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It was shown in the companion paper (Brochero et al., 2011a) how the interchange-
ability of members of the Hydrological Ensemble Prediction System (HEPS) at hand
can be exploited through the participation of hydrological models in the subset of se-
lected members, possibly as a result of the interchangeability of the Meteorological
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EPS (MEPS) that serves it as input. In a similar fashion, this paper proposes the
evaluation of random selections with and without the guidance of the response found
with Backward Greedy Selection and Cross Validation, hereafter BGS-CV, evaluating
performance and interchangeability of HEPS members (see Fig. 4 and 5 of this report).

Additionally, to avoid confusion that can bring the explicit analysis of members of the
MEPS in the selected subset, on account of its inherent interchangeability, Fig. 4 and
paragraphs that considered their interpretation will be removed.

1 General Comments

1.1 The presentation of the scores used in this article (section 3) is very similar to the
section 2 of the part 1 of this study (companion paper). This is not necessary; the
authors could reduce this section to a few lines, referring to Part 1. As detailed
in the specific comments, some other elements (one figure, one table and the
section 2) are not necessary because already given in Part 1 or would be more
useful in Part 1. It will reduce the size of this article. Maybe it would thus be worth
adding some complementary study?

We tried to give independence to each paper to facilitate its evaluation and reading.
However, taking into account this comment, the new version of this paper considers
the following modifications:

+ Elimination of Table 1.
+ Sections 2, 3 and 4 will be reduced to a new section called “Experimental set-up”.
* Modification of Fig. 2.

« Elimination of Fig. 4.
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* Insert a new figure showing the performance of initial HEPS (800-member) on
different FTH (see Figure 3 of this report).

+ Insert a new figure showing the generalization of the BGS-CV selection on differ-
ent FTH (see Figure 4 of this report).

2 Specific Comments

2.1 Abstract, line 7: please clarify already in the abstract what is a 94% simplification
(i.e. that it concerns the number of members)

This sentence will be reformulated as follows:

This article evaluates a simplification equivalent to 94% of members of the initial 800-
member HEPS (i.e. 750 members are removed). The initial HEPS is obtained forcing
16 lumped rainfall-runoff models with the 50 perturbed members from the European
Centre for Medium-range Weather Forecasts (ECMWF) EPS.

2.2 Section 1, last paragraph: the goal of this article does not appear clearly to me

The penultimate and the last paragraph will be rewritten as follows:

Vrugt et al. (2006) posed the BMA inverse problem in a multi-objective framework, ex-
amining the Pareto set of solutions between the Continuous Ranked Probability Score
(CRPS), the Mean Absolute Error (MAE), and the Ignorance Score with the AMALGAM
method (Vrugt and Robinson, 2007). In this line, the companion paper shows that a
combined criterion which groups various characteristics of the probabilistic forecast is
adequate to guide the selection of members with BGS-CV method. At this point it is im-
portant to note that the BGS-CV method offers the possibility of combining results from
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different studies, which is highlighted as one of the aspects related to the improvement
of HEPS (Cloke and Pappenberger, 2009).

In this paper we evaluate the generalization of the selection of members with BGS-
CV with the methodology presented in Sect. 2. Thus, we test the members’ selection
obtained in sixteen catchments for the 9-day lead time, for the other 8 lead times. Addi-
tionally we evaluate the ability to extrapolate the selections to neighbouring catchment.
Finally we present the integration of results from different catchments within a regional
framework. Results and discussion are gathered in Sect. 3, while conclusions and a
guideline for future work are drawn in Sect. 4.

2.3 The Velazquez et al. (2010) reference used in this article is not enough. Consider
replacing this EGU abstract reference with the Velazquez et al. (2011) paper
published C1478 Discussion Paper in Advances in Geosciences, which is much
more complete.

Done.

2.4 Page 2788 end of 1st paragraph: the authors state that “it is important to note
that some models. . .". Why is it important? Could you explain? This statement
is not used in the rest of the article for any further interpretation of the results,
whereas it should be if you keep this sentence.

The following paragraph “ It is important to note that some models such as the HM02
were specifically devised for the catchment scale, whereas others such the HM06 or
HMO8, inspired from distributed models, have suffered a series of substantial changes
bringing them to a lumped state.” will be rewritten as follows :

It is important to note that this study focuses on evaluating the probabilistic hydrological
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forecasting from a cooperative point of view seeking diversity in the final selection, i.e.
that each member acts as a complement to the other. This clarification is relevant in
order to avoid misinterpretation of competitiveness in the different conceptualizations
of the sixteen hydrological models used. It should be clear that the comparison would
not be fair because some models such as the HM02 were specifically devised for the
catchment scale, whereas others such the HM06 or HMO08, inspired from distributed
models, have suffered a series of substantial changes bringing them to a lumped state.

2.5 Section 2: please add this reference for SAFRAN (Quintana-Segui et al., 2008).
If the 50 year reanalysis has been used, please add: Vidal et al., 2010.

Done.

2.6 Page 2798 line 10: the 50% is the minimum gain and 87% is the maximum gain
The RDpse Shows minimum gains of 50% (catchment B21) and 87% (catchment
K17)

You are right. This sentence will be rewritten as follows: RD,se Shows a minimum gain
of 50% (catchment B21) and a maximum gain of 87% (catchment K17), reflecting the
emphasis given to this property in the formulation of the combined criterion used for
optimizing where this component was given a weight twice that of the others. With
respect to the IGNS, index gains between —5% and 27% (excluding the catchment
B21) reflect an acceptable behaviour.

2.7 Table 1 is already given in the companion paper; | don’t think it is necessary to
give it in Part 2.

You are right.
C2768

2.8 Table 4: could you explain the huge difference we observe for FTH 4 for four
basins of cluster 2? The score is much better than for the other FTHs, which is
surprising.

After verifying the peculiar behaviour of the catchment J85 for the 4-day lead time (Fig.
3) and of the catchments that you mentioned in Table 4 in Brochero et al. (2011b), we
have identified a problem with the definition of the threshold z; used to manipulate the
IGNS when we extrapolate results to the first lead times.

For example in the case of the 4-day lead time for catchment, the reference IGNS
was equal to -2.0112 bits and the 50-member regional selection was equal to -1.9405
bits, so the weight of this component in the normalized sum would be equal to -5.31
((—2+1.9405)/(—2+2.0112)). A value that lacks interpretability because the normaliza-
tion of scores is a measure that represents the degree of improvement achieved by the
members’ selection with respect to the initial HEPS of 800 members. The measure-
ment scale of each component of the normalized sum would then fall between zero and
infinity. A value of zero would indicate that the selection reaches the minimum value of
the score in evaluation, while a unit value represents a performance of the members’
selection equal to the reference set, and finally a value greater than one indicates that
the selection deteriorates the score in evaluation.

In conclusion, the results presented in the original paper, which focus on the extrapola-
tion of the BGS-CV methodology, will be corrected using a threshold z; equals to —4 to
avoid the problem mentioned above. Tables 2 and 3, presented in this report, provide
the corrected results. Note that differences in the delta ratio with regard to the Tables 3
and 4 presented in Brochero et al. (2011b) are due to the randomness that is assigned
to the observation when it is equal to several members of the forecast.

More importantly, note that this modification does not alter the members’ selection at

the 9-day lead time with the threshold z; = —2, which was the scenario in which the

selection of members was run, because the IGNS never reached values lower than —2.
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2.9 Fig. 1: please draw the area of the basins. Are some of these basins included in
other ones used in this study?

Done. see Figures below.

2.10 Please consider putting Figure 2 in the Part 1 companion paper instead of Part
2.

As you proposed, it is appropriate to show this figure in the companion paper under a
slight modification in the choice of the score. Thus Fig. 2 of this report will be presented
in the new version. It basically shows the methodology for evaluating the generalization
of the members’ selection.

2.11 Fig. 5: it is difficult to see anything on the time series plots of CRPS and IGNS,
please consider improving them. The first two lines of the legend do not corre-
spond with the description of this figure that is given page 2799 lines 24-25.

Done. see Figures below.

2.12 Fig. 6: The legend should be: “Hydrological models participation. (a) (b) (c) (d)
(e) Distribution in the five regions (clusters) presented at the Fig. 4. (f) Model
performance evaluated as the mean rank.”

Done. see Figures below.
New figures (designed in colour for easy viewing) are given at the end of this document.

The complete captions for the figures below are:
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Fig. 1. Selected catchments. Each catchment is identified with the first three digits of
each code used in Table 1.

Fig. 2. Generalization of members selection with BGS-CV.

Fig. 3. Interquartile range of RDys and ¢ ratio assessed in the 28 catchments stud-
ied by Velazquez et al. (2011) under two HEPS schemes: 16-member ensemble (16
hydrological models are driven by the deterministic forecast from ECMWF) and the
800-member ensemble (16 hydrological models are driven by the 50-perturbed mem-
ber forecast from ECMWF).

Fig. 4. Evolution of the normalized sum (NS) to evaluate the response sensibility with
regard to the interquartile range (igr) of 200 random experiments in different forecast
time horizons (FTH) with and without any guidance of the Backward Greedy members’
Selection. Each catchment is identified with the first three digits of each code used in
Table 1.

Fig. 5. Evolution of the normalized sum (NS) to evaluate the response sensibility of
the extrapolation of results in others catchments with regard to the interquartile range
(igr) of 200 random experiments in different forecast time horizons (FTH) with and
without any guidance of the Backward Greedy members’ Selection. Each catchment
is identified with the first three digits of each code used in Table 1.

Fig. 6. Comparison between the initial ensemble (800 members) and the ensemble
selected (50 members) for a lead time of 9 days. (a) Figure above: observed flow;
figure below: CRPS (x-axis formatted as: day/month). Note the correspondence be-
tween higher observed flows and higher CRPS. (b) Figure above: observed flow; figure
below: IGNS. Note that there is no full correspondence between the higher IGNS and
higher observed flow (x-axis formatted as: day/month). (c¢) Reliability diagram error
(MSE based on vertical distances between the points). (d) Rank histogram for the 30
selected members. The horizontal dashed line indicates the frequency (N/d + 1) at-
tained by a uniform distribution. (e) Occurrences of the employed models in the final
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solution of 50 members.

Fig. 7. Hydrological Models participation. Distribution in the five regions (clusters) are
presented in (a), (b), (c), (d), and (e). Model performance evaluated as the mean rank
index is shown in (f).
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Table 1. Main characteristics of the studied basins (mean annual values) based on a 36 year
length of the series (1970—2006). P: precipitation, ET: potential evapotranspiration, Q: flow. For
the distinction of the basins used in training and testing, the latter are highlighted in bold.

Catchment  Area P ET Q Catchment  Area P ET Q
codes (km?) (mm) (mm) (mm) codes (km?) (mm) (mm) (mm)
A6921010 2780 3.04 1.79 1.18  MO0680610 7380 2.04 1.93 0.56
A7930610 9387 2.78 1.80 1.21 03401010 2170 3.19 1.80 1.90
A9221010 1760  2.49 1.83 091 Q2593310 2500 2.52 2.24 0.75
B2130010 2290 2.57 1.80 0.87 U2542010 4970 3.63 1.75 1.88
B3150020 3904  2.58 1.80 1.09  A7010610 6830 2.99 1.78 1.46
H2482010 2982 231 1.89  0.84 H6221010 2940 2.50 1.83 0.92
H3621010 3900 1.98 1.95 045 M3600910 3910 2.31 1.88 0.80
H5321010 8818 241 1.85 0.93 K1341810 2277 2.65 1.89 1.02
18502310 2465 2.36 1.89  0.81 M1531610 7920 1.85 1.95 0.36
K1773010 1465 2.65 1.94 1.07  P7001510 1863 2.88 2.08 1.19
K7312610 1712 2.13 2.01 0.68 P7261510 3752 2.65 2.14 0.87
M0421510 1890  2.04 1.89  0.62 U2722010 7290 3.63 1.79 2.07

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., 8, 2783, 2011.
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Table 2. Selection of 50 members based on combined criterion and the combination of &-fold
cross-validation results on the forecast time horizon 9. Beside each score is presented the gain
index evaluated by Eq. 10. NS represents the normalized sum (Eqg. 6 with unit weights). NHM
indicates the number of hydrological models participating in the solution.

Catchment Scores MDCV NS
codes CRPS RDpmsele — 3] ) IGNS function
A9 0.284 (+0%) 1.3 (+81%) 1.5 (+18%) 067 (+14%) 039 (+5%) 4.0
800 memb.  0.284 7.0 1.8 0.78 0.37 5.0
AT9 0.254 (+3%) 1.5 (+69%) 3.6 (—11%) 034 (+23%) 041 (—1%) 44
800 memb.  0.263 5.1 33 0.44 0.41 5.0
A92 0.183 (+4%) 03 (+86%) 2.3 (—28%) -042 (+27%) 057 (+0%) 4.4
800 memb.  0.192 2.4 1.8 -0.33 0.57 5.0
B21 0232 (—1%) 1.2 (+49%) 2.6 (—16%) -0.18 (—38%) 0.63 (+9%) 4.6
800 memb.  0.230 24 22 -0.29 0.57 5.0
B3l 0.134 (+1%) 1.3 (+72%) 2.0 (+27%) -0.84 (— 5%) 024 (+7%) 4.0
800 memb. 0.135 4.5 2.7 -0.88 0.22 5.0
H36 0.157 (+2%) 0.7 (+80%) 2.0 (=37%) -1.02 (+2%) 036 (—1%) 4.5
800 memb.  0.161 35 15 -0.99 0.37 5.0
HS3 0.165 (+3%) 1.9 (+74%) 4.3 (=39%) -0.76 (+8%) 0.36 (+8%) 4.6
800 memb. 0.171 7.4 3.1 -0.71 0.33 5.0
H24 0.180 (+2%) 22 (+68%) 3.8(=32%) -0.82 (+9%) 037 (+6%) 4.6
800 memb.  0.185 7.1 29 -0.76 0.35 5.0
K17 0.205 (+4%) 0.5 (+87%) 1.8 (—9%) -0.73 (+12%) 0.38 (—2%) 4.2
800 memb.  0.213 36 1.7 -0.65 0.39 5.0
u2s 0.290 (+0%) 0.9 (+74%) 2.6 (— 1%) -0.40 (+13%) 038 (+7%) 4.2
800 memb.  0.289 34 25 -0.36 0.35 5.0
185 0.159 (+2%) 04 (+80%) 1.7 (= 5%) -1.00 (+2%) 040 (+8%) 4.2
800 memb.  0.163 2.2 1.7 -0.98 0.37 5.0
K73 0.160 (+3%) 09 (+70%) 2.1 (—5%) -0.93 (+0%) 038 (+9%) 4.3
800 memb.  0.165 3.1 2.0 -0.93 0.35 5.0
MO04 0.158 (+1%) 0.6 (+68%) 1.6 (—2%) -0.98 (—1%) 0.37 (+2%) 4.3
800 memb.  0.160 1.7 1.6 -0.99 0.37 5.0
MO06 0.153 (+4%) 0.3 (+79%) 1.6 (-4 %) -1.09 (+6%) 0.39 (+1%) 4.2
800 memb.  0.159 1.4 1.5 -1.03 0.38 50
034 0.166 (+2%) 1.0 (+71%) 1.6 (+1%) -091 (+5%) 037 (+3%) 4.2
800 memb.  0.169 35 1.6 -0.86 0.36 5.0
Q25 0.159 (+3%) 0.6 (+73%) 1.1 (+22%) -0.94 (— 5%) 039 (+4%) 4.0
800 memb.  0.163 2.1 1.4 -0.98 0.37 5.0
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Table 3. Test based on the normalized sum with unit weights in new catchments and different
forecast time horizons (FTH) of regional integration given by the analysis of clusters by location.
Values lower than 5 determined that the scores of selection are better than the reference set.
See clusters’ distribution at the Fig. 2. In each cluster, the catchments highlighted in bold
represent the series that are not used by the members’ selection training.

FTH Cluster 1 Cluster 2
H24 KI17 U25 K13 K52 U06 U24 U027 J85 K73 M04 MO6 H93 MI5 M36

1 508 525 506 5.19 536 520 515 512 496 5.19 5.09 507 5.06 509 496
2 517 5.18 512 5.07 524 502 536 5.04 503 497 497 489 485 490 5.00
3 489 485 487 471 501 460 486 478 466 4.63 467 473 471 470 4.67
4 450 456 469 426 476 453 468 4.59 467 457 472 471 470 471 4.60
5 482 456 456 431 485 454 476 4.68 470 433 451 454 440 443 429
6 499 474 486 459 487 459 476 479 441 447 453 429 449 453 434
7 450 452 442 458 474 450 452 450 501 5.04 500 481 477 480 4.80
8 438 425 427 416 471 422 433 433 443 461 478 462 447 484 441
9 450 397 409 4.04 436 407 432 417 409 432 459 439 431 439 422
FTH Cluster 3 Cluster 4 Cluster 5
034 Q25 P70 P72 B31 H36 H53 H62 A69 A79 A92 B2l A70
1 488 4.68 474 478 569 521 492 5.09 420 478 442 498 494
2 4.83 461 473 481 585 511 4.64 5.5 440 498 478 452 522
3 4.16 436 598 4.74 583 4.69 724 4.65 503 542 502 496 545
4 477 343 447 428 597 449 523 7.01 519 557 558 511 622
5 480 453 4.69 4.68 571 529 524 5.60 510 5.80 474 550 5.60
6 4.68 447 459 455 578 496 541 545 478 5.62 532 531 545
7 462 474 445 432 524 4.60 481 5.16 512 511 435 553 557
8 470 434 439 428 4.58 457 491 546 497 522 425 550 5.08
9 436 415 428 4.12 426 4.08 450 474 487 466 445 492 538
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Legend

Cluster 1 ===
Cluster 2 ==
Cluster 3 ===
Cluster 4 ——
Cluster 5 =

Fig. 1. Selected catchments.
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Catchment "j"
800-member HEPS
(50 perturbed members ECMWF+ 16 Hydrological Models)

]

Minimum number of N Members selection with backward greedy
members (nmin) selection and Cross Validation (BGS-CV)

— Combined criterion

|Fina| HEPS with nmim membersl

1

Generalization Analysis

Evaluation of different FTH for Find nearest Find the catchments in region k
the same catchment "j" catchment "nc" withk- means clustering
Extrapolation of results Integration to find the regional
of the catchment " in integration response "rs"
catchment "nc" l

Evaluation of the "rs" response
on the catchments in the region k in different FTH

|

Diversity analysis with Mean Rank Index
evaluated with the mse results

Fig. 2. Generalization of members’ selection with BGS-CV.
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(a) Evolution of the interquartile range for the RD

(b) Evolution of the interquartile range for the & ratio
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Fig. 3. Interquartile range of RD and delta ratio assessed in the 28 catchments studied by

Velazquez et al. (2011).

Forecast time horizons
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Fig. 4. Evolution of the normalized sum (NS) to evaluate the response sensibility with regard

to the interquartile range (igr) of 200 random experiments in different forecast time horizons
(FTH).
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Fig. 5. Evolution of the normalized sum (NS) to evaluate the response sensibility of the extrap-
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Train  Test
AB9 A70
AT9 AT0
A92 A9
B21 A70
B31 H62
H24 H36
H36 H53
HS3 H36
J85 M36
K17 K13
K73 Mo4
M04  M15
M06  M15
034 P70
Q25 P72
U2 u27

Opt. criterion = CC. Train = Catchment Q2593310 - FTH = 9. Test = Catchment P7261510 - FTH = 4
Reference values (800 members) P7261510 — CRPS = 0.132, RD(e-3) = 8.67, = 3.2, MDCV = 0.15, IGNS = -1.59

(a) CRPS = 0.13 mm , MAE = 0.16 mm
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(a) Cluster 1 - (b) Cluster 2 (c) Cluster 3 — (d) Cluster 4 (e) Cluster 5 - (f) Mean Rank
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Fig. 7. Hydrological Models participation.

C2782



