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Fig. 3.1 Vectors a and b in 3D-space
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<4 A A (Correlated Random Number Generation)
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‘ Correlated ensemble matrix, ¥ ‘
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Fig. 3.3 Procedure of study
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Correlation between Ensemble Scenarios
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Squared Dispersion of ensemble
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Score of ensemble (number of ensemble members = 5)
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Score of ensemble (number of ensemble members = 9)
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Score of ensemble (number of ensemble members = 15)
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Score of ensemble (number of ensemble members = 30)
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Mean Squared Disperison,D2
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Score of ensemble (correlation = 0.1)
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Score of ensemble (correlation = 0.5)
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Mean Squared Disperison,D2

Score of ensemble (correlation = 0.9)
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Score of ensemble (uncorrelated)
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Score of ensemble (correlation = 0.3)
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Score of ensemble (correlation = 0.7)
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Score of ensemble (uncorrelated)
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Score of ensemble (uncorrelated)

115+

1.05+
095+
0

5]5B29104 UBSJN 3|qWasus ay} jo ol pasenbg

085

12 15 20 30 50 100

number of ensemble members

9

0, p, = 0.5)

Fig. 4.42 SE of the ensemble mean forecasts (p,

Score of ensemble (correlation = 0.1)

115

1.05-

095+
0.

085

$]SB29.104 UBSJ\ 9|quIasus ayj} jo Jolig palenbg

12 15 20 30 50 100

number of ensemble members

9

0.1, p, = 0.5)

Fig. 4.43 SE of the ensemble mean forecasts (p,

_72_



Score of ensemble (correlation = 0.3)
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Score of ensemble (correlation = 0.7)
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Score of ensemble (uncorrelated)
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Score of ensemble (correlation = 0.3)
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Score of ensemble (correlation = 0.7)
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Score of ensemble (Uncorrelated)
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Score of ensemble (correlation = 0.3)
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Table 4.1 The effective number of ensemble scenarios

Correlation between ensemble scenarios 0 0.1 0.3 0.5 0.7 0.9
p, = 0.1 Number of scenarios 24.4 25.1 24.1 24.9 25.3 22.3
¢ Brier score (90%) 0.69 0.71 0.76 0.82 0.90 1.04
p. =0.3 Number of scenarios 24.5 24.5 25.1 24.9 21.8 26.2
¢ Brier score (90%) 0.69 0.70 0.72 0.76 0.82 0.93
p. = 0.5 Number of scenarios 24.6 24.2 25.0 25.2 23.2 27.5
¢ Brier score (90%) 0.68 0.68 0.69 0.70 0.72 0.81
p. = 0.7 Number of scenarios 25.7 25.8 25.7 25.1 24.8 26.6
@ Brier score (90%) 0.67 0.66 0.64 0.63 0.62 0.65
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Table 4.5 The slope of Brier score curve between each interval

|Slope]| :

" 5%

Accuracy | Correlation Interval of Scenario number | Slope
3~5 5~7 7~9 9~12 12~15 15~20 20~30 30~50  50~100 |

0 0.0411 00175  0.0099  0.0057  0.0035  0.0020 0.0010  0.0004  0.0001 : 0.0021

0.1 0.0395 00168  0.0091  0.0054  0.0035 0.0019  0.0010  0.0004  0.0001 | 0.0020

0.3 0.0363  0.0147  0.0088  0.0054  0.0029 0.0017  0.0010  0.0004  0.0001 I 0.0018

0.1 0.5 0.0326  0.0131  0.0082  0.0043 00023 0.0018  0.0007  0.0004  0.0001 l 0.0016

0.7 0.0264  0.0106  0.0065  0.0038  0.0022 0.0012  0.0008  0.0003  0.0001 : 0.0013

0.9 0.0164  0.0066  0.0046  0.0020  0.0018  0.0005  0.0004  0.0002  0.0000 | 0.0008

0 0.0331 00142  0.0079  0.0045  0.0026  0.0017  0.0008  0.0003  0.0001 | 0.0017

0.1 0.0318  0.0140  0.0079  0.0043  0.0028  0.0015  0.0008  0.0003  0.0001 : 0.0016

0.3 0.0300  0.0127  0.0076  0.0041 00025 0.0015  0.0008  0.0003  0.0001 | 0.0015

0.3 0.5 0.0276 00116  0.0067  0.0039  0.0024  0.0014  0.0007  0.0003  0.0001 | 0.0014

0.7 0.0239 0.0101 0.0057 0.0032 0.0023  0.0013  0.0005 0.0002 0.0000 : 0.0012

0.9 0.0167  0.0060  0.0038  0.0023  0.0008  0.0014  0.0003  0.0002  0.0001 | 0.0008

0 0.0236  0.0098  0.0056  0.0034  0.0019  0.0012  0.0006  0.0002  0.0001 | 0.0012

0.1 0.0232  0.0098  0.0060  0.0032  0.0020 0.0011  0.0006  0.0002  0.0001 : 0.0012

0.3 0.0234  0.0097  0.0058  0.0031  0.0020 0.0010  0.0005  0.0003  0.0001 I 0.0012

0.5 0.5 0.0221  0.0099  0.0049  0.0035 00016  0.0010  0.0007  0.0002  0.0001 | 0.0011

0.7 0.0204  0.0090  0.0045  0.0032 00017  0.0010  0.0005  0.0002  0.0001 I 0.0010

0.9 0.0149 00059  0.0038  0.0019  0.0009 0.0007  0.0004  0.0002  0.0001 : 0.0007

0 0.0112  0.0050  0.0026  0.0014  0.0010  0.0005  0.0003  0.0001  0.0000 | 0.0006

0.1 0.0118  0.0051  0.0028  0.0018  0.0007  0.0007  0.0003  0.0001  0.0000 | 0.0006

0.3 0.0133 0.0053 0.0037  0.0014 0.0010  0.0007  0.0003  0.0002 0.0000 : 0.0007

0.7 0.5 0.0143 00063  0.0029 00020 00012  0.0007 0.0004  0.0001  0.0000 | 0.0007

0.7 0.0143  0.0068  0.0029  0.0027  0.0009  0.0007  0.0004  0.0002  0.0000 | 0.0007

0.9 0.0123  0.0052  0.0026  0.0018  0.0009  0.0006  0.0003  0.0001  0.0001 : 0.0006
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Abstract

Effects of Correlated Ensemble Scenarios on

Accuracy of Probabilistic Flood Forecasting

Young-Ho Seo
Department of Civil & Environmental Engineering
The Graduate School

Seoul National University

Flood forecasting systems around the world have continued to utilize
Ensemble Streamflow Prediction (ESP) over the single deterministic
forecasts for operational and research fields (Cloke and Pappenberger, 2009).
The uncertainty of probabilistic forecasting should be studied to represent
the probabilisitc occurrence of events.

It is assumed that Many ESP are comprised of equiprobable ensemble
members. Therefore, ESP should have an adequate number of ensemble
members to describe the full range probabilities of streamflow (Cloke and
Pappenberger, 2009). It is very difficult to determine the reasonable number
of scenarios in ensemble prediction. There are several ESP research related
to the number of ensemble members. However, it is still difficult to suggest
the criteria to establish the adequate number of scenarios.

The assumption of equiprobability implies that ensemble scenarios are
uncorrelated. The existence of correlation between ensemble members can
cause increasing uncertainty and decreasing reliability, since the correlation
between the variables generally indicates loss of information.

In this study, the effective number of the ensemble members is defined
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as a minimum number that can maintain an acceptable accuracy level of
ESP. Therefore, this study handles two issues related to ESP; one is the
cross—correlation between ensemble members and the other is the number of
ensemble members.

It is assumed that each scenario follows the Gaussian distribution in
order to draw general conclusions. This study tested 6 cross—correlation
values(p, = 0, 0.1, 0.3, 0.5, 0.7, 0.9) and 10 ensemble members(p = 3, 5, 7, 9,

12, 15, 20, 30, 50, 100). To analyze the effects of correlation on the
ensemble, the generation of observed scenario are necessary to evaluate the
simulation results. Therefore, by generating the observed scenario with
different values of 'nominal’ accuracy, the effects of correlation and the

number of ensembles can be determined.

Brier score is used to evaluate the probabilistic forecasts. D? and SE
are evaluation index for deterministic forecasts. In case of inaccurate
forecasts, the accuracy of ESP is improved as ensemble correlation
decreases or the number of ensemble mebers increases. In contrast, when
very accurate forecasts are available, there are limited benefits from utilizing
ESP.

Two methods were developed to determine the effective number of the
ensemble members. In the first method, the difference between the largest
and smallest Brier score was determined in a Brier score curve and used to
define the effective number. The second method involved comparison of the
slope between each Brier score intervals. As a results, 20~25 scenarios are

suitable for the effective number regardless of the ensemble correlation

Keywords: ensemble streamflow prediction, correlation, multivariate

correlated random number generation, the effective number, Brier score
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