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Introduction

The document outlines water security related datasets in the Commoning for Resilience
and Equality (CoRE) stack to build a water security plans. The CoRE stack is a collabora-
tive effort with several academic research institutions, civil society organizations working on
ecological sustainability and rural livelihood, innovation catalysts, and technology-led social
enterprises. Being designed as a Digital Public Good, the CoRE stack enables an open-access
co-creation network to innovate and scale digital technology solutions for ecosystem sus-
tainability. Figure 2.1 shows the hierarchical modules of CoRE stack.

Datasets are essential to quantify and assess the state of water security. Water security
requires tracking of supply-side variables such as precipitation and incidence of droughts,
demand-side variables such as increasing number of cropping cycles being practiced and
intervention variables such as the available surface runoff for harvesting. We leveraged
remote-sensing and machine learning to temporally estimate various variables at the micro-
watershed scale. A few initiatives are already attempting to provide water security related
datasets [31, 29], but they tend to use out-dated or lower resolution data products and sub-
optimal algorithms.

We are guided by the principles of open data and algorithms to promote transparency
and foster innovation through collaborations. We publish temporally static datasets such
as hydrological and administrative boundaries using drive folders, and publish block-wise
temporally dynamic datasets such as hydrological and climate variables on the Landscape
explorer. To generate temporally dynamic datasets for your own block, we publish our
GitHub repositories for reproducibility, collaboration and contribution.

11
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Figure 2.1: CoRE stack: Modular approach to build a digital public infrastructure
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Table 2.1: Hosting specification of vector layers in CoRE stack

Layer Type Spatial Temporal Dataset Codebase
resolu- resolution
tion
Basin vector NA static Google drive -
folder
Sub-basin vector NA static Google drive -
folder
Watershed vector NA static Google drive -
folder
Micro-watershed vector NA static Google drive -
folder
Precipitation vector NA fortnightly - Github repos-
itory
Runoff vector NA fortnightly - Github repos-
itory
Evapotranspiration  vector NA fortnightly - Github repos-
itory
Change in ground- vector NA fortnightly - Github repos-
water itory
Change in well vector NA five years - Github repos-
depth itory
Drainage lines with vector NA static Google drive -
stream orders folder
Aquifer systems in vector NA static Google drive -
India folder
Drought intensity vector NA yearly - Github repos-

and frequency

itory
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Water bodies vector NA yearly - Github repos-
itory
First census of water  vector NA static Google drive -
bodies folder
Cropping intensity vector NA yearly - Github repos-
itory
NREGA assets cate- vector NA yearly Google drive Github repos-
gorization folder itory
Lithology vector NA static Google drive -
folder
State vector NA static Google drive -
folder
District vector NA static Google drive -
folder
Block vector NA static Google drive -
folder
Panchayat vector NA static Google drive -
folder
Village vector NA static Google drive -
folder
Table 2.2: Hosting specification of raster layers in CoRE stack
Layer Type Spatial Temporal Dataset Codebase
resolu- resolution
tion
LULC raster 10m yearly - Github repos-
itory
Terrain raster 30m static - Github repos-
itory
Lineament raster 194m static Google drive -
folder
CLART raster 30m static - Github repos-

itory
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Hydrological boundaries

3.0.1 Basins

A watershed, also known as a drainage basin or catchment area, is an area of land where all
the water that falls or drains into it ultimately drains into a common outlet, such as a river,
lake, or ocean. This includes surface water runoff, precipitation, and even underground wa-
ter flow. Watersheds play a crucial role in the hydrological cycle, influencing the distribution
and movement of water across the landscape.

Based on the size, the hydrological units are termed as basin, sub-basin, catchment,
sub-catchment, watershed, sub-watershed and micro-watershed. India Water Resources In-
formation System (WRIS) divides the Indian subcontinent into 25 major river basins with
major river basin of Ganga-Brahmaputra-Meghna followed by Indus, Mahanadi, Godavari
and Krishna.

Basin boundaries for India were obtained from WRIS ArcGIS portal. The layers were
fetched on QGIS by using the url of WRIS ArcGIS portal in the QGIS’s ArcGIS rest server.
Basin boundaries across India are shown in figure 3.1

Hosting specifications
e Layer type: vector
* Spatial resolution: NA
* Temporal resolution: static

* Dataset: Google drive folder

3.0.2 Subbasins
The subbasin boundary layer obtained from WRIS ArcGIS portal had attribute ‘sbcode’ which
refers to the sub-basin code to which the watershed belongs. The watershed layer was
dissolved on the ‘sbcode’ attribute to combine all the watersheds belonging to the same
sub-basin. Subbasin boundaries across India are shown in figure 3.1
Hosting specifications

¢ Layer type: vector

* Spatial resolution: NA

* Temporal resolution: static

* Dataset: Google drive folder
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Figure 3.1: Basin (left) and subbasin (right) boundaries across India

3.0.3 Watersheds

Watershed boundaries for India were obtained from WRIS ArcGIS portal. The layers were
fetched on QGIS by using the url of WRIS ArcGIS portal in the QGIS’s ArcGIS rest server.
Watershed boundaries across Mohanpur block, in Gaya district of Bihar are shown in the
figure 3.2

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
* Temporal resolution: static

* Dataset: Google drive folder

3.0.4 Microwatersheds

Within each watershed, micro watersheds were delineated using the land elevation data.
We used digital elevation model (DEM) data of Shuttle Radar Topography Mission (SRTM)
for land elevation. SRTM was an international research effort that obtained digital elevation
models with a spatial resolution of 1 arc-second (30 m) for global coverage. The DEM data
can be obtained for a region of interest using the QGIS SRTM Downloader plugin and can
be clipped for every watershed.

Watershed usually covers an area of about 20,000 to 1,50,000 ha that contains many
micro- watersheds (500 to 1500 ha size). Therefore, micro-watersheds were generated
within each watershed with a minimum area threshold of 5555 pixels (500 ha divided by
900 m?, 1 pixel = 30m by 30m) as an input parameter to the r.watershed function of GRASS
library in QGIS. Microwatershed boundaries across Mohanpur block, in Gaya district of Bihar
are shown in the figure 3.2


https://drive.google.com/drive/folders/1D3Gp9mb5vIMy6UaUYe8g6g_n_829wbAC?usp=sharing
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Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
e Temporal resolution: static

* Dataset: Google drive folder
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Figure 3.2: Microwatershed (left) and watershed (right) boundaries across Mohanpur block,
in Gaya district of Bihar
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Hydrological variables

4.0.1 Precipitation
Introduction

In the context of water balance, precipitation is the key input that contributes to the posi-
tive side of the water balance, representing the input of water to a particular region. Global
precipitation data is available from satellite based products for last two decades which is
critical for water resource management, agricultural production and addressing issues re-
lated to drought or flood assessment in a given area.

Input layers

Precipitation can be calculated during an interval using the Global Satellite Mapping of
Precipitation (GSMaP) dataset available on Google Earth Engine’s data catalogue [13].
GSMaP provides a global precipitation in mm/hr at spatial resolution of approximately
11km. GSMaP is a product of the Global Precipitation Measurement (GPM) mission, which
uses multi-band passive microwave and infrared radiometers from a constellation of satel-
lites to estimate hourly precipitation.

Methodology

Given a time duration and a region of interest, we filter the daily images of dataset between
the start and end dates of the duration and add these images to get total precipitation of the
duration on Google Earth Engine. The total precipitation image is clipped for the region of
interest and a mean is performed across all the pixels in the region of interest to derive total
precipitation of the region of interest for that duration. We derive fortnightly precipitation
for each microwatershed across the five blocks. The spatial variation of precipitation is
shown figure 4.2.

Hosting specifications
e Layer type: vector
* Spatial resolution: NA
» Temporal resolution: fortnightly
* Codebase: Github repository

19
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4.0.2 Runoff

Introduction

Surface runoff refers to the flow of water that occurs when excess rainwater cannot be ab-
sorbed by the soil or vegetation and, as a result, flows over the Earth’s surface. It is a major
component of watewr cycle and is also known as overland flow. The spatio-temporal varia-
tion of runoff generation plays an important role in planning rainwater harvesting structures
for effective water resource management, agricultural production and flood control. Remote
sensing and GIS based layers such as land cover and soil type are very useful input data to
runoff modelling. Runoff modelling can be grouped into three categories: empirical black-
box, lumped conceptual and distributed physically based modelling [38]. Empirical models
lack well defined representation of physical processes that converts a part of rainfall into
runoff and distributed physically based modelling are highly data intensive. Therefore, we
focus on conceptual modelling of surface runoff by using Soil Conservation Service Curve
Number (SCS-CN) method. The SCS-CN method is widely used to convert rainfall to sur-
face runoff using the curve number and involves the relationship of land cover, hydrologic
soil groups, slope and 5-day antecedent rainfall.

Input layers

* Precipitation data: using the GSMaP dataset [ 13] at a spatial resolution of 11Km.

¢ Soil type: using the HYSOGs250m dataset [12] that represents a global gridded
dataset of hydrologic soil groups (HSGs) with a spatial resolution of 250m, devel-
oped by USDA to support curve-number runoff modeling. Hydrologic soil groups A,
B, C, and D correspond to low, moderately low, moderately high, and high runoff
potential, respectively.

¢ Slope: using the NASA SRTM DEM dataset [25] at a spatial resolution of 30m.

* Land cover: using the Dynamic World dataset [9] which has a spatial resolution of
10m and includes nine categories of land covers such as water, trees, grass, flooded
vegetation, crops, shrub and scrub, built-up, bare and snow .

Methodology

The SCS-CN method uses curve number along with previous 5-day rainfall for surface runoff
estimation. Curve number is dependent on the type of land cover, hydrologic soil group and
slope as shown in the flowchart 4.1. Antecedent moisture condition (AMC) is calculated
based on the total previous 5-day rainfall. AMC is categorized into three categories: AMC-I
that refers to dry condition, AMC-II that refers to normal condition and AMC-III refers to
wet condition. Curve number for AMC-II (CN2) is determined for each combination of land
cover type and HSG [50]. Slope is also an important factor for determininig the movement
of runoff and therefore slope adjusted CN2 values using Sharpley and Williams method
[51] are derived, namely CN,s. Curve numbers for AMC-I (CN1) and AMC-II (CN3) can
be calculated using CN2 values. The higher the AMC, the higher the CN and therefore the
surface runoff.

The NRCS-CN method modified by antecedent moisture (M) to estimate runoff [43] is
defined as:
_(P—I)(P—1,+M)
 (P+I,+S,+M)

M =0.5% (=S, + 1/S2 +4PsS,) (4.2)

Q (4.1)
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I, = A%S, (4.3)

S, = (2?;'\20 —254) (4.4)

CNy, = % % (CNy —CN,)(1 —2e7138%) 1 CN, (4.5)
CN, = CN260,00673(100—CN2) (4.6)

CNy, = _ 42CN, 4.7)

10— 0.058CN,,

23CN,,

=5 (4.8)
10+ 0.13CN,,

3s
where P; is the antecedent 5-day total rainfall, P is the total precipitation, I, is the initial
abstraction, Q is the direct run-off, S, is the potential maximum retention, and A is the
initial abstraction coefficient (A = 0.2). Here, CN, and CN; are the SCS curve numbers
for AMC-II and AMC-III conditions, and s(mm') is the soil slope. CN;; and CNj, are slope
adjusted curve numbers for AMC-I and AMC-III conditions.

The above datasets with different spatial resolutions were scaled up and scaled down
to compute runoff at 30m spatial resolution on daily basis. Given a duration and a region
of interest, we generate runoff rasters between the start and end dates of the duration and
add these rasters to get total runoff of the duration. The total runoff raster is clipped for the
region of interest and a mean is performed across all the pixels in the region of interest to
derive total runoff of the region of interest for that duration. We derive fortnightly runoff
for each microwatershed across the five blocks. The spatial variation of runoff is shown
figure 4.2.

Table 4.1: Categories of AMC conditions

Antecedent rainfall AMC condition
0 < rainfall previous 5days < 35 mm AMC-I

35 < rainfall previous 5 days < 52.5 mm AMC-II

rainfall previous 5days > 52.5 mm AMC-III

Hosting specifications
* Layer type: vector
* Spatial resolution: NA
* Temporal resolution: fortnightly

* Codebase: Github repository


https://github.com/dharmisha2207/ICTD_Groundwater_Diagnostic
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Figure 4.1: Methodology to estimate runoff

Land cover
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4.0.3 Evapotranspiration

Introduction

Actual evapotranspiration plays a crucial role in the water balance of a region, contribut-
ing to the movement of water from the earth’s surface to the atmosphere. It returns more
than 60% of the total precipitation from land to atmosphere [36]. Evapotranspiration (ET)
is the combination of transpiration from vegetation (Et), evaporation from bare soil (Eb),
evaporation of intercepted precipitation from vegetated canopy (Ec), and evaporation from
open water surfaces (Eo) [32]. Evapotranspiration is estimated using potential/reference
evapotranspiration which provides the evaporative demand of atmosphere based on meteo-
rological parameters and is independent of crop type, crop growing phase and management
practices [8].

There are numerous remote sensing-based ET products that are available in the pub-
lic domain and updated regularly for the user community. The products can be broadly
classified into three categories [49] based on the methodology of computing ET: Penman-
Monteith equation[44], Priestley-Taylor [47] equation and models that performs surface en-
ergy balance to compute evapotranspiration [53]. Remotely sensed meteorological parame-
ters such as air temperature, net radiation and LULC are commonly used as inputs/forcings
to land surface models to estimate evapotranspiration over large areas [40].

We used ET product from FLDAS Noah land Surface model [10] developed by NASA
and USGS. The choice of product was determined by its spatio-temporal resolution, spatial
coverage and its update frequency for data access. Noah ET is the sum of Ec, Et and Eb
weighted by respective land surface coverage fractions. Noah’s potential evapotranspiration
(PET) is computed using Penman approach where PET is scaled by variables of canopy,
transpiration and soil soil moisture availability to compute Ec, Et and Eb respectively.

Input layers

We use FLDAS NOAH dataset [ 10] that provides the ET on a daily basis at a spatial resolution
of 0.01 degrees ( 1.31 km).
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Methodology

Given a time duration and a region of interest, we filter and download the daily images
of dataset between the start and end dates of the duration by using the python APIs of
NSIDC DAAC’s Data Access [ 1]. We add these images to get total evapotranspiration of the
duration. The total evapotranspiration image is clipped for the region of interest and a mean
is performed across all the pixels in the region of interest to derive total evapotranspiration
of the region of interest for that duration on Google Earth Engine. We derive fortnightly
evapotranspiration for each microwatershed across the five blocks. The spatial variation of
evapotranspiration is shown figure 4.2.

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
* Temporal resolution: fortnightly

* Codebase: Github repository

4.0.4 Change in groundwater
Introduction

Water balance in the discipline of hydrology that aims to estimate the unknown water fluxes.
It is an equation which is expressed in terms of water inputs, outputs and storage in a hydro-
logical unit such as watershed [39]. We intend to estimate the net change in groundwater
on a fortnightly basis for a micro watershed by solving the water balance equation.

With the current groundwater state in hand, the objective is to improve the groundwater
state through interventions such as construction of rainwater harvesting structures, change
in cropping patterns and growing plantations. The interventions will affect different com-
ponents of the water balance equation and will allow us to project the groundwater state
in future. For example, change in cropping patterns will affect evapotranspiration in the
water balance equation. Groundwater projections will facilitate scientific and participatory
planning within the community.

Input layers

We used the datasets of precipitation, runoff and evapotranspiration mentioned in section
4.1, 4.2 and 4.3 to compute change in groundwater as shown below for a micro-watershed
in a fortnight.

Methodology

Water balance equation will take precipitation (P), outgoing runoff (Q,,.) and evapotran-
spiration (ET) as inputs to output change in groundwater (AG) as shown in the equation
9.

P =Q,u +ET + AG(unknown) 4.9)

We assume incoming runoff, change in soil moisture and change in surface water storage as
zero in the water balance and intend to model them in future. Each of these water balance
inputs are derived using remote sensing products in order to diagnose the groundwater state


https://github.com/dharmisha2207/ICTD_Groundwater_Diagnostic
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of a micro-watershed on fortnight basis as shown in the figure 4.3 and the spatial variation
of change in groundwater is shown figure 4.2.

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
e Temporal resolution: fortnightly

* Codebase: Github repository
Figure 4.2: Spatial variation in precipitation, runoff, evapotranspiration and change in

groundwater during 2022-23 across microwatersheds of Mohanpur block, Gaya district,
Bihar
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4.0.5 Change in well depth

Introduction

The change in groundwater in an aquifer is related to the change in well depth through
the specific yield of the aquifer [20]. Specific yield is a key parameter in hydrogeology
that represents the fraction or percentage of groundwater that a saturated rock or soil can
release under the influence of gravity. It is a measure of the storage and release capacity
of an aquifer or a formation. Mathematically, specific yield is defined as the ratio of the
volume of water drained from an aquifer by gravity to the total volume of the aquifer.

Input layers

We used the change in groundwater layer mentioned in section 4.4 and aquifer layer to
compute change in well depth for each micro-watershed. Aquifer mapping was performed in
the entire country by Ministry of Jal Shakti in India under Aquifer Mapping and Management
Programme (NAQUIM) [4]. NAQUIM was taken up by Central ground Water board (CGWB)
to take appropriate water resource management measures and understand the underlying
ground water potential and recharge. Aquifer layer for India was obtained from India Water
Resources Information System (WRIS) ArcGIS portal. The CGWB has divided India across
14 principal aquifers and 42 major aquifers [4].


https://github.com/dharmisha2207/ICTD_Groundwater_Diagnostic
https://arc.indiawris.gov.in/server/rest/services/SubInfoSysLCC
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Figure 4.3: Time series of water balance variables: precipitation, runoff, evapotranspiration
and change in groundwater (Deltag) on fortnight basis between 2022-2023 for a microwa-
tershed in Mohanpur. Time series of groundwater (G) is derived by assuming the ground-
water in the first fortnight as zero in the worst case.
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Methodology

The equation 10 describes the relationship between change in ground water storage of an
aquifer and change in groundwater level [20].

AG =Ah*A%S, (4.10)

where, AG is change in groundwater volume, Ah is change in well depth, A is the cross-
sectional area of the aquifer and S|, is the specific yield of aquifer. The AG in the equation
assumes the change in the groundwater volume due to vertical fluxes and horizontal fluxes
such as lateral flows across the boundaries of the aquifer is assumed to be zero. For example,
alluvium aquifer shows fluctuation in groundwater by both lateral and vertical fluxes [20]
while basalt aquifer which has medium to low permeability shows groundwater fluctuations
due to vertical fluxes [20]. Therefore, to bring more accuracy for AG, we will try to fine-tune
the water balance equation as per different aquifer types.

Currently, the aquifer layer is clipped for each microwatershed to determine its specific
yield. The change in well depth is computed over five year window for each microwatershed
using the change in groundwater over 5 years and its specific yield. The figure 4.4 shows
the variation of change in well depth across the micro-watersheds of Mohanpur between
2017-22 and 2018-23.
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Hosting specifications

¢ Layer type: vector
* Spatial resolution: NA
* Temporal resolution: five years

* Codebase: Github repository

Figure 4.4: Change in well depth across microwatersheds of Mohanpur during 2017-22
(left) and 2018-23 (right)
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4.0.6 Drainage lines with stream orders

Introduction

Drainage lines in hydrology refer to the visible channels through which water flows from
higher elevations to lower elevations on the surface of earth such as streams and rivers.
These lines play a crucial role in the movement of surface water. They collect runoff from
precipitation events and transport it downstream, eventually flowing out from the outlet of
the watershed.

Input layers

Drainage lines uses digital elevation model (DEM) raster dataset as input. The DEM provides
pixel level information on the elevation of the terrain, which is used to determine the flow
of water across the landscape. We use Shuttle Radar Topography Mission (SRTM) digital
elevation model [25] generated by NASA and the National Geospatial-Intelligence Agency
(NGA) in February 2000.

Methodology

The drainage lines are generated using the r:stream.extract function of GRASS tools in QGIS.
The function extract stream channels from the DEM based on flow accumulation threshold.
The flow accumulation threshold determines the minimum accumulated flow required to
consider a pixel as part of a stream. The function outputs a binary raster map representing
the extracted stream channels where pixels are classified as streams with a value of 1, while


https://github.com/dharmisha2207/ICTD_Groundwater_Diagnostic
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non-stream pixels are assigned a value of 0. We computed the drainage lines with a flow
accumulation threshold of 100.

Stream order provides insight into the hierarchical structure of stream network. Each
extracted stream channel is assigned stream order based on its relative hierarchy in the
stream network. Streams without any tributaries are classified as first-order streams. When
two first-order streams converge, they form a second-order stream. When two second-order
streams meet, they create a third-order stream and so on. We assign stream orders based on
the graph generated from stream network where the edges are streams and the nodes are
intersection of streams. Each node has either degree of 1 (0 incoming — 1 outgoing edge) or
3 (2 incoming — 1 outgoing edge). Corresponding stream/edge of a node with a degree of
1 is assigned with a stream order of 1. While for the remaining nodes, the stream order of
outgoing stream/edge is determined based on the stream orders of incoming streams/edges.
If both the incoming edges have the same stream order, then the stream order of outgoing
stream/edge is assigned as the stream order of the incoming edge + 1. And if the incoming
edges have distinct stream orders, then the the stream order of outgoing stream/edge is
assigned as the maximum of the two stream orders.

Hosting specifications

¢ Layer type: vector

* Spatial resolution: NA

* Temporal resolution: static
* Dataset: Google drive folder

Figure 4.5: Snapshot of drainage lines with stream orders over Jamui district in Bihar, over-
laid on open street map (OSM).
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4.0.7 Aquifer systems in India

Introduction

For increasing economic growth and meeting its food security goals, India has relied heavily
on groundwater by becoming largest consumer of groundwater in world. About more than
80% of rural drinking and more than 50% of agriculture’s irrigation demand is met by
groundwater [4]. Unplanned over exploitation of this valuable resource has led to drying
of aquifers. Demarcation of aquifer systems across the country is essential to assess the
ground water resource. In view of this, Central Ground Water Board (CGWB) of India
carried out an exercise of mapping the lateral and vertical extent of aquifer systems across
the nation and created a geospatial data that can be imported on GIS platforms. Based on
the hydrogeological characteristics, the entire nation is divided into 14 principal aquifers
which are in turn divided into 42 major aquifers [4] by rock types and their age as shown
in the figures 4.6, 4.7 respectively.

Methodology

The aquifer shapefile for India was obtained from India Water Resources Information System
(WRIS) ArcGIS portal. Each geometry in the shapefile represents a major aquifer uniquely
identified by its region-specific aquifer properties such as aquifer thickness, specific yield,
transmissivity and whether it is a unconfined and confined aquifer. Aquifer properties and
their description can be found here [3].
Hosting specifications

¢ Layer type: vector

* Spatial resolution: NA

* Temporal resolution: static

* Dataset: Google drive folder


https://arc.indiawris.gov.in/server/rest/services/SubInfoSysLCC
https://drive.google.com/drive/folders/1GuX38Lr6_AnRGjt-PrRyZ-GBozI5YBXW?usp=sharing
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Figure 4.6: Principal aquifer systems of India
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Figure 4.7: Major aquifer systems of India
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Climatic variables

5.0.1 Drought Frequency and Intensity
Introduction

The impact of drought on Indian agriculture is significant, given the country’s heavy re-
liance on rainfall for crop production. Drought significantly affects the crop yields and crop
failure in worst case resulting in significant economic losses for farmers that can exacerbate
perpetuating cycles of poverty and vulnerability. Drought-related crop failures can impact
food security at both local and national levels, leading to reduced availability of food sup-
plies and potential price spikes. This can disproportionately affect vulnerable populations,
exacerbating hunger and malnutrition in affected regions. In the recent past, India has wit-
nessed drought in 1987, 2002 and 2009 with an overall rainfall deficiency of 19%, 19% and
22% respectively which affected 59-60% of the normal cropped area alone in 1987. During
2014 and 2015, the drought encompassed major agricultural states in the country causing
widespread hardships among the population.

Drought is a recurrent and sporadic feature of climate, which stems from significant rain-
fall deviation from normal in its spatial and temporal distribution such that it adversely im-
pact the crops in a cropping season or successive cropping seasons. The intensity of drought
depends on several factors including agro-climatic features, cropping choices and patterns,
socio-economic vulnerabilities of the local population etc. The Department of Agriculture,
Cooperation & Farmers Welfare under the Ministry of Agriculture & Farmers Welfare, Gov-
ernment of India has released the "Manual for Drought Management" in 2016 for the pre-
vention, mitigation and management of droughts in India. The manual introduces scientific
indices and parameters such as Vegetation Condition Index (VCI) for more accurate determi-
nation and assessment of drought. We have tried to implement the methodology of drought
manual using various remote sensing products. The choice of product was determined by
its spatial coverage, its spatio-temporal resolution and its near real time availability.

Input layers

Based on the wide consultation with domain specialists, the drought manual [14] recom-
mends five categories of indices [ 14] for determining drought incidence and severity: Rain-
fall, Vegetation, Water, Crop and others. Rainfall related indices include rainfall deviation,
dry spell and standard precipitation index (SPI). Vegetation based indices such as Vegetation
Condition Index (VCI) or NDVI/NDWI deviations from normal are derived from remote sens-
ing data. Crop situation related indices include area under sowing and soil moisture based
indices such as Percent Available Soil Moisture (PASM) and Moisture Adequacy Index (MAI).
Hydrological indices include Reservoir Storage Index (RSI), Groundwater Drought Index
(GWDI) and Stream-Flow Drought Index (SFDI). Other factors include socio-economic in-
dicators such as prices of essential commodities as compared to normal prices, scarcity of
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drinking water supply, agricultural wages etc. The following section outlines the method-
ology of using the above variables in the determination of drought at microwatershed level
subject to the availability of data. We use the following publicly available datasets for build-
ing drought indicators:

* Rainfall data - Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS)
rainfall dataset with a spatial resolution of 5.566km and a temporal resolution of 1
day.

* Vegetation data- NDVI and NDWI are derived from Landsat dataset with a spatial
resolution of 30m and a temporal resolution of 14 to 26 days.

* Crop data- Evapotranspiration and potential evapotranspiration required for comput-
ing MAI indicator were derived from MODIS dataset with a spatial resolution of 500m
and a temporal resolution of 8 days.

¢ Land use land cover- as described in section 5.0.2

Methodology

We compute weekly and monthly rainfall deviation using a long period average of that
particular week or month across 30 years as shown in equation 11 and 12. The departure
of rainfall from its long period average is considered as a credible indicator of drought as
shown in table in figure 5.2. Weekly rainfall deviations are used to determine dry spell.
The occurrence of dry spell is defined across four consecutive weeks with each week of these
four weeks incurring a rainfall deviation of less than 50%. Prolonged dry spells can lead to
significant reduction in crop sown area. SPI is computed on monthly scale and expresses
the current monthly rainfall as a standardized departure with respect to rainfall probability
distribution function. Positive SPI indicate deviations greater than median precipitation and
negative SPI indicate deviations less than median precipitation as shown in table in figure
5.2. Rainfall indicators such as rainfall deviation, dry spell and SPI mentioned above are
considered to be mandatory [14] for the first drought trigger to set off as shown in table in
figure 5.2.

In the event where the first drought trigger is set off, the intensity of drought is assessed
through its impact on agricultural area, crop condition, soil moisture and hydrological re-
sources. Agricultural area is linked with the extent of sowing in the monsoon season. If the
sowing fails due to delayed onset of monsoon or its deviation from normal, then it provides
reliable information on the availability of water for agricultural operations. Impact on agri-
cultural area is computed as the percentage of cropping area sown in Kharif season of that
year. We compute the cropping area in kharif and total cropping area using the land use land
cover classes: single kharif, single non-kharif, double and triple. Impact of drought on crop
condition is often determined by spectral vegetation indices such as Normalized Difference
Vegetation Index (NDVI) and Normalized Difference Wetness Index (NDWI), derived from
remote sensing data. NIR and Red are the reflectance in visible and near infrared channels.
NDVI values from 0.2 to 0.6 are associated with greater green leaf area and biomass while
high NDWI is associated with more surface wetness. Observed NDVI and NDWI range is
compared with historical range (using maximum and minimum) to derive monthly VCI for
NDVI and NDWI respectively as shown in the equations 13, 14 and 15. VCI provides an idea
about where the observed value is placed in the historical range as shown in table in figure
5.2. While combining VCI of NDVI and NDWI, the minimum of the two values is taken.
Availability of moisture in soil is a very relevant indicator for drought as shown in table in
figure 5.2 and is expressed as the ratio of Actual Evapo-transpiration (AET) to the Poten-
tial/Reference Evapo-transpiration (PET or RET) on monthly scale for MAL The intensity of


https://developers.google.com/earth-engine/datasets/catalog/UCSB-CHG_CHIRPS_DAILY#description
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LC08_C02_T1_TOA#description
https://developers.google.com/earth-engine/datasets/catalog/MODIS_061_MOD16A2
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the drought will be contingent upon the values of at least three out of four impact indicators
viz, agriculture, crop condition, soil Moisture and hydrology in the following manner:

1. Severe: if all the above 3 impact indicators are in ’Severe’ category.
2. Moderate: if two of the above 3 impact indicators are in ‘Moderate’ or ‘Severe’ class.
3. Mild: for all other cases.

We divide the south-west monsoon season into weeks and then into months (each of 4
weeks), starting from the first week with a stride of one week. For example, if there are
'n” weeks in the monsoon season, then there are 'n-3’ months in the same monsoon season.
Drought trigger is examined for each month using the dry Spell, monthly rainfall deviation
and monthly SPI values as shown in table 5.2. In case of drought trigger, the intensity of
drought is determined by the impact indicators of that month as shown in the flow chart
5.2. Weekly drought intensity is determined by the maximum drought intensity across all
the months in which the week is considered as shown in the figure 5.1.

Monthly rainfall deviation in i*" month

_ RF,—RF,
monthly — T

n

RFEdev (5.1

where RF, is the long term mean rainfall in i‘"

month i.
Weekly rainfall deviation in i" week

month and RF; is the current rainfall in

RF, —RF,

RF (5.2)

RFdevweekly =

n

where RF,, is the long term mean rainfall in i‘" week and RF; is the current rainfall in week
i.

VCINDVI — NDVIcurrent _NDVIminimum (5.3)

NDV I naximum —NDVIinimum
VeI _ NDWIcurrent _NDWIminimum (5.4)
Nowl NDWImaximum - NDWIminimum .

VCI = minimum(V CIypy;, VClypwi) (5.5)

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
* Temporal resolution: yearly

* Codebase: Github repository


https://github.com/tirumalbodavula/MTechProject
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Figure 5.1: Drought intensity is determined for each monthly window (rows) in terms of
mild, moderate, severe and no drought. Weekly drought intensity (columns) is determined
by the maximum drought intensity that has occurred across the corresponding monthly

windows in which the week is present.
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Figure 5.2: Flow chart of determining monthly drought intensity
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Landscape variables

6.0.1 Terrain classification

Introduction

The Ministry of Rural Development, Government of India under the project of "Environmen-
tal benefits of MGNREGA", prescribes watershed development to create durable and sustain-
able assets [29]. The watershed development follows ridge to valley approach where the
watershed is segregated into areas of different terrain for the construction of terrain specific
assets to enhance the capacity of the assets for recharge and surface storage.

The CSO volunteers, following the ridge-to-valley approach identifies uplands, midlands
and low lands in their landscape to intervene with specific type of assets in each of them. For
example, Water Absorption Trenches (WATs) are constructed in uplands to harvest surface
runoff, while farm ponds are constructed on lowlands to arrest surface and subsurface runoff
for protective irrigation. The current process of identification is through visual inspection by
observing the direction of flow of water during monsoon and assigning each farm plot on the
cadastrap map with upland, midland or lowland. Cadastral Maps are digital land records
maintained by the state government. An automated classification of landscapes into broad
plains, gentle slopes, steep slopes, ridges and valleys along with contour lines using digital
elevation model may help in precision and efficiency of the process.

Terrain classification involves the categorization of Earth’s physical features into distinct
landforms such as hilltops, valley bottoms, ridges, plains, and slopes. Many natural pro-
cesses such as hydrological balance and soil erosion are significantly correlated with the
land forms.

Input layers

We used NASA's SRTM Digital Elevation Model [25] at 30m resolution to generate landform
classification.

Methodology

We use landform classification method [54] by The Nature Conservancy to identify pixel
level landform using Topographic Position Index (TPI) and slope at each pixel. The Topo-
graphic Position Index (TPI) compares the elevation of each pixel in a DEM to the mean
elevation of a specified neighborhood around that pixel. Positive TPI values indicate posi-
tions that are elevated compared to the average of their neighboring terrain, such as ridges.
Conversely, negative TPI values signify positions that are lower in elevation relative to their
surroundings, like valleys. TPI values close to zero typically denote either flat areas or re-
gions with consistent slopes.
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The distance/scale at which the neighbourhood of TPI is defined, plays an important role
in identifying the landform. For example, as shown in the figure 6.1, the TPI is near zero in
A, while it is positive in B and negative in C. Therefore, both small-scale TPI and large-scale
TPI are necessary to identify landform at a pixel. We threshold the range of small-scale
TPI and large-scale TPI in a microwatershed by A standard deviation and combine it with
slope to determine landform classes as shown in the figures 6.2. We define A using the
equation XXX after fine-tuning the TPI algorithm for Indian landscapes such as Nalanda,
Mohanpur, Masalia, Pindwara, Mandalgarh and Angul. We further categorize the plains
into low, medium and high plains for finer landform classification by performing clustering
based on their elevation of the pixels identified as plain as shown in the figure 6.3.

A=max(3—log(os. +1),0.3) (6.1)

where o, is the standard deviation of elevation in a microwatershed.

Hosting specifications
¢ Layer type: raster
* Spatial resolution: 30m
e Temporal resolution: static

* Codebase: Github repository

Figure 6.1: Scale dependency of TPI
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6.0.2 Land use land cover

Introduction

Land use land cover (LULC) classification that indicates different features on the Earth’s
surface, such as forests, rivers, croplands, or buildings, is used actively for monitoring and
planning of land-use. For example, tracking of anthropogenic activities such as environ-
mental degradation through deforestation and loss of farmlands are done through satellite
maps annotated with LULC categories [48], and used by development practitioners to design
sustainable land management policies [33].

Most global LULC products produce annual outputs and do not capture within-year dy-
namics. The recent Dynamic World product from Google produces a near real-time output


https://github.com/atharvadabli/terrain_classification_system/tree/main
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Figure 6.2: Landforms classification using slope and thresholds (denoted using A) on both
small-scale and large scale TPIs

each fortnight, but the methodology has a limitation in being cross-sectional without con-
sidering past temporal values in each classification. For this reason, within-year variations
are not captured well in this product.

We have developed an intra-annual LULC classifier that uses time-series data across all
seasons to classify an area (10m x 10m pixel) in terms of its cropping intensity (accuracy
83%). Further, the model is trained on regional data sampled from across all agro-climatic
zones of the country and produces a higher accuracy than other data products even on
standard LULC labels such as surface water, trees, crops, etc. - accuracy 94%). We further
have an ongoing groundtruth data collection effort to validate the outputs in out-of-sample
geographies. We use Google Earth Engine to produce annual outputs for any area of interest,
since 2003 to the current date as shown in the figure 6.4.

Input layers

To generate land use and land cover maps, we use multiple data sources as input-

¢ Satellite data- We use multi-spectral data from Landsat-7 [26], Landsat-8 [27], Sentinel-
2 [24], MODIS [19], and Sentinel-1 [23] satellite constellations. Different combina-
tions of this data are used to create feature vectors that serve as input to different
machine learning algorithms. We use Google Earth Engine to access these datasets.

* Dynamic World- Google’s land use and land cover product is used to identify certain
land cover classes like built-up, water, etc. We access the Dynamic World data repos-
itory from Google Earth Engine [9].
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Figure 6.3: Landform classification of Masalia with micro-watershed boundaries in black.

* Open Street Maps- This data is used in the construction of the IndiaSAT groundtruth

[21].

* Input Shapefiles- To run LULC for any region of interest, you require to give its shape-

file (uploaded as a GEE asset) as input. For example- you can access different admin-
istrative boundaries in India at [2].

Methodology

We perform a series of binary classifications followed by error-correction layers tailored
for each of the final LULC classes under consideration. Each level of classification uses a
different set of input features, datasets and methods.

* Dynamic World based Classification: We use Dynamic World to identify built-up re-

gions, barren lands, and shrubs and scrubs. Segmentation-based classification meth-
ods perform well in identifying these classes and thus we use dynamic world as a
proxy in our classification pipeline.

Surface Water Body Classification: Our goal is to predict both seasonal and peren-
nial water bodies and also give information on which agricultural season do these
water bodies have water in. Existing LULC products like Global Surface Water and Dy-
namic World use optical satellite data to identify water bodies which under-performs
in the Kharif season due to lower quality of optical data in monsoon season. To cap-
ture the seasonality of water bodies, we use SAR data from Sentinel-1 to identify
pixels having water in kharif season and Dynamic World for Rabi and Zaid. A thresh-
old based method on number of months predicting water in a particular agricultural
season is used to identify water in all three seasons.
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* Cropland vs Tree Classification: We classify the non-classified pixels further into
2 classes- Croplands and Forests/Trees. We use Sentinel-1 SAR data time series to
perform this classification. The training data at this level is partly taken from the
IndiaSAT groundtruth used in level-1 and is partly marked manually through visual-
ization on Google Earth Pro. It is ensured that the groundtruth for both categories is
geographically well distributed across different agro-climatic zones in India. We use a
random forest classifier with 100 trees as the classification model that takes as input
an annual 16-day time series of VV and VH bands from Sentinel-1. We further use
Slope information from SRTM DEM [25] and use a threshold of 30 degrees to correct
misclassifications in croplands, if any.

* Cropping Frequency Classification: To focus on agricultural sustainability applica-
tions, we classify cropland pixels into 4 categories based on their cropping frequency-
Single Kharif, Single Non-Kharif, Double, and Triple cropping. To perform this clas-
sification, we did not have access to any training data. So, we used unsupervised
classification using K-nearest neighbour algorithm. We randomly sampled cropland
pixels from all agro-climatic regions in India (marked from the cropland groundtruth
at level-2). The feature vector for this classification is a 16-day NDVI time series that
is derived from a combination of Landsat-7, Landsat-8, Sentinel-2, and MODIS data.
This time series is generated on the lines of GCI-30 paper [55]. We do not perform
Whittaker smoothing to avoid missing out important peaks in the time series. Initially
we created 16 clusters using KNN method and then hierarchically split them into 2
whenever the distortion exceeded the threshold of 0.23. We manually labeled each
cluster by interpreting the spread of time series that belonged to that cluster. These
clusters are then used to assign the classification label based on euclidean distances
to their centroids.

Hosting specifications
¢ Layer type: raster
» Spatial resolution: 10m
e Temporal resolution: yearly

* Codebase: Github repository

6.0.3 Cropping intensity
Introduction

Being able to classify regions in terms of cropping intensity is relevant for water security
to understand changes in crop water usage over time. Most of India has three agricultural
seasons in a year - during the monsoons, post-monsoon, and summer. The monsoon season
is rain-fed in a large part of the country, whereas post-monsoon and summer reasons require
irrigation from groundwater and other sources such as canals.

Input layers

We use annual land use land cover (LULC), to identify areas under single cropping, double
cropping and triple cropping using pixels which are classified as single kharif, single non-
kharif, double and triple classes of LULC classifier to determine cropping intensity.


https://github.com/ICTD-IITD/IndiaSAT_LULC_Version2
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Figure 6.4: Land use land cover classification of Raichur district in Karnataka for 2022

Classes

B Background

[l Built-Up

|1 water in Kharif

[ Water in Kharif and Rabi

B Water in Kharif, Rabi, and Zaid
Croplands

B Trees/Forests

[ Barren lands
Single Kharif

[ single non kharif

[ Double cropping

W Triple cropping

[ Shrubs_scrubs

Methodology

Using the LULC of a micro-watershed, we compute cropping intensity for a microwatershed
in a year y using the following equation:

Cropping intensity = 1 x % of area under single cropping
+ 2 x % of area under double cropping (6.2)
+ 3 x % of area under triple cropping

where % of area under single cropping is computed as the summation of area under sin-
gle kharif cropping and area under single non-kharif cropping divided by the total cropped
area. Total cropped area is the union of cropping areas across the years. Area under a
particular class is computed by the no. of pixels of that class multiplied by the pixel area.
Similarly, for % of area under double cropping and % of area under triple cropping. 6.5
Hosting specifications

¢ Layer type: vector

* Spatial resolution: NA

e Temporal resolution: annual

¢ Codebase: Github repository

6.0.4 Water bodies

Introduction

Knowledge about existing water storage structures, their capacity, water availability in dif-
ferent seasons, siltation and repair requirements, can give important indications about the


https://github.com/tirumalbodavula/MTechProject
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Figure 6.5: For a micro-watershed in Mohanpur, we analyze the percentage of area under
single, double and triple cropping (left), and corresponding cropping intensity over the
years.
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resilience of a landscape to droughts and floods, especially with climate change.

Global Surface Water (GSW) [46] maps provide information about the surface area un-
der water in different months, but we have found that GSW mabps are effective only for large
water bodies and they miss out on sub-5000m2 water bodies. Some years back a waterbody
census was conducted in India and a dataset has been recently released, but this is a static
dataset and does not provide any real-time indications of the water availability in different
seasons.

The LULC method we have developed is able to accurately capture even 1000-5000m2
water bodies, and many sub-1000m2 water bodies as well, with seasonal water availability.
We are intersecting this with the waterbody census data and will then have an accurate
waterbody capacity map as well. Using this, we will develop indicators for water resilience
of a landscape.

Input layers

To generate the water bodies vector layer for a region of interest, we use the LULC raster
layer generated for that region to detect pixels with water class.

Methodology

The hydrological year is divided into 3 agricultural seasons - Kharif (July-October), Rabi(November-
February), Zaid (March-June). We use Sentinel-1 (SAR data) VV band for water pixel detec-
tion in Kharif season and Dynamic World to detect water pixels in Rabi and Zaid seasons. A
threshold based method on number of months predicting water in a particular agricultural
season is used to identify water in all three seasons leading to following classes per pixel
as shown in the figure 6.6. Error correction was performed on top of it using Sentinel-2
bands to remove false positives of water pixels in croplands and barren lands. We perform
the raster to vector conversion to generate a vector layer of water bodies with the following
metadata for each water body: unique id, surface water area under Kharif, surface area
under Rabi and surface area under Zaid, total area of the water body as shown in the figure
6.7.
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Hosting specifications

¢ Layer type: vector

* Spatial resolution: NA

e Temporal resolution: yearly

* Codebase: Github repository

Figure 6.6: Water bodies as seen from satellite (first column) in Masalia block of Dumka
district in Jharkhand and their detection using the classifier (second column)
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6.0.5 First census of water bodies

Introduction

The Ministry of Jal Shakti under Government of India performed the first census of water
bodies [28] in 2017-18 with an objective develop a national database of all water bodies and
their important properties such as storage capacity, status on whether they are functional,
water spread area and type of use. However, the dataset is static and does not provide any
real-time indications of the water availability in Kharif, Rabi and Zaid.

The LULC classification method mentioned in section 5.02 is able to accurately capture
even 1000-5000m? water bodies, and many sub-1000m? water bodies as well, with seasonal
water availability in Kharif, Rabi and Zaid. We are intersecting this with the waterbody
census data to accurately generate waterbody capacity map as well. Using this, we will
develop landscape-level indicators of water resilience. The capacity column of the water
body can also be used to build site-level indicators of harvested runoff and infiltration.


https://github.com/vatsal3812/water_bodies
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Figure 6.7: Bar graph depicting the surface area of a water body (in percentage) in Mohan-
pur block of Gaya district in Bihar
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Input layers

The waterbody census data is published state-wise on Open Government Data (OGD) plat-
form of India [11] in the form of CSV file.

Methodology

We converted the state-wise CSV files of waterbody census into shapefiles using the geo-
coordinate (latitude, longitude) of each waterbody as shown the figure 6.8.

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
» Temporal resolution: static as of 2017-18

* Dataset: Google drive folder


https://drive.google.com/drive/folders/16iSK1IZzQJhPyMdH3aPMiyK7w44zUbLm?usp=sharing
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Figure 6.8: The map shows geo-coordinate of waterbodies from the waterbody census data
of Rajasthan, specifically zoomed into Mandalgarh block of Bhilwara district for visualiza-

tion.



Welfare variables

7.0.1 NREGA assets categorization

Introduction

The Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA) in India pro-
vides guaranteed wage employment to rural households for various types of public works.
MGNREGS Master Circular for the financial year 2018-19 by Ministry of Rural Develop-
ment, specifies 260 permissible works [ 15], including the construction and maintenance of
water conservation assets. We categorized (as shown in table 7.1) 260 works from the
lens of Natural Resource Management (NRM) where the works can provide site level and
landscape level impact on agriculture, and their ability to generate livelihood. The catego-
rization of existing works will be helpful in examining the current distribution of assets and
can facilitate the planning of new assets to ensure water security and sustainable livelihoods

in rural India.

Table 7.1: MGNREGA category and their corresponding keywords

Category

Keywords

Soil and water conservation

Bund, canal, channel, check dam, drainage structures, dykes,
embankments, gully plugs, recharge pits, soak pit, soakage
channels, spurs, terrace, trench, water courses, water drain

Irrigation on farms

Bunds, farm ponds, harvesting ponds, open well, percolation
tank, stabilization pond

Other on-farm works

Sand filter

Plantations

Farm forestry, forest, horticulture, nursery, sericulture, shelter
belt

Land restoration

Azola cultivation, biomanure, chaur land, compost, fallow
land, levelling, storage building, waterlogged land

Off-farm livelihood assets

Cattle shelters, drying yards, fisheries pond, goat shelter, pig-
gery shelter, poultry shelter, workshed

Community assets

Building, compound wall, crematorium, haat, play fields,
roads, shelter, toilets

Input layers

¢ MGNREGS permissible work list [18, 17].

45
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* MGNREGA assets: We obtained geotagged MGNREGA assets from Bhuvan [6]. The
geotagging of existing NREGA works began in September 2016. The data contains the
assets built from January 2005 to November 2022. The metadata of assets such as
work name, work type, expenditure and total person days employment provided for
work was obtained from NREGA MIS[16]. Figure 7.2 shows metadata for available
for an asset. Details of downloading and processing the asset data can be found here

[22].

Methodology

We employ keyword matching algorithm to categorize geotagged MGNREGA assets. The
MGNREGS permissible work list uniquely identifies each work with its one line description
[18]. For example, “Construction of Farm Ponds for Individuals" is a uniquely identified
work in the permissible work list. For each permissible work, we extract keywords from
its description and assign them to a category. The assignment results in a bag of words
for each category as shown in table 7.1. In the above example, we mapped the “pond"
keyword to “Irrigation on farms" category. The assigned keywords of each category are
used to categorize a geotagged asset. The keywords present in the work type, work name
and asset name columns (in order) of a geotagged asset were used to match the assigned
keywords of each category. We further refined the bag of words for each category by adding
stem words of the keywords and some region specific keywords in Hindi such as “pokhar" in
Bihar which is used for pond while geotagging the asset. We performed random sampling
of categorized geotagged assets from each category to manually examine the performance
and the performance was found to be satisfactory. Figure ?? shows geotagged assets in
Mohanpur block of Gaya district in Bihar, color coded based on their category.

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA
* Temporal resolution: yearly
* Dataset: Google drive folder

* Codebase: Github repository


https://drive.google.com/drive/folders/1t3trnie4IxsNq4t1o5be5q6hlVkeBHt_?usp=sharing
https://github.com/tirumalbodavula/MTechProject
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Figure 7.1: MGNREGA assets in Pindwara block of Sirohi district in Rajasthan
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Figure 7.2: Metadata of a MGNREGA asset in Masalia block of Dumka district in Jharkhand
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Site assessment

8.0.1 Lineament

Introduction

In geology, lineaments refer to linear features on the Earth’s surface such as faults, fractures,
and joints. Lineament is also an important hydrological variable because of its potential to
provide groundwater recharge [34]. The groundwater recharge occurs due to the infiltration
of rainfall and runoff through the linear features [35].

Input Layers
The state-wise lineaments data has been taken from Bhuvan [7] by sending out a WMS
request and generating raster files from the packets.

Methodology

The raster files of lineament are processed to generate a proximity mask. The Proximity
(Raster Distance) algorithm on QGIS computes the distance from the center of each pixel
to the center of the nearest pixel on a target pixel (a lineament in this case). The generated
raster proximity raster is now scanned for pixels with a distance of less than a buffer value
(currently 2m) and selected pixels are exported as raster to form a lineaments buffer mask.
This mask is now georeferenced to the respective state for ease of visualization. Lineaments
of Mandalgarh block is shown in the figure 8.4a.

Hosting specifications
¢ Layer type: raster
¢ Spatial resolution: 194m.

* Temporal resolution: static

¢ Dataset: Google drive folder

8.0.2 Lithology

Introduction

Lithology is a branch of geology that encompasses the study of various types of rocks, based
on their composition, texture, structure, and other properties. The porosity and permeability
of rocks influences the groundwater recharge [52]. For example, sandstone has much higher
porosity and hence have higher groundwater prospect as compared to granulite rock which
is hard rock and has compact structure [45].

49


https://drive.google.com/drive/folders/1qB-WUOsZJdfJZfmCBJHkOrjs33PxL8JE?usp=sharing

50 CHAPTER 8. SITE ASSESSMENT

Input Layers

The state-wise lithology data has been downloaded manually from Bhukosh [5] hosted by
Geological Survey of India in the form of shapefile. The lithology shapefile from Bhukosh
for Bhilwara district of Rajasthan is shown in the figure ??.

Hosting specifications
¢ Layer type: vector
* Spatial resolution: NA.
* Temporal resolution: static

* Dataset: Google drive folder

Figure 8.1: Lithology shapefile from Bhukosh for Bhilwara district of Rajasthan
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8.0.3 CLART

Introduction

The Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA), promises
unskilled manual work to every adult for at least 100 days in rural parts of the country. To
ensure water security in the rural landscape assets such as check dams, percolation tanks,
and irrigation channels are constructed and maintained. The overall focus of the scheme
is on ensuring higher incomes for farmers by increasing the water availability and produc-
tivity of land. The existing method of suitable site identification for these structures has
been based on local people’s opinion, and taking into consideration factors such as geo-
morphology, climate, annual rainfall, vegetation cover, distances from farms and so on.
However, misidentification of suitable locations for building water assets has resulted in
non-operation, non-utilization and inefficient investment. Therefore, there is a need for site
suitability assessment in terms of whether the site provides groundwater recharge or surface
water storage or has a high runoff.


https://drive.google.com/drive/folders/1XVPmfAP2-y7Ji1nUDh9VuzQh1Mwjpf5K?usp=sharing

51

The India Observatory (I0), the technological branch of the Foundation for Ecologi-
cal Security (FES), has created Composite Land Assessment & Restoration Tool (CLART)
with the goal of empowering rural communities for planning the sites for soil and water
conservation measures. The primary objective is to facilitate the restoration of degraded
ecosystems and enhance economic opportunities in rural areas. It achieves this by provid-
ing access to geospatial datasets such as rock type, slope and landcover in a geographic
information system (GIS) based android application. We intend to reproduce CLART in
a reprogrammable /reconfigurable manner to allow dynamic scoring based on community
requirements for their landscape.

Input Layers

¢ Lineaments: as mentioned in section 7.0.1.
* Lithology: as mentioned in section 7.0.2.

* Drainage density: Drainage network of the watershed helps in visualizing which ar-
eas have a high groundwater recharge. Drainage density is directly related to slope
and inversely proportional to permeability. The steeper the slope with low permeabil-
ity, the higher the drainage density, thus less infiltration and more surface runoff. We
used QGIS Line Density tool, which calculates drainage density for each pixel as the
sum of lengths of the drainage lines in the search radius weighted by their stream
orders. We used elevation raster [25] as input to Line Density tool with 1km and 10m
as the search radius and pixel size respectively.

* Slope percentage: Slope represents the rate of change of elevation for each DEM
pixel. Steep slopes generally reduce recharge as runoff flows very rapidly and would
not permit infiltration. Plains, however, enhance groundwater recharge because higher
retention time is provided for rainwater to infiltrate the soils. We used SRTM DEM
[25] to obtain pixel-wise slope on Earth Engine.

Methodology

We processed the input layers above to generate pixel level score for each layer as shown
below:

¢ The Central Ground Water Board (CGWB) document defines rainfall infiltration factor
(RIF) for each major aquifer [20]. Each lithologic group in the shapefile was mapped
to one of the major aquifers using the string matching algorithm to assign scores of
recharge. The range of RIF was equally binned into three bins to assign scores of 1
(low recharge), 2 (moderate recharge), 3 (high recharge). The higher the RIE the
more the recharge. The shapefiles were then rasterized with the recharge score as the
burn in value.

* The observed range of drainage density values was binned into three equal parts to
assign scores of 1 (high recharge), 2 (moderate recharge), 3 (low recharge). The
lower the drainage density, the more the no. of higher stream orders that enable
more groundwater recharge.

* The lineament layer was processed to generate a proximity mask by taking a 2m buffer
around the lineament to assign a score of 10 within the buffer and a score of 1 outside
the buffer.



52 CHAPTER 8. SITE ASSESSMENT

Recharge potential is a measure of the ability of an area to recharge the groundwater.
The scores of lithology, drainage density and lineaments are multiplied to determine the
recharge potential as shown in the equation 18 and table 8.1. Recharge potential is com-
bined with different slope percentages and land cover categories to derive treatment codes
as shown in the figure 8.2. The flowchart of methodology is shown in the figure 8.3,
where community based score reassignment can be performed to produce CLART output
accordingly.

Rechargepotential = Lineament * Lithology * Drainagedensity (8.1)

where lineament scores can have values of 1, 10. Lithology and drainage density scores can
have values of 1, 2, 3 resulting the table 8.1.

Hosting specifications
¢ Layer type: raster
* Spatial resolution: 30m
* Temporal resolution: static

* Codebase: Github repository

Table 8.1: Recharge potential values and their corresponding scores for recharge

Recharge potential values Score
1,2,10,20,30,40,60,90 1 (high recharge)

3,4 2 (moderate recharge)
6,9 3 (low recharge)



https://github.com/pdrk2303/CLART
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Figure 8.2: The recharge potential scores are combined with different slope percentages
and land cover categories to derive treatment codes in CLART.

Recommended Recommended Recharge Land Use/Land Cover
Treatment Code Treatment Type Potentiality
Good Recharge Very High (5) 3-5% (2) Current fallow (5),
structure High (4) 5-7% (3) Other Waste land (9),
(Percolation tank, Gullied (10),
WHS, CCT etc) Scrubland (11)
Moderate Recharge Moderate (3) 0-3% (1), Current fallow (5),
structure 3-5% (2) Other Waste land (9),
(WAT, GP, LBCD etc) 57%(3)  Gullied (10),
Scrubland (11)

Regeneration : Slope >10% | Current fallow (5),

{Plantation, Veg Int, Other Waste land (9),

Grass seeding, stone Gullied {10),

bunding, bench Scrubland (11)
terracing etc) Mixed, degraded forrest,

Decidous forest
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Figure 8.3: Flowchart of methodology to produce reprogrammable CLART using score as-
signment

Lineament Lithology Drainage density

Assigned pixel-level Assigned pixel-level Assigned pixel-level
score of 10, 1 based on score of 1,2,3 based on score of 1,2,3 based on
2m buffer RIF range

Recharge potential Slope percentage

Derived pixel-level Pixel-level score of
score of 1,2, 3 real values
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Figure 8.4: The figure shows the component layers for generating CLART output for Man-
dalgarh block in Bhilawara district of Rajasthan
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Administrative boundaries

Administrative boundaries in India refer to the demarcated lines that separate different ad-
ministrative regions within the country, established to facilitate the governance and admin-
istration of various administrative units such as states and districts. The administrative units
of India is hierarchical where India is divided into 28 states and 8 union territories. States
are subdivided into districts, districts are sub-divided into blocks, blocks are sub-divided
into panchayats and panchayats being further sub-divded into villages.

9.0.1 State

The shapefile represents the administrative boundary of Indian states. The Survey of India
provides data upto district level. The Survey of India is the country’s National Survey and
Mapping agency under the Department of Science and Technology, Govt. of India. The
dataset can be downloaded from here. State boundaries of India are shown in the figure
9.1

9.0.2 District

The shapefile represents the administrative boundary of Indian districts. The Survey of India
provides data upto district level. The Survey of India is the country’s National Survey and
Mapping agency under the Department of Science and Technology, Govt. of India. The
dataset can be downloaded from here. District boundaries of India are shown in the figure
9.1

9.0.3 Block

The block shape files for 15 Indian states were generated by performing a union over the
constituent village shape files for each block and can be found here. The village shapefiles for
the year 2001 were obtained from the NASA SEDAC website. The village to block mapping
was obtained from the Local Government Directory data. The data was processed to store
the mapping of villages to a block as shown here. Block boundaries of India are shown in
the figure 9.1

9.0.4 Panchayat

The panchayat shape files for 15 Indian states were generated by performing a union over
the constituent village shape files for each panchayat and can be found here. The village
shapefiles for the year 2001 were obtained from the NASA SEDAC website. The village
to panchayat mapping was obtained from the Local Government Directory data. The data
was processed to store the mapping of villages to a panchayat as shown here. Panchayat
boundaries of Mohanpur block, in Gaya district of Bihar are shown in the figure 9.2
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Figure 9.1: State, district and block boundaries (from left to right) of India

9.0.5 Village

Shapefiles at the village level for the year 2001 were obtained from the NASA SEDAC web-
site. Village shapefiles hosted on NASA SEDAC website were generated by digitizing the
village boundaries from the official analog maps published by the Survey of India [42] for
2001 to compile the socio-economic variables [41] collected during the Indian Census in
1991 and 2001 at village level.

The folder contains state wise village shapefiles compiled with village level household
variables of census 2011 (as shown here) and Aggregate Development Index (ADI) [37] of
2011 and 2019. A socio-economic development index called the Aggregate Development
Index (ADI) [30] was developed, which is composed of indicators related to asset ownership,
primary source of drinking water, primary source of lights, access to bathroom facilities, and
literacy rate [37] at a village level. ADI ranges from 5 to 15, with a higher ADI indicating
better socio-economic development. Village boundaries of Mohanpur block, in Gaya district
of Bihar are shown in the figure 9.2
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