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Hydrologic Models are important
Elements in Water Resources Studies

o Need for hydrologic models

o flood forecasting,

o water resources (e_.g. reservoir
design and operation),

o low-flow predictions, drought
impacts...

o Hydrologic models vary
widely in complexity
o Conceptual, Physically-based,
Empirical
o Lumped, Distributed
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Hydrologic Models require Calibration to
provide Reliable Predictions
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What can we do if Watershed Response
Observations are Unavailable?

Watershed B

Extrapolation
In space

REGIONALIZATION?

Ungauged

Watershed A
>

Extrapolation
In time

Watershed A
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Predictions in Ungauged Basins are
associated with large Uncertainties

These stem from:

a

o 0O O DO

Model structural uncertainty

Parameter uncertainty

Randomness in natural processes
Uncertainty in data (static and dynamic)
Regionalization approach

The main problem is the lack of correlation of
our conceptual model parameters to watershed
characteristics at the scale of interest.

[Wagener and Wheater, 2006, J. Hydrology; PENNSTATE
Mclintyre et al., 2005, WRR] ﬁ



30 Watersheds in the UK as Case Study

-~ S5 _
78 (- -
Q )
® o
e Og
6)
= ~ e o
)
o) o ©
o)
© o
(] o) 0]
. =
°© 0o °
(@) <
[r— Kilom
5 400

PENNSTATE



Flow (mm/d) Rain (mm/d)

PE (mm/d)

Forcing and Response Data
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We present a hew
Model-independent Approach

Based on:

1. Relationships between physical
characteristics and response
characteristics of watersheds

2. Regionalizing response
characteristics as constraints on
ensemble model predictions

PENMNSTATE

[Yadav et al., in Press, MOPEX Redbook]



Understanding Watershed Response

Duration
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37 response characteristics categorized into seven
groups ( , average, , timing,
duration, frequency and rate of change)

[e.g. Olden and Poff, 2003; Yu and Yang, 2000; F’E“NS%TE
Shamir et al., 2004; 2005; and others]



Normalised Range

Watershed Behavior described using
19 (37) Dynamic Characteristics

<- Maximum Values ->
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Normalised Range

Watershed Structure described using
13 (25) Physical Characteristics

<- Maximum Values ->
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High Correlation between Response and
Physical Characteristics

St <

Climate
— P/PE
M\ﬂ Max Feb, Max Nov,
> - Mean, Runoff ratio
Linear ] Elevation
Correlation DPSBAR (Slope)
>0.8 Median, Runoff ratio

Hydrogeology

BFIHOST

High flow discharge,
Skewness and Variability
in flow, High pulse count
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Stepwise Regression leads
to high R? Values

Forward stepwise regression

6 fold cross validation — 5 ungauged and 25 gauged
watersheds

Frequency
N
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Maximum November Flow
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High Correlation creates narrow
Uncertainty Corridor in Regression

Prediction Limits
Confidance Interval
Line of Regression

R% = 0.88
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Using Parsimonious Watershed Model
as Test Case
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SOIL MOISTURE ACCOUNTING ROUTING

We ran a Uniform Random Sampling selecting 10,000
Parameter sets from the a priori feasible space.

PENNSTATE
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We can Constrain the Ensemble
Predictions in an Ungauged Basin
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Evaluating Reliability and Sharpness
for Ensemble Forecasts

o RELIABILITY: How much of the observation
IS contained by the ensemble?

o SHARPNESS: How wide are the ensemble
prediction ranges (compared to the initial
ranges)?

PENMNSTATE
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Two Individual Response Characteristics as Constraints
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Reliability Cl = 94%
Reliability Pl = 97%
Sharpness Cl = 39%
Sharpness Pl = 31%
Behavioral Cl = 6%
Behavioral Pl = 27%

350
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Applying two Response Characteristics
vields even better Constraint
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Flow (mm/day)

Box Cox Flow (mm)

Good Results obtained by using all 19 Response
Characteristics as Constraints simultaneously
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Only 10 watersheds showed behavioral simulations Reliability = 80%

s Sharpness
| Behaviora(= 1%

10+ ‘ =

5 I

0 h - - —— \ ‘

0 100 200 300 400 500 600 700
4L (b) [ PrLediction Interval |
Obsened

100

200 300 400 500 600 700
Time (days)

PENMNSTATE

Dove @Kirkby Mills 9




Three selected Response Characteristics show very
good Results across 30 Watersheds for PL

high pulse count, runoff ratio, and slope of flow duration curve

Prediction Limits
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Why is this a Good Approach to Tackle
the Ungauged Basins Problem?

Based on empirical evidence

Not biased by model structure error

Avoids calibration problem

Applicable to lumped and distributed models
Applied at scale of interest

QUESTIONS ?

Funded by NWS & NSF SAHRA "E“NS:%TE
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