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ABSTRACT

The appropriate management of water resources draws paramount significance in the backdrop
of the ever increasing water demands for agricultural, industrial and domestic uses. The
hydrological models are important tools for water resources management and for simulating
the effects of various natural and anthropogenic changes, such as climate and land cover
change. Integration of the data obtained from satellite remote sensing, such as land cover,
precipitation, topography and soil moisture, enhances the utility of these models for simulating
hydrological components on a finer spatio-temporal scale. Keeping the above in view, this
study aimed at developing new techniques for improving land cover classification in
heterogeneous land covers and integrating them with the hydrological model to improve
hydrological simulations.

In the present study, an ensemble model is developed for improving the sub-pixel
classification by combining the outputs of three different techniques, namely Linear Spectral
Mixture Analysis (LSMA), Multi-Layer Perceptron (MLP) and Support Vector Regression
(SVR). The ensemble model utilizes a multi-model ensemble approach, named Bayesian
Model Averaging (BMA). A comparative evaluation is performed first to identify the most
accurate and feasible model among various LSMA models, namely Multiple Endmember
Spectral Mixture Analysis (MESMA), Normalized Spectral Mixture Analysis (NSMA), Pre-
Screened and Normalized MESMA (PNMESMA) and Spatially Adaptive Spectral Mixture
Analysis (SASMA). The PNMESMA s selected as an ensemble member model considering
its higher accuracy and the lower computational burden. The comparison of the ensemble
member models reveals that the SVR is more robust than the other member models as it
produces the highest overall accuracy (84%) and the xvalue (0.73). The developed ensemble

model ranked higher in terms of accuracy as compared to the member models in all type of



land covers. The overall accuracy is improved by approximately 3% as compared to the best
performing member model.

A spectral unmixing method is developed in the present study to investigate the annual
dynamics of impervious surface at the sub-pixel level using time series analysis of the Landsat
images. The developed method integrates temporal contextual information into the Normalized
MESMA (NMESMA) to improve the separation between the spectrally similar land covers. A
temporal filtering algorithm is also developed to improve the consistency of impervious surface
between the years. The developed method has been tested in the part of the National Capital
Region (NCR), India, to investigate the annual dynamics of impervious surface from 1992 to
2017. The accuracy of the developed method has been tested by comparing the estimated
impervious surface fraction with the reference fractions obtained from the high resolution (~1
m) image of the OrbitView satellite. The developed method estimates very precise sub-pixel
fractions of impervious surface. The mean overall accuracy is observed to be 89.57%. The
improved accuracy is achieved by reducing the confusion between the bare soil and impervious
surface using the temporal contextual information. The annual impervious surface fractions
derived using the developed method indicates that the impervious surface in the NCR, India,
has increased significantly during the past 26 years. Moreover, the urban growth rate was
considerably high between 2000 and 2008 when compared to the other periods. Out of the total
study area, i.e. 3986 km?, approximately 377 km?area was observed to be impervious in 1992,
which has increased to approximately 708 km? in 2017.

Further, the developed sub-pixel classification technique is integrated with a
hydrological model to improve hydrological simulations in a heterogeneous region. A
physically based distributed hydrological model, named WetSpass, is used to simulate annual
water balance components, namely, evapotranspiration, runoff and groundwater recharge. To

demonstrate the potential of sub-pixel land cover data for improved hydrological modelling, a



detailed comparison is carried out between the simulated hydrological components obtained
from the fraction (sub-pixel) based parameterization approach and the traditional land use (per-
pixel) based approach. Results show that the aggregation of land cover information within the
raster cell in the per-pixel approach leads to overestimation of runoff by 10% and
groundwater recharge by 7.7%, and underestimation of evapotranspiration by 6.5%. In
addition, the annual sub-pixel land cover data obtained from the developed method is utilized
to assess the impact of urbanization on groundwater recharge in the part of NCR, India, from
1992 to 2014. The annual groundwater recharge has decreased considerably in the areas
where the impervious surface has increased. The total annual recharge decreased from ~550
Mm?3 to ~531 Mm? due to an increase of impervious surface from ~366 km? to ~684 km?
between 1994 and 2012 in the study area. The use of sub-pixel land cover data in
hydrological modelling can help in reducing the uncertainty and can significantly improve

the reliability of hydrological simulations.
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