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<A Introduction
—
o Stochastic Weather Generators (WGS) 8
» Plan and manage natural resources gL _____g___________ ....
> Climate Downscaling o [ - ///
» Hydrological Modeling )
» EtcC.. sl
Produce synthetic time series of weather data of &
unlimited length for a location, based on the =2
statistical characteristics of observed weather at : s 10 s 10 50 100
that location (lPCC)‘ Short available precipitation Incorporation of
records additional
> Therefore, strongly dependent upon the  High Uncertainty for Byt ot al.
“quality” of the observed weather extreme estimates (2020)
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Objective

Quantify the uncertainty of the higher
precipitation quantile estimates generated by a
Stochastic Weather Generator for different
practical information scenarios

Monte Carlo simulation over a synthetic population, measuring the uncertainty through:
» Relative Root Mean Squared Error (RRMSE)
» Relative bias (RB)
» Coefficient of Variation (CV)
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o GWEX (Evin et al., 2018)

> Multisite Weather Generator focused on 200 |

extreme events

» Precipitation amounts: Extended

Generalized Pareto Distribution (E-GPD) Em
(Papastathopoulos and Tawn, 2013) £
_1/ K 50 -
éx\ /¢
F(x;1) =11 — 1+?

o — Scale Parameter
xk — Transf. Parameter

E-GPD

Case study: Weather Generator
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<A Case study: synthetic study area
|
o One existing rain gauge (66-year length) 00 e 5
. . . = 80 %
a Semiarid climate g i &
s . - 10 8
a All parameters of the synthetic population 2w o g
estimated with GWEX < 5
0 -0
» Shape parameter (¢) common to all FPEFERF T PL LS
months of the year: £ = 0.11 Mo
L. . . . Variable Statistic Value
o Long precipitation data series generated with Mean 156 mm
GWEX maintaining the main statistics in aiy prec. ey 00U
order to obtain the population quantiles (X,) Max 20694 mm
Annual Prec. (Pa) Mean 569.86 mm
Mean 73.35 mm
Annual max. Prec. (X) v 056
Skewness 1.43
Kurtosis 1.66
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Methodology

Monte Carlo Simulation
Four information scenarios with:
50 realizations
Different & (0.05-0.25)
Different sample lengths (30 to 300 yrs)

15,000 yrs synthetic

precipitation

T Population P (mm) Jl/nZ(XT.i . XT)Z T Estimated P (mm) :
T=2yrs 55.7 RRMSE()?T) = T=2yrs 53.2
T= 5yrs 81.3 Xt T= 5yrs 78.2 I
T= 10yrs 100.7 T= 10yrs 105.2 I
T= 25yrs 125.8 .. — T= 25yrs 126.4
T= 50yrs 146.7 RB(X;) = L/nE (i = Xr) T= 50yrs 151.3
T= 75yrs 158.8 Xy T= 75yrs 160.8
T= 100yrs 168.4 T= 100yrs 165.6
| T= 200yrs 192.0 Jl/nZ(XATi . X—T)Z T= 200yrs 198.9 |
| T=500yrs 238.1 cv(Ry) = s T = 500yrs 235.1 |
I T = 1,000 yrs 262.8 Xr T = 1,000 yrs 254.6 I
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Methodology

Information Scenarios
a No additional information

0. For each realization, the ¢ parameter value is set to 0.05 (default) as
proposed in Evin et al. (2018)

1. For each realization, the value of the parameter ¢ is estimated by fitting
an E-GPD to the available observations

0 There exists a regional study of maximum daily precipitation

2. Parameter ¢ is estimated with one high T regional quantile for each
realization (if not regional E-GPD)

3. The parameter ¢ is set to the regional value for each realization (if
regional E-GPD)

For simplicity, we will assume that the regional study is “perfect” — no uncertainty
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o, AATIA ¢ =0.11, sample 60yrs

— _ ]
Scenario 0 Scenario 1
16-  851%  1262%  1535%  16.80%  18%  1857%  19.45%  21.45%  26.5% 16-  6.23%  T36%  B3T%  971%  1137%  1264%  134%  14.96%  20.03% RRMSE(XT)
0.046 0.049 0.051 0.055 0.059 0.058 0.063 0.067 0.074 0.049 0.063 0.077 0.099 0.113 0.122 0.127 0.143 0. 138 CU(J?T)
14- 14-
g ‘ No additional
9 o
E E
7] w .
... Information
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T2 T=5 T=10 T=25 T=50 =75 T=100 T=200 T=500 T=2 T=5 T=10 T=25 T=50 =15 T=100 T=200 T=500
Return Period (Years) Return Period (Years)

Scenario 2 Scenario 3

16-  6.74% 8.24% 9.05% 8.35% 1.72% 7.49% 772% 8.73% 10.69%

16- 5.69% 5.81% 5.73% 3.54% 2.08% 1.4% 1% 2.46% 6.56% |
0.039 0.03 0.024 0.019 0.018 0.014 0.01 0.025 0.066 0.047 0.049 0.05 0.052 0.056 0.058 0.061 0.067 0.08
14- 14-
812 812 g y
(@] (@] . .
E E
3 b maximum dally

e gﬁ ‘JﬂrT$%%#[j precipitation

08-
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T=5 T=10 T=25 T=50 T=75 T=100 T=200 T=500

T=2 T=5 T=10 T=25 T=50 T=75 T=100 T=200 T=500 T=2
Return Period (Years)

Return Period (Years)
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ek, A Reduction of RRMSE

RRMSE Reduction
100% 95%
92% .
0000 88% 89% Scenario 0: the & parameter
value is set to 0.05
0 79%
80% 75% _
Scenario 1: the value of the
70% 63% parameter € is estimated by
S 6o 57% 60% 00% 59% 0% | fitting an E-GPD to the
= o4% 1% available observations
5 0% 45% 420,
2 105 a2% 41% - Scenario 2: € estimated with
Dé 33% 35% 32% 3104 S0k one regional quantile (X;4)
SN 30% 27% 24%
S 21% Scenario 3: The parameter ¢ is
’ set to the regional value (§ =
10% 0.11)
0%
T=10 T=25 T=50 =75 T =100 T =200 T =500
m Scenario 1 m Scenario 2 m Scenario 3
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Sensitivity analysis to regional X,

U0 0o oon oo% 00 0gs ope ‘s:q;% 13:1?3’" " 0% oz o001 oou G oots 0w o003 o007 Population £ = 0.11
Scenario 2: ¢ estimated with
" one regional quantile
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SimiChs
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0.9-

0.8-

12- 569% 581%
0.039 0.03 0.024 0.019

0.8-

T=2 T=5 T=10 T=25 T=50

8 e =l
e

T=10 yrs

T=75  T=100 T=200  T=500
Return Period (Years)

573% 354% 2.08% 1.4% 1% 246%  6.56%
0.018 0.014 0.01 0.025 0.066

T=100 yrs

T=5 T=10 T=25 T=50 T=75 T=100 T=200 T=500

Return Period (Years)

Sim/Obs
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T=2
12- 5.79%
0.04
11

Sim/Obs

T=5 T=10 T=25 T=50 T=75
Return Period (Years)

5.8% 571% 338% 256% 234%
0.032 0.026 0.021 0.023 0.024
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T=5 T=10 T=25 T=50 T=75
Return Period (Years)

w¢i¥%$$$

T=50 yrs

0o T=5

T:‘IIUU T=2 00
232% 124%  6.07%
0022 0013 0661

=
T

T=200 yrs

l
T=100

1
T=200

1
T=500
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<<4A '¥M2  Sensitivity to population € (extremality of the population)

12- 536% 557T%
0.037 0.029

Sim/Obs

0.9-

Population with
£=0.09 .-

' '
T=2 T=5

12- 656% 5.73%
0.048 0.037

Sim/Obs
i
1
|
|

0.9-

Population with |
€=0.13 o

T=2 T=5

12- 569% 581% 573% 354% 208% 1.4% 1% 246% 6.56%

541% 351% 208% 152% 086% 284% 455%
0039 0.03 0.024 0019 0.018 0014 0.01 0.025 0.066

0.023 0.019 0.017 0.013 0.009 0.023 0.042

11-

[WISE)

1
1

0.8-
T=I1[| T=I25 T=I5[| T=|?5 T:W‘UU T:éUU Tzégg T=2 T=5 T=10 T=25 T=50 T=75 T=100 T=200 T=500
Return Period (Years) Return Period (Years)
517% 34% 236% 2.04% 1.12% 4.29% T.72% 12- 639% 577% 54% 34%  276%  2.16%  1.34%  4.48%  11.44%
0.03 0.025 0.02 0.017 0.011 0.024 0.073 0.055 0.044 0.037 0.032 0.028 0.021 0.013 0.045 0.085
.
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Sim/Cbs
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T=10 T=25 T=50 T=75  T=100 T=200 T=500 T=2 T=5 T=10 T=25 T=50 T=75  T=100 T=200 T=500
Return Period (Years) Return Period (Years)

Scenario 2: ¢ estimated with
one regional quantile
T =100 yrs

Population with
¢=0.11

Population with
¢=0.25
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Sensitivity analysis to the sample length

T=5 years
13.52% 12.62% 12.29% 1217% 1224% 11.9% 11.71%
1.2- 0.079 0.049 0.038 0.036 0.034 0.03 0.025
1.1~
[ ]
»
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E 10== == = = :— — T 7 — — [ ]
K - I
0.9- i i [ 1 |
| [ ]
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0.8- |
30Iyrs 60Iyrs QOIyrs 12(I)yrs 15(I)yrs 20(I)yrs 30(IJyrs
Sample Length (Years)
T=100 years
20.03% 19.45% 192% 1897% 19.2% 18.68% 18.36%
12- 0.1 0.063 0.054 0.047 0.043 0.039 0.03
1.1-
a8 .
o
S 10-== = e e e e e e e e e e R B s B == == =
=
(]
[ ]
0.9- | I
— == B l
0.8-
N e T =
30Iyrs 60Iyrs 90Iyrs 120Iyrs 15(IJyrs 206yrs 3O(I)yrs

Sample Length (Years)

T=25 years
17.67% 16.89% 16.71% 16.82% 16.75% 16.11% 15.89%
1.2- 0.092 0.055 0.046 0.042 0.039 0.033 0.027
1.1~
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30Iyrs GOlyrs 90Iyrs 126yrs 15(I)yrs 20(I)yrs 306yrs
Sample Length (Years)
T=500 years
26.64% 26.5% 25.57% 26.07% 24.92% 23.76% 23.28%
12- 0.109 0.074 0.071 0.062 0.058 0.053 0.039
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300yrs

30yrs 60yrs 90yrs 120yrs 150yrs 200yrs

Sample Length (Years)

Population ¢ = 0.11
Scenario 0: ¢ set to 0.05
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Conclusions

o The incorporation of a regional study of maximum daily precipitation in the
calibration of a WG clearly reduces uncertainty of higher quantile estimates

o The regional study of maximum daily precipitation, one “appropriate” quantile
IS more informative than the parameter ¢

» The lower the selected quantile we use for calibrating the WG, the less
Informative it is

o For all information scenarios, the more extreme the climate is, the higher the
uncertainty in the upper quantiles estimates

o For sample lengths plausible with the current reality (i.e. 30-90 years), larger
sample sizes do not present significant improvements in the performance of
the Weather Generator, from the RRMSE point of view
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