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Abstract ResultsAbstract Results
Mountainous Himalayan watersheds collectivelyMountainous Himalayan watersheds, collectively
k “W t T f A i ” i t tknown as “Water-Towers of Asia”, are important
hydrologic systems Increasing anthropogenic &hydrologic systems. Increasing anthropogenic &
li t l t d h l d t hi hclimate-related pressures have led to higher

variability & uncertainty in resource availability,variability & uncertainty in resource availability,
thereby higher vulnerability of communities Adaptivethereby higher vulnerability of communities. Adaptive
strategies require implementation of "decentralizedstrategies require implementation of decentralized
solutions" with minimum uncertainties We proposesolutions with minimum uncertainties. We propose
a framework of designing decentralized “communityg g y
based” adaptive strategies using integrated waterbased adaptive strategies using integrated water-

li d l & i l l l ienergy-climate models & spatial-temporal analysis.gy p p y
As a proof of concept the study evaluates a real onAs a proof-of-concept, the study evaluates a real on-
ground case that tests & validates an integrated GISground case that tests & validates an integrated GIS
& remote sensing based Decision Support System& remote sensing based Decision Support System
(DSS). This has been successfully applied to assess( ) y pp
dynamic hydrological behavior of a “partially”dynamic hydrological behavior of a partially
gauged mountainous watershed in Sikkim.g g
Validation has been performed Sim lation res ltsValidation has been performed. Simulation results DEM 1,450 - 1,600 1,920 - 2,090 2,440 - 2,620 Basin Figure 2: Delineated watershed in the context of larger
on surface flows show a good comparison with the Res: 1 : 0.054 1,600 - 1,760 2,090 - 2,260 2,620 - 2,800 Watershed

Figure 2: Delineated watershed in the context of larger
watershed superimposed on Google imageon surface flows show a good comparison with the

observed flows Daily Flow Duration Curve was
1,300 - 1,450 1,760 - 1,920 2,260 - 2,440 2,800 - 3,000

watershed superimposed on Google image

observed flows. Daily Flow Duration Curve was Reach Validation has been done byFigure 1: Digital Elevation Model (DEM) of Upper Hee Khola watershedestimated. Hydrological behaviour was understood
Validation has been done by
comparing simulated discharges

Figure 1: Digital Elevation Model (DEM) of Upper Hee Khola watershedestimated. Hydrological behaviour was understood
by assessing uncertainty & parameter sensitivity

comparing simulated discharges
by assessing uncertainty & parameter sensitivity with limited observed discharge
using a multi-objective criteria.
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evergreen forests Mean maximum and minimum
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Rainfall (mm) Water Yield (mm)evergreen forests. Mean maximum and minimum
t t 20 C t b t hi h l ti i (1960-2010) using WeatherRainfall (mm) Water Yield (mm)

Evapotranspiration (ET) (mm) Potential ET (mm)temperatures range 20oC to sub-zero at high elevation in (1960 2010) using Weather
Generator a stochastic tool

Evapotranspiration (ET) (mm) Potential ET (mm)g g
the North-west. Generator, a stochastic toolFigure 3: Simulated (monthly) hydrological components of watershedthe North west.

within the Water-DSS.
Figure 3: Simulated (monthly) hydrological components of watershed 

within the Water DSS.
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Figure 5: Soil moisture dynamics - built-up during Figure 4: Comparing observed and simulated flows for Upper Hee Khola
Approach: Water-DSS makes use of physical, the wet season (monsoon) and moisture depletion watershed  pp p y
computationally efficient time-continuous GIS and during the dry spells(Note: Observed flows here reflect only non-monsoon flows as U-Notch put computationally efficient, time continuous, GIS and
"readily available" satellite data based new generation

on the stream for discharge measurement could only capture flows up to 0.5 
readily available satellite-data based new generation cumecs maximum)

hybrid modeling techniques. The stochastic-deterministic
Fi ll th h d l i l b h i f th t h d h b d t d b

y g q
hybrid approach makes use of multi-objective criteria Finally, the hydrological behaviour of the watershed has been understood byhybrid approach makes use of multi objective criteria
through integrated use of SWAT SWAT CUP (SUFI 2)

y, y g y
assessing uncertainty and parameter sensitivity (SUFI-2) that helped identify keythrough integrated use of SWAT, SWAT-CUP (SUFI-2) assessing uncertainty and parameter sensitivity (SUFI-2) that helped identify key
i t i bl th bi d d ti f hi h di t d ff ith th l tuncertainty analysis, and Bayesian inference, thereby input variables, the combined reduction of which, predicted runoff with the least errory y y y

providing spatially explicit parameterization approach (as depicted by values of bR2 R2 NSE p- d- factors; values closer to 1 are ideal)providing spatially explicit parameterization approach
applicable to un gauged or partially gauged watersheds

(as depicted by values of bR , R , NSE, p , d factors; values closer to 1 are ideal).
applicable to un-gauged or partially gauged watersheds.
It accounts for watershed’s spatial heterogeneity by In addition DSS can bep g y y
segmenting it into a series of sub watersheds

In addition, DSS can be 
applied to following areas:

p-factor =0.72
d f 1 40segmenting it into a series of sub watersheds. applied to following areas:d-factor=1.40
R2=0 81R2=0.81
NSE=0 76

Implementation: Following the above approach various • Water resource
NSE=0.76
bR2=0 8Implementation: Following the above approach, various

t f th l d h f th h d l i l l
• Water resourcebR 0.8

components of the land phase of the hydrological cycle sustainability & Climate
have been estimated for the watershed (Figure 3 to 5).

y
Mapping variabilityhave been estimated for the watershed (Figure 3 to 5).

Uncertainty analysis and multi objective criteria further
-Mapping variability,

Uncertainty analysis and multi-objective criteria further
bl i t d i i ki b i lt

vulnerability and
enables appropriate decision making by simultaneous

y
uncertaintyoptimization of numerical measures that represent the uncertainty
U d t di &optimization of numerical measures that represent the

components (criteria) of objective functions (NSE bR2 Fi 6 95 % P t t i t b d 95%P di ti U t i t (PPU)
-Understanding &components (criteria) of objective functions (NSE, bR2,

R2) (Fi 6 d 7)
Figure 6: 95 % Parameter uncertainty based on 95%Prediction Uncertainty (PPU) 
b d d ffi i t f d t i ti R2 Effi i it i NSE d bR2

g
predicting interactionsR2) (Figure 6 and 7). band and coefficients of determination, R2, Efficiency criterion NSE, and bR2 predicting interactions
b t t tbetween water systems
and land use changesConclusions: The study provides an evidence-based and land use changes.y p

solution for designing reliable decentralized distributedsolution for designing reliable decentralized distributed
water and energy systems which can help enhance lives • Analytics and Decision-water and energy systems which can help enhance lives Analytics and Decision

support extreme eventsand livelihoods of the people. The approach is useful in support - extreme eventsp p pp
identifying the best-compromise solution On the basis of such as floods, droughts.identifying the best-compromise solution. On the basis of
the Pareto optimality notion we locate a subset of the

suc as oods, d oug ts
the Pareto optimality notion, we locate a subset of the
feasible parameter space corresponding to minimization • Hydrologic Information and p p p g
of the residuals Application of such a hybrid approach

y g
ICT application -agrimet soilof the residuals. Application of such a hybrid approach

ensures consistent and reliable applications for river
ICT application -agrimet, soil 

i t b d t l t tensures consistent and reliable applications for river moisture based telemetry etc
basin management in Asia.
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Figure 7: Determining parameter sensitivities gu e 7: e e g p e e se s v es

t l i di t t iti it Th l t l iti th tt-value indicates parameter sensitivity. The large t-value, more sensitive the parameter
l indicates significance of t al e The smaller p al es less chance of a parameter being accidentall assigned as sensiti ep-value indicates significance of t-value. The smaller p-values, less chance of a parameter being accidentally assigned as sensitive


