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Abstract
Water resources projects are inherited with overlapping and at times conflicting objectives. These projects are often of varied sizes
ranging from major projects with command areas of millions of hectares to very small projects implemented at the local level. Thus,
in all these projects there is seldom proper coordination which is essential for ensuring collective sustainability.

Integrated watershed development and management is the accepted answer but in turn requires a comprehensive framework that can
enable planning process involving all the stakeholders at different levels and scales is compulsory. Such a unified hydrological
framework is essential to evaluate the cause and effect of all the proposed actions within the drainage basins.

The present paper describes a hydrological framework developed in the form of a Hydrologic Information System (HIS) which is
intended to meet the specific information needs of the various line departments of a typical Sate connected with water related aspects.
The HIS consist of a hydrologic information database coupled with tools for collating primary and secondary data and tools for
analyzing and visualizing the data and information. The HIS also incorporates hydrological model base for indirect assessment of
various entities of water balance in space and time. The framework would be maintained and updated to reflect fully the most

accurate ground truth data and the infrastructure requirements for planning and management.
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1. INTRODUCTION

Integrated water resource management planning is a
comprehensive planning process, involving all dtakders
within the drainage system, who together as a group
cooperatively work towards identifying the watersgarce
issues and concerns, as well as developing anceimggiting
plans with solutions that are environmentally, atigi and
economically sustainable at various levels of cotimigy of

the drainage system.

It is important to understand that integrated watsource
management should not merely imply the maintenarican
inventory of different activities to be undertakerithin a
hydrological unit. It also requires the collatiof @levant
information needed to evaluate the cause and effeall the
proposed actions within the drainage basin. Theemshed is
the smallest unit where the evaluation of man iedumpacts
upon natural resources becomes possible.

Since a watershed is considered as the smallestofira
drainage basin, a hydrological framework that caepktrack

experienced at a higher level within the drainagsity and
the assessment of these impacts will require thdadility of

the framework. Such a framework will require regula
maintenance and updating to reflect fully the masturate
ground truth data and the infrastructure requirdseior
planning and management of the relevant planning
departments. Such a framework, once available ddoelused

by all the line departments and updated by thevasle
departments which have designated jurisdiction ¢lerdata
entry.

The development of Hydrologic Information System
component is logical response to meet the speaniiicmation
technology needs of the various line departments. A
hydrologic information system consists of a hydgito
information database coupled with tools for acagjrdata to

fill the database and tools for analyzing, visualgz and
modeling the data contained within it.

This GIS portal (http://gisserver.civil.iitd.ac.in), for the
general user, exposes Web Mapping Application éoeasing

: p = - Hydrological Information and Web based Interface
of the inter-connection of these units is essenlibe impact applications based on the SWAT Modeling.
resulting from action taken at the watershed lewél be
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2. MAJOR ELEMENTSOF THE FRAMEWORK

The steps taken in the development of frameworkwiater
resource information system include: 1.Geodatali2ssign
and Implementation 2. Generationof indirect infotima
through simulation3. Dissemination of informatiomrdugh
GIS server

The common framework for water resources plannind a
management requires creation of base layers areiff scales
SO as to cater to the relevant problems at theeotispe scales.
However, it is imperative that all these scalesuthanerge
through the GIS environment for aggregation andgrdtion
to be possible. It is intended to provide thisrfeavork at the
State level and with implementation at various depents
connected with water resources. The major elemehthe
framework include as show in the figure 1

| | Hydro Geodatabase

-@ Landuse& Soil Dataset

"@ Hydrography

.....@ Drainage Line & Area

e [C] Administrative

--EE T5/Data Tables
-- Restardatases

Fig.1 Framework of Hydro Geodatabase

Arc Hydro data model could only meet the basic
information[6][7]. The Geodatabase was extendeddapture
the information related to administrative area, dusse, soil
feature class and non spatial data related to smmaomic.
Hydrography Dataset was also further extended fatuca
some of the feature class like Dam, Canal, Water
Body,Borewell, Hydro Projects, Irrigation Scheme,aféf
Supply Scheme, Sewage Treatment Plant, Industny,gaige
and Monitoring Point.Dam feature class is relatdth won-
spatial data like Area Capacity, Water utilizati@gsimacity

of Area, Reservoir (static data), Reservoir Wageel, Power
Projects. Canal feature class is related with rgatial data
like Canal Dimension and Discharge. Borewell feattiass is
related with non-spatial data like Discharge, Gubwater
Table and Water Quality Parameter. Sewage treatplant
feature class is related with non-spatial data like
sewagetreatment plant discharge. Water treatmeant pl
feature class is related Water Quality Parametets Rump
Station.

Drainage Line and Area Dataset consist of Basim/@aént,
Sub-Catchment, Watershed and drainage line. Adtretige
Dataset consist of feature class like State, Distiiehsil, and
Village. Landuse and Soil dataset contains Landugk Soil
feature class.

Other non-spatial data like Demography, Livestoekadare
collected from village and aggregated up to disttavel.
Irrigated Area, Agriculture Area, Crop, Fertilizerand
Pesticide data are collected at the district level.

3. GISSERVER

In different line departments it is a real challerig minimize
redundancy while ensuring that the right data ceasible in a
timely and efficient manner. With hundreds of reenoffices
and thousands of internal and external GIS usediffarent
levels of expertise and needs, it is important t@rcome
multiple barriers while designing enterprise GIF [9

One solution is to implement a server-based GI$ ¢bald
cope with all the above desired attributes[10]. Ahgregation
of information should be done at central place Iacipg a
GIS server and database server for the purposeerSeased
GIS can be defined as centrally hosted GIS comgutin
Internal GIS capabilities are shared with users tlre
department network while a Web-based platform iso al
maintained for external users.[11] GIS users armeoted to
the central GIS servers using desktop GIS softwaveb
browsers, and custom applications as depictedguar€i2.

4. WEB INTERFACE FOR WATER RESOUCES
APPLICATIONS

In the present study the Hydro Geodatabase has been
implemented on Himachal Pradesh state as a case. Th
principal departments that are responsible for matsources
development in Himachal Pradesh for various purpese the
Irrigation and Public Health Department (IPH), Agidiure
Department, Rural Development Department (RD), $tore
Department (FD).

A wide range of applications relevant for the pliagnand

management of water resources is demonstrated ukiag
framework built at the macro level as well as squagches
developed at the larger scales. This web portabeasaccessed
by the request of the URtitp://gisserver.civil.iitd.ac.in

4.11PH Department

As part of the demonstration, information from theH
department pertaining to their activities was ipooated in
the Web based GIS portal. The figure 3 shows Weteda
Mapping Application on the irrigation schemes beopgrated
by IPH department in respective village. It shows t
Watershed boundary, drainage line, Irrigation sahémation

I C-RICE Conferencelssue | Nov-2013, Available @ http://www.ijret.org

418




IJRET: International Journal of Research in Engineering and Technology el SSN: 2319-1163 | pl SSN: 2321-7308

feature class are overlaid over village boundary. Bing
identify button on the Irrigation scheme locati@hong with

the attribute data of this feature class, it pdesib obtain the
attribute data of all the feature class below hisThelps the

user to get the detail information about the irtiiga scheme,

on which watershed the scheme is operating and the
beneficiary village with population. Similarly manguch
applications can be demonstrated using this fraom w

State Data

Departmental Specific
Intranst Data Browser
Mdap Configurations

Internet Browser
Ifap Confguration

* ArcEditertArc View
Clents

ArcGIS
Server

GIS Usuage

Tizr |
Tier |
Tierlll

[ P
|wm?m_o]pu

raERUR |

Fig. 3 Information of the Irrigation Schemes operatethim state by IPH

5.MODEL BASE TO HYDRO GEODATABASE

Arc Hydro data model structure could not suppoet BWAT
model output which was essential for the presemdystThe
Arc Hydro data model was further extended to supBwAT
model output. The details of this development areod scope
of this paper.

5.1 SWAT Model

The Soil and Water Assessment tool (SWAT) [2] is a
continuous-time, spatially distributed simulator ofater,
sediment, nutrients and pesticides transport aatahment
scale. It runs on a daily time step. In SWAT, aié&s divided
into a number of watersheds. Within each watersBed,and
Landuse maps are overlaid to create a number ajueni

I C-RICE Conferencelssue | Nov-2013, Available @ http://www.ijret.org 419




IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

hydrologic response units(HRUs). SWAT simulatesfesigr
and subsurface processes, accounting for snovarallsnow
melt, vadose zone processes (i.e., infiltrationapevation,
plant uptake, lateral flows and percolation intouiéer).
Runoff volume is calculated using the Curve Nunmethod.
Sediment yield from each sub-basin is generatedgugie
Modified Universal Soil Loss Equation (MUSLE) [13The
model updates the C factor of the MUSLE on a dbdgis
using information from the crop growth module. Tioaiting
phase controls the movement of water using theabbei
storage method or the Muskingum method[3],[4].

6. CASE STUDY

Indus River in north India is selected for the prasstudy.
The model set-up and runs were performed using SWAT
hydrological model. The GIS interface of this model
ArcSWAT provides an excellent platform for data
management and result analysis. In the presenty,stuw
futuristic climate scenarios A2 and B2, and oneelas
scenario BL has been used to address the uncgriasues.
Regional scale datasets used for model set-up Ward:use
from global land cover fraction, soil from FAO anerrain
model from SRTM.Primarily the water vyield and
evapotranspiration component of water balance weydeled
for each of the sub-catchment. The modeled flowhatsub-
catchment outlets were also evaluated for the wario
scenarios. To induce a level of confidence in teeegated
results, the basin was modeled using Indian Metegiaal
Department (IMD) gridded precipitation and temperat
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datasets. A good comparison was found betweendkelihe
scenario (BL) results and observed dataset (IMB)lte. This
investigation would provide a good basis for séhect
appropriate adaptation strategies to cater to ltheate change
impacts.

SWAT model version 2.1.3 is run on the desktop eyst
using the ArcGIS interface and the model resultSwbbasin;
Reach for monthly and daily time step was imported
Hydrological Information System (HIS) Geodatabase.

7. WEB BASE GIS INTERFACE FOR ANALYSIS
OF MODEL RESULTS

The web based Interface starts by the request efURL
http://gisserver.civil.iitd.ac.in/natcom. This interface was
developed for viewing the model results of the eespe Sub-
Catchment. Figure 4 shows the user view of Indagirb The
user can zoom in further to view the catchment;catbhment
and to the watershed level. The standardizationthis

drainage area was done by giving the unique ideatibn
number at different levels. These unique identiftmanumber
along with sub-catchment name where used as referfar
further analysis. Figure 5 shows the Web Mappingises of
sub-catchment with unique identification number tasir
labels.
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Fig. 4 User view of Indus basin
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Fig.5 User view of Sub-Catchment with unique identificathnumber as their labels

Figure 6 shows the web based interface to anatlysisnodel
results. With this web based interface the usegiven the
option of analysis the Catchment or Sub-Catchment o
Watershed by selecting it respectively, by selgctime radio
button side to it confirms the respective selectibime user is
also given the option to select the analysis of 8WAT
model results with the different data set like mdi
Meteorological Department (IMD) for the period 071 to
2005. HadRM3 baseline Scenario (BL) for the peti®61 to
1990, HadRM3 GHG Scenario A2 & B2 for the period’ 20
to 2100. Itis important to assess the behavibthedrainage
area with and without man made intervention, so b

based interface is also designed with this conc8MWAT
model gives many outputs parameters but only ferarpaters
like Water Balance components, Flow, Water Quality
parameters like Nitrite, Nitrate, Ammonium, Organic

Nitrogen, Organic Phosphorus, Mineral PhosphorlBOD
and Dissolved Oxygen, are given as option to user f
analysis. The user is also given the option forstblecting the
time during for the analysis. The selected pararsetan be
viewed through graphs or tables. This web baseerfade
provides a robust frame platform for the assessiagstatus of
water resources.
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Fig.6 Web Based interface to analysis the modeiltes
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CONCLUSIONS

The development of a Geospatial Web Portal is megaas
the best solution to Hydrological Information andat®
Management. The Web Portal built around a hydrakgiata
model synthesizes data from diverse sources dasgribe
water resource, provides visualization tools angk lito
externally modeled results. This Geospatial WelidPevould
provide a robust platform for the planning, exematiand
monitoring of status of water resources.
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