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ABSTRACT

This study focuses on the assessment of uncertainties in simulating hydro-climatic
projection using multi model ensemble framework that consists of five global climate models,
three Representative Concentration Pathways (RCP 2.6, RCP 4.5 and RCP 8.5) for two future
periods (2020-2049) and (2070-2099) for Upper Yamuna River Basin, India. Changes in
projected climatology and simulated stream flow are presented with respect to the reference
period from 1970 to 1999. Assessment of climate change impacts especially in the context of
future water availability is necessary for policy makers and water managers to identify and

design suitable adaptation strategy.

Performance of the suite of fourteen Global Climate Models that have been covered
under Coupled Model Inter-comparison Project (CMIP5) was evaluated in reproducing
spatially averaged basin precipitation for the reference period (1970-1999). Based on
significance of the individual model performance, the list was pruned down to a select five
Climate Models as candidate models to be adopted in the study to assess future climate
scenarios. Bias-corrected daily time series of precipitation and air temperature using three bias
correction approaches for each of the selected five GCMs under three RCPs were used to drive
Soil and Water Assessment Tool (SWAT) hydrological model to simulate hydrologic stream
flows for historical as well as the two future study horizons and designated in this research as
Near Future Period and Distant Future Period. The Soil and Water Assessment Tool (SWAT)
hydrological model was calibrated to obtain reasonable reconstructions of monthly stream
flows for two stations in the study area for the reference period. The calibrated model was then
subjected to a systematic investigation for its performance over an independently observed time

horizon for model validation.

Behavioural hydrological parameter sets are chosen using the Generalized Likelihood

Uncertainty Estimation (GLUE) and, in order to assess the contribution of uncertainty from



each component of model ensemble, ANOVA was performed. For each scenario, future
streamflow simulations were obtained using selected GCMs using three bias correction
approaches under three RCPs and behavioural parameter sets obtained during the reference
period. Resulting change in streamflow were used to compute a qualitative assessment of the

relative importance of uncertainties coming from each source.

Under the three RCPs scenario change in annual precipitation ranges from -0.65 to 6.5%
(5.38 to 17.14%) and annual temperature from 1.31 to 1.52 °C (1.61 to 3.22 °C) will lead to a
projected annual stream flow ranging from -0.77 to -8.57% (-9.29 to 7.90%) % for Near Future
Period (Distant Future Period) respectively compared to the historical period at Baghpat

streamflow gauge station in Upper Yamuna River Basin.

The scenario ensemble mean under three scenario indicates increase in temperature for
all season, whereas precipitation and streamflow projection variability depends upon the
selected global climate model. The Uncertainty assessment based on ensemble used in
hydrologic projection shows key uncertainty results from GCM structure followed by RCPs,
Bias correction approaches and hydrological model parameterization in projecting mean
monthly streamflow. However choice of bias correction method and hydrologic
parameterization substantially affects in projecting extreme low flow and high flow. The
variance decomposition shows that GCM inter model variability has the largest contribution to

the overall projection variance for both future period.
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