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Preface

Providing food, fodder, fiber and shelter by rejuvenating land and water
resources in rural areas necessitate a Community enabled integrated watershed
approach. Management of natural resources with judicious and optimum scientific
solutions for development of land, vegetation and water resources in a sustainable
manner is imperative. To protect, conserve and improve land and water resources, the
watershed management is a proven measure and over years, in subsequent Plan
Periods, realizing the importance, the Department of Land Resources, Ministry of Rural
Development, Government of India, extensively promoted watershed management in all
parts of the country.

Conceptually the watershed is a physical unit in which water from all over the
area flows under gravity to a common drainage channel and is synonymous to
catchments area and drainage basin. The planning for watershed is a critical component
to derive optimum benefits of water and physical environmental parameters envisaging
a holistic development scenario in the area with livelihood enhancement opportunities
with improvement in the productivity of resources. Databases on population and
livestock, pattern of land ownership, topography, land use, cropping system, data on
rainfall vegetation, runoff and erosion, groundwater and input supply, help evolve
spatial decision support for the communities in the the socio-economic status of the
concerned area.

Watersheds are modeled to facilitate well-studied designs and informed
management decisions. In engineering and management practices, it is important to
understand complex interactions occurring today as well as predict impacts in coming
years, perhaps even decades, into the future. In recent years, watershed management
practices that were once praised for their broad benefits to society have become the
focus of harsh criticisms for their adverse and unexpected environmental or
socioeconomic impacts. Watershed models help us predict future impacts of projects
and management policies, which in turn contributes to i mproved water resources
system design, planning, and operation, and thus more sustainable water resources
management.

The Department of Land Resources(DoLR) has developed two key web based
tools for helping field functionaries, PIAs and SLNAs to promote faster development of
watersheds under IWMP namely Estimation and eDPR Software and Geohydrology
model and DoLR has released the links for use of these open source ICT and GIS Web
Tools for precise DPR preparation, for a process of creating and implementing plans,
sustaining the project and to increase watershed functions that affect the vegetation,
animal and communities within the watershed boundary. Recharge wells, percolation
tank and check dams can be recommended for the study area, mainly to control
sedimentation from the catchments. To increase the groundwater recharge and
vegetative cover to control soil erosion, various action plans like construction of

4| Version GM 1.0



GEOHYDORLOGY MODELLING FOR WATERSHELANNING
Under Integrated Watershed Development Programme (IWMP)
Department of Land Resources (DoLR), Ministry of Rural Development, Govt. of India.

recharge structures, afforestation etc, each hectare of micro watershed and the village
becomes the most adaptable unit , where the natural and human resources are
managed effectively using satellite data and GIS technology, maps of land use/ land
cover, drainage, soil, etc.

The Department of Land Resources is one of the pioneering Departments under
the Ministry of Rural Development, Govt of India, which has adopted modern scientific
use of space technology and GIS for Wasteland Atlas, Watershed Delineation,
Watershed Monitoring and integrated in all activities of the IWMP Programme in the
country. The adaptation of Estimation and e-DPR and Geohydrology Model for IWMP
adds to one more significant step towards extensive use of ICT, GIS and Space
Technology in scientific development of watersheds under IWMP.

Sandeep Dave
Joint Secretary(DoLR)
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1. Introduction to Watershed Concept

In India more than 75% of population depends on agriculture for their livelihood.
Agriculture plays a vital roleiourc ount r yés economy. Our scientif
more than 70%of the total geographical area in our country is under distress due to frequent
occurrence of droughts. Agriculture is seriously affected by uncertain monsoon. In order to
mitigate droughts which occur frequently in several parts of the country e$pacidty land
areas the Ministry of Agriculturand ceoperation has launcheuh integrated watershed concept
using easy, simple and affordable local technologies. Watershed is a natumg/ddgdogical
entity where excess water calted through rainfadrainsto a common point such as a defined
drain, stream, channel or a river in the form of surfaceoftimfter infiltration into the top
permeable layers of the earth. Generally watershed area is encircled by a ridgeline following
ridge and valleydpography.
2. Need for aWatershed Approach

The community based integrated watershed approach is highly essential in order to meet
the needs of evagrowing population i.e. for providing food, fodder, fiber and shelter by
rejuvenating land and water cegces especially in rural areas. To achieve this goal proper
management of natural resources by adopting suitable scientific solutions for optimum
development of land, vegetation and water resources in a sustainable manner is essential to the
maximum pasible extent. It is felt that in our country a majority of the areas still require great
thrust and appropriate measures.
3. Watershed Management

Watershed management is the most appropriate unit to protect, conserve and improve
land and water resources$ a particular area. A physical unit in which water from all over the
area flows under gravity to a common drainage channel; Watershed is also synonymous to
catchments area and drainage basin.

The basic data required for Watershed management are ctab$tipopulation and
livestock, pattern of land ownership, topography, land use, cropping system, data on rainfall
vegetation, runoff erosion problems, groundwater and input supply, improve theesonmmic

status of the concerned area.
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A watershed (ocatchment) is a geographic area that drains to a common point, which
makes it an attractive unit for technical efforts to conserve soil and maximize the utilization of
surface and subsurface water for crop production. A watershed is also an area with
admnistrative and property boundaries, lands that fall under different property regimes, and
farmers whose actions may affect each other
however, normally do not match biophysical ones. In watershed managementtsprojec
mechanical or vegetative structures are installed across gullies and rills and along contour lines,
and areas are earmarked for particular land use based on their land capability classification.
Cultivable areas are put under crops according to girictiples of contoubased cultivation.
Erosionprone, less favorable lands are put under perennial vegetation. This approach aims to
optimize moisture retention and reduce soil erosion, thus maximizing productivity and
minimizing land degradation. Impred moisture management increases the productivity of
improved seeds and fertilizer, so conservation and produeawityancing measures are
complementary.

Excess surface runoff water is harvested in irrigation or percolation tanks while
subsurface draage recharges groundwater aquifers, so conservation measures in the upper
watershed have a positive impact on productivity in the lower watershed. Reducing erosion in
the upper reaches also helps to reduce sedimentation of irrigation tanks (ponds)oinethe |
reaches. The watershed approach enables planners to harmonize the use of soil, water, and
vegetation in a way that conserves these resources and maximizes their productivity. This
systemshased approach is what distinguishes watershed managemenédrten plotbased
approaches to soil and water management.

Socioeconomic relationships among people in a watershed can complicate efforts to
introduce seemingly straightforward technical improvements. This is because a watershed
encompasses many decisionakers who are affected unequally by development. When a
watershed project is introduced, often the bulk of the work is done in the upper reaches, while
the benefits accrue primarily to those in the lower reaches. For example, revegetating the upper
reades involves imposing a ban on both grazing of animals and felling of trees so that plants can

become established

71 Version GM 1.0



GEOHYDORLOGY MODELLING FOR WATERSHELANNING
Under Integrated Watershed Development Programme (IWMP)
Department of Land Resources (DoLR), Ministry of Rural Development, Govt. of India.

4. Need for Hydrology Modeling:

The watershed has been widely acknowledged to be the appropriate unit of analysis for
many water resourseplanning and management problems (e.g., McKinney et. al., 1999).
However, many of the environmental processes and socioeconomic activities occurring within a
watershed system are simply too complex, dynamic, and spatially variable to be precisely
monitored and thoroughly understood. As population grows, continued human encroachment
into natural systems seems inevitable, with expanding communities needing increased water
supplies to carry on various development activities in the watershed. Paradoxiathlyydier
shortage (drought) and overabundance (flooding) will become even more problematic for many
communities, yet expectations will remain high for using water as a means of socioeconomic
development and ecosystem conservation and enhancement.likedyuhat these expectations
can be met without the aid of analytical tools such as computer watershed models. Watershed
models are mathematical representations of watershed processes and affected socioeconomic and
environmental systems. They have becomdundamental and integrated element of any
engineering project or management practice that is deemed to alter diverse natural processes.
Models help us gain insights into hydrological, ecological, biological, environmental, hydro
geochemical, and socicmmomic aspects of watersheds (Singh and Woolhiser, 2002), and thus
contribute to systematized understanding of how watershed subsystems function (Lund and
Palmer, 1997), which is essential to integrated water resources management and decision making
(Madan and Marino, 2009). There are numerous watershed models, having various levels of
sophistication and providing diverse types of information, but all watershed models share one
common characteristic, that is, they are all simplifications of actual watepsbeesses (Wurbs
and James, 2002). Another common characteristic of all models is that they require data, or
observations, in order for their parameters (i.e., equation coefficients) to be estimated accurately.
The process of adjusting model parameterstitain a good match between model output and
realworld observations is called calibration. Additionally, an independent set of observations
should be used to test, or verify, the calibrated model in order to evaluate the expected accuracy
of model resusk. If the expected accuracy is not acceptable, additional data should be gathered,
or a more simple model may be warranted. Although these steps of calibration and verification
may be costly and timeonsuming, they are critical to ensuring accurate t®suld fostering
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confidence in predicted outcomes. The ubiquity of watershed models and breadth and scale of
watersheerelated problems that have been addressed using models make it difficult to cover all
aspects of watershed modeling in a single chaptee. application focuses on illustrating the
need for watershed modeling and introducing the user to common modeling methods and
approaches. A chronological synthesis of watershed modeling provides an overview of how
modeling goals have evolved from debarg only physical processes to the integration of social,
economic, and environmental objectives in support of decision making.
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Watersheds are modeled to facilitate valldied designsnd informed management
decisions. In engineering and management practices, it is important to understand complex
interactions occurring today as well as predict impacts years, perhaps even decades, into the
future. In recent years, watershed managemsadtipes that were once praised for their broad
benefits to society have become the focus of harsh criticisms for their adverse and unexpected
environmental or socioeconomic impacts. Watershed models help us predict future impacts of
projects and managentguolicies, which in turn contributes to improved water resources system
design, planning, and operation, and thus more sustainable water resources management. The
following examples illustrate some of the environmental and socioeconomic challenges that ca
arise from improper watershed planning and management practices.

5.2 Methodology

The following methodology has to be adopted to prepare detailed Action Plan for
watershed development using Gatormatics.
5.2.1Process

Different thematic maps namelyase map, land use/land cover, hydemmorphology,
slope, ground water potential and soils should be prepared based on the standard methodology
defined by National Remote Sensi@gntre Dept. of Space, and Govt. of India as per IMSD
guidelines. In additio to these, cadastral maps should also be digitized Gfgoftware
5.2.2Base Map

Base map should be prepared from Survey of India toposheets on 1:50,000 & 1:25,000
scale comprising drainage system, settlements, village administrative bosathakisoad
network within the watershed.
5.2.3Thematic Maps

Different thematic maps namely, drainage, land use/land cover,-ggdroorphology,
ground water potential, soils, land irritability, soil erosion status, soil fertility status and slope can
be prepared by adopting standard interpretation techniques using Survey of India toposheets and
Satellite Imagery. SimilarlyUpdation of drainage can be done with the help of Satellite
Imagery. Slope map can be prepared manually a8Ig&LUS (All India Soil and Land Use
Survey) and also by wusing 6SI| op&Ssoftwge i on unde

10 | Version GM 1.0



GEOHYDORLOGY MODELLING FOR WATERSHELANNING
Under Integrated Watershed Development Programme (IWMP)
Department of Land Resources (DoLR), Ministry of Rural Development, Govt. of India.

5.3 Methodology for Base Map preparation
5.3.1Scanning of maps

All toposheets acquired from Survey of Inda nonrestricted areagoveaing the
area of watershamtea should be scanned using Ao silegbedscannerFor restricted area,
permission from District Collector may be taken for scanning the topo sheet to be used
exclusively for only watershed development activityimgvan undertaking for this purpose.

5.3.2Registration of Scanned maps

Scanned maps should be registered with respect to grid base using GIS software in order
to have real world coordinates. The 16 intersecting points of longitudes and latitudes should be
considered as GCPs (Ground control points) to develop a GCP model with mean residual error.
Each toposheet on 1:25000 scale (covering 4 sheets per one 1:50000 scale toposheet) toposheet
should be registered separately. After registration of indalitbposheets a mosaic should be
prepared for the entire study area.
5.3.Registration of Satellite Image

Georeferencing process has to be carried out using GIS software. This process requires
high accuracy (mean residual error and standard deviatienthes half a pixel size. The
permanent features like raibad intersections (junctions), dams, bridges and confluences of
rivers should be taken as GCP reference points. Care should be taken during image geometric
correction process to distribute all GEBvenly over the whole area. After assigning all GCPs
transformation model has to be calculated. GCPs with maximum residual errors should be
deleted. The calculation process has to be repeated to check the minimum mean residual error

and standard deviatio Image orientation has to be verified with reference to toposheets.

5.3.4Vectorization and labeling

Conversion of point, line and polygon attribute data from raster to vector form has to be
done through digitization process using GIS software. Afigitization the errors such as
pseudo nodes/dangle nodes, undershoots, overshoots should be corrected. Labels should be

entered in all polygons and also to different arcs-i@stof the features.
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5.3.5Topology Creation

After labeling procesto create topology, atoverageare to be cleaned with line as well
as poly options.
5.3.6Projection

Projection is the process of transformation of three dimensional space onto the two
dimensional process. The amoveragethus generated from rectifietoposheets through
digitization process are to be projected into real world coordinates by adopting standard

projection procedure for the purpose of integration during spatial analysis.

5.3.7Establishing Tic Points onToposheet

A tic is a registrabn point or geographic control point which represents x and y
coordinates (longitudes and latitudes) of real world coordinate system. At least four control
points are required for projection. For all toposheets tics should be established for transfiormati
process.

5.3.8Transformation

After projectingcoverageo real world coordinates by standard projection procedure, all
features like polygons and lines should be transformed to real world coordinates by

transformation process.

The major problem with the registration of cadastral maps is due to lack of
coordinates. In order to solve this problem these maps should be transformed on to the

toposheets by identifying well known reference points on the toposheets in the area of interest.
5.4Hydr ological Analysis

The hydrological analysis process is one of the effective methods in terms of cost and
time in proposing various water harvesting structures. This process deals with assessing various
hydrological characteristics of a surface. The basi@ameter which controls the surface water
flow (run-off) is the shape of the surface (terrain). Slope and aspect play a vital role in
determining the shape of a surface. The basic inputs required to generate a hydrological model
for a region are slopegspect, flow direction, flow accumulation, pour points and a possible

stream network which requires a TIN (Triangulated Irregular Network) and DEM (Digital
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Elevation Model). The whole hydrological process can be broadly divided into 2 phases i.e. (1)

Sufface analysis and (2) Hydrological analysis

5.4.1Surface Analysis

Surface analysis process involves creation of elevation surfaces such as Triangulated
Irregular Network (TIN) and Digital Elevation Model (DEM) from elevation data available
either in the érm of spot heights or contours. To generate TIN & DEM contour data which is
available in the vector form from the Survey of India toposheets on 1:50000 and 1:25000 scale

with 20 nt or 10 nt interval can be used.

5.4.2Conversion of Contour Data to Vector Form Raster Data

Firstly, Survey of India toposheets on 1:50000 and 1:25000 scale should be scanned
using Ao sizeflatbed scanner and converted to Tiff raster format. These maps should be
projected to real world coordinate system. Contoursy(poks of equal elevation) are to be
digitized using GIS software. After digitization editing should be done to remove pseudo nodes,
overshoots and undershoots. Arc topology has
has to be projected to palynic projection after establishing tics to generate TIN which is an

essential parameter in surface modeling.

5.4.3 Generation of TIN (Triangulated Irregular Network) & DEM (Digital Elevation
Model)

In order to establish flow accumulation raster andiplesstream network an elevation
raster has to be created. For this contour tthats generated in the vector format has to be used
to generate TIN using GIS Software. Later this TIN has to be converted to DEM (Elevation
raster) raster form by usirgpatial analyst functions. Slope map can be generated from the
elevation raster by surface analysis tools under spatial analyst functions. Similarly, aspect map
can also be prepared from the slope map in the same method mentioned.
5.4.45lope and Aspet

Slope and aspect maps play a crucial role in addition to flow direction and flow
accumulation in hydrological modeling. Slope is one of the important terrain parameters which
can be explained by horizontal spacing of the contours. In general, in tloe ferot closely

spaced contours represent steeper slopes and sparse contours exhibit gentle slope whereas in the
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elevation output raster every cell has a slope value. Here, the lower slope values indicate the
flatter terrain (gentle slope) and higher slepdues correspond to steeper slope of the terrain. In
the elevation raster slope is measured by the identification of maximum rate of change in value
from each cell to neighboring cells. The slope values can be calculated either in percentage or
degreesn both vector and raster forms. The percentage of slope can be calculated byeusing th
following equationas under:
i.e. Rise/Run*100.

It is important to note that when the slope angle equals®dhbrise and run are equal and the
slope angle is equal to 100%. The slope map thus generated from elevation raster exhibits
different slope categories depending up on the slope of the terrain. The output cell size plays a
very important role in generaginoutput slope rasteBlope map can be prepared manually as
perAl S&LUS (Al | Il ndia Soil and Land Use Surve)
Surface analysis function f&IS software

These slope classes can be reclassified as per our requirdmeeineral slope map
comprises of seven broad classes as per AIS&LUS (All India Soil and Land Use Survey). The

general slope classes are showmable.1.

Table.1
Class Percentage Slope Category
1 0-1 Nearly level
2 1-3 Very gently sloping
3 3-5 Genty sloping
4 5-10 Moderately sloping
5 10-15 Strongly sloping
6 1535 Moderately steep to steep sloping
7 >35 Very steep sloping

Aspect is the direction of slope with respect to north. In output slope raster generation,
aspect identifies the dowslope direction from each cell to neighboring cells. The aspect values
of the output raster will be measured in the compass direction. i.e. frbifs-BSES-SW-W-

NW (i.e. @-360° in clockwise direction). Similarly, flat surfaces which do not possess any

direction can also be depicted.
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5.5 Hydrological Modeling

The process includes filling of sinks, identifying maximum flow directions, possible
accumulation points, creating a stream network, basin demarcation based on flow direction, by
locating pour paits (lowest point along the boundary of the watershed) at the edges, sinks and
by identifying the contributing area above each point. An elevation raster is required to process
hydrological modeling
5.5.1 Sinks

Sinks are the junction features which pildw from the ends of the network as per the
general definition in hydrology, but the sinks that appear in the elevation raster data are due to
errors like sampling effects and rounding of elevations to integer numbers. Sinks in this model
have undefiad directions of one of the eight valid values in a flow direction raster (i.e. 1 to 128).
Sinks generally occur in elevation raster due to neighboring cells are higher than the processing
cells. The elevation raster data should be free from sinks teea@aadccurate representation of
fl ow direction and accumul ated fl ow. OFi I | S
function to remove sinks from the elevation raster data (DEM).
5.5.2 Flow Direction

Flow direction indicates the direction of surfat@w which is an integer raster value
ranges from 1 to 255. In an elevation raster if a cell is lower than its neighboring cells, the
direction of the flow will be towards that cell. In some elevation rasters when multiple neighbors
have the lowest valugken the flow will be defined by filtering out one cell sinks. In some cases
if a cell has the same change in 6zZ6 value 1in
sum of those directions. The flow direction can be determined by findingestegescent from
each cell which can be calculated frora thllowingequationas under:

i.e. Change in Z value/Distance *100.

The elevation raster thus generated without sinks has to be used to generate the  flow
direction wusoinndg oopRIlioown diinr ehcytdir ol ogy anal ysi s f

raster shows eight (8) possible directions in Whie possible surface would be covered.
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Flow Direction
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5.5.3 Flow Accumulation
Flow accumulation will be generated from the error feé=vation raster data. The cells

of undefined flow directions other than (1 to 8) will only receive flow accumulation. The
accumulated flow in the output raster will be calculated based upon the number of cells flowing
towards each cell. The high flow aein the output raster are the areas of concentrated flow
which are important to identify possible stream channels. Similarly, those areas with flow
accumulation value zero (low) are the areas of topographically high like ridges. A stream
network can b created by using the results of the high accumulated flow. Similarly, this stream

network can be used as input to generate stream order, stream line and stream link.
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5.5.4Stream Order

Obtaining stream order is one of the important parametdrgdrology modeling. Stream
order raster can be generated iGIS softwareusing hydrology tool. Stream order function
assigns a numeric order to the segments of a raster which represents branches of a linear stream
network. Flow accumulation raster cée used as input surface to generate a raster stream
network by applying a threshold value to select cells with a high accumulated flow.inpthe
stream rastelinear network should be represented as values greater than or equal to one on a
backgroundf no data inobtaining output stream orde3trahler stream order method has to be
adopted for assigning stream order. The output stream order thus generated is an integer raster.
The following equation can be evaluated using raster calculator in spaigist to extract raster
stream order from flow accumulation raster.

CON [Flow accumulation]>500, 1, 0)

Here the cell size (500) plays a vital role in extracting output stream raster. Lower cell value is
preferable to obtain accurate stream order.
5.5.8Basin/Watershed/ Catchment/ ContributingArea

Basin can be defined as the total area flowing to a given outlet or pour point. Basin
function in hydrology delineates all drainage basins by identifying ridgelines between adjacent
basins. Here the basin anedg flow direction raster to find all sets of connected cells which
belong to the same drainage basin. The drainage basin will be created based on the identification
pour points (outlet of the drainage) all along the edges and sinks and by identifying the
contributing area above each pour point in the source raster. Pour points are the lowest points
along the boundary of the watershed. The elevation raster (DEM) has to be used to generate a
contributing area. The stream channels thus generated bakasdimfunction in hydrology can
be checked with the original drainage layer that has been extracted from toposheet.
5.5.&Criteria for proposing Structures

Proposition of different soil and water harvesting structures plays a very crucial role
which requies awell-qualified and well experienced man power with thorough knowledge in
various water & soil conservation programmes. For this purpose slope, flow direction and flow

accumulation output raster maps along with stream order (drainage), laatdsaver, hydro
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geomorphologyand soilc o v e r vehigreh@v@ been prepared from Survey of India toposheets
and satellite imagery should be taken into consideration.
5.5.7Raster Theme Weightages:

Weightages are given to significant units (on priority basisyarious thematic layers
such as hydro geomorphology, slope, drainage, soils and land use/land cover in raster form in
order to prioritize locations for suggesting appropriate recharge structures.
5.5.8Conversion of Thematic layers to RasteFormat:

All the thematic layers should be converted to raster form using convert features to
raster option to assign weightages since the analysis should be performed in raster mode.
Assigning weightages to different units in various thematic laygnsredy dependent up on the
priority. In the hydregeomorphology layer high priority (1) can be given to structural valleys,
moderate (2) priority to moderately dissected plateau and low/least (3) priority can be given to
undissected plateau. In the lamsBland cover layer high priority (1) can be given to doudvtgp
areas, moderate priority (2) Kharif unirrigated areas and least priority (3) to fallow lands. In
the soil layer top priority (1) can be given to black loamy soils and least p(@yity black
soils and so on. Similarly, the slope classes can be reclassified into 3 to 4 categories like class
1 (0-1%), class2 (83%) and class3 (35%). Slope class 1 can be given high priority (1),
moderate (2) to class2 priority and class3 bargiven least (3) priority. In drainage raster 3rd
order streams can be given high (1) priorif}ft @&der streams can be given moderate (2) priority
and least (3) priority to 1st order streams. These themes can be evaluated using raster calculator
in spatial analyst based on the weightage decided. The total of individual theme weighted
should not exceed 1%. The formula for this raster calculation is as follows
((Drainage*0.3+(Soils)*0.25+(Geomorphology)*0.2+(@nd usdland cover)*0.15+(slope)*0.1)

A drainage raster indicating high and low priority locations will be generated by evaluating
this equation. Based on this location priority raster various water harvesting structures can be

suggested at appropriate locations.
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5.5.9Integration for Water Resource Assessment and Water Resource Development

Overlaying of proposed water harvesting structure map (based on hydrology model) over
different thematic layers is very important part in assessing their validity. Overlay techniques can
be used forintegration of different thematic layers like land \lesed cover, hydro
geomorphology, soils and ground water potential maps prepared as per IMSD guidelines in order
to test their validity and also to understand real field conditions. After analyzieg streictures
with each of these themes mentioned all the structures can be checked out for their validity.
Following this observation some of the structures which are not relevant can be deleted.
Similarly, some more structures can be suggested (pddegulaces where they really require

based on the analysis of the themes mentioned.

5.5.10Water Resource Development Plan

Water resource management plays a vital role in sustainable development of watershed
which is possible only through the implentation of various water harvesting techniques. The
efficient way for subsurface water storage, soil moisture conservation or ground water recharge
technologies should be adopted properly under water resource development plan. Similarly,
developing of vastelands by appropriate measures can improve water resources on uplands in
the watershed.
5.5.11Ground Truthing

It is being felt that field information is required to support structures proposed based on
hydrology modeling. For instance ground watereptial can be estimated only from intensive
filed observations of water table at least during two seasons i.e., pre and post monsoon periods.
Similarly, for proposing structures the following parameters like soil depth, texture, terrain
conditions and slapall along the gullies at micilevel (on large scale) are required. This type of

micro-level information is not available from any other published evidence so far.
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5.5.12System Requirement

The application would require the followir&ystem Configrationto run the application at client

end

Windows 8.1 Basic, Professional and Enterprise

Windows 8 Basic, Professional and Enterprise

Windows 7 Ultimate, Enterprise, Professional, Home
Premium

Windows Vista Ultimate, EnterprisBusinessHome
Premium

Windows XP Professional Edition, Home Edition

Windows Server 2012 R12 Standard and Datacenter

Windows Server 2008 R2 Standard, Enterprise and
Datacenter

Windows Server 2008 Standard, Enterprise and Datace

Windows Server 2003tandard, Enterprise and Datacent

2.2 GHz minimum ; Hypethreading (HHT) or Multicore

CPU Speed

recommended
Processor Intel Pentium 4, Intel Core Duo, or Xeon Processors
Memory/RAM 2 GB minimum

Display Properties

24-bit color depth

Screen resolution

1024 x 768 recommended minimum at normal size (96 dpi)

swap space Determined by the operating system; 500 MB minimum.
64 MB RAM minimum, 256 MB RAM or higher recommended.
NVIDIA, ATI, and Intel chipsetsgpported.
. . 24-bit capable graphics accelerator
;/(ljc;e%(?raphlc OpenGL version 2.0 runtime minimum is required, and Shader
P Model 3.0 or higher is recommended.
Be sure to use the latest available driver.
It is optional for better performance
Networking Simple TCP/P, Network Cord to support internet connectivity
Hardware
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5.5.13Software Requirement:
First of all, the mstallation of Microsoft Internet Explorer / Firefox /Google Chrome
The model is divided in to two parts:

Part 1: The user takes the contour mapnpsit and generates Digital Elevation Model, Flow
Direction, Flow Accumulation, Slope and Aspect maps. The input contour map will be in
WinZip file format.

Part 2: In part 2 the user uploads the thematic layers like Land Use Land Cover, Soil, Drainage
and Ground Water/ Hydrd@seology and assigns weightages resulting in a map showing
the tentative locations for Constructing Water Harvesting Structures. The detailed process
is explained below:

Thematic maps requireas input layers
1. Contour map shape file imin zip format.

2. Drainage map

3. Land use Map

4. Hydrogeology/Ground water map
5. Soil map

5.5.14GIS File Formats:

A GIS file formatis a standard of encodimgographicainformation into a fie. They are
created mainly by government mapping agencies @IBysoftware

Raster
A raster data type is, in essence, any type of digital imggesented by reducible and

enlargeable grids. A combination of the pixels making up an image color formation scheme will

compose details of an image, as is distinct from the commonly used points, lines, and polygon
area location symbols stalable vector graphies the basis of the vector model of area
attribute rendering.

Rasterdata type consists of rows and columns of cells, with each cell storing a single
value. Raster data can be imagessterimages) with each pixel (or cell) containiagcolor

value. Additional values recorded for each cell may be a discrete value, such as land use, a

continuous value, such as temperature, mulbvalue if no data is availadl While a raster cell
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stores a single value, it can be extended by using raster bands to represent RGB (red, green, blue)
colors, colomaps (a mapping between a thematic code and RGB value), or an extended attribute
table with one row for each unique loehlue. The resolution of the raster data set is its cell width

in ground units.

Raster data is stored in various formats; from a standarthdded structure of TIFF,
JPEG, etc. thbinary large objectBLOB) data stored directly in rlational database
management syste(RDBMS) similar to oher vectosbased feature classes. Database storage,
when properly indexed, typically allows for quicker retrieval of the raster data but can require
storage of millions of significantly sized records.

Vector
In a GIS, geographical features are often exg@@s|s vectors, by considering those features
asgeometricabhapes. Different geographical features are exprebgedifferent types of

geometry

1 Points

A simple vector map, using each of the vector elements: points for wells, lines for rivers,
and a polygon for the lake, Zedimensional points are used for geographical features that can
best be expssed by a single point referedcen other words, by simple location. Examples
include wells, peaks, features of interest, and trailheads. Points convey the least amount of
information of these file types. Points can also be used to represent areas \plegrediiat a
small scale. For example, cities on a map of the world might be represented by points rather than
polygons. No measurements are possible with point features.
T Linesor polylines

Onedimensional lines or polylines are used for linear features such as rivers, roads,
railroads, trails, and topographic lines. Again, as with point features, linear features displayed at
a small scale will be represented as linear featta®er than as a polygon. Line features can

measure distance.
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1 Polygons

Two-dimensional polygons are used for geographical features that cover a particular area
of the earth's surface. Sudeatures may include lakes, park boundaries, buildings, city
boundaries, or land uses. Polygons convey the most amount of information of the file types.
Polygon features can measure perimeter and area.

Each of these geometries are linked to a row intabdae that describes their attributes.
Vector data can also be used to represent continuously varying phenQuettar
linesandtriangulated irregular networK3IN) are used to represent elevation or other
continuously changing values. TINs record values at point locations, which are connected by
lines to form an irrgular mesh of triangles. The face of the triangles represent the terrain surface.
Non-spatial data

Additional nonspatial data can also be stored along with the spatial data represented by
the coordinates of a vector geometry or the position of a rastein vector data, the additional
data contains attributes of the feature

Popular GIS file formats:

Raster formats:
1 ADRGT National Geospatidhtelligence AgencyNGA)'s ARC Digitized Raster
Graphics
RPFI Raster Product Format, military file format specifiedMiL-STD-2411
Digital raster graphi¢DRG)1 digital scan of a pap&tSGSTopographic Ma
ESRIGrid T proprietaryBinaryandMetadatalessASCII raster formats used IBSRI
GeoTIFF T TIFF variant enriched with GIS relevaktetadata
IMG T IMAGINE image file format

= =4 =4 =4 -4 =4

JPEG200G Opensource raster format. A compressed format, allows hagh and
lossless compression.
1 Mr SIDT Multi-Resolution Seamless Image Database (by Litact). A compessed

wavelet format, allows both lossy and lossless compression.
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1 netCDFCFi netCDF file format withCF meadata convention®r earth science data.
Binary storage in open format with optional compression. Allows for directagebss
of subsets/aggregations of maps thro@gtEN DAP protocol.

Vector formats

T AutoCAD DXF1 contour elevation plots iAutoCAD DXF format (byAutodesR
Cartesian coordinate syst€XyYZ) i simple point cloud
Digital Line Graph(DLG) 1 a USGS format for vector data
Geography Markp Languag€GML) 7 XML based open standard (BpenGIS) for
GIS data exchange

= =4

1 GeoMediai Intergrapls Microsoft Accesdased format for spatial vector storage

1 ISFCi Intergrapts MicroStationbased CAD solution attaching vector elements to a
relationalMicrosoft Accesslatabase

T Keyhole Markup LanguagdkKML) i XML based open standard (BpenGlIS) for GIS
data exchange

1  Maplinfo TAB formati Maplinfo's vector datdormat using TAB, DAT, ID and MAP
files

T National Transfer Form&dNTF) i National Transfer Format (mostly used by the UK
Ordnance Survey)

1  Spatialitel is a spatial extension to SQLite, providing vector geodatabase functionality. It

is similar to PosGIS, Oracle Spatial, and SQL Server with spatial extensions

Shape file a popular vector data GIS format, developedEbsi

SimpleFeature§ Open Geospatial Consortiuspecification for vector data

TIGERT Topologicallylntegrated Geographic Encoding and Referencing

= = =4 =4

Vector Product FormdVPF)i1 National Geospatiahtelligence AgencyNGA)'s format

of vectored data for large geographic databases
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Grid Formats (for Elevation

T USGS DEMi TheUSGS Digital Elevation Model

T  GTOPO30' Large complete Earth elevation model at 30 arc seconds, delivered in the
USGS DEM fomat

1 DTEDT National Geospatidhtelligence AgencyNGA)'s Digitd Terrain Elevation
Data, the military standard for elevation data

1 GeoTIFF i TIFF variant enriched with GIS relevant metadata

1 SDTSi The USGS' successor to DEM

5.5.15Contour Map
In cartography a contour line (often just called a "contour") joinsing® of

equalelevation(height) above a given level, such rasan sea leveRA contour maps a
mapillustrated with contour lines, for exampléapographic mapwhich thus shows valleys and

hills, and the steepness dbpes.The contour intervabf a contour map is the difference in
elevation between successive contour lines. Contour lines are curved, straight or a mixture of
both lines on anapdescribing the itersection of a real or hypothetical surface with one or more
horizontal planes. The configuration of these contours allows map readers to infer relative

gradient of a parameter and estimate that parameter at specific places.
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5.5.16Drainage Map:

The dainage map is prepared in the GIS software. The watershed boundary is
demarcated based on the drainage line patterns in the watershed. Each stream is given one order
based on th&trahlerstream network model. The total number of orders in the drainagenke
will be seven. They are numbered as 1,2,3,4,5,6,7. When the order reaches seven it becomes a
river system. In a watershed the drainage order may vary from 1 to 4 or 5 depending on the
topography of the watershed. The process of assigning the stréars i3 given below:
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Stream Network:

The most common approach to quantitatively describing stream networks was postulated
by Strahler (1952).

M First Order Streams with no tributaries.
1 Second Order Streams begin at the confluence of two first order stream
9 Third Order Streams confluence of two second order streams.

Rule 1

When a stream of a given order receives a tributary of lower order, tis order does not

change.

Rule 2

Theorder of the drainage basin is the order of the stream at the basin outlet.
Some additional definitions:

A Nodes: junctions of streams. A

1 Links: channel segments between nodes, can be exterior links if they connect to only

one node, or interior links within the watershed.

1 Magnitude of a Drainage Basin: total number of extdimnds it contains.

The actual size of the streams designated a particular order depends on the scale of the
map or image used. The 1:25,000 is the standard, and measurements at this scale are close to

those measured in the field.
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Types of Drainage Pattes

Drainage patterns Drainage systems vary and often a pattern is seen in the kind of
drainage that an area presents on the topo sheet. An area drained by a single river is called its
drainage basin or catchment area. It includes the various stredmtgrieis and sub tributaries
that join to create a network of the river. Thus the main river of an area along with its tributaries

forms a drainage pattern.

Drainage patterns

Drainage systems vary and often a pattern is seen in the kind of drainage #rata
presents on the topo sheet. An area drained by a single river is called its drainage basin or
catchment area. It includes the various streams, tributaries and sub tributaries that join to create a
network of the river. Thus the main river of an aaé@ng with its tributaries forms a drainage
pattern. The pattern that is formed is dependent on the relief and the rocks that make up the
surface of the area. It is logical that water will flow from higher to lower area and while doing

so, it will cut though the surface of the land.
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On the topo sheets the perennial water bodies are shown with blue lines. The seasonal
streams are shown in black lines. Irregular streams are those which carry water for short spells,
generally during and after rainfallnd then disappear or finish off. These are shown by dotted
black lines.

Types of Drainage Patterns

The three main types of drainage patterns that can be identified are dendritic, trellised and
radial. The disappearing streams indicate an area of inlanmtgeaas in deserts or underground
streams such as those in the limestone areas. Broken ground is also shown with black lines and
found in ravines and badlands where lack of vegetation causes extensive erosion when the rivers
flood.

Dendritic drainage patn The name is derived from the Greek word dendron which
means a 'tree’. This drainage pattern is similar to a branching tree and hence the name. This
pattern of flow of streams and rivers develops in an area which comprises rocks with a uniform
structue. The direction taken by the river and its tributaries is largely dependent on the slope.
The water channels thus flow through the valleys between the ridges and spurs resulting in the
river and its tributaries making a pattern that resembles a treésdwdnches.

Trellised drainage patterit is a rectangular shaped drainage pattern that develops where
bands of rocks vary in resistance. In some areas there are alternate bands of hard and soft rocks.
The flowing water can erode the soft rocks and flmwss along the bands of soft rock. Many
such water channels form a trellis. The streams (called subsequent rivers) cut out the valleys
(called vales) and join the main river (called consequent river) at right angles. The main river, by
sheer force, cutde hard rock and flows down the slope forming an escarpment and thus a river
gap is created.

Radial drainage patterit is a 'spokelike’ pattern. Water channels flow from around the
top if a hill or the top of a dome type feature in numerous directibmshe spokes of a wheel.

Such a pattern of drainage may develop from a volcano or conical mountain.
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There are a few other drainage patterns as well, which are uncommocenthgetal
drainage pattesithe opposite of radial drainage pattern. Theasas converge in an area which
is either a depression or a basgma parallel drainage pattern, a number of streams flow parallel
to each other by following the slope of the region.
5.5.17Land Use / Land Cover Map

Land wuse ref er s dtvarioumasaspwshichaacetcarned oniland Laadn
cover refers to natural vegetation, water bodies, rock/soil, artificial cover and others resulting due
to land transformation. Although land use is generally inferred based on the cover, yet both the
terms land use and land cover are closely related and interchangeable.

Information on the rate and kind of change in the use of land resources is essential to the
proper planning, management and regulation of the use of such resources. Knowledge about the
existing land use and trends of change is essential if the nation is to tackle the problems
associated with the haphazard and uncontrolled growth. A systematic framework is needed for
updating the land use and land cover maps that will be timely, relatively msxpeand
appropriate for different needs at national and state level. The rapidly developing technology of
remote sensing offers an efficient and timely approach to the mapping and collection of basic
land use and land cover data over large area. Thditeatmageries are potentially more
amenable to digital processing because the remote sensor output can be obtained in digital
format. Land use data are needed in the analysis of environmental processes and problems that
must be understood if living conitins and standards are to be improved or maintained at
current levels.

The major aim of land use classification system is to provide a framework as broad as
possible and would cover all the possible types of land use within the country that could be

mappel within certain limitations.
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LAND USE/LAND COVER CLASSIFICATION SYSYTEM
LEVEL -I LEVEL -l
1. Builtiup land 1.1 Builtup land
2. Agricultural Land 2.1 Crop land
() Kharif
(i) Rabi
(iii) Kharif + Rabi
2.2 Fallow
2.3 Planation
3. Forest 3.1 Evergreen/Senadvergreen forest
3.2 Deciduous forest
3.3 Forest Blank
3.4 Degraded or Scrub land
3.5 Forest plantations
3.6 Mangrove
4. Wastelands 4.1 Salt affected land
4.2 Waterlogged land
4.3 Marshy/swampy land
4.4 Gullied/Ravenous land
4.5 Land with or without scrub
4.6 Sandy area (coastal and desertic)
4.7 Barren rocky/stony waste/sheet rock

5. Water Bodies 5.1 River/stream
5.2 Lake/Reservoir/Tank/Canal
6. Others 6.1 Shifting cultivation

6.2 Grasland/Grazing land

6.3 Snow covered/Glacial area
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# Crop land:

It includes land under agricultural crops during Kharif, Rabi (both irrigated unirrigated

and the area under double crop, during both the seasons.
# Fallow land, Forest blank

It is that nd which remains vacant without crop during doliarif and Rabi seasons.
Definition and explanation
Land use/Land cover

Land use refers to fimand6s activities and
cover so. Land cover m wdtee bodies took/soil ardéfitial coeer and/ e g e t
others resulting due to | and transformations?o

Although land use is generally inferred based on the cover, yet both the terms land use
and land cover being closely related are inter changeable for eg., v@mgetatia cover for
agricultural crop and for forest and the respective activity is classified based on the contextual
evidence.

Cropland:

It includes those lands with standing crop as on the date of the satellite imagery the crops
may be of Kharif or Ralor Kharif + Rabi seasons.
Fallow land:

It is described as agricultural land which is taken up for cultivation but is temporarily
allowed to rest, wecropped for one or more seasons, but not less than one year. These lands are
particularly those which argeen devoid of crops at the time when the imagery is taken of both
seasons.

Open land:

It is described as degraded land which can be brought under vegetative cover with
reasonable effort, and which is currently underutilized and land which is deteriahaéing lack
of appropriate water and soil management or on account of natural causes. Open land can result
from inherent/imposed constraints such as by location, environment, chemical and physical

properties of the soil or financial or management comggai
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Land with or without scrub:

They occupy (relatively) higher topography like uplands or high grounds with or without
scrub. These lands are generally prone to degradation or erosion. These exclude hilly and
mountainous terrain.

Water bodies:

It is an area of impounded water, area in extent and often with a regulated flow of water.

It includes man made reservoirs/lakes/tanks/ canals besides natural lakes rivers/streams and
creeks.

Others:
It includes all those which can be treated as miscellaneowmideof their nature of

occurrence physical appearance and other characteristics.

Land Use Land Cover Map of Ralegan Siddhi, N
Ahmednagar District, Maharashtra
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5.5.18Hydrogeomorphology

Hydrogeomorphology deals with the study of landform in relation to groundwater
occurrence and availability. It is manifested at the surfaeénlynby geology, geomorphology,
structure and recharge conditions. All the four parameters were studied and integrated to arrive at
the groundwater prospects under each geomorphic cum lithologic unit, designated as hydro
geomorphic unit.
Ground Water Potential Map

Ground water potential maps are prepared by integrating information on geomorphology,
slope lithology, structural features and the precipitation. Ground water recharge depends on
favorable slope, permeability and degree of compactness of thies.rcthe movement and
occurrence of ground water is controlled mainly by Geology, Geomorphology and Recharge
Conditions of the area . Thgeology andGeomorphology of the study area have been studied
and by combining the individudithologic-landform unis the Geomorphology map is prepared.
These Geomorphic units have been evaluated for their Ground Water Prospects based on the

hydrogeological characteristics of the geological and geomorphological parameters.

Ground Water Potential Map of Ralegan Siddhi, N
Ahmednagar District, Maharashtra A
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Preparation of Soil Resources Map methodolgy

The soils are directly related to the geomorphology or physiography of the area.
Geomorphology is the study of the processes involved in formation of a landscape and those
processes are indirectly related to the developmental process involvedforrsaiiion. Hence,
by integrating those processes the soils are mapped. The land units thus mapped include the
external and internal characteristics of the landforms. Thus similar land units will have similar
soils. This approach has been adopted in mapgfisgils, of course more detailed investigations
has been done during the field work by digging profiles at closer intervals.

Physiography signifies the feature of the landscape that are observed on the basic genetic
processes producing geomorphic chandgentification of physiographic units in hilly terrain of
the district is important as the land potential is often related to these units. Erosional,
sedimentatioror stable surfaces can be differentiated on physiographic features alone. Though a
panorana of physiographic features could be observed in the district a simple system has been

given to serve the purpose.

Scales or Order of soil survey

i)  Firstorder surveys are made for very intensive land uses requiring very detailed
information about soilsgenerally in small areas. The soils in each delineation are
identified by traversing and transecting. Remotely sensed data are used as an aid in
boundary delineation. Base map scale is generally 1:15,840 or larger.

i)  Secondorder surveys are made for insgre land uses that require detailed
information about soil resources for making predictions of suitability for use and of
treatment needs. The information can be used in planning for general agriculture,
construction, urban development, and similar ukas require precise knowledge of
the soils and their variability. Boundaries are verified at closely spaced intervals, and
the soils in each delineation are identified by traversing and in some map units by
transecting. Base map scale is generally 1:121@00:20,000 depending on the

complexity of the soil pattern within the area.

35 | Version GM 1.0



GEOHYDORLOGY MODELLING FOR WATERSHELANNING
Under Integrated Watershed Development Programme (IWMP)
Department of Land Resources (DoLR), Ministry of Rural Development, Govt. of India.

ii)

Third-order surveys are made for land uses that do not require precise knowledge of
small areas or detailed soils information. Such survey areas are usually dominated by
a singk land use and have few subordinate uses. The information can be used in
planning for range, forest, recreational areas, and in community planning. Base map
scale is generally 1:20,000 to 1:50,000, depending on the complexity of the soil
pattern and interetl use of the maps.

Fourthrorder surveys are made for extensive land uses that need general soil
information for broad statements concerning fasd potential and general land
management. The information can be used in locating, comparing, and selecting
suitable areas for major kinds of land use, in regional-les&d planning, and in
selecting areas for more intensive study and investigation. Base map scale is
generally 1:50,000 to 1:2, 50,000.

Fifth-order surveys are made to collect soils informatiowveiry large areas at a level

of detail suitable for planning regional land use and interpreting information at a high
level of generalization. Bagmeap scale ranges from about 1:250,000 to 1:1,000,000

or smaller.
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6. Process to Operate th6EOHYDROLOGY Model

SupManConent ScreenReaderAccess -A A A Y A [:] \:l .

T

GEOHYDROLOGY MODELLING FOR WATERSHED PLANNING

Government of India

Home
GIS
Activities
Publications
Resources
S E—
jBioWcs

Login

Contact Us

Forgot Password

Terms and Condiions FAQs Keywords Hyperinking Pokcy Archive CopyRightPolicy PrivacyPolcy Disciaimer SleMap FeedBack ContactUs

Copyright ® 2015 GeoHydrology. All Rights Reserved

6.1 Type the URL in Browser
To operate the Geohydrology model typetHeL in yourbrowser:
http://122.183.99225/geohydrology

Main Screen of the Application
The Main Screerof the Application will openAfter this the user will go to GIS option
ard selects the GIS Tab
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6.3 Tools of Geohydrology Model

The main Tool Bar has the following tools:

Button 1:
The first toll is @lled the zoom in button. This button will help the user to zool

to the layer information for detailed view of the information. A snap shot is enc

below for reference.

g0 ;
{Fori\Watershed Plannmg
o
_C
§
S N vk \

\k?.
b

# showall downloads., X

[#) APIBMANUALFINALdoc | |3 IMG.0003.pdf
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Button 2:
The second toll is called the zoom out butt®his button will help the user t

zoom out of the layer information for larger view of the information. A s

shot is enclosed below for reference.

C A [} 122183.99.229/hyd/flow/designl.htm

5]
ForiWatershediPlanning

i

) APIBMANUALFINALdoc ™ || 4 IMG_0003.pdf I ¥ Showall downloads... X

Button 3:
The third button is pan button. It will help to navigaiti¢hin the layer information

Button 4:
The forth button is called the backward button. It will take the user to the las

performed on the web model.
Button 5:
The fifth button is called the forward button. It will take the user to the pre\

step performed on the web nedd

Button 6:
The sixth button is called the Identity Button. When the use clicks on a part

theme the information related to that layer will be displayed. A screen shot is

below for reference.
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Button 7:
The seventh button is calléde refresh Button. When the use clicks

this button the map will come to a full display in the web page. A sc

shot is given below for reference.

Button 8:

The eight button is called the upload shape file button. The use
upload the contoufile using this button to create the DEM and ot
maps from the Model tools. The contour file to be used should |

WinZip zipped file format. A screen shot is given below for reference
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