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Simulating rainfall

» Aregular annual seasonality, inter-annual fluctuations but also a chaotic behavior
at the daily scale [see e.g. Sivakumar1998].

 The challenge: to simulate synthetic time-series honoring the reference statistics
and persistence from the daily to the higher temporal scale.

 The problem of over-dispersion: if the model is focused on the daily scale,
extremes are poorly reproduced at higher scales (= reference is more dispersed
than the simulation).
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Direct Sampling (DS)

[Mariethoz 2010,...]
Training data set Z(y) K

Random scan

Simulated time-series Z(x)

\

?

candidate data event v
d(x)

d(x) = ninformed time steps
closest to x inside the search
window.
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Direct Sampling (DS)

[Mariethoz 2010,...]

1 Datum pasted

A sampling rule based on a distance measure (dissimilarity between patterns).

D(d(x).d(y))

If D(d(x),d(y)) < T, Z(y) is assigned to Z(x).
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Distance categorical variables:

N 127":% aj{l if  Z(x;) # Z(y;)

D(d(zy),d(y;)) = 1 . 0 iof Z(x;)=Z(y;)

For continuous variables: (e § N

—

D(dlw), () = = 37 |2(25) — 2 ()

_R_?_ R_

Main parameters:
N = max number of considered neighbors;
P ik | R = search neighborhood radius;
‘ 1IN T = distance threshold;
TRTRN F= max scanned Tl fraction;
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Direct Sampling (DS)

[Mariethoz 2010]

Beginning SG Z(xt) | Tl 2y

R R

p
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Direct Sampling (DS)

[Mariethoz 2010]

Beginning SG Z(xt)
_R__R_ /

L .
Xt

Early iterations /’_\
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Direct Sampling (DS)

[Mariethoz 2010]

Beginning SG Z(xt) | Tl _ Zy)
R R | \ R__R_
/ ‘_ '\"\

/ R AR

Xt Vi

Early iterations /\

Final iterations T~
_R__R_ /
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Direct Sampling (DS)

[Mariethoz 2010]

Beginning SG Z(x) | T.I | Z(yt) e
SRR ' T _R__R_ Multiple scale pattern \
/ BN :f reproduction 4

Xt Vi

Early iterations /\

T AT A N | N High-order statistics \

N Co L L UE Ll L gl reproduction. 4

Final iterations T o 7 :
T_R_ R / ' '

~ No need of a high-order prior!
\ 4

‘\\
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Standard DS setup for daily rainfall simulation

Variable R N T

1)365MA 5000 21 0.05 M
2)2M S 1 1 005 Whoinadeo i
3)trl 1 1 0.05 W
4) tr2 1 1 0.05

5) dw 10 5 0.05 A
Rrainfall 5000 21 0.05 JMMMM—

(Multivariate simulation)
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Some results: the Australian rainfall [oriani et al.2014]

Australia Sydney (1858-2013, temperate)

Alice Springs (1941-2013, hot desert)

. Northern Territory

Darwin (1941-2013, tropical savannah)

Mean monthly rainfall
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Visual comparison
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Visual comparison

Darwin (reference)
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Visual comparison

Alice Springs (reference)
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Marginal probability distribution at multiple scales.
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Sample partial autocorrelation function (PACF) at multiple scales.

Alice Springs Sydney Darwin
Dally rainfall sample PACF
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A comparison with a state-of-the-art MC model
[Oriani, Merothra et al., 2014, preparation]

Some recent Markov-Chain (MC) based algorithms [Harrold 2003, Mehrotra 2007]
introduce non-linearity in the time dependence, i.e. the low-order conditional probability
varies as a function of some low frequency covariates.

| |

,,/ g

Low frequency fluctuations can be reproduced in
the daily rainfall simulation.
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Modified Markov Model (MMM)

[Mehrotra 2007]

OCCURRENCE: P(R; = 1|Ry_1 = i, 30W,, 365W;)
(30W,, 365Wy|Ry = i, Ry—1 = j) ~ N(pij, Vij)

1
0

365W,

t 30W,

Centre for Hydrogeology and Geothermics (CHYN)



Modified Markov Model (MMM)

[Mehrotra 2007]

OCCURRENCE: P(R; = 1|Ry_1 = i, 30W,, 365W;)
(30W,, 365Wy|Ry = i, Ry—1 = j) ~ N(pij, Vij)

1
0

365W,

t 30W,
A f(Zy|Z—1)
1

Kernel weight
J Zi1— Lt

AMOUNT: [ (Z¢|Z1—1)

using a conditional KDE [sharma 1997]
X /Z; (historical data)
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MMM DS

Linear simulation path ~ Random simulation path

+ { +

Fixed non-linear dependence Variable non-parametric 4
~ dependence

B
—

i |
e oc % Centre for Hydrogeology and Geothermics (CHYN)




The reference: A synthetic signal with a chaotic seasonality and variable
time-dependence

S

T

OCCURRENCE MODEL: 2 states Markov model

BE‘BEFES‘

R; € {0,1}
' 200
PR, =1)= state a: PRy =1|Ri_¢ =4, Ri_12=7) if ;,;1 Ri_.>95
state b: P(Ry =1| Ri—1 = k) otherwise

AMOUNT MODEL: [T D ~ InN (u, 0°)
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Daily rainfall distribution (mm)

MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Annual rainfall distribution (mm)

DS
3500¢ 3500¢
v v
€ 3000¢ < 3000¢
v v
N N
v v
2500} 2500t
2000t 2000t
2000 3000 4000 2000 3000 4000
simulation simulation

Wi

UNIVERSITE DE
NEUCHATEL

Centre for Hydrogeology and Geothermics (CHYN)



Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

10-year rainfall distribution (mm)

MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Dry spell distribution (days)

MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Dry spell distribution (days)

MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Wet spell distribution (days)

MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Sample autocorrelation function.
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Sample autocorrelation function.

State a
MMM DS
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Simulation of the 1Mil nodes reference using progressively smaller training
data sets (TI).

Sample autocorrelation function.
State b

MMM DS
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Conclusions

High-order Extremes Multiple scale Non-stationarity
statistics extrapolation features detection

MMM

(low order, nonlinear
Markov model +
conditional kernel

smoothing)

DS

(variable, high-order,

multivariate time

dependence + non

parametric
framework)
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Which one of the two approaches is more efficient?

DS MMM
If If
« Large dataset  Limited amount of data
* Reproducing complex data * The long-term structure is known and
structure is critical not overly complex
« Avoid a prior model structure * Alow order MC model can represent
the short-term time-dependence
adequately
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Thank you!

Fabio Oriani

‘rem orc1| OCCUI"S Tr‘ons?or‘m .

4+
— 8 4.8 5
0
C O without —ngher o EC fluctuations +
O .I. .|. .|. Q imposes '5 —E O | e. Underestimation ‘é’ O
(D) 8‘ I O IS ICS pr‘ob|er‘no - Pr‘|or‘ MODEL -a:_jExTr“emes
o C O Australian 1 on—finear ho O I > samplin
g’ q) e ‘ covariates.dependency C CS Pllng simulate £ P Sbehaviar
— 4 P framework radar @ ._reproducmg ACF
reproduce -|-

CIZGF"\en
me‘dependence

Lock -g O ¢ ammqrou = MOP'(OV C G'h
DLt £ =erspatial £.=VIArKOVILnaIN4 ) o' IMe~—"Series
Slgno = ? r‘ObOb|l|'|' .o |O time=lag U O Autocorrelation leedl
over— C#ISP rsion zron accrately 4= COﬁdITIOI’]O 32 nQQTQmQO I'|'>/
O‘Ff&eme_l_rlc m‘rer‘—onnuo cmounJr O-) O%‘E_ uencyg
PN d&RCeq fotaset D, OB O Freationoy:
—l_IO orsl-l- ms scal es honoring nei hborhood 0) -l_ © (D £2C0 0 i D
d 9 M k TEE] oint C-l——OMP =T S e S|m||c|r
"ot unchon &ﬂf mates £t BN finelarity | 5 Vel
present & d q || vor|0b|||T)/ O 8| higher, hivariare € 3" detection
_OQ CMOd'F'ed_O '*5 50Te|||1'e ys n-l-he-h Ccg g C Eg‘rechnlqlui 5|mz|oﬁri; dispersed
g direction £ £ d|s‘rr|bu‘r|on Stochastic O 3 o e O estimate
5 O 3 smaller o linear= £ £3
© e <gR D
i - vy @
R
i -

e oc 7 Centre for Hydrogeology and Geothermics (CHYN)



Bibliography

Harrold, T. I., Sharma, A., and Sheather, S. J.: A nonparametric model for stochastic generation of daily rainfall amounts, Water Resour.
Res., 39, 1343, doi:10.1029/2003WR002570, 2003b.

Mariethoz, G., Renard, P., and Straubhaar, J.: The direct sampling method to perform multiple-point geostatistical simulations, Water
Resour. Res., 46, W11536,d0i:10.1029/2008 WR007621, 2010.

Oriani, F., Straubhaar, J., Renard, P., Mariethoz, G., Simulation of rainfall time-series from different climatic regions using the Direct
Sampling technique, Hydrology and Earth System Sciences. dx.doi.org/10.5194/hess-18-3015-2014

Mehrotra, R. and Sharma, A.: A semi-parametric model for stochastic generation of multi-site daily rainfall exhibiting low-frequency
variability, J. Hydrol., 335, 180-193, doi:10.1016/j.jhydrol.2006.11.011, 2007a.

Mehrotra, R. and Sharma, A.: Preserving low-frequency variability in generated daily rainfall sequences, J. Hydrol., 345, 102—-120,
doi:10.1016/j.jhydrol.2007.08.003, 2007b.

uni e .
e % Centre for Hydrogeology and Geothermics (CHYN)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

