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economic development. Also, the population exhibits an increasing linear trend whereas the domestic water
demand shows an exponential growth starting in 1990, consistent with the exponential growth of India’s
GDP. Based on these observations, the present study use GDP per person as an indicator to model per-capita
water use variations in India (Oki and Kanae, 2006).

Figure 3. Per capita domestic water demand vs per capita GDP with power function model

A power function model is used for modelling per-capita domestic water demand in this study as shown in
Figure 3. The Levenberg-Marquardt algorithm is used to fit the power function (Figure 3), and the model
performance statistics show better agreement with the observed values (Sum of the square of errors (SSE) —
190.9, R-squared — 0.79, Adjusted R-squared — 0.72, RMSE — 5.64). The modelled per-capita domestic water
demand is then multiplied by population to estimate the total domestic water demand. The model results
show good agreement with the observed domestic water demand (R-squared = 0.96, NSE = 0.90). The same
model is applied at the State-level, and it is matching with the observed values of domestic water demand for
the years 1991, 2001, 2004 and 2006, as shown in Figure 3.

Figure 3. State-level domestic water demand vs Observed for 1991, 2001, 2004 and 2006 (x-axis:
abbreviations for each state in India, Units - BCM)

4.2. Industrial water demand

Industrial water demand data in India is very scarce, and there are serious discrepancies between the
estimates and observations by various agencies such as FAO, World-bank, NCIWRD, Indiastat, Centre for
Science and Environment (CSE) and SSE-MoWR (Standing Sub-committee of Ministry of Water
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Resources), as shown in Figure 4. The estimations from FAO and World-bank show an inconsistent trend
pattern. Conversely, the estimate from NCIWRD follows a consistent increasing trend, and it is based on the
survey from 17 categories of industries in India. This data-set is widely accepted by many national
government agencies such as Central Water Commission (CWC) and CSE. The NCIWRD estimate shows
high correlation with GDP (0.98), electricity consumption (0.99) and population (0.94). However, these
indicators cannot account for the structural change in industries including the production (52 different
industries) and consumables (29 survey characteristics) of the industrial sector in India. Building a model
with a large number of inputs may result in over-fitting of the model. To avoid this problem, Principal
Component Analysis is performed on the data-set to reduce the number of correlated variables into a more
compact set of orthogonal predictors (Rencher, 2002). These components are used to model the industrial
water demand using a linear function. The linear model is selected as these components are developed by the
linear association between the variables. The model is calibrated using the three NCIWRD observations and
validated using the CSE observation for the year 2001. The modelled against observed data with the 1:1 line
added is shown as an inset in Figure 4. The model results closely match with the observed value from
NCIWRD and CSE. The national-level model estimate is distributed to each state based on the number of
industrial units, and the results are in agreement with the census data sets collected at the state-level.
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Figure 4. (2) Industrial water demand modelled and observations from various sources, (b) State-wise
average industrial water use in India for the period 1991 to 2010

5. CONCLUSIONS

The present study discusses a large-scale sustainable water use assessment modelling framework and the
results of the three most important elements of the framework in India. The runoff component of the CLM
model exhibited good model performance indices for the calibration in the Narmada, Godavari and Mahi
river basins of India and over-estimated for Krishna river basin. The industrial and domestic water demand
components are based on census database, and the model results are superior over those of the FAO estimates
of water demand. The study highlights the need to include the structural change of industries in industrial
water demand modelling and the change of per-capita water use in domestic water demand modelling.
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