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Presentation

Different approaches explored in this presentation:

1- Classification scenarios

2- Optimization in the initial state in summer
3- Time-series

4- Gaussian model

5- Filtering methods
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1. Classification scenarios




Extension to Summer : Underground and
Classification

Winter : AV method on the Snow
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Extension to Summer : Underground and
Classification

Winter : AV method on the Snow
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Naive approach:
Not corrected (pyaiue=0.05) Corrected (pyaiue=0.34)
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Naive approach:
Not corrected (pyaiue=0.05) Corrected (pyaiue=0.34)
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In winter, only one phenomenon = snow accumulation.
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Naive approach:
Not corrected (pyaiue=0.05) Corrected (pyaiue=0.34)

15 25 35 a5 55 65 75 85 95 0

0 20 40 60 80 100

In winter, only one phenomenon = snow accumulation.

In summer, more complicated phenomena = it depends on the level of water
in the soil and underground.
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Idea= Separate the different categories for the AV method : dry, medium,
wet. Choice of the threshold by an empirical method.

Corrected (pyarue=0.34)

Rio Tinto

Conditioned corrected (pyaine=0.17)
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Idea= Separate the different categories for the AV method : dry, medium,

wet. Choice of the threshold by an empirical method.

Not corrected Corrected
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2. Optimization in the initial
state in summer




Summer optimization problem

Winter Summer

Snow Snow

X

Soil Soil

X

Underground

reservoirs reservoirs

multi-variable

optimization
Underground

In winter the only variable in the optimization process that we can play with
is snow!

In summer, we have to handle soil AND underground water and optimize
both variables.



Summer optimization problem

. ODSEIVEd trajectory
simulated trajectory

— volume error
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Optimization problem:

min
Xg,0V

T
/ (\/observed(t) - \/simulated(t)) dt ’ T>0
0



Summer optimization problem

. ODSEIVEd trajectory
—— simulated trajectory

volume error

initial state
known

T T >
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Optimization problem:

min

T
5V / (\/observed(t) - \/simulated(t)) dt ’ T>0
0




Summer optimization problem

PIT graph of July 15 (With

PIT graph of July 15 (No Adj "
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Summer optimization problem

PIT graph of July 15 (With

PIT graph of July 15 (No Adj "

Frequency
Frequency

0 10 20 30 40 50 60 70 80 9 100 0 10 20 30 40 50 60 70 80 9 100
Percentile Percentile

(c) Mixed Without Adjustment (d) mixed With Adjustment



Summer optimization problem
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Summer optimization problem
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3. Time-series
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Time-series

Daily data from 1954 to 2017. Let

Q+sim = streamflow at time ¢, based on the hydrological model.
Q:.obs = oObserved streamflow at time ¢.

P, = observed precipitations at time ¢.

Dy = Qt,obs - Qt,sim

For a given year, data from January 1 to July 15. Calculated predictions for
July 16 to July 30. For every year, we studied ARMAX type models for D,
(autoregressive moving average models with exogenous variables). We
included as exogenous information P;, and also P,_;, j = 0,...,7 and sums
of lag precipitations.

Predictions for D, can be calculated.
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To calculate prediction intervals, we considered a Monte Carlo approach.

For each year, we simulated values of @, i, have been used. We also used
the historical values of precipitations.

Calculated so-called PIT histograms.

Three pictures: basis PIT graphic; one based only on precipitations, the other
based on a more complex ARMAX model.
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4. Gaussian model




Statistical Approach: let the data talk.

m Observed inflow y,ps(x) is a stochastic process depending on
weather, precipitation, and uncertain state of the earth (i.e.,
underground water, soil water, snow).

m Simulated inflow ysm(x) = f(x) is a deterministic process (x
is the current state of the earth).

m Problem 1: We don't know how y,ps(x) looks like.

m Problem 2: Stochastic quantity is being modelled using
something deterministic.

m Solution: Model what the deterministic process cannot
capture using stochastic process. Approximate the observation
process.

We have decades of data. Let's see what we can get by letting the
data do the talking.



m Model the residual: r(x) = Yops — Ysim(x) using Gaussian

process.
m Gaussian process is a distribution over continuous (and
smooth) functions: r(x) ~ GP(u(x), K(x,x)).

[|x—x

u N(X) = 5,X; K(X,X’) = g2 exp (T,Hz>
m Estimate /3,02 using the decades of data we have.




Final comments

Why statistical approach?
m Uncertainty is captured by the confidence interval.

m Example: We can say with 95% confidence that the true
inflow will be between (fi(x) — 26, fi(x) + 25).

Simulating random states
m Simulate temperature using the time dependent variance. Use
precipitation forecast. Denote by /.
= xii = MO, ).
m () = F(xg) + r(xdi)-
m Prediction: y;11 = 221:1 y(x{,1). Compute empirical
variance.



5. Filtering methods




One dimensional model of a hydrological system

IDEA: Produce a simple, but realistic, model, which will allow us to
test various data assimilation methods

T: Temperature R: Precipitation

SW : Show SL: Water in soil F: Free water



T’,L-n7 R? Measured meteorological data at time nin cell i

Free water is a function of the water in the soil

F' = J(SLT)

1

Physics:

Positive T: Snow melts as temperature rises and adds to SL,
precipitation falls as rain and adds to soil water

Negative T: Precipitation falls as snow and adds to SW



Mathematical model

@

T." >0

SW!tt = SW — oT SW]

SLtY = SL? + ol SW + 8R! + F' | — F"
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Boundary and Other Conditions

Q: Measured stream flow

Take: 10cells, a=1/15,=v=1, f(S)=5/4
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Data assimilation

Do the following test:

e Take initial value of SW

Generate two years values of the stream flux Q

Add noise to Q to give QNoise

Take shift SW — SW +0 SW

Generate new stream flux Q5

Find ) ST}V minimising the error between QNoiseand Qs



Error measures
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Do a number of noisy realisations
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Conclusion
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Conclusion and Future work:

e Several approaches were tested.
e Improvement was measured for the problem.

e Some methods are still in prototype phase but are promising.
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Thanks for your attention !

i e
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