31-12  Year
1937 24760 z4.760
ABSTIACT 24760 24.760
AT

01-07/31-12  Year
1997 34820 34.520
ABSTIACT  34.520  34.520
MEL

01-07/31-12  Year
1997 25.889 25.883
ABSTRACT  25.883  25.889
STAND DEV
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L0+ FRACTION

01-07/31-12  Year
1937 24.900 24.850
ABSTRACT  24.900  24.500
50+ FRACTION

01-07/31-12  Year
1937 27.120 27.120
ABSTRACT  27.1200  27.120
Mumber of datapoints

01-07/31-12  Year -

Eint

i start

Fig.6

Pressing Report button, HYMOS returns a report file containing statistical parameters extracted
based on the length of data under analysis (Fig.6).
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Fig.7

Of them, 10% and 90% fraction or percentile are important to grasp. The value against these
parameters indicates the number of occasions/times that value was not exceeded in the time
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period. Data lying outside these parameters need closure scrutiny for detecting/obviating
possible entry of erroneous data. User is also advised to follow steps/selection appearing in Fig.7
and pressing Execute button to determine rate of rise and rate of fall of water level in m/hr.
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Clicking on Graph button on Hymos Function box returns the graph (Fig.8) indicating rate of rise
around 2m/hr and rate of fall around 1m/hr.

D dra
File Edt Yiew Select Options Window Help

|l@D b O3 3| @axoh was an 4R =S| w8
0 0 )

Stant Date: 01/07/1397 End Date: 01/01/1998

Stations | Time | Parameters | Series | Eunctions |

Stations: 1
Mahemndabad Mahemdabad

Time Base: Hourl

© = Show DataBase Tables
= Catchment Characteristics
= Paamslers

= Import/Export

* = Seasans Definition

3 Data Validation and Completion

Save
Expott o

h—
© Enly and Edit ~ 3
£ Stations Al
4= | Y S0 o/077155
| = Series Characteistics EndDate: [01/01/1998
= Seiss Rematks R P oo
= EdtDa o = Hour
%) Stage Dischage [t Report X Divider: [T
#-03 Relations -

Parameters: 105

Al parameters

£3 Flow Measurements 0 Series: 4
-3 Data Compilation d HHADT /0171980 to: 31712/20
B3 Analysis Series 1D [Mahemdabad HHA Remaiks d HOCO1/08/1997 to: 28/09/19
& Presentation ot & d HZ501/01/19682 1.0000 A b
tart date 01/0171980 - —dm d MPAQT/06/1399 9 30:00 AM t
End date 3141272000 Lower boundary a0 m
Time urit [4: Hour Upper boundary 2712 m
Divider [i Masimum 3452 m
Basic fime unit [Nl - Rate of fise 200
Replicator f Rate of fall 100
Time labels |[12:00004 = Missing valus 000 m
Long time norm 0.00/m
Add series | Delate series | " Save I LClose.

i =

|

=

[ Node: Mahemdabad, Mahemdabad

g Netter - Delft ..,

Information distilled from Fig.6 & Fig.8 is inputted in Series Characteristics box (Fig.9) by
choosing appropriate series. Currently, it is Mahemadabad HHA series. Once keyed in, press save.
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At this stage, user is advised to refer to Fig.7 and select Series with /imits as Graph type in place

of Derivative (Fig.10).
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(Fig.10

Press Execute followed by clicking on Graph on Hymos function box opens up a graph with all
limits but rate of rise and fall (Fig.11). Graphical presentation of time series data along with
different bounds help user detect possible errors; & occurrences of extreme events on higher and
lower sides. Any value that deviates from real event on the ground can be deleted or modified by
opening up Edit data box. User may refer to Fig.9/Fig.15 to get Edit data values box. This box

presents an array of all values against time in addition to its plot. Having finished with edition,
press save to record the changes permanently (Fig.15).
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A similar selection of Fig.7 once again offers a graph of derivatives aside from extreme rates of
rise and fall ever noticed at site under analysis (Fig.12). This is an additional tool available in the
software to prompt user against inclusion of wrong set of data.
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= Graph Server - SerDerived (Series Derivative)
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Preceding illustration is limited to validation of water level data observed at a particular station.
Two stations sited on the same stream normally exhibit identical pattern of water level if plotted
against time.
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Fig.13

A graphical representation of such plot is yet another tool to notice anomalies in the record.
Fig.13 displays the relevant selections with check box ‘on" for two neighbouring stations
namely Mahemadabad and NSBOOI7 (Use Netter screen to choose additional station). Press

‘Execute’ . Pressing Graph button returns Fig.14 as resultant plot.
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Occurrence of several peaks and lows at upstream site must precede the downstream’ s peaks
and lows. This simple premise can be used to validate record.

Often times, water level series are left with breaks of different lengths in between for reasons such
as uprooting of gauge post; hostile site conditions particularly during flood; malfunctioning of
recording instrument etc.

38 | VALIDATION OF WATER LEVEL DATA



51 Netter - Delft Hydraulics

7 HYMOS Functions
Start Date: 01/07/1997

Fie Edk View Select Options Window Help

|20 |Hei | DS B Q& TR

End Date: 01/01/1992

Stations | Time | Parameters | Series | Functions

Graph Server - Presser (Time Series)

File Template x-Axis Captions View ‘Window Help

Time Series

#-23 Entry and Edit

= Data Validation and Completion
= Tirne Series Graphs

Sereening of Data

Conditional Checks

Compute Relation Curve

[N ERRE]

Interpalation

Graph

Goto

Compare Relation Curve = Function Report

Double Mass Analysis .
Series Homogeneity Tests Save 30-08-1997 31-08-1897 01-09-1887 02-08-1997 03-08-1997
Spatial Homogeneity Test Time

Spatial Corelation Export

NSBO0I7 HHS
[ * View Result Data

Time Series Graphs

Data Labels Edit
| Select oraph by Corbined raph VBT
] |Waterlevel | HHS
Residual Serios e IR
Residual M.acs Curves it
e Moving average: FOB/1857 110010 A
Balances Number of elements |31/08/1957 12.00.00 P
s Data ssaltity —— 70871957 1:00:00 Y
erivative whra line walue: 31/08/1997 2.00:00 PM
LINSBOOI7  Hes B0 e Long Time Nommal > 31/08/1997 3:00:00 PM
o e 31/08/1967 410000 P
Longitidinal pot — =s{ |31/08/1587 50000 P
Series with extra line — 3140841997 6:00:00 PM
Sk (b 1= 3170871887 7.0
FOBFIB7 B
|31/08/1957 8,000
E |31/08/1957 10:00.00 F
70871957 11:00.00F
01/05/1957
Execute I Close | 01/08/1957 1.00:00 AM
71/03/1567 210000 A
[Ready I Node: NSBOOI7, Wairak ol Fai | 01A03/1857 300:00 &M

Short gaps, with no change in trend involved, at a site can very well be bridged by linear
interpolation; large gaps with multiple peaks and troughs in between demand application of a
relationship; the site data exhibits with data recorded at neighbouring station. HYMOS offers both
options to fill in gaps in water level series; which is an essential step before stage discharge
transformation exercise. One such gap extending upto six days appears in NSBOOI7 site between
31.08.1997 and 01.09.1997 in Fig.16. Detection and viewing of any such gaps could be attained

by choosing ‘data availability’ and
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To fill in this gap, ‘Interpolation’ option under ‘Data Validation and Completion’ folder is
double clicked on to get ‘Interpolation’ window with first tab meant for linear interpolation
(Fig.17). User may choose appropriate series where gap is identified followed by pressing

‘Series’ tab to get the empty cell by it populated. Another cell on the right requires number in
time unit. Here, a value as ‘6’ implies that all gaps upto six hours in length would be identified
and replaced with interpolated values. Press ‘Execute’ and click on 'View' tab on Hymos
function box to ensure gaps filled in. User must save the series at this stage by selecting ‘Save’
on function box. Another window listing the series under consideration pops up; where user can
check the box close to series name ‘on’  followed by pressing ‘ok’ button at lower right
part on same window (Fig.18).

Gaps larger in size and missing peaks or lows are best infilled by determining relation curve
between site having breaks in water level record and its adjoining site; where continuous record is
available. To illustrate the steps involved in the process, one NSB0OI7 HA1 series is created/saved
by deleting water level from 01.08.1997 to 04.08.1997 and keeping other records as it is.
Mahemadabad site is next station located in the downstream. Two series with break in first one is
shown next (Fig.19).
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To compute a relation between records at these two stations, ‘compute Relation curve’ menu
under Data Validation and Completion folder on HYMOS Function window is pressed twice
(Fig.20). This brings up a window for Computation of Relation curve.
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As gap needed to be bridged in NSBOOI7 HA1 series, this series is first selected in Series Codes
pan followed by clicking on ‘Select Y' tab. This step defines this series as an independent
variable appears in the adjacent empty cell. Dependent variable is Mahemadabad water level; so it
is placed against ‘Select A’ tab by similar steps. Right part on this window displays a number
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of empty cells in two rows required to be filled in by users. First two cells in either row defines the

range of X variable. User has the option to have polynomial equation of desired order and is

picked up in a manner so as to obtain minimum standard error of estimate. A selection of ‘4’

returns Sest as 0.14%. Click the check box on appearing next to ‘compute relation’ . Press
‘Draw Data’ tab in lower left corner presents scattering of data (also a loop) (Fig.21).

Scatter Data

MSBOOI7  HAT

e b

o a
Mahemdabad HHA

Fig.21

A loop is observed in the plot as peak at one station does not correspond to peak at other station
and so are other data due to certain time lag. Upon executing the function, HYMOS automatically
optimized a time lag in order to maximize correlation coefficient and returns a best fit curve with
lesser scattering. This step fills in two cells in first row as 4.535 hr. Before saving the relation, user
must visit the Graph and Report options on Hymos function box to ensure the fitness of curve
(Fig.22). Once satisfied, relation can be saved by clicking on ‘Save Relation’ tab for its retrieval
later.

Comparison of Relation Curves

Series ¥

)ﬁ"{
i

B3 2% Ed 28 2 Ell 2 33 3 35

30
Series X
—regression line ~ observed

Fig.22

Once a relationship in memory saved as above, user is required to elect ‘Interpolation” in Data
Validation and Completion folder on Hymos Function box (Fig.23). This pops up another window
for interpolation purpose; where one needs to select Relation filling in tab and series having
breaks. Clicking on appropriate series and pressing 'Series’ tab in the middle populates the
Relation pan with relation available in the memory for selected series. ‘Execute’ the function
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and press 'Graph'’

(Fig.24).
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Stage is now reached to save the series by clicking on
‘Save Data to Database’

box on the

Fig.24

box and press ‘ok’

‘Save’

tab on function box. Check the
(Fig.25).
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Test series (NSBOOI7 HAL) where break was introduced, original series, i.e. NSBOOI7 HHS and
Mahemadabad HHA series have been collectively plotted next by selecting these series on Time
Series Graphs window; executing the function; & clicking on Graph tab on Hymos function box
(Fig.26 & _Fig.27). Departure from original series is a consequence of scatter of data and a
relationship with less than
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IHlustration of this chapter is quite useful if it is read with ‘Training Module no. 22 &
Training Module no. 23’ _brought out during HP-L

Go to Contents
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Chapter 5

FITTING OF RATING CURVE - Simple Rating Curve

Illustration of this chapter focuses on fitting a rating curve. For this, we choose ‘KHEDA BASIN
by double-clicking on it to carry out elementary exercise subsequently. Alternatively, you may

select the desired work area and press open button (Fig.1). This leads you to NETTER SCREEN
(Fig.2).
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O < 5(484]
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Fig.1

The netter screen contains a host of hydro-meteorological sites” name and provides links to

database files of these stations to work with. To select a particular or a group of stations, do the
following:

3. Hold down Shift/Ctr/key and click the desired stn/s.
4. Press right mouse button and select process data+HYMOS.

For the current exercise, select MEHAMADABAD site and press HYMOS.
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Pressing HYMOS, a HYMOS function box pops up containing various fabs on menu bar (Fig.3).
Most commonly used tabs are 7ime and Function tabs. Time tab allows the user to select the
period and time base of the station(s) according to the purpose. Function tab holds multiple
folders each having numerous functions within. These keys; selected upon+go to function button
open different boxes; each performing specific functions. Press time tab and enter

Start time: 01/08/1997, End time: 30/09/1997, Time base: hr
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Fitting a relationship between gauge and observed discharge data and its utility in analysis and
validation of hydrological data is warranted for a wide range of applications with obtaining a
continuous computed discharge series being the most significant one. Training Module no.29
unfolds the methodology used for fitting a rating curve and a set of factors influencing scattered
plot of discharge data. Another must-see reference is Indian Standard 15119 (part 2): 2002,
which features methodologies involved in determination of the stage discharge relation. HYMOS
helps user import a set of data from SWDES software and fit a rating curve under Steady Flow
Condition (?) followed by its validation. The following screenshots guide the user to carry out this

operation step by step.
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Press function and open flow measurement folder (Fig.4) & Select Fitting of Rating Curve
option; Press button Go to Function

Pops-up a Fitting of Rating Curve box

Select Station, all G-D data stored in database appears in the lower right part of this window
Define h, water level range in the lower left two cells; just above these cells, range appears
from 25.52 to 33.32. User (beginner) may keep this range for analysis to begin with. If user is
keen to develop two rating curves according to river geometry at sites, a spin button against
Number of interval in h can be used. If there is more than two rating segments, ranges are to
be kept overlapping and an optimum value will be searched and reported by HYMOS.

Must press Graph on this window to look at scattered plot. You may toggle between natural
and log axis by pressing appropriate buttons on the plot (Fig.5). A larger size point (+) in the
middle of plot indicates the first data of the entire set. Upon clicking on this point, R1
appears close to it. A similar hitting on any other point results R suffixed with a number
indicating its sequence number on the data list. Data in the lower right slot will also scrolled
up/down automatically in a manner that shows sequence number and listing of selected data.
User, here, can also replace ‘1" in the last column with ‘0’ to exclude data from analysis.
A line message also appears on this plot suggesting how to remove a point from analysis
which user believes an outlier. Removal of an outlier (s) from analysis hugely impacts the final
result and therefore greatest caution is involved in this process. Outliers may appear in the
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data for reasons of manual and/or systematic errors; changes in river geometry; variation in
manning coefficient or even for unknown reasons. Consequently,
removal/retention/modification does need consideration of all possible reasons. A mere eye
judgment and their removal are no prudent way to handle outlier (s).

7 Plotting Stage-Discharge points
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A number of points clubbing together and distinctly falling apart from rest of other data in similar
range of water level also drops hints of their affiliation of different period or population. A group
of data exhibiting such plots needs to be handled separately for fitting a curve. Similarly,

Set empty cells (Fig.6) & press Execute button.
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To view results, choose various buttons one by one on HYMOS function box. The options
available are:

Graph- Plot of scatter points plus best fit curve (Fig.7)

View — obs G-D vis-a-vis computed G-D

Report —Tabular presentation of all relevant information involved in fitting of rating curve exercise
(Table 1).

Rating Curve

500 1,000 1,500 2,000 2,500 3,000 3,500
Discharge

= Rating Curve ® Observed H

Fig.7

Table 1
Given boundaries for computation of rating curve(s)
interval lower bound upper bound nr. of data
1 25500 33400 181

Power type of equation g=c*(h+a)**b is used

Boundaries / coefficients
lower bound upper bound a b d

25.50 3340 -24.220 3.021 A4810E+01

Number Wlevel Qmeas Qcomp  DIFf Rel.dIFf t*Se
M M3/S M3/S M3/S 0/0 0/0

1 31.520 1731.060 1949.365 -218.305 -11.20 33.26
2 32.020 3166.220 2381.234 784986 3297 34.95
3 32920 3166.790 3311.726 -144936 -438 37.75
4 33.320 3583.940 3793.358 -209418 -5.52 3891

Overall standard error = 70.139

Statistics per interval
Interval Lower bound Upper bound Nr.of data Standard error
1 25500 33.400 181 70.61
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HYMOS returns a best fit power equation with discharge related to water level in following form
Q=c*(th+a"b

Where, a, b, & c are coefficients whose values are a part of the report. % standard error in the
end of the report signifies how wide the dispersal of data around the best fit line is and has no
linked with the literal meaning of error. Nevertheless, every effort must be made to bring this
figure down by either fitting more than one rating equation with given set of data or splitting the
data into two time periods exhibiting distinct changes in either river geometry or bed roughness.
A higher st error also results in cases where site is always or partially affected by backwater or
unsteady flow condition. A judicious decision, when st error is unreasonably higher, is key to
fitting a best fit curve.

A Discussion on Minimising/Bringing Down St Error (here it is 70.61%)

We will take a Pause here to understand various alternatives and to pick up the most suitable one
to fit a curve with lowest possible St Error.

1. A crude way to reduce this figure is to drop/delete all seemingly outliers (plotted point/s
away from rest of the points). This approach is strongly discouraged and should never be
resorted to until a point or points in question is/are investigated for its doubtfulness, and
also additional alternatives discussed below are exhausted.

2. A glance at water level hydrograph at this site for the current period suggests relatively
high water level in August. Following month records low water level. A two distinct water
regime Means River flowed in two different hydraulics conditions, and therefore, data
generated during the period represents two populations. Statistics demands separate
analysis of data coming from different populations. Working on this concept, data under
this current exercise can be split into two time period — from 01/08/1997 to 30/08/1997
and from 01/09/1997 to 30/09/1997. While splitting the data, user should also guard
against the minimum length of data needed for fitting a rating curve. To get more details,
user is advised to refer to training module _ 'How to analyse Stability of SD relations’

3. An abrupt change in river geometry/cross-section over depth is another factor that
influences the slope of plotted points. This simple fact underlines presence of two or even
more zones; each having its impact over the plot differently. This guides us to fit a curve
in two parts/ranges- lower and higher. Under this criterion, user’ s water level selection
for analysis of data observed in August would be from 25.5 to 28 for lower part, and 27 to
33.4 for higher part (see Fig.7). Having executed, this submits St Error of 21.15 & 29.65
for two parts respectively.

4. An analysis of September data initially yields St Error of 113.22. A scrutiny of plotted
points reveals one data (see Fig.7) away from rest of data, a suspected outlier (for a water
level of 25.52m, observed discharge is 100.3m. Before dropping it from analysis, user
must verify it for its correctness from original record. Assuming this data as dubious, if it
is dropped from analysis, resultant St Error is 16.33.

Having convinced with the report in the backdrop of above discussion, press Save Relation on
Fitting of Rating Curve box (Fig.6). Close the box now. The software keeps this equation in
memory for later use.

A finalized curve as before does need validation. What is validation? User must refer to
Training Module no.30 to know more about it. To validate curve, select Validation of Rating
Curve option and press Go to Function button (Fig.8). Facing you is a box of Validation of Rating
Curve. Select station and choose appropriate rating curve for validation if there is more than one
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Training_Modules/How%20to%20analyse%20Stability%20of%20SD%20relations.pdf
Training_Modules/30%20HOW%20TO%20VALIDATE%20RATING%20CURVE.pdf

equation for different periods. Press Execute followed by pressing Report button on HYMOS
Function box.
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Examine the result, if it is okay (Table 2). If not, redefine the curve keeping discussions narrated
earlier and by following earlier steps of Fitting of Rating Curve.

Table 2

25650 12.870 14.167 -1297 -915 1585
25620 10.790 13.288 -2498 -18.80 16.28
25.620 10.790 13.288 -2498 -18.80 16.28
25,590 11400 12446 -1.046 -841 16.73
25.560 10.340 11.641 -1301 -11.18 17.20
25.560 10.340 11.641 -1301 -11.18 17.20

AN R AN

Overall standard error = 70.139

Statistics per interval

Interval Lower bound Upper bound Nr.of data Standard error
1 25500 33400 181 70.61

Results of student T-test on absence of bias

Interval Degrees of freedom 95% T-value Actual T-value Result
1 360  1.967 1.102 Accept

A T-value of this report is a statistical parameter and test toward absence of bias of best fit curve
and plotted points. A value within a range of +/- 1.96 is an acceptable range.
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A fitted rating curve together with water level data either hourly or three times a day are essential
inputs for all subsequent analysis, validation, compilation, presentation and so on. The succeeding
sections demonstrate how to generate a no-break runoff series. A generated runoff series help
assess the daily/ monthly flow or mean discharge data in addition to annual flow. If previous test
is okay, we need to generate a no-break runoff series by transforming stage into runoff series by
applying just fitted rating equation.
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Fig. 8a

Select Stage-Discharge Transformation option and click on Go To Function button to have
another window in the middle (Fig 8a). Select Mahemadabad HHA series. Right lower box
produces all rating curves relevant to this site. Select the right one among them. Press Execute
command and open the Graph to check if there is plot available. View option tabulates all hourly
runoff data so transformed.
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computed discharge option here anfl press OK. Last option is to click on OK here to save runoff
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As of now, we have had a Mahemadabad HQC runoff series saved on an hourly basis. A number
of hydrological analysis calls for daily, monthly or annual discharge data. This task can be
accomplished by adopting options shown in (Fig.10). Open Data Compilation folder and select
Aggregation of series option. Check the Mahemadabad HQC series and press Execute. Don" t
forget to check the availability of plot by pressing Graph button. Once confirmed, press Save. This
pops up another box as shown in upper right corner. Check the box and press OK. Once done,
close all open boxes but HYMOS Function & Selection Info. Press 7ime tab on HYMOS Function
box. Select time base as Day in place of Hour (Fig.11).
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Press Function tab again. Open Folder Presentation and select HTML report and press Go to
Function button (Fig.12). Select Mahedabad HQC series. Then enter template file as: C:\Program
Files\HYMOS 4\HTML Report Sample\SW HTML Reports\Report 9; Daily flow\DAILY Flow.htmL

Alternatively, click on browse button adjacent to this cell and select a file by browsing above path
and pressing ok. Give Execute command.

- Selection Info o ] @

Stations: 1
Mahemdabad Mahemdabad

S0 Ha O& B |RQUFEOR

"7 HYMOS Functions
Start Date: 01/08/1997 End Date: 20/09/1937

Stations | Time | Parameters | Series | Functions |

0 =

® € Enty and Edit

# £ DataValidation and Complstion
%63 Flow Measuements

% £ Data Compilation

Start Date: |01/08/1337
End Date: |30/09/1337

63 Analysis

= & Presentation - TimeBase: [How
= Print Report Function B
= HTML Reparts

Parameters: 106
Al paramsters
‘" HTML Reports | Series 4
Seriss codes Mahemdabad HHAQ /01 /1980 to; 31/12/20
y— fsecldalhee) Maherdabad HOCO1/08/1357 to: 3041019
[Series =] Mahemdabad HZS01/01/13821:00.00 4M 1
w\( Mahemdabad MPAI /06/1399 5-30:00 AM t
Templats file name
C\Frogram FllestHYMOS #4HTML Repa ..
Template information:
Example of rainiall data report for daiy values, yeaty

overview with graph

OLKA |
Der
Bagodra = lek list
|~ o [ Complets ssries s [~ Save raparts to a single outputfie
Execute ‘ Close ‘
s T
n W

Fieady.

g Metter - DelfEH. .. - HYMOS ctions - Selection Info = HTML Reports

Fig.12

Close all boxes and EXIT HYMOS. Follow the path defined as above for template file to find an
HTML report of daily flow by Mahemadabad name along with chart. This forms a piece of
information to be a part of water year book.

Go to Contents
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Chapter 6

FITTING OF RATING CURVE - Backwater Effect

Preceding chapter demonstrates how to establish a rating curve under steady flow condition
using HYMOS. However, whatsoever measures we employ in siting an ideal river gauge station;
still other constraints lead us to select a gauging station which may be prone to frequent
hydraulic conditions differing from steady state. Often times, a river reach witnesses backwater
effect due to operation of a hydraulic structure or some tributaries joining the main stream in the
downstream. On the other hand, in monsoon, unsteady flow is usually observed at several
stations in our country. These conditions call for an altogether different approach to fit a
relationship involving more variables, for instances, gauge, discharge, water surface slope or rate
of rise/fall of water level. Here too, HYMOS offers the user to select appropriate options to fit
rating curves. The screenshots, as below, show how to fit a rating curve under backwater effect. To
begin with, we shall first use 'Constant Fall Method’ .

Upon clicking on 'HYMOS' shortcut key on the desktop or selecting HYMOS through
programs option, enter username & password to obtain following screenshot (Fig.1)
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Fig.1

Go to tool bar and select Database manager to get a dialog box in the middle of screen.
Pressing New on the Database list box will pop-up a /ocation for database window (Fig.2). Select
a path c:\hymosdabase and click on create. By opening up a new box, software asks for the name
of folder where the user wishes to store its data. Type ’'backwater’ or as you wish and press ok
and again ok on second box to close these boxes. These initial steps create databasel with its
location marked against it in the right part of the database manager box (Fig.3). Right clicking on
databasel lets the user modify databasel name by any other name.
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Double clicking the databasel or alternatively, selecting the databasel and clicking open button
at the bottom of box takes the user to netter screen (Fig.4).
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Select last icon on the tool bar ‘edit network’ followed by activating ‘inverse triangle’ to get
dropdown menu. Go to nodes and select first option in yet another listing located by it. This
selection pops up another box asking the user to enter name and ID of a station (Fig.5). Here, we
enter station name as UNSTEADY & ID as UNSTEADY. Press OK to get a pen like cursor to locate
the station where the data are observed at. Locate the station somewhere and follow the steps
thereafter to open HYMOS function box; as executed in one of the previous exercises. P/ note that
these steps are essential only when records of a site are required to be keyed in directly in
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HYMOS. In case data of a site is imported from SWDES into HYMOS, these steps can be
dispensed with. One of the exercises in the booklet explains process of data import from SWDES
to HYMOS.

Having finished with a series of steps as listed above, user is set to define, using options available
on the HYMOS function box, the salient features of sites by opening up Station Characteristics
box (Fig.6) and pressing Save button at the bottom of it. The steps are: Function > Entry and Edit
> Stations-Stations Characteristics > Go to Function. On this box, enter 01/01/2000 and
01/02/2000 as date established and date closed respectively and catchment area as 100. Go to
time tab and modify the start and end date as 01/01/2000 and 01/02/2000. Again press Function
tab.
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The UNSTEADY (a_hypothetical site name) site is often frequented by backwater presence and
measurement at this site, during 01/01/2000 to 10/01/2000 yielded following set of data.
Skimming through the set of data, i.e., observing the fall between Centre line & D/S sections
reveals the varying slope of water surface during the observation period. The observation of fall
on daily basis is another variable that influences the scatter of G-D plots and introduces
substantially higher standard error of estimate, unless this factor is accounted for fitting a rating
curve. In reality, we witness two kinds of sites-firstly which experiences backwater effect
constantly like a site located near coastal area (due to tidal presence) and secondly which
observes this presence only during particular period or time. The first case is dealt with by
Constant Fall method’” and the latter by ‘Normal Fall Method’ . The succeeding steps
demonstrate the use of HYMOS software to handle both cases with same set of data. The exercise
begins with entry of observed data for UNSTEADY site (Fig.7). Steps are: Function-Entry and Edit-
Stage Discharge-Stage-Discharge Data-Go to function. Sequence of it presents an Add Stage
Discharge Data box where user has to feed the daily data one after another (Table 1).

61 | FITTING OF RATING CURVE — Backwater Effect



Date & time: 01.01.2000 & 08:00:00
Observation no. 1
Water level: 2.35 Discharge: 15 Fall: 0.15 (2.35 minus 2.2)

This is for the first day observation. Complete it for all ten days in similar way. Pl ensure to press
SAVE button each occasion you finish the entry for a day. Once completed, close the Add Stage
discharge Data box.

Table 1
Date Water Level At| Water Level at | Discharge, Fall in
Centre line, m D/S section,m | cumec m
(2-3)
1 2 3 4 5
01/01/2000 2.35 2.2 15 0.15
02/01/2000 2.38 2.33 9 0.05
03/01/2000 2.5 2.3 26.8 0.20
04/01/2000 2.52 24 25 0.12
05/01/2000 2.54 2.5 19 0.04
06/01/2000 2.6 247 38 0.13
07/01/2000 2.67 2.6 35 0.07
08/01/2000 2.67 2.56 42 0.11
09/01/2000 2.77 2.69 54 0.08
10/01/2000 2.79 2.64 65 0.15
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Fig.7

Till now, we have successfully located a ‘UNSTEADY’ site and completed data entry for a given
period of time. To establish a rating curve under backwater condition, fall in addition to
corresponding water level and discharge values have also been fed in the system. This point
forward, we will seek to fit a curve first by single channel rating curve followed by backwater
methods. Fitting of a rating curve by first option (to know how, visit the steps outlined in one
of the earlier exercises) yields a standard error of estimate of 21.99 %. The significant scatter of
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plot is obvious as site has presence of backwater altering the water surface profile constantly. To
turn to fit another curve to account for fall, select ‘Backwater Constant Fall Correction’ and
enter 1 against value for constant fall followed by pressing 'Execute’ button (Fig.8).

57 Netter - Delft Hydraulics T _‘@E
File Edt Yew Select Options Window Help —

|0 def D& @ Q& #Oh
- HYMOS Functions.

Start Date: 01/01/2000 End Duate: 01/02/2000

Stations | Time | Parameters | Series |} Funtions |

Stations: 1
UNSTEADY  UNSTEADY

i WA M E e w|s

# 8 Entry and Edit
-3 Diata Validation and Completion
= & Flow Measuements

= Piocessing of Flow Measurements

= Fitting of Rating Curves

= Vaidation of Fiating Curve
:£3 Dala Compilation
# £ Analysic
# £ Presentation

pdne <]

P StanDate: [O1/01/2000
& Endbate o020
TimeBase: [Day
Divider [T

Parameters: 95

Goto

Function \

Fitting of Rating Curves

Al parameters

- Gtation codes Riating curve option

Single channel rating curve
Unsteady flow conrection

8 B

Backater nomal fal correction

fan fal conection
Series:
Compound channel rating curve
Lavvest water level for Jones comection: [ 150
Maximum value for adjustment factor 145 i 2 00|
Walue for constantfalt

Wale for lower thresheld of h for corection: [ 0,00
h

" Parsbalic: & Power Date |Nr SeqNr @
o200t 1 15
I Fied value for parameter ‘a' 02401 #2001
03101 12004
Rangs fiom: 236 273 o
r 0601 52001
1 234 28 07/ /2001
0801 /2004
0990 r200 1
10/ /2004

Number of intervals in b

[Read.. =
'd start T H 2-.. | - HYMOSUserIn.. | g Netter - DelftH...

Fig.8

= Netter - Delft Hydraulics

Fie Edit View Select Options Window Help

- - ax = v e .
HB 0O ‘ (= =] Q‘ @ ”Q [ORETR U RIN ‘ I View Report - Fitting of Rating Curves
File Edt Format
" HYMOS Functions
~
Start Date: 01/01/2000 End Date: 01/02/2000 Jmber W level Q neas @ coup DIFf Rel.dTFt =
Stations | Time | Parameters | Series | Eunctions | n Hass n3;s H3/s 00
1 z.35  15.000  13.286 1,714 1z.90
A, F s B
; ‘st Validation and Completion 1 z.50 26.800 29.408 -z.609 -8.87 —
& & Flow Messuements 1 z.52 z5.000  25.836 -.935 -3.61
- = Processing of Flow Measurements 1 z.54 19_000 18.040 L9600 5.3z
~= Fitting of Rating Curves 1 z.80 38.000 35.301 z_099 5.85
= Validation of Riating Curve: 1 2.67  35.000  35.352 -.352 -.99
&1 Data Compilation 1 2.67  4z.000  42.387 -.a57 -84
+2 Aralysie 1 2.77  s4.000  50.327 3673 7.30
6 Prosentati 1 2.73  £5.000  68.447  -3.447 -5.04
resertation —_— 5
Fitting of Rating Curves
Overall standara srror = 7.843
- Gitation codes I
Statistics per imterval =
Interval Lower bound Upper bound Nr.of data Standard error
7.85 L
-
Prirt
T ST T ST TS T TECTeT 7 o ™
Walue for constantfalk
Walue for lower threshold of b for correction:

" Parsbolic & Power Date Nr SeqMNr O h Flag ~

01,071,200 1 1 15 235 1 _I
[~ Fised value for parameter ‘a' oamioont 2 a 238 1
Number of intervals in b 030112001 3 268 25 1
Fengs from. 2361 279 pooaogt 4 s st
hldower h-upper 064015200 1 6 38 26 1
1 07012001 7 35 287 1
001 #2001 8 42 27 1
09001200 1 9 54 277 1
10001200 1 1 1

Gragh | Save oltn |

- Fitting of R...

Fig.9

Constant Fall Method is also known as ‘Unit Fall Method”~ when value for constant fall is
taken as unit. A perusal of Graph & report file indicates marked reduction in scattering and
standard error of estimate. This time, it is only 7.85% (Fig.9).
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At this point, user is strongly advised to
1. familiarize fully with the contents of the report file;

2. take down the couple of equations therein and seek to master the way to calculate
computed discharge with known water level and fall values. Report file returns rating
equations in following form;

Power type of equation q=c*(h+a)**b is used

Boundaries / coefficients
lower bound upper bound a b 4
2.34 2.80 -1.840 2.635 .1674E+03

Backwater correction is of the form: Q=Qn*(F/Fn)**p
with: Fn = 1.000 & p = 400

3. User may verify the result by calculating Qcomp for a Water level value of 2.35  and
corresponding fall of 0.15 (the first value of the set)

Wlevel Qmeas Qcomp DIFf Rel.dIFf
M3/S  M3/S M3/S 00

235 15000 13286 1.714 1290

4. replace the value for constant fall with any number and notice the change and seek to
understand it. As a rule of thumb, most frequently observed fall value or one is selected
for fitting a curve;

5. User themselves may analyze the impact of not fitting a curve without accounting for fall
for a site frequented with backwater. User may compare here the two standard error of
estimate values arrived at by two approaches; one of which duly considers fall as another
variables.

Preceding paragraphs deal with plotting a rating curve for a site perpetually affected with
backwater. Still, there are a few examples of discharge observation sites where influence of
backwater is restricted to either the water level in a tributary joining the main river somewhere
downstream or the operation of gates of a hydraulic structure down the reach. In other words,
observed data of such locations is an assemblage of data representing two populations- one
which is free from backwater effect while others affected with it. If a site happens to be located in
a section such as this, fitting of rating curve is attempted by ‘Normal Fall Method' . This task is
accomplished by choosing ‘Backwater Normal Fall Correction” option on Fitting of Rating
Curve box keeping the same set of data (Fig.10). The only change needs to be done is to flag
backwater free data by ‘2" and affected observations by ‘1" . The value of fall associated with
each observation help user flag data appropriately as lower fall values signify the presence of
backwater. Value for lower threshold of h for correction is taken as 2.35. If user is convinced that
presence of backwater effect is visible only above a particular water level, the same water
level is selected as lower threshold of h for correction. This also means that all observations
below this level are backwater free data independent of the gate operation or discharge in the
tributary downstream. Having done this, press ‘Execute’ button and peruse Report file.
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Fig.10

The extract of report file produced as under defines 3-set of equations. These equations help a
data analyst obtain computed discharge data for given water level and corresponding fall values.

Power type of equation g=c*(h+a)**b is used
Boundaries / coefficients
lower bound upper bound a b d

2.34 2.79 1242 12571 .1578E-05

Backwater correction is of the form: Q=Qn*(F/Fn)**p
with: Fn=a+b*H+c*H**2 : a= 11.4985

b= -8.5415

c= 1.6004

p= 4000
Applicable for levels above: 2.350

User may flag observation of day 2 as ‘2" and notice changes in result. To verify the result
obtained, we may use these equations to calculate Qcomp value for Water level = 2.38 and Fall =
0.05
Number W level Q meas Qcomp  DIFf Rel.dIFf
M  M3/S M3/S M3/S 0/0

1 235 15000 15125 -125 -83
1 238 9.000 09.036 -036 -40

To highlight the capabilities of HYMOS, a small set of sample data was chosen. So, certain
anomalies in the behaviour of equations obtained as above (+ve a coefficient) are not ruled out.
Once satisfied with the equations and result of the fitting, press ‘Save Relation’ to let software
save the relationship for future references.

Go to Contents
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Chapter 7

FITTING OF RATING EQUATION - Unsteady Flow Conditions

Preceding chapters demonstrate how to establish a rating curve under steady & backwater flow
condition and reach where occurrence of these kinds of flow is likely. In a slightly different
condition and especially in monsoon, unsteady flow is usually observed at several stations in our
country. Unsteady flow is associated with rapid rise and fall of water level during flood. Observed
gauge and discharge data of this period, if plotted on abscissa and Y-axis forms a closed loop in
the middle of plot; often termed as 'Hysteresis’ . Fitting a relationship for unsteady conditions
involves accounting for rate of rise and fall of water level in addition to corresponding observed
gauge & discharge data.

Upon clicking on  'HYMOS' on the desktop or selecting HYMOS through programs option,
enter right username & password to obtain following screenshot (Fig.1). Like previous exercise,
click open the ‘Database manager’ .Goto ‘Database’ and click on ‘Establish link’

" HYMOS User Interface - HYMOS System Administrator

Fie Managers Language Help

o o @l

Diatabases within area Asia’

Name | Location
Databasel CAHYMOS Databassstbackwater

Fig.1

This pops up a window (Fig.2) to locate existing HYMOS database box, where user has to locate
the database file by this path C:\HYMOS Databases\KHEDA NEW AUG2001 and press 'Ok’
This leads to the appearance of Database2 file on Database manager box.
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Destination: \

Cancel

Fig.2

Select the Database? file name double clicked it to get ‘netter screen’ . Netter Screen displays
the host of hydro-meteorological stations in KHEDA basin in Gujarat state (Fig.3). One station, i.e,,
Mahemadabad located in the southern part of the basin, is known to have been affected by
unsteady flow condition in past and is selected for current example. Clicking on ‘HYMOS' lets
the user work with Hymos Function box.

&1 Netter - Delft Hydraulics ElE)X)

File Edit View Select Options Window Help
=D Hed D& @ &Ra#OE He s

i HYMOS.NTW

van| M4 B RS i e

i YL

EBX

oE

=
“(

Show Info
Show Graph
| show Graph Path

Clear selection

[Ready. Mode: Mahemdabad, Mahemdabad 72800, 22623

&L Q) 1041 M

Press the Time tab on Hymos Function box to enter start and end date as 20/07/1997 &
24/08/1997 respectively (Fig.4). Next, the time base will be marked as ‘Hour’ . Function tab is
clicked this after.
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Now, open the Data Validation and Compilation folder and select Time Series Graphs followed by

pressing ‘Go to Function’

button (Fig.5). Upon doing so, user will have time series Graph box,

as below, containing a family of tools. For current study, check the Mahemadabad HHA tiny box.
From the second column, select the derivative option followed by pressing Execute button. This
command of HYMOS results a graph and a series showing change in water level on hourly basis.

This implies that the resulting series bears a unit of

‘m/hr’

with + and — sign indicating rise and

fall in level. To view the graph and series so generated, Graph and View button on Hymos

Function box are pressed in turn.
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The graph output (Fig.6) suggests two spells of highly unsteady state which might have impacted
the observed discharge (it is explored a bit later). Timing of occurrence of sudden rise and fall of
water level during the passage of flood wave also help the user narrow down the start and end
date by using Time tab. A cursory look at the graph hints this period from 27/07/1997 to
04/08/1997. Once this is over, the series so obtained in  ‘m/hr’  needs to be saved in for getting
another series in  'm/day’ unit. This step is entirely a software need for fitting a rating curve
with unsteady correction and one of the series transformation tool available on Function box
assist user to develop it (succeeding paras cover this aspect).

EGraph Server - SerDerived (Series Derivative)
File Template x-Axis Captions View Window Help

Series Derivative

1897-07-20 1997-07-21 1997-07-22 19897-07-23 1997-07-24 1997-07-25 1997-07-26 1997-07-27 1937-07-25 1997-07-29 1997-07-30 1987-07-31 1937-08-01 1997-08-02 1997-08-03
Time

WL by AWLR (MSL) [m]

) W" .

B MAHEMDABAD Derived series

—_—
i4 start |- HYMOS UserInterf... | ygg Metter- DeftHydr... | G lecture

Fig.6

The screenshot in Fig.7 leads to saving the derivative series’ . The steps are: ‘Save’ on
Function box-Change selected series ID button on Save Data to Database box-choose
Mahemadabad station and HA1 Temp hyd on Change Series name box-Ok on this box- tick the
check box on Save Data box-Ok. Having done this, a series Mahemadabad HAL will appear on
Time Series Graphs. At this stage, user can close this box. Mahemadabad HAL series is in

‘m/hr’  unit and is to be converted into m/day unit by opening up the Data Compilation folder
on HYMOS Function box under Function tad and selecting series transformation followed by go
to function.
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User gets a screen as in Fig.8. Select Mahemadabad HAL series, this also as resulting series, first
algebraic equation from upper right listing and click >> tab below. This fills in the blank cell with
current series. Cell next to it is a coefficient to be multiplied with each value of parent series. A
value of ‘24’ fed here converts ‘m/hr’ into ‘m/day’ .Press ‘Execute’ to let the software
generate desired series.
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By following steps as highlighted in Fig.7, a series now with ‘m/day’ can be saved. This series
can be seen or edited by selecting appropriate commands as highlighted hereunder: Entry and
Edit-Series-Edit Data-Go to Function-selecting Mahemadabad HAL and by opting check box to
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show graph (Fig.9). An extract of this series when unsteady flow is dominating is produced in
Tablel.
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Table 1
MAHEMDABAD
Dh/dt
Dh/dt in

Date & Time WL In m/day Date & Time WL | m/day
27/07/1997 8:00 259 0.24 28/07/1997 8:00 | 34.32 -2.40
27/07/1997 11:00 28.1 432 28/07/1997 11:00 | 33.52 | -12.00
27/07/1997 14:00 28.82 14.40 28/07/1997 14:00 | 31.32 | -1440
27/07/1997 17:00 3142 21.60 28/07/1997 17:00 | 30.27 -8.40
29/07/1997 8:00 28.28 -0.96 30/07/1997 8:00 | 27.62 0.00
29/07/1997 11:00 28.12 -2.40 30/07/1997 11:00 | 2747 0.00
29/07/1997 14:00 28.01 -0.24 30/07/1997 14:00 | 2742 0.00
29/07/1997 17:00 27.87 -1.20 30/07/1997 17:00 | 27.37 0.00
31/07/1997 8:00 27.27 0.00 01/08/1997 8:00 | 31.52 12.00
31/07/1997 11:00 27.22 -1.20 01/08/1997 11:00 | 32.02 4.80
31/07/1997 14:00 27.22 0.00 01/08/1997 14:00 | 32.92 2.40
31/07/1997 17:00 27.22 0.00 01/08/1997 17:00 | 33.22 1.20
02/08/1997 8:00 30.72 -12.00 03/08/1997 8:00 | 28.67 -1.20
02/08/1997 11:00 29.92 -7.20 03/08/1997 11:00 | 28.52 -1.20
02/08/1997 14:00 29.52 -2.40 03/08/1997 14:00 | 28.37 -1.20
02/08/1997 17:00 29.12 -2.40 03/08/1997 17:00 | 28.27 -1.20
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Table 1 lists the date, time and corresponding water level and dh/dt in  ‘m/day’ . dh/dt here
stands for change in water level versus change in time. dh/dt data corresponding to water level
exceeding 32m, picked up from Table 1, and are entered in Add Stage Discharge Data box
(Fig.10). This box appears after selecting Stage discharge Data function under Stage Discharge
subfolder of Entry and Edit main folder. User has to first mark the right date and time on lower
left box. The software retrieves all data of this day but gradient data. User has to enter correct
dh/dt one by one in gradient cell followed by pressing ‘Save’ on each occasion. With this, the
user has updated the stage discharge data field with gradient information, indicative of unsteady
flow characteristic at site.

Note- SWDES software offers the data handlers to enter dh/dt data facility. A properly filled in
SWDES data sheet thus obviates above steps and user can directly jump to  ‘Fitting of Rating
curve’ function. This saves considerable time.
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This point forward and assuming comfortable familiarity with the software by the user, steps to
obtain screenshot (Fig.11) are intentionally skipped here. User is rather advised here to
concentrate on the scatter of data. Point R3 is far away from other set of data and therefore is
discarded from the current analysis by holding down the ‘Shift’ and clicking over the R3. Still,
the user is strongly suggested to skim through the original manuscript of R3 data (RD-1 form)
before eventually erasing it from the memory. Now, the user themselves, by selecting point above
32m on Plotting window; looking into lower right data set on Fitting of Rating Curve’ box and
also referring to Table 1, can notice a loop or Hysteresis. Hysteresis points are encircled in Fig.12.
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Fig.11

This justifies the entry of gradient values for water level exceeding 32m only. Before, attempting
to unsteady flow correction, a curve with current option is fitted which results in a St Error of
Estimate as 47.72 and a curve as below. Pl notice the band here as software apllies no correction
to account for dh/dt under this option.

== Graph Server - Ratcury (Rating Curve)
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Now, a selection is made for unsteady flow correction with 32 as lowest water level for Jones
correction (Fig.13). Pressing ‘Execute’ , this function not only returns a much smoothened plot
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of data around the loop (Fig.14) but also brings down the error to 43.44. It is left to the user to

imagine the cause of higher range of st error and measures to exercise control over it.

De dra
Fie Edk View Select Options Window Help

D W | DS 2 |® Q3

1 I

o AR LS

AR ET i

w | g

Stations: 1
Mahemdabad Mahemdabad

1
Start Date: 20071537 Erd Dot 24/08/1397 | Tims Base: Houl ° 4 % -
Stations | Lime | Parameters | Series | Eunctions | ;&’ g A
i . -
3 Entry and Edit
£ Dt slidation and Corplation e .
£ Flow Massursments 13 Stat Date: [20/0741997
= Processing of Flow Messuenerts EndDiste: [24/051537
= Fiting of Rating Cuives ez s S
= Vaidalion of Raling Curve Goto = Hou
= Extiapolation of Rating Curve Frsetiom fiepol 4 T
= Shift Adjustment *
= Stage-Discharge Transformation = of Ratim = Parameters: 106
= StageDischargs Stucturs B A
= Measursment Stuctures - Station codes———— - Raling curve aptio
£ Data Compilation
£ Anslysis Unsieady Firn
20 Presentation Backwater constant fall conection
Buackster noml fal comeston Series 5
Cerpound charnel g curve brad RaT20/07/1997 10000 AW &
Lomast water lavel for ) i L HHADT /0171330 tor 31712020
QUSE! WAISH BysITol tanes carscton: Lhad HOCON/08/1997 to; 29/08/19
M vl For adustment fachar 1/5 o/ P o o 1o s
Walue for constant-fall Ebad MPADT/06/1999 9:30:00 AM ¢
alue far Iower threshold of b for corestion:
Mot
£ Paraholic & Power Date |Nr [SeqNr| Q | h Flag[=
> 200071391 1 0.94 2586 1
I Fixed value for parameter ‘s’ aonrnesz 2 182 2581 1
Nurber of intervals in b 20n7nags 3 18 2\E
21071391 4 288 2597 il
Range hor 25.08 k0 932 T T
hdower |hupper 2107994 B 194 2583 1
1 258344 22071991 7 197 2591 1
_ 2207TH39 2 8 16.05 2629 Al
22071993 E] 1B.05 2629 1
22007139 4 10 18.85 26.33 1 -

Graph | Save relation

Esecute Close

Graph Server - Ratcurv (Rating Curve)

File Template x-fds Captions Wew Window Help

1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600

Discharge

0 200 600 800 1,000 1200 1400

— Rating Curve # Observed H

Fig.14

An extract of report files placed next states the similar outcome. Data, which were covered under
Jones correction, are painted yellow. Though this exercise considers only one range of rating
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curve, user may use their discretion based on river geometry/bed profile and fit rating curve
accordingly.

(A) - by Single Channel Rating method
Power type of equation gq=c*(h+a)**b is used

Boundaries / coefficients
lower bound upper bound a b C

25.90 3432 -25770 1.998 .5325E+02

Number Wlevel Q meas Qcomp  DIFf ReldIFf  t*Se
M M3/S M3/S M3/S 0/0 0/0

25.900 2.050 902 1148 12727 7852
28.100 507.800 288.601 219.199 7595 2228
31420 2383.520 1694.242 689.278 40.68 25.40
34.320 3091.900 3876.816 -784.916 -20.25 3193
33.520 2739.560 3185.857 -446.297 -14.01 30.22
31.320 1942.220 1634.854 307.366 18.80 25.17
30.270 1587.750 1075.195 512555 4767 22.86
27.220 60.890 111.864 -50.974 -4557 27.95
31.520 1731.060 1754.689 -23.629 -135 2564
32.020 3166.220 2072.799 1093421 5275 26.81
32,920 3166.790 2712.064 454.726 16.77 28.88
33.220 3583.940 2944.201 639.739 2173 29.56
30.720 1386.430 1300.755 85.675 6.59 2381
29.120 787.230 596.194 191036 32.04 2122
29.120 787.000 596.194 190.806 32.00 21.22
28.670 554650 446.898 107.752 2411 21.23
28.320 382.060 345.617 36443 1054 2170

AP ANERPPMMNWNRPRPRNMNPDPWNNRBANDR

Overall standard error = 46.706
Statistics per interval
Interval Lower bound Upper bound Nr.of data Standard error
1 25900 34320 22 47.72
(B) Post Unsteady Correction

Boundaries / coefficients
lower bound upper bound a b C

25.90 3432 -25760 2.000 .5080E+02 - eq-1
Coefficients for the equation 1/S*Vw=f(h)
lower bound upper bound a3 b3 c3

32.00 3432 -31.097 1987 -031

1/SVw =a3+b3h+c3h”2 - eq-2
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Where, a3,b3 and c3 are coefficient given above.

Number W level Qmeas Qcomp  DIFf Rel.dIFf
M  M3/S M3/S M3/S 0/0

2590  2.050 995  1.055 106.05
2810 507.800 278.042 229.758 82.63
3142 2383520 1626.286 757.234 46.56
34.32 3091.900 3232.951 -141.051 -4.36
33.52 2739.560 3056.632 -317.072 -10.37
31.32 1942220 1569.337 372.883 23.76
30.27 1587.750 1032.639 555.111 53.76
2722 60.890 108.252 -47.362 -43.75
31.52 1731.060 1684.251 46.809 2.78
32.02 3166.220 3180.776 -14.556 -.46
32.92 3166.790 3357.247 -190457 -5.67
33.22 3583.940 3220424 363.516 11.29
30.72 1386.430 1248951 137479 1101
2912 787230 573.209 214.021 37.34
29.12 787.000 573.209 213.791 37.30
28.67 554.650 429.970 124.680 29.00
2832 382.060 332.773 49.287 1481

AR DMMNPRPDMNWONRPRNMNDDWOUNRSANDR

Overall standard error = 43.496

Statistics per interval
Interval Lower bound Upper bound Nr.of data Standard error
1 25900 34320 22 4434

HYMOS, based on the user input, fits a relation betwwen water level and 1/¢S0 or 1/SVw (same
thing) factor of second order polynomial type (eq-2) and apllies it in conjunction with rating
equation to account for unsteady effect. A plot between water level and 1/cSO (using Excel
sheet) exhibits a pattern as in Fig.15.

Factor Curve
35

345 4 *
34 4 *
335 - *
33 .
325 4 .
32 4 .
315 4 .
31 A *
30.5 T T T T T
0.5 0.55 0.6 0.65 0.7 0.75 0.8

1/cS0 factor

Water Level inm

Fig.15

In reality, loops of curve are rarely as clearcut as shown here and produce varied shapes but
showing a pattern as above.

Go to Contents
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Chapter 8

EXTRAPOLATION OF RATING CURVE

Having finalized rating curve under different hydraulic conditions, another significant step prior to
stage discharge transformation is to seek interpolation or extrapolation of rating curve in order to
get discharge data corresponding to stages beyond rating curve limits on either side. In the
current exercise, following step by step methods help user achieve this objective. For this exercise,
we export data from SWDES software to HYMOS followed by its import in HYMOS environment
for detailed study. For extrapolation study, we choose hydrological data of MANCHERIAL site for
a period between 01/01/1998 and 31/12/1998. The entire steps involved in import from SWDES
and its retrieval in HYMOS are deliberately skipped here as the same have been explained in one
of initial chapters.

On ‘Database Manager’ box select Mancherial database to open up netter screen. This point
beyond, user is expected to finalise the rating curve under steady condition for this site (Fig.1)
and save the relation so derived.

51 Netter - Delft Hydraulics

/{1 Selection Info

Stations: 1
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TimeBiase: [How
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= Shit Adustment —
= Stage-Dischaige Transfoimation [ Fitting of Rating Curves = |3 | S——r)
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# 23 Presentatior
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o
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" Parabalic « Power Date Nr [SeqMNr @ h Flag | |
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T S, e
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Power type of equation gq=c*(h+a)**b is used

Boundaries / coefficients
lower bound upper bound a b C

12500 12770 -124130 5.331 .1538E+01
12770 13190 -126.201 1.737 .6719E+03
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Skipping all intervening steps till a rating curve is saved in the memory, we now select
Extrapolation of Rating Curve’ option on HYMOS function box (Fig.2). The relevant screenshot
of Fig.2 depicts dates and Time Base details as well. Select ’‘Extrapolation of Rating Curve'
function and press 'Go to Function’ .

Selection Info

i Netter - Delft Hydraulics
File Edit View Select Options ‘Window Help
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Save.

dira ({;

- StatDate: /0171998
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#-C1 Analysis
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This brings up  ‘Extrapolation of Rating Curve’ box (Fig.3).
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Check the box on by the station name to turn it active. This will pile up cross-section profiles of
the station under consideration observed during the selected period. Open up the cross section
of the centre line to look at the river geometry and decide upon the location of main channel and
adjacent over banks. For this exercise, we assume two sections of river spanning from to 0 to 900

and 900 to 1440 and assign two values of K-Manning (pl note that K-Manning is inverse of 'n
— manning coefficient value’ appropriately.

To achieve K-manning value, press 'Display Hydraulic quantities’ (Fig.4). Now press
‘Execute’ and select 'Hvssqrt(s)/n’ followed by clicking on 'Show graph’

Netter - Delft Hydra aph Serve RatQ dra Qua 2 m|

Fie Template x-fxis Captions Wiew Window Help

S0 Hed D& 7 QAXTE K65 Display Hydraulic Quantities B
I H ] -
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#-3 Entry and Edit
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S Flow Measurements
= Processing of Flow Measursments
= Fitting of Rating Curves
= Validation of Rating Curve
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= Shift Adjustment
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Stations Graph Options

v
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Show Graph
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™ Use Riating Curve for Discharge Caloulation

C Pasboie & Power  Himenalsinh 7 -]
Low | Up | C(@ | Ch) | Cle) |-

1125006 127693 1241261534366 1506025 |
2 127683 1518 126 20111 736077 671 8966

Q-H Datarange: 125026 to: 131896

| O Extrapalation - Micros.

A glance at the graph reveals sqrt(s)/n approaching a value of around 0.65 to 0.70 at higher
ranges of water levels. Study of stage discharge data of the station further reveals surface slope
around 0.00083 (Fig.5). Information shown in bold here aid user to conveniently deduce 'n’
and eventually K-Manning. Noticing that banks usually have higher n-value than main channel,
we select K-manning as 23 and 24 for banks and main channel respectively. Go back to

‘Computation of cross sectional parameters’ screen and insert values. Press ‘Execute’ and
open up report file to get discharge data for a range beyond rating curve. For this example, upper
limit of rating curve is 131.9m while extrapolation sought is upto 134m. Here, HYMOS has a
limitation in incorporating extrapolated discharge automatically in the database of the station.
User has to do this manually by selecting ‘Add stage discharge data’ function under ‘Entry
and Edit" folder followed by ‘stage discharge’ folder (Fig.5). With this new set of data, a fresh
rating curve for extrapolated range needs to be fitted along with preceding ranges and saved for
stage discharge transformation task. For more details, user may refer to  Training Module no.
31° .
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Training_Modules/31%20How%20to%20extrapolate%20rating%20curve.pdf
Training_Modules/31%20How%20to%20extrapolate%20rating%20curve.pdf
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Computation of cross-sectional parameters

Station : AG000J3
Date 11998 1 6

Section 1

Left bound .00 m, right bound 900.00 m from initial point
Water boundaries included

K-Manning: 23.0, Sqgrt(S).K-Manning:  .6862

Stage  Width Wetted  Area Hydraulic A*R**2/3  Q
Perimeter radius
m m m sg-m m m**@8/3) m3/s

125.00 .000 .000 .000 .000 .00 .00
126.00 25.055 26.549 3.195 120 .78 .53
127.00 185.887 187.397 87.687 468 5285 36.26
128.00 637935 639.458 580.543 908 54431 37348
129.00 752871 754422 1291319 1.712 1847.76 1267.85
130.00 780.546 782.175 2058516 2.632 3923.93 269243
131.00 790.759 792.583 2844.033 3.588 6665.94 4573.87
132.00 809.980 811.909 3644402 4489 9916.81 6804.48
133.00 866.564 868.563 4472338 5.149 1333594 9150.53
134.00 894427 896.497 5352834 5971 17617.35 12088.25
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Section 2

Left bound 900.00 m, right bound 1440.00 m from initial point
Water boundaries included

K-Manning: 24.0, Sqrt(S).K-Manning:  .7160

Stage  Width Wetted Area Hydraulic A*R**2/3  Q
Perimeter radius
m m m sg-m m m**@8/3) m3/s

125.00 .000 .000  .000 .000 .00 .00

126.00 255.086 255.097 163.631 .641 12170 87.14
127.00 314971 315.021 448825 1425 568.29 406.89
128.00 457.204 457.534 871323 1904 1338.70 95849
129.00 460976 461.802 1330412 2.881 2693.64 1928.62
130.00 464.747 466.070 1793.274 3.848 4403.29 3152.70
131.00 468.519 470.339 2259907 4.805 6434.93 4607.34
132.00 472291 474.607 2730312 5753 8765.92 6276.30
133.00 476.062 478.876 3204488 6.692 1137931 8147.46
134.00 479.834 483.144 3682437 7.622 14261.80 10211.29

Stage Discharge/section >>> Total Discharge

12500 .00 .00 .00

12600 .53 87.14 87.67

12700 36.26 406.89 443.15

128,00 373.48 95849 133198
129.00 1267.85 1928.62 3196.47
130.00 269243 3152.70 5845.13
131.00 4573.87 460734 9181.21
132.00 6804.48 6276.30 13080.78
133.00 9150.53 8147.46 17297.99
134.00 12088.25 10211.29 22299.54

Extrapolation of discharge by conveyance method is highly sensitive to roughness value, and
therefore a reasonable value in harmony with site condition must be fed in the system. An
extrapolated value can also be verified by applying other methods such as channel routing by
conventional methods or by dynamic channel routing. User may use soft tools such as HEC-HMS
or HEC-RAS software for this purpose.

Go to Contents
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Chapter 9

VALIDATION OF RAINFALL DATA

Inclusion of errors in rainfall data is often attributed to fault in instrument; its upkeep; errors
contributed by observers etc. Such errors, if go unnoticed further, are bound to affect
hydrological analyses significantly. HYMOS offers a range of tools to detect errors, if any and tools
to modify it to maintain consistency and continuity of rainfall data. One such tool in HYMOS is
spatial consistency test. In the paragraphs to come, this has been illustrated with relevant HYMOS
screenshots.

To demonstrate the application of this test, Vadagam MPS series (daily series) of Kheda
catchment is selected by adopting steps outlined in initial chapters. Once Hymos Function
window appears on the screen (Fig.1), set time period and time base as 01/07/1988 (start date);
30/09/1988 and days respectively under time tab. Now, select Spatial Homogeneity Test function
in Data Validation and Completion folder and press Go to Function button. Spatial Homogeneity
Test window that pops up subsequently needs selection of Vadagam MPS series; entry of
absolute, admissible error normally as 50; relative, multiplier to st Dev as 2.0; check box on for
MPS series (above search button); radius of influence as 25km; power to distance factor as 2.0. No
normalization button would be selected.

.
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Fig.1

Once completed, search button is pressed to let software look for neighbouring stations within a
radius of 25km around Vadagam site and populate the field in the middle (Fig.2). Right most cells
of this part of window allow the user to decide inclusion or exclusion of station (s) in the analysis
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by putting 1 or 0 respectively. While doing so, an attempt should be made to ensure stations (two
at least) in each quadrant to remove bias in the result.
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Padius of circle of influsnce  : £5.000 (km}
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Admissible absolute error : s0_000
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Quadrant Sracien Distance (ku)
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1 Modasa mpE 18590
4 Bayad mpE 1z.882
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Year mth day hr
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lsgzs 2 1 o

lsgzs 2 & o
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88 8 & 0 1 4
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lsgzs 8 1z o 1 2.00 + 27 1.z0 4
lsgzs 8 Zs o 1 3Z.00 + 1.47 4.34 4
lsgzs 2 & o 1 ) + oo - 0o 4
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Legend

= number of neighbour svations

This step is possible only when one or more quadrants have more than two stations in it. Press
Execute now and click on Report button to look into resultant report file for inconsistencies in the
record (Fig.3).
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Fig.3 tabulates the estimated as well as observed rainfall record at Vadagam site. Encircled patch
of this report highlights suspected entry around 5" of August 1998. User may note down all
suspected period for scrutiny of record separately. Scrutiny is accomplished by picking up Anior,
Bayad, Modasa, Rahiol stations from Netter screen besides Vadagam keeping time period and
time base in such a manner that covers the suspected period. Now, choose Screening of data
under Data Validation and Completion folder and subsequently pressing go to function tab
(Fig.4). Select all MPS series followed by Tabulation screening option. Click on Execute button.

Netter - Delt Hydra - [=]x]
0 Ha O& @ QQAFEOLE 0 E 5 iR CES o
HYMO nction m| m|
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= @& DataValidation and Completion P
= Time Series Graphs : N é
= Scieening of Data 4
. Conase PG 3 - .
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= Conpute ekon Cuve v ‘ =
= Double Mass Analysis .
= Series Homogeneity Tests
= Spatial Homogsneity T est
= Spatial Conelation
= Interpolation
= Regression Methods eening of Data 5
= Sacramento Model = Kirshalg:
# £ Flow Measwements Series Codes Select Screening Option =
= [ Data Compilation I Anior PS5 Listing [ =
= Aggregation of series WiBawad MPS Screening it
= Dis-Agaregation of series Wl Modasa  MPS Comparison
= Series Transformation Less/Greater Than Series Min | Max Rise | Fall =] ol
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— Bayad  MPS[0 400 Bl 30
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e ‘adagam  MRO 450 100 50
| -
! ]
Decimals [ =
Ready. Node: Modasa, Modasa 73661, 23320

gofData @)% Lk Q[ 5i16PM

Fig.4

Clicking on Report tab on Hymos function box produces report file listing daily rainfall
recorded/aggregated for stations under study (Fig.5). Move around the suspected period to trace
inconsistencies in the record. User at this stage may promptly recognize the mistake and revisit
the Vadagam MPS series to modify the entry. To edit data, select Entry and Edit> Series> Edit
data function> Go to Function to have Edit data values window (Fig.6). Scroll up/down to
respective date/period and modify/shift/replace values as needed and save the record.
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View Report - Screening of Data.

File Edit Format

~
Tabulation of seriss, Year 1968 il
Tear mth day hr si Anior Bayad Hodasa Rahiol Vadagam
Mrs nre MPE PE nre

1988 7 1 10,40 00 11.00 40,00 z.00
1988 7z 10,40 28.20 5.00 z.80 5.50
1988 7 2 z3.20 00 .00 on 00
1388 7 4 oo 00 7.00 £.00 00
1988 7 & oo oo -oo oo oo
1988 7 & z1.&0 oo 11.00 oo 780
1988 7 7 on 3.00 13.00 on 5.00
1988 7 @ on 00 .00 on 00
1988 7 9 on 00 1.00 on 00
1988 710 14 €0 7500 z.00 oo 17.00
1988 711 oo oo £.00 oo oo
1988 7 1z on 00 on on ool
1988 7 1% on 00 70.00 on 00
1988 7 14 3300 £5.00 75.00 30,00 14.00 U
1388 7 18 2,00 17.80 1250 £.00 2,00
1988 7 18 Ze. 80 l4.00 21.00 E0. &0 40.00
1988 717 &40 1.z0 10.00 z.00 1.00
1988 7 1@ on z.00 .00 on 1.00
1988 7 13 40,00 57.80 z.50 50,80 35.00
1988 7 20 5420 46.00 50.00 3z. 80 45,00
1988 7L 7.00 17.00 4.00 4.00 13.00
1988 7 ozz 11z 00 7840 1z4.00 g1.80 8Z.00
1988 7
1988 7
1988 7
1988 7
1988 7
1988 7
1988 7
1988 7
1988 7
1988 8
1988 8
1988 8
1988 8
1988 8
1988 8
1988 8

8
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LKA 11/08/1988 &:30:00 AM 3 - v T T T T T
Update Graph 12/08/1988 8:30:00 AM 0 & 0207 1 SEE0407 M 9860607 M A5E01307 1 8551 0/07 1 9881 2/07 M 88614/07 11 86
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Fig.6

Double mass analysis is yet another tool available to detect inconsistencies in the record arising
because of shifting of station itself or significant changes around the station influencing adversely
the record of rainfall events. This analysis is normally carried out based on the availability of long
term rainfall record at base as well as test station. For the current exercise, Vadol is test station
while Kapadwanj, Mahisa and Thasara form base stations. Accordingly, stations would be picked
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up from Netter screen to enter Hymos function box as usual. Time period and time base are
selected as shown in Fig.7. Now, select Double Mass analysis function under Data Validation and
Completion folder to press go to function. This pops up Double Mass analysis window. Select
Vadol MPS series as Selected series. Select year button which automatically filled in the length of
data in year. A numerical value of 92 against number of elements in year implies 92 days data
each year beginning from 01/07/1970 would be considered for analysis. This is so because period
considered for analysis witnesses active rainfall activity while preceding and succeeding period
notice usually subdued or nil rainfall. Press Execute button to let HYMOS finish the analysis. This
exercise involves a multitude of data for analysis, HYMOS may warn the user about proceeding
further. Ignore such warning and proceed ahead by choosing "ok’
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= Compare Relation Curve Ll Divider: 1
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 d i
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L Base station | Test station H
Conversion factor 1 1
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Unitof data  mm mm 1
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Ready..
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Fig.7

Graph & Report command on HYMOS Function box renders a plot (Fig.8) and a report (Fig.9)
plotting/listing year wise accumulated rainfall at test station and accumulated averaged rainfall at
base stations. Extracted information in this form reveals shift in pattern in the year 1984 and
beyond signifying a need for examination of causative factors; estimating correction factor; and
introducing correction factor to test station record accordingly. User at this stage is suggested to
refer to __‘Training Module no. 10° before applying correction factor and proceeding further.
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Training_Modules/10%20How%20to%20correct%20and%20complete%20rainfall%20data.pdf
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~

Following is an excerpt of this module showing the method to work out correction factor.
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As pointed out in the preceding para, the correction has to be incorporated since 1984.
Accordingly, while finishing this job, care has to be exercised to change the time period beginning
from 01/07/1984 and not from 01/07/1970 as shown in Fig.10. A function of HYMOS needed for
this conversion is shown in Fig.10. First mark Vadol MPS and use >> button to fill in lower right
cells. Proper selection of algebraic transformation function is also important. Execute the window
and save the modified series using Save button on Hymos Function window.

Go to Contents
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Chapter 10

ESTIMATION OF MISSING RAINFALL DATA; AREAL ESTIMATION OF
RAINFALL; AGGREGATION OF RAINFALL SERIES

Rainfall data, very often, lack continuity and consistency for reasons stated earlier. Additionally,
site conditions around the rain gauge such as obstructions in the near vicinity etc. do influence
the correct observations of rainfall. Happily, as rainfall records at one station bear significant
correlation with stations nearby, various methods are available to fill in missing range of data.
These methods also help in spotting erroneous values in the series. Succeeding illustrations
displays several functions of HYMOS to fill gaps in rainfall records of a site. In this chapter, focus is
on the use of HYMOS software and therefore, to understand the applicability of method (s)
elaborated hereunder in varying conditions, relevant reference materials quoted at appropriate
places may be referred to.

(A) Arithmetic Average Method

This method assigns equal weights to all base stations and is used when normal rainfall at test
station is within 10% of the normal rainfall observed at adjoining stations.

-
; o L=l |
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To determine estimates at base station Balasinor, additional two stations namely Thasara and
Kapadwanj are to be selected with time period from 24/08/1973 to 11/09/1973 and time base as
day' . Pl note that all stations exist in Kheda catchment. The selection of stations; and subsequent
changes under time tab of Hymos function box are universal in HYMOS software and are
attended to as explained in one of the preceding chapters. Once completed, open up the Data
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compilation folder and select Series Transformation function before clicking on the Go to
Function tab (Fig.1). This pops up a Transformation of Series box. For the current example, select
Balasinor MPS and press select button below it. The empty cell is now populated with resulting
series as Balasinor MPS.

Now, select remaining two stations (Fig.2), click over ‘>>" button. As this method fixes equal
wt to stations, for two stations, a weight of 0.5 is entered. For more than two stations, weight will
change according to the number of stations chosen as test stations. Resulting series would be
determined by algebraic function as selected therein. Press ‘Execute’ to let the software
compute the values. Pressing upon View button on Hymos Function box presents the computed
figures for Balasinor site.
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(B) Normal Ratio Method

This method is employed when normal rainfall at test station differs from a group of base stations
by more than 10%. We will continue with the identical set up as above except change in selection
of suitable function. Pl select ‘Interpolation” function under ‘Data validation and
completion’  folder followed by clicking on ‘go to function tab’ (Fig.3). This brings up
another box with four tabs on top of it. On extreme right is  ‘spatial filling in"  tab. Select it. For
normalization, ‘long time averages’ option is chosen here. Like previous example, resulting
series is Balasinor and is selected following steps described earlier. Similarly, remaining two
stations are populated after hitting ‘>>" button in the middle. Long time average/normal
rainfall of these stations is as under:

Balasinor = 715mm
Kapadwanj = 830mm
Thasara = 795mm

These values are required to be entered in cells against respective stations (Fig.4). Press
Execute’ . Again select view to have result.
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(C) Distance Power method

This method assigns weight to respective base stations with their distance from base station. It is
commonly observed that nearer stations exhibit higher degree of correlation than those located
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farther away. For the current study, select Savlitank as test station with period from 15/08/1994 to
21/09/1994 and time base as day (Fig.5). Now, press Parameter tab on Hymos function box and
select HAL series (not shown in fig). Now, press function tab and select Series characteristics and

click on  ‘go to function’

another window. Check on the box and press

series characteristics box. Press ‘save’

button. On Series characteristics box, press Add series button to get
‘'ok’ . This step adds Savlitank HA1 blank series to
button below on this box. At this stage, don’ t forget to

deselect the HAL series under Parameters tab. Return to Function tab.
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Now, select ‘Interpolation’ function under ‘Data validation and completion’ folder followed
by clicking on ‘go to function tab’ (Fig.6). This time we choose no normalization option. Select
series Savlitank HA1 and press select button below to mark the resulting series as Savlitank HAL.
Radius of influence in km is 25 and power to distance is normally kept as 2. Scroll up/down the
series check boxes by it and mark on for MPS series. Choose geographic coordinates and then
click on ‘Search’ button.

Note - Fig.5 is used to create a blank Savlitank HA1 series. In similar way, user may also create
blank series as Balasinor HA1 for comparing with observed record or filling gaps.
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Fig.6

The software populates the central part of this window with stations within radius of influence
indicating their quadrants; distance from base station and an option to keep stations on/off for
their inclusion in the analysis. Amend the 1/0 values in on/off column as above and press

‘Execute’ . Selection of

‘'view from Hymos function box returns the estimated series. For more

details on inclusion or exclusion of any station from the analysis and to know more about these

methods, user is strongly recommended to refer to

example is placed below (Fig.7)
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Training_Modules/10%20How%20to%20correct%20and%20complete%20rainfall%20data.pdf

Once user is convinced with the result, click on ‘save’ button. This pops up another window.
Check the box by Savlitank HAL and press ‘ok’ (Fig.8). Hymos saves this series for later use.
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Fig.8

(D) Areal Estimation by Thiessen Polygon

This point beyond, we seek to determine average rainfall over Bilodra basin by selecting 13
rainfall stations spread over the area (Fig.9). Place cursor over anyone of the station, right click
the mouse, and press Process data + HYMOS to reach Fig.10.

i Netter - Delft Hydraulics
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Fig.9
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User is requested to change time period and time base as shown in the figure and select MPC
series under parameter tab (Fig.11). This figure followed by another one (Fig.12) highlights the
similar steps performed earlier to create Savlitank HA1- a blank series. Pl note that Fig.12 are akin
to Fig.5 of this chapter. Once done, a Bilodra MPC series would be added to memory. As
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instructed previously, don’ t forget to deselect MPC series before proceeding ahead.
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Fig.12
Thiessen weight calculation and Thiessen polygon outlines are determined based on daily rainfall
series, i.e, MPS series of all sites under selection. This aside, it is essential that all selected sites
must have no-break rainfall series. This is ascertained by choosing Time Series function (Fig.13);
selecting all MPS series (place cursor inside the series codes box and right click mouse button);

data availability under graph type and pressing Execute button. Graph button on Hymos Function
window, once clicked, plots data availability status of all stations (Fig.14)
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A glance at this plot reveals Bilodra MPS as blank series and therefore, this series would be
excluded from analysis. Now, select Areal Thiessen under Data compilation folder and press go to
Function tab (Fig.15).
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This pops up a window containing all daily series pertaining to these sites. If this box is crowded,
go to Parameter tab on Hymos function window and select only MPC & MPS series. This step
removes all other series on the list. Right click on the series box and select all stations and press
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'>>" . All series now appear in Point Series box. Deselect Bilodra MPS and Bilodra MPC series
by using ‘<<’ button. Also ensure that this box is populated by continuous MPS series only.
Select Bilodra MPC series from series code box and press select button for Area series on top.
Highlight Bilodra as catchment in the box below. Geographic coordinates are obvious choice in
HYMOS. Press ‘Execute’ now.

Hymos will notify the Thiessen polygon map layer name as below for its retrieval later.

Information on Map Layer

& Thiessen polvgon maplayer, named: Bilodral is placed in vour maps direckory
Wyith the Map Editor wou can wies this new layer

(0] | Cancel

Minimise all windows but Netter screen. Select Options on menu bar followed by choosing Map
option from dropdown menu (Fig.16).

‘il Netter - Delft Hydraulics

EEX

]
sl

&L Q 249pm

This brings up Map Properties window (Fig.17). Click on the add layer button (first button on this
window) to have another add layer window. Browse under map folder of Kheda basin to trace
Bilodral map layer. Highlight it and press open. Click on the Apply button on Map Properties
window to add a layer of Thiessen polygons for Bilodra catchment (Fig.18).
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Report button on Hymos function box, once pressed presents Fig.19. It displays the weights of
each station which would be considered for averaging the rainfall for the basin. Having
determined the weights as above, select Areal computation function appearing just below the
Areal Thiessen and use Go to Function button to open Areal Computation window (Fig.20). Select
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Bilodra MPC series and concerned TH relations followed by Execute command.
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Fig.21 on next page shows average rainfall variation over time and its values as well. These are
had by selecting Graph and View options one at a time. To save Bilodra MPC series, user may
refer to steps suggested for Fig.8. Average series thus generated can be used to simulate runoff
over the basin by following anyone of the numerous rainfall runoff models and soft tools such as
HEC-HMS. To know more about these methods, user is suggested to refer to ' Training module
no.11’ .
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(E) Aggregation of Rainfall series

Subsequent illustrations focus on the rainfall series aggregation from hourly basis to daily basis.
This needs rainfall between 09.30 hr of a day and 08.30 hr following day added together with
tagging this value as daily rainfall for second day. In SWDES and HYMOS, hourly rainfall series is
denoted by MPA series. To perform this exercise, let us pick up Anior station of Kheda basin on
Netter screen and select time period and time base as indicated in Fig.22. Select Aggregation of
series option under Data compilation folder and click on go to Function button. This opens up
Window as in Fig.23. User has to select Anior MPA series with time shift option as 1 by using spin
button by it. Execute command adds all values and places it against following day as daily rainfall
data. Selecting View and Graph button on Hymos function window show calculated figures.
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Anior daily series is now required to be saved. This task is attained by selecting ‘Save’ on
Hymos Function window. This brings up another window (Fig.24). Press ‘Change selected series
ID'  button to have another window shown lower left corner. Highlight correct series and station
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Chapter 11

RAINFALL-RUNOFF VALIDATION

This chapter is primarily aimed at comparing the average annual rainfall over the basin with
annual runoff observed at terminus station of the basin. An average ratio between the two is also
termed as runoff coefficient of the basin. Accuracy observed in validation of water level; rainfall
records; & fitting a rating curve is central to the accurate result at the end of rainfall runoff
comparison exercise. This exercise begins with the selection of a series of station as highlighted in
Fig.1l. Stations are Bilodra, Thasara, Kapadwanj, Balasinor, Bayad, Sathamba, Helodar,
Savlitank, Vadol, Kathlal, Mahudha, Mahisa, Dakor & Vagharoli. Stations selected are in and
around Bilodra basin and their location is crucial to draw polygons by the software. Having
finished with marking of these stations, user has to invoke Hymos Function window. A similar
hand-out (average rainfall over Bilodra basin by Thiessen polygon method) has been illustrated in
one of the preceding chapters and therefore, user may notice brevity at a few places in
paragraphs to come.
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Fig.1

Time period is selected from 01/01/1997 to 01/01/1998 while time base is in day. One of
prerequisite to run Thiessen polygon function of the software successfully, the selected MPS
series of stations must not have breaks/discontinuity in between. To verify the status of all such
series, user may use Time Series Graphs function and selecting Data availability graph type option
on relevant window (Fig.2). Use of Graph and Report button on Hymos function window help
user detect one or more series having breaks in between. A glance at Fig.3 indicates Bilodra MPS
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series as one of the series not fit for selection and should be deselected when Thiessen polygon
function is invoked.
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MPS series of all stations is a point rainfall series. With weight assigned to each station by
Thiessen polygon method, an averaged series signifying areal rainfall over the basin is
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determined. We must have a blank MPC - Rainfall Areal Estimate series to store these
Three figures Fig.4, 5 & 6 in a row guide the user to create an empty Bilodra MPC series.
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Now, in addition to MPC select MPS series from parameters tab and come back to Function tab
option. Bring up Thiessen window as shown in Fig.7. Populate empty part of the window as
indicated therein by using >> button.
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Pl recall our initial findings that Bilodra MPS is a blank series so it is removed from point series
along with Bilodra MPC series before executing the function (Fig.8). Windows in Fig.9 are used to
overlay polygon layer on Netter screen.
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By selecting Areal Computation window; Bilodra MPC series; & Thiessen layer as created by
HYMOS and executing the function (Fig.10), HYMOS generates areal estimates series in mm/day
and can be seen by visiting Graph and View buttons on Hymos Function window (Fig.11)
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Areal Estimates for Bilodra catchment needs to be saved and is accomplished by save option on
Hymos function window. This presents another window. Make appropriate selection and press
‘ok' (Fig.12).
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Time series Graph option under Data Validation and completion folder (Fig.13) offers a window
to verify the saved Bilodra MPC series after steps shown in Fig.12. Reaching this stage symbolizes
the end of determining areal rainfall for a basin of user defined period; which can be used for
rainfall runoff simulation; event based runoff calculation for flood forecasting etc. by adopting
numerous methods and soft tools. In the current example, we limit our study to compare it with
runoff of the basin for validation of record and to calculate runoff coefficient only. Subsequent
illustrations head towards distilling Bilodra runoff series.

To start with, user should use parameter tab to deselect MPC and MPS series and change time
base to hr. Next a few screenshots are used to investigate and generate some series prior to
begin with fitting of rating cure. It is usually seen that water level at several sites are recorded with
reference to some assumed gauge zero value which when added to gauge reading represents
water level with respect to mean sea level. Steps in Fig.14 are followed to pick the gauge zero
value initially stored at Bilodra site which is the terminus station for Bilodra basin. Gauge zero for
period under consideration is 26.50m.
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Next move is to create an empty Bilodra HHA series by steps discussed/illustrated several
occasions earlier such as creating Bilodra MPC series (Fig.15). The step begins with selecting HHA
series under Parameter tab. Upon finishing the blank series creation steps, don’ t forget to
deselect HHA series before getting ready for next steps. Bilodra HZS series is a gauge level series
and needs to be added to 26.5m (gauge zero of this site) to create Bilodra HHA series. Fig.16
guides the reader to perform this task and save it to memory.
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Fig.17 & Fig.18 are two additional screenshots set-up appended here for exploring useful hints.
Former is to seek highest/max level touched by water (36.45m); while cross-sectional geometry in
the latter suggests a level of possible kink in G-D plot. From plot, this zone appears around 27.5

Fig.16

or so. This piece of information is invaluable when fitting a rating curve.

Close
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This point beyond, screenshots of HYMOS displays steps required to fit a rating based on water
level and corresponding observed discharge data. Fitting a rating curve needs comprehensive
understanding of variables involved (water level and discharge); factors introducing scatters of
plot; possible location of kinks in rating curve; developing two or more curves for different
periods; validation of curve so defined; retention, modification/removal of outlier; statistical
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parameters and their significance in defining a curve. Lack of knowledge may lead to erroneous
fitting of equation having serious bearing on transformed no-break discharge series. Readers are,
therefore strongly recommended to refer to _ ‘Training Module no. 29 & 30 and IS 15119:
2002. Fitting a rating curve has already been demonstrated in earlier chapters, & hence steps
needed for it have been knowingly skipped here and only involved screenshots have been
produced. This goes till Fig. 24. User lacking familiarity with these figures/steps may revisit
earlier chapters to gain better acquaintances with it. This will speed up their handling with the
software and current example.

User is also suggested to often visit the report file to check the %standard error of the plotted
points around a best fit line and vary the ranges suitably keeping river geometry in mind. A wider
dispersion of plot yields higher st error while converse is observed for thinner scatter. What is
admissible limit for st error of such plot? A frequently asked question but yet not convincingly
defined or understood. It is also recommended to validate the curve before attempting series
transformation function of HYMOS.
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Fig.24

Steps till Fig.24 save Bilodra HQC in m3/sec (or cumec) on hourly basis as HHA is an hourly series
(notice that at present time base is hr). A Bilodra MPC on daily basis has already been created
and to compare runoff with it Bilodra HQC series needs to be aggregated to compute daily
discharge (mean daily discharge averaging hourly discharge from 0100 hr to 0000hr for each day).
A daily discharge will be in m3/sec and must be converted into mm a day runoff to be eligible for
comparison with daily rainfall or MPC series. An excerpt of Training Module no. 40 is presented
hereunder to have runoff series in mm. Bilodra catchment area is 2121.44 skim. User may use
function shown in Fig.25 to retrieve catchment features. Applying this excerpt, a factor of 0.04073
is required to be multiplied with Bilodra HQC daily series.

Volume is simply the rate in m’/sec (cumecs) muitiplied by the duration of the
specified period in secs., i.e. for daily volumes in cubic metres with respect to daily
mean flow Q4 in cumecs following equation may be used:

Va (cum) = (24 x 60 x 60 seconds) Qq (cumecs) = 86400 Qq {cum) (3)

Runoff depth is the volume expressed as depth over the specified catchment area
with a constant to adjust units to millimetres; i.e. for daily runoff:

R, mm) = Vv, (cum) x 10° B V; (mm) B 8640, @)
d Area (km*) x 10° Area (km*) x10° Area (km?)
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Fig.26

Function in Fig.26 transform hourly Bilodra HQC series into daily series. Upper right window
confirms output of series. Follow Fig.27 to save the series.
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Fig.28

Change time base as 'day’ (Fig.28). Having done this, HYMOS will retrieve only daily series.
Now, we transform Bilodra HQC hourly series by multiplying 0.04073 to each daily discharge data
(Fig.29). Even if, resulting series bears the identical name, user must save resulting series by other
name such as Bilodra HA1 series. By Fig.30 & 31 these steps would be finished.

123 | RAINFALL RUNOFF VALIDATION



Netter - Delft Hydraulics
File Edit Wiew Select Options Window Help

HYMOS.NTW

[ - HYMOS Functions
Start Date: 01/01/1937 End Date: 01/01/1338 ) Series codes

Stations | Time | Parameters | Series | Functions

[{ Fle Edt Format

Bilodra HQC
Bilodra HQC

£3 Entry and Edit o . N .
1 Dista alidstion sndl Complstion S6E rengs of semies bo xesbe
£3 Flow Measurements Date begin 1997 1 1 0 1
& Data Compilation Date end 1297 1z 31 0 1
= Aggregation of series
= Dis-Aggregation of series Date begin of series to read
= Series Transformation Function
- AlEa‘WEighlS Series code date
= freal Thi Eilodra HQC 1837 1 1 o 1
real Thiessen Bilodra HQC 187 1 1 0 1
= Trans formation:
= Spalisllnl  Agebraic | [ofq fo | Accumuaive | Qbservationeror | o= 407300F-017KLE
= Special . 000000E+00
£ Analysis - SeriesCodes | | Algabraic Transformation Functions
£ Presentation Kathlal MPS T 2 int
Biodia_ MPC =
o2l
= GODHRA
i o 11 B,
Resuling Series ¥ = cOvc 1421 “2ec3] “3n.

[Bioda  HGC Select

Conditional : ' = Man(x1.4243 4.¢) a8l

Var Series Coeff | Shi
Bilodra  HQC 0.04073

73481, 22,785

Flle Edt Wew Select Options Window Help

B

& ' Change Series name
[ g

Location:
Embalyara Ambalya ~ Time Base: Day/1
) [4MAMD P43 ANAND B
Statig |anior  Anior 5

Balasinor Balasinon
—=] [Bavad Bayad

Betawada Betawada
Y |Brempoda Bhenpods Graph L
o T — i — [ o |
b= . View  Period

; ‘ 0 Start Tine L

HAZTemp. hyd. 2 [Aceu) =i Repart [@1/m /1957 _\/

HHEWL by AL (M5L] ErdTi

HHOWL by DWLR ML) nd Time:

HHSWL by Staff Gauge (M5L) 1771598

HHM 2 WL by gaue 1 M5L)

HHM ax WL by gauge 2 [MS5L] T sficati

fttth sl by gauge g Time Specication

Time Interval:
oK Cancel | Dbservation enor Doy
g Analysis ~SeresCodss |~ Algabraic Transformati I” Basic Time Interval e
Prasentation —_—— Foe
kathial - MES. |l Change Selected Series D | ||
Mahudha  MPS

Sathamba  MPS

= L) aK Cancel

Thasara  MPS v
Vagharali MPS E‘ ¢ = Logi1)
Wadol = ExpX1] P
Biodia - =10 |
o] Y =X1"1
i . Y o=c1"K1
Resulling S eries, Y = clee R +e2 R 2eeE ] B,
[Eiodia  HAC Conditional :*r = Max[<1 ¥2 3% c] |
- Relation:

Var Series Coeff | Shift =
¥1  |Bilodra  HoC [[0.04073
>

i 73419, 23.285

O RATNFALL-RI

124 | RAINFALL RUNOFF VALIDATION



letter - Delft Hydraulics
File Edit ¥iew Select Options ‘indow Help

|20 He D8 @ |[RAQ#Oh ol w4 M| = ]

5 HYMOS.NTW

‘[ HYMOS Functions
Start Date: 01/01,/1997 End Date: 01/01/1938 Time Base: Day/1

Stations | Time | Parameters | Series | Functions |

€3 Enty and Edit
€3 DataValidation and Completion
€3 Flow Measurements

& Data Compilation

Agaregation of series
Dis-Agaregation of seriss
Series Transformation

= fuedl Weights
= tued Thiessen
= tued Compuiali

~Period f
Start Time:
#/ i —
Graph End Time: 1
o | s (7 —

Wiew B
]
Report

[ - Time Speciication
16; Tirne Intsrvak
Day

Goto |
Function

I~ Basic Tire Intervat:

I
Change Selected Series 1D e L]
K Cancal

~SeresCodes —— ~Algabraic T Function %

"1 Transformation of Series

Algebraic | loréc Fq | Accumustive | Observatonenor |

3 Presentation Kathial MPS

Mahisa  MPS
Mahudha  MPS
Sathamba MPS
Thasara  MPS
vagharali MPS
Vadol  MFS

Bilodra  MPLC

Resulting Series:
[Bilodia HOC Select

1~ Relation:

|

[l

I — GODKRA

EEE T

Y = c0+e1RT+02%1 " 20c 30 "3 )
Conditional : v = Mawf1 X243 %4.c)

4

Var Series Coeff | Shift =
Ll Bilodra  HQC 0.04073)
>

73414, 22.840

Fig.31

Flle Edt Wew Select Options Window Help Statons: 1
ations

20 e D& @ QRAQ#Oh w@ a0 %AW 0w i w4 Biodn  Biod
0 ] |
Start D ate: 01/01/1997 End Date: 01/01/1998 Time Base: Day/1 .
Stations | Time | Parameters | Series | Functions | N 3 o .
el >
23 Entry and Edit B )

& DataValidation and Completion
= Time Series Graphs
= Screening of Data
= Conditional Checks
= Compute Fielation Curve Gota
= Compare Relation Curve = Function
= Double Mass Analysis
= Series Homogeneity Tests
= Spatial Homogeneity Test
= Spatial Comelation Export
= Interpolation
Regression Methods
Sacramento Madsl e Sarie 0
£ Flow Measurements | Series 4

B9 Data Compilation [ Sefiescodes [~ Salact graph typ: Combined graph Bilodra  HA125/06/1997 tar 3171271997
£ Analysis H&1 Waterlewel - Bilodia  HQC25/06/1997 tor 31/12/1997
£ Presentation esidual Series Bilodrs  MPCO1/01/1997 te: 31/12/1357

Resicusl Mass Curves R — Blodia  MPS01/08/1399 o 31/12/2000
Maving Averages

[Biledia MPS Bamnces Hunber of lemerts [0 ||
Data Availabity

Demyate Extialine value:

oglog

Combiried Series ’V [ v o) =]
[= Series with Limils

Longitudinal plot
Series with extra ling

- = Wik
}f }/E‘;\\ Start Date: [01/01/1837
e oy : End Diate: [01/01/1338
L2 TimeBase: Doy
Fieport

Rl o
il %ﬂ £ Diwid '1—

Farameters: 106

&l parameters

Balarce
Series Mult.  +

|Ready. Node: Eilod ha

Fig.32

Function shown in Fig.32 is to compare Bilodra MPC (rainfall) & HAL (runoff) series. Concurrent
plot help user validate steps since beginning by looking at plot and observing
occurrence/sequence of rainfall and runoff peaks and their magnitude too (Fig.33). For instance,
rainfall event must precede corresponding flood hydrograph on time scale. A double clock
anywhere on Graph plot pops up Editing window (Fig.34) to edit various features on plot.
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On the Editing window, press ‘Add’ to open up ‘Tee chart Gallery’ . Select Cumulative
option and click on ‘ok’ . Select on Editing window the type(s) of series lines to have been
represented by cumulative plot on the chart body (Fig.35). (Important - Pl note that series for
which cumulative plot is intended does not have missing value/s). Editing window needs a
little more changes to define vertical axis for these lines on left and right axis. A glance at Fig.36
compares the total rainfall vs. runoff over the basin in defined time period. As a certain fraction of
rainfall accounts for various losses over the basin, runoff shall always be less than total rainfall. In
the current study, rainfall and runoff are 1270.153mm and 482.626mm respectively. These values
can also be had by selecting Aggregation of series of Bilodra MPC and Bilodra HA1 series under
Data compilation folder with Year as Time base New. To exclude missing cells from analysis, do

1

check appropriate box at lower left corner ‘on’

“[ 1 Aggregation of series

Senes Codes TimeBaze Old TimeBage New
i i
Bixdra  HOC Lest
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Bilodia  MPS & ~
O i

Divider  [1 =

Biasic: TU =

Replicat =

l_ 2 eplicatar ’_4

[T Make intensities series Time Shift |0 j

Execute | Cloze

Converse findings or deviation of higher degree from already known figure of runoff coefficient
manifests wrong validation of record and fresh look into record and its validation are called for.
Storages or diversion of water to another basin nearby will influence runoff to a larger extent.
Data handlers must be aware of existence of such arrangement in the basin to ensure correct
validation of record.
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Fig.36

Maintaining that the process finished so far is acceptable, user may proceed to generate final
report for use of several agencies. This is achieved by choosing HTML reports function under
Presentation folder on Hymos Function window and using Go to Function button to get another
window labeled HTML reports (Fig.37). First check the series Bilodra HQC and then press browse
button to open Template file name. The usual path name is C:\Program Files\HYMOS 4\HTML
Report Sample\SW HTML Reports\Report 9; Daily flow. Mark DAILY Flow file and press open.
Execute the function. Similar step is followed to get daily rainfall report. This time, select Bilodra
MPC series with template file as C:\Program Files\HYMOS 4\HTML Report Sample\SW HTML
Reports\Report 1; Daily Rainfall. Mark DAILY RAIN file open it. Execute once again. Come out of
HYMOS software and follow paths defined above to open up daily rainfall and discharge HTML
reports. These reports appear on ensuing pages.
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Daily Flow Year - 1997

Station Code: Bilodra District: Kheda Independent River :

Station Name: Bilodra Units : m3/sec Sabarmati
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Daily Rainfall Year - 1997

Station Code: Bilodra District: Kheda Independent River :
Station Name: Bilodra Units : mm Sabarmati
Tributary: Watrak

Time Series
Daily Rainfall at Bilodra 1997

'é‘.
E
=
=
‘=
o

o

01-Jan 01-Feb 01-Mar 01-Apr 01-May 01-Jun 01-Jul 01-Aug 01-Sep 01-Oct 01-Noy 01-Dec 01-Jan
Time

Day Jan Feb | Mar | Apr | May | Jun Jul Aug Sep | Oct Nov | Dec

1 00| 00 00| 00 0.0 34 16 1747 00| 00| 00 0.0
2 00| 00 00| 00 0.0 0.0 0.1 88.2 01 00| 00 0.0
3 00| 00 00| 00 0.0 0.0 0.0 4.9 00| 00| 00 0.0
4 00| 00 00| 00 0.0 0.0 0.0 0.1 00| 00| 00 0.0
5 00| 00 00| 00 0.0 0.0 0.0 0.0 00| 04| 00 0.0
6 00| 00 00| 00 0.0 0.0 0.0 18 00| 00| 00 0.0
7 00| 00 00| 00 0.0 0.0 0.0 51 00| 00| 00 0.0
8 00| 00 00| 00 0.0 0.0 13 16.0 00| 00| 00 0.0
9 00| 00 00| 00 0.0 0.0 0.9 3.0 06 00| 00 0.0
10 00| 00 00| 00 0.0 0.0 0.6 0.8 237 | 00 00 0.0
11 00| 00 00| 00 0.0 0.0 0.0 14 80| 00 00 0.0
12 00| 00 00| 00 0.0 0.0 0.0 33 69| 00 00 0.0
13 00| 00 00| 00 0.0 0.0 0.0 12 36| 27 00 0.0
14 00| 00 00| 00 0.0 23 0.0 0.2 28| 15 00 0.0
15 00| 00 00| 00 0.0 0.0 0.0 0.0 36| 51 00 0.0
16 00| 00 00| 00 0.0 0.2 0.0 0.2 01 00| 00 0.0
17 00| 00 00| 00 0.0 3.0 0.0 0.0 07 00| 00 0.0
18 00| 00 00| 00 0.0 122 12 1.9 02 00| 00 0.0
19 00| 00 00| 00 0.0 0.0 21 35 00| 00| 00 0.0
20 00| 00 00| 00 0.0 0.0 4.7 23 00| 00| 00 0.0
21 00| 00 00| 00 0.0 0.5 4.6 0.6 00| 00| 00 0.0
22 00| 00 00| 00 0.0 6.1 3.0 16.8 27| 00 00 0.0
23 00| 00 00| 00 0.0 232 35 520 23| 00 00 0.0
24 00| 00 00| 00 0.0 58.3 0.0 77.0 118 | 0.0 00 0.0
25 00| 00 00| 00 0.0 | 100.0 04| 483 00| 00| 00 0.0
26 00| 00 00| 00 0.0 813 8.7 117 00| 00| 00 0.0
27 00| 00 00| 00 0.0 48.7 619 22 00| 00| 00 0.0
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0.0
0.0
0.0
0.0

0.0
0.0
0.0
31

0.0

28 00| 00 00| 00 0.0 69.1 74.2 0.1 00| 00 00
29 0.0 00| 00 0.0 0.7 1.8 183 00| 00 00
30 0.0 00| 00 0.0 13 14.0 193 00| 00 00
31 0.0 0.0 0.0 439 0.0 0.0
Mean 00| 00 00| 00 0.0 137 74 17.9 22| 03| 00
Min. 00| 00 00| 00 0.0 0.0 0.0 0.0 00| 00| 0.0
Max. 00| 00 00| 00 0.0 | 100.0 742 | 1747 237 | 51| 0.0
# 31| 28 31| 30 31 30 31 31 30| 31 30
Miss. 0 0 0 0 0 0 0 0 0 0 0
Sum 00| 00 00| 00 0.0 | 4103 | 2285 | 5545 671 9.7, 00
Yearly statistics :
Mean : 3.5 Minimum : 0.0 Maximum : 174.7 No. of data : 365
Sum :1270.2 Date : 01/01/1997 Date : 01/08/1997 No. of missing data : 0
12:00:00 AM 12:00:00 AM

Go to Contents
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Chapter 12

INTENSITY DURATION CURVE (IDF); THEORETICAL DISTRIBUTION CURVE

Subsequent to the validation of rainfall and hydrological data, HYMOS is capable of analyzing
them and deducing useful set of information for use of water resources engineers. One such
information is Intensity Duration Frequency Curve (IDF curve), which help estimate Qp, peak
discharge using Rational formula, i.e, Qp = CiA. Where, C is runoff coefficient; i is intensity of
rainfall in mm/hr; and A being catchment area. Duration of rainfall equals time of concentration
for the basin under study. Additionally, IDF curves for a set of stations spread over the basin help
draw Isopluvial maps of different frequency. HYMOS picks up values of a station for user defined
durations and does frequency analysis following Gumbel method. Analysis is presented both in
tabular as well as graphical plot. To demonstrate this function of HYMOS, a station named
Meghraj of Kheda basin is selected from netter screen. Time period is selected between
31/12/1982 and 01/01/1999 keeping time base as hour (Fig.1).

B cectonims - |0/
e T e T . Stations: 1
0 He D& B RAVEMLE He = AR B i e Meghial Meghiai
Start Date: 311121982 [ EndDate: 01/01/1933 | Time Base: Hou/1
Stations | Time | Parameters | Series | Functions g - %
® 2 Entry and Edit - e
# £1 DataValdation and Completion e
&5 Flow Measuremsnts Graph ) e - M| Start Date: [31/12/1982
# £ Data Compilation ErdDate: [07/01/1959
L E Analysis e E B .
— Basic Statistics ot Lo Timefisse’ [Hou
= Fitting Distributions ~ Function K * Divider  [{
= Stafistical Tables Ty ol :
= Frequency and Durstion curves \
= Time Series Analysis o ' o . FEETEEE (1B
= IDF Relations o9 parameters
#-£3 Presentation J_E
Lur
Series: 3
D 0 q p O
ahia]  HHAQT/06/1330 0 31/01/19891
Series cades Sub period Intersity interval ahia] - HEZAN /061330 tor 3140171993 1
Begin date [dd o) iz MPAD1/06/1981 330,00 AM ta;
g A 01708 Inpul timestep: 1 haur
End date [dd-mm}: 30/03 Interval | hour
11 1
|-D-F output options 2 2 2
Fietum periods [years] g 3 3
172 34567 55 H
12 4 10 25 s0100 5 s S
Constant in plotting formuls:  [0.44 72 12
8 18 18
9
OLka
:r -D-| i
1-0-F Curves Annusl Exceedence
Fleady. Node: Meghia, Meghrai

‘4 start | @ 1oF cURve 0 terfac... g Mette adics rog. . &’)D\E €1 12:11pm

IDF function is chosen under Analysis folder on Hymos Function window. Pressing Go to function
button pops up IDF relationship window. On this window, a differing sub period is inputted to
capture active rainfall period only. Return period in yrs and Interval will appear as shown in Fig.1
by default which user may modify as per need. A dropdown menu at lower central part of this
window offers three options to select. First two, which pick up annual maximum value each year,
are identical with only difference in presenting the analysis plot. Third option picks up annual
Exceedance values and presents the result accordingly. Training module no.12 deals with this
aspect extensively and user is advised to refer to it to understand distinction between two
methods. Fig.2 is an output of I-F curves selection.
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Fig.2

Fig.3 is an output of I-D-F curves

EGraph Server - IDFCurves (Intensity Duration Frequency Curves)

File Template x-Axis Caphions View ‘window Help
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IDF report as shown in Fig.4 presents intensity values against duration and return period. Using
these values an equation in the form of a relationship between I, T and D can also be derived by
multiple regression analysis.
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Similar analysis for rest of stations in a basin can be used to draw isopluvial lines. Such maps have
been used in Flood Estimation Report published by CWC for several basins in India.

An equally significant analysis is to determine values corresponding to various exceedance
probabilities by choosing anyone of the theoretical distribution methods listed by the software.
Nevertheless, selection of a particular theoretical distribution method depends upon the statistical
parameters of variables such as its mean, standard distribution, skewness coefficient etc. and its
closeness with the empirical distribution curve. Such analysis is mostly attempted on annual
average series because of their stationary, homogeneous and random character in nature. To
know how HYMOS tackles this function, Vadol station of Kheda basin is selected with time period
from 01/01/1970 to 01/01/1997 with time base as day to begin with (Fig.5). This series is
aggregated to obtain annual rainfall for subsequent frequency analysis. This is done by opting
Aggregation of series function under Data compilation folder and pressing Go to function button.
A new window with Aggregation of series appears in the center.
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Check the box on by the station name
window. Now, press ‘save’ on Hymos
upper right part. Here too, check the box
now saved in the memory (Fig.6).

and choose ‘year’

‘on’ and press

Time Series

as time base new. Execute the

Function window to have a new window as shown on
Iokl

button. The yearly series is
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The generated series is now used to perform frequency analysis (Fig.7). Now, the time base is
changed to Year by using Time tab on Hymos Function box. Once over, again press Function tab
and select Fitting distribution under Analysis folder. Press Go to Function to get Fitting of
Distribution Curves window. Select station and set other option as therein.
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Press Execute and use Graph and Report command on Hymos function window to obtain output
(Fig.8 & Fig.9).
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The lower matrix of fig.9 lists return periods; exceedance probability and corresponding annual
rainfall estimates with upper and lower bounds at 95% confidence limit. Even if this
demonstration has used annual rainfall series, the similar steps can be followed for annual
discharge series or annual maximum and annual minimum series. In addition, user may opt for
any other distribution from lower left slot shown in Fig.7. To get further detail, reader may refer
to 'Training Module no.12.

Go to Contents
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Chapter 13

AREAL RAINFALL ESTIMATION BY KRIGING & INVERSE DISTANCE
WEIGHTING METHOD

Apart from Thiessen Polygon, HYMOS offers additional tools such as Inverse Distance Weighting
and Kriging methods. These methods have been extensively discussed in Training module no.
11 and can be referred to grasp distinction between them and constraints in their application.
Unlike Thiessen Polygon method, these methods determine weighted rainfall values at each and
every user defined grid point; and based on the average of all grid points covered by basin;
calculate areal rainfall of selected catchment/basin. In the current study, a cluster of rainfall
stations have been selected for obtaining areal rainfall by all three methods and comparison
thereof. Selected stations are Mahemadabad, Mahudha, Thasara, Dakor, Mahisa, Kathlal, Vaghroli,
Savlitank, Vadol, Balasinor, Kapadwanj, Bayad, Vadagam, Anior, & Bemoan (Fig.1).
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Fig.1

The chosen time period and time base are from 01/07/1982 to 01/01/1995 and day respectively.
This chapter, though, demonstrates study based on monthly MPS series, analysis can be
performed with daily series too. To begin with, MPS series of selected stations are required to be
aggregated to have a monthly series and to seek parameters needed for Kriging method. This is
achieved through function selected in Fig.2. At this stage, save the data and change the time base
from day to month by using time tabs. Two subsequent screenshots (Fig.3 & Fig.3a) are used to
confirm data availability of sites and their aggregation to monthly series. While operating these
windows, ensure that all fields are populated with MPS series only. If there is any other series on
the list, deselect it.
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In one of the previous chapters, consistency of rainfall records at a particular station was validated
on the premise that there exists some correlation among data observed at neighbouring stations.
This correlation exhibits higher values for stations located in close vicinity and decays as distance
between stations increases. Additionally, correlation becomes larger with increased time step
series. To establish correlation among observed data and its likely decay over distance is captured
by function shown in Fig.4.
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The function is spatial correlation in Data validation and Completion folder. To develop a
correlation, the selections are 10 for time step (this implies that input data for analysis begins
from starting date (01/07/1982) to following 10 months; next set of data for analysis restarts from
01/07/1983 and so on till data of all years are exhausted); lower boundary as 10 signifies that all
values lower than 10 will not take part in the analysis; check the ro cell off; & a maximum of 100
km as maximum interstation distance. Press Execute. HYMOS fills in calculated ro and do,
correlation distance. These are 0.746 and 753 respectively. With these values, a relationship
between correlation and distance is now defined. We will apply this set of information a while

later.
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Two figures (Fig.5 & Fig.6) are the output of this operation where one exhibits how correlation
decays with rise in distance between two stations; and second containing two matrices- one
listing correlation between stations and other displaying the distance between them.

L Correlation

View Report
File Edit Format

Correlation matrix fad
1 2 a 1 s 3 7 E 9 10 1 1z 13 1a 15
1 Anior L.000 .788  .87L .$2§ .§60 .681 .683 .77L .€02 .€z4 .716 .712  .799 708 .67
2 Balasinor 733 1.000 .747 .807 .61z  .708 628 836 717 .77z .730 830 .TlE 824 773
3 Bayaa 871  .747 1.000 .826  .640 .769 628 838 .63l .676 .73§ .738  .@as 756 684
4 Bheupoda 935  .807  .BE6 1.000 661 675 682 733 _603 .683 .676 .767 .79% 730 735
§ Dakar JE60 .61z .640 .66l 1.000 .S0§  .469  .§§2 .48  .624 €81 .€3F  .47L .E91 .90
6 Kapadvani €31 708 763 _675 _50F 1.000 &Sl 827 .58 .703 .T76 .7E8 .73l 748 _&70
7 Kathlal 693 .s28 .628 .66z .463 .691 1.000 .780 .76l .72  .707  .722  .677  .69% 676
8 Hahemdabad .77l  .836 838 .73  .558 .8z7  .780 1.000 .864 .76z .78S  .786 .76z  .8z8 728
9 Mahisa L6023 .717 .62l .603  .483  .£9¢ .76l .9€4 1.000 .758 714 .€89  .£9% 710 .722
10 Hehudha €24 772 876 _6B3  _6zd 703 .7z2 76z  _756 1.000 624 .B3Z €83 845 700
11 SavliTank 716 .730  .785 .676 .68l .776  .707 785 .71+ .62¢ 1.000 .748 .673 .68l  .928
12 Thasara 71z .89 .78 .77  .635 .788 .72z 786 .693 .87  .748 1.000 .798  .855 .76l
13 Vadagan .78 .716  .83§  .79% .47l .73 .€77 .762 .53 .65  .€7%  .798 1.000 .7E4  .645
14 Vadol 708 .824 786 .70 _531 748 _6S3 828 710 .B4E €81 _BEE 724 1.000 693
15 Vagharoli 667 .779  .684 .735 .806 .670 676 _7Z8 .72z  .700 .928 .76l  .645  .693 1.000
Distance matrix
1 z 3 4 3 3 7 & ] 10 1 1z 13 14 15
1 anier .0 441 1.4 4.6 6.1 6.2 53.0 BS.7 62.8 74.4 S0.0 62.5 21.8 44.1 S5L.§
2 Balasinor  44.1 .0 0.8 448 2S5z zO.l 9.3 52.7 gE.7 96.9 14.3 18.5 42.3 5.6 8.3
2 Bayad l3.4  30.8 .0 22.8  §4.1  27.5  44.6 £6.5  45.F  §6.0 32.6  48.8 1Z.3 8.3  3%.0
4 Bhempoda 4.8 448 zz2.8 L0 70.0  48.3 €5.3 88.6 646 767 52.0 65.1 26.4 4E.5 520
5 Daktor §9.1 25.2  s4.1 0.0 .0 2.0 22.4 40.5 1l4.4 23.7 23.4 B.2 64.9 25.3 15.0
6 Hapadwanj  46.2  20.1 27.5 48.3  32.0 .0 17.z ss.e 1s.8 =ze.5 9.0 30.1 35.2 14.6 257
7 Kathlal €2.0  27.3 4.6 65.3  &2.4  17.2 .0 ze.4 8.z 1l.4 14l 2E.Z S22 230 27.8
8 Mehemdsbad 8E.7 £2.7 6.5 88.6 40.5 33.8 254 0 311 17.z  35.4 4.7 710 d48.4  52.3
9 Hanisa 62.8 22.7 45.5 64.6 l4a.4 1s.8 8.2 3Ll 0 15 1z.3 17.0 547 19.6 2l.Z
10 Hahudha 74.4 365 S50 96.7 £3.7  z8.5 114 17.2  14.5 0 251 za.s 63z 333 35.6
11 Savlilemk  £0.0 14.3  32.6 §2.0 23.4 9.0 141 9.4 12,9 261 L0 211 4zl s.z 178
12 Thasara £2.5 18.5 48.8 63.1 8.z 0.1 zE2 46.7 17.0 2.8 21.1 .0 60,3 20.1 113
13 Vadagan 21,8 4z.9 1z.3 26.4 64.9 35.2 S22 71.0 54.7 63.2 42.1 60.3 0 4nz  sLz
14 Vadol 44.1 5.6 28.3 455 253 14.6 3.0 48.4 19.6 33.3 9.z 20.1 40.2 01zl
15 Vaghareli ~ §1.5  £.3 39.0 §2.0 1.0 2§.7 Z7.¢ 2.2 2l.z 36.6 LlT.e¢ L. 5l.2 2.1 .0
GCorrelation Distance dn: 753.212700
£i0): 7. 461160E-01 L
v
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A tab by Correlation tab in Fig.7 is Semivariance. A click on this tab presents a few empty cells to
be entered by user. A few lines hereunder describe the meaning of these parameters. Interested
user may refer to Training module no. 11 for more details. To begin with, Sill represents the
variance of observed monthly rainfall at selected stations. Range is thrice the d0, i.e., 3 * 753. Lag
distance, 10km implies semivariance determination for every 10km distance; and number of lag
signifies the number of times semivariance would be calculated by HYMOS with 10km
incremental distance value.
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Select spherical as semivariance model and press execute and visit graph as well as report file.
With nugget value zero, graph will initially differ from what appears in Fig.8. At this stage, user
should seek to choose a nugget value in such a manner that plots a best fit line and renders
lowest standard error (Table 1). Nugget thus arrived at is 1500. This table reproduces keyed in
values as well as variation in semivariance with distance. Variance, i.e.,, 16874.12 mm2 marked in
color hereunder represents average variance (also called Sill) of monthly rainfall data (>10mm)
and will be used in Kriging method.

Table 1
Number of timesteps = 150
Variance = 16874.12
Semivariogram Model: Spherical
Nugget: 1500
Sill : 17000
Range : 2000
Semivariogram calculation
Lag Distance : 10
Number of Lags: 10
Distance Semivar. Model Sem. Difference
5 9.15E+02 1.56E+03 -6.43E+02
15 2.17E+03 1.67E+03 494E+02
25 2.35E+03 1.79E+03 5.63E+02
35 2.44E+03 191E+03 5.35E+02
45 2.22E+03 2.02E+03 2.02E+02
55 2.32E+03 2.14E+03 1.81E+02
65 2.62E+03 2.26E+03 3.67E+02
75 2.37E+03 2.37E+03 -7.65E-01
85 2.35E+03 2.49E+03 -1.36E+02
95 1.86E+03 2.60E+03 -7.42E+02

Standard Error: 4.51E+02

(A) Kriging Method

In one of the preceding paragraph, we observed how correlation fades with increase in distance.
For a catchment marked with hilly terrain and orographic features, rainfall variation over the
region is noticed considerably leading to poor or no correlation. Application of Kriging method
accounts for this significant catchment characteristics in addition to grid point- station distance;
and thus has an edge over other two methods discussed before. Kriging option in HYMOS is
available after choice of Spatial Interpolation function in Data Compilation folder and pressing
Kriging on relevant window (Fig.14). Some of the choices are similar to Inverse Distance method
while for spherical semivariogram model, statistical parameters will be entered as therein. User
may select the values as distilled earlier and notice the change in the result. Here, values are taken
from the Training Module no. 11. Check the box on in lower mid part of the window to let the
HYMOS finish the exercise for first time step only. For current exercise, we have only one set of
data for a month. First time step means data for first month will be considered for analysis no
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matter what is the length of data (one month or even more). If left unchecked, HYMOS will return
areal estimation for each time step.
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Having executed this window, HYMOS needs location for saving Isohyets and spherical semi-
variogram lines one after another (Fig.15). Pressing view on Hymos Function box indicates areal
rainfall estimation by this method as 21.89mm as against 18.28mm by previous method. This
point forward, one needs to follow similar steps as illustrated previously to add isohyets layer
extracted by Kriging method (Fig.17).
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Table 2 contains statistical parameters used in the analysis; location parameters of the stations; &
monthly rainfall recorded at each station.
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Table 12

Variogram parameters

Nugget (CO) : 2000.000000
Sill (C) 25000.000000
Range (a): 1200.000000

Grid characteristics:
Number of cells in X, Y : 200 200
Origin of X and Y cells :  0.000000E+00 0.000000E+00
Size of Xand Y cells : 5.000000E-01 5.000000E-01

Search Radius: 1.000000E+10

Minimum number of samples: 4

Maximum number of samples: 15

Data: Anior MP2 1 at 65473 63440 value: 10.40000
Data: Balasinor MP2 1 at 51.140 21.922 value: .00000
Data: Bayad MP21 at 49430 52552 value: 1.00000
Data: Bhempoda MP21at  70.007 62.467 value:  18.70000
Data: Dakor MP21 at 39.945 -552 value: 176.00000
Data: Kapadwanj MP2 1 at 32934  30.610 value:  11.00000
Data: Kathlal MP2 1 at 24471  15.648 value: .00000
Data: MahemdabadMP2 1 at 122 7.998 value: 67.20000
Data: Mahisa MP2 1 at 31.250 10.942 value: .00000
Data: Mahudha MP2 1 at 17.333 6.762 value: .00000
Data: SavliTank MP2 1 at 36.817 22.560 value: 54.00000
Data: Thasara MP2 1 at 46.848 3977 value:  22.00000
Data: Vadagam MP2 1 at 43604 64.007 value: .00000
Data: Vadol MP21 at 45951  23.984 value: .00000

Data: Vagharoli MP2 1 at 52382  13.755 value:  5.00000

Estimated 40000 blocks
average 17.701320
variance 103.432200

(B) Inverse Distance Method

Both Thiessen and this method works well when topography of the basin is even; free from
orographic barrier and rainfall stations are uniformly distributed over the basin. As name
suggests, this method assigns weight to stations according to inverse square distance between
respective stations grid (s). Initial part of this chapter briefly mentions the way these methods
return areal estimation values for user selected basin. To obtain it for Bilodra basin, a spatial
correlation function is used in Data compilation folder followed by hitting Go to Function button
(Fig.9). On a window that appears in Fig.9; first pick up all MPS series for analysis; highlight
Bilodra basin in lower right box; select coordinate system as Geographic; press Fill grid button
underneath; input 200 as cell size; & size of cells as 0.5 in either direction. Execute the function.

148 | AREAL RAINFALL ESTIMATION BY KRIGING & INVERSE DISTANCE WEIGHTING METHOD



letier-Delitivdrailies | | ViewResult Data - Spatial Interpolation

Fle Edit Wiew Select Options ‘Window Help DataLabels Edit

Start Date: 07 /061984 End Date: 01,/07/1984 Time Bage: Month1

Stations | Time | Parameters | Series | Functions |

3 Eniry and Edit

£3 DataValdation and Completion =
£ Flon Messurements =

© DataCompiltion
= Aggiegalion of series
— Dissggregation of series Golo =
Save
Export

Series Transtermation = Function
Areal Weights

Areal Thisssen

Areal Computation

Minean s Seriss
Evaparalion

Spatial Intsrpalation

= Special Compilation functions

R

roooonaoa

- Spatial Interpol

&3 bnalysis - . o
&3 Presentation " =
Kigrg | InverseDistance | Co-ordinate system: Geoaraphic
[ [Lowerleft| Eilgid

Distance Power, X
mme: 0s
LY 225200 0 05

[+ Blank grid with catchmert boundary data

AWBALITARA AMBALIYARA -
BE TAWADA BETAWADA =

DAEHA DABHA
DaKOR DAKOR
FATHLAL FATHLAL

MEHADEY |4 MAHADEYIA a

MAHEMDABAD MAHEMDABAD L
MEGHRAL MEGHRAL

¥ Make interpolation for fist imestep orly
[~ Data values as % of long time averages MODASS MODASA L)

Nade: Vagharali, Vagharah 73175, 23155

File Edit View Select Options Window Help

|20 | Hde D& @ [ Qaxk «
* HYMOS Functions
Start Date: 07/06/1984 End Date: 07/07/1384

Stations | Time | Parameters | Series | Functions

£ Enty and Edit
£3 Data Validation and Completion
£3 Flow Measurements
& Data Compilation
= Aagregation of sefies
= Dishggregation of series

= Seiies Transfomation = Function
= Meal'wWeights

Report
Save
Export

Azl Thiessen

4wzl Computation
- = MinMeanMas Series
= Evaparation

= Spatial Interpolation

= Special Compilation functions
£ Analysic 3l P 2 Yos I ™ —_—————
2 Fresentation Kighg | Inverse Dist J Geogiaphic >

Lower left # Cells Size Fill grid
Distancs Power x oo os [ |

200 05

AMBALITARA  AMBALITARA Al
BE TAwADA BETAWADA W ]_,—\/
DAl DABHA

4

Spatial Interpolation

He, B
DaKOR DAROR
KATHLAL KATHLAL
MAHADEYIA MAHADEWIA
MAHEMDABAD MAHEMDABAD
v Make interpolation for fist imestep only MEGHRA) MEGHRA)
™ Data values as % of lang e averages MODASA  MODASA ]

Node: Vagharal, Vagharol

f AREAL AVERAGE BY O AREAL RAINFALL EST.

Fig.10

HYMOS pops up a tiny window asking for saving the grid and its location (Fig.10). Save the grid
(Fig. 10a) and invoke option menu on netter screen to add grid layer over the basin (Fig.11). User
may refer to illustration for Fig.16 and beyond of chapter IV of this document for steps in detail.
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Fig.11

To draw isohyets at equal intervals, user may use Data button on Map Properties windows and
click on Classify tab at the bottom thereon (Fig.12). A resultant box offers options to set figures of
user’ sintent and let HYMOS draw isohyets (Fig.13).
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Areal rainfall estimation for Bilodra basin determined by this method is 18.28mm in the month of
June 1984 (Fig.9). This amount may be had by clicking on View button on Hymos Function
window/box.
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(©) Thiessen Polygon Method

Fig.18 to Fig.20 pertains to functions of Thiessen polygon method which returns areal estimation
as 18.58mm. This method has already been discussed a couple of times earlier and reproduction
of screenshots hereunder is meant for comparison only. User may notice a slight change in
selected stations. This is required to let HYMOS draw isohyets successfully.
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