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We would like to thank the anonymous referee for his kind comments and for a stimu-
lating review which raises a number of points that we would like to address below.

General remarks

1. We agree with the referee that the two models considered in this paper are primarily
intended to address different applications but we thought we had made this clear at
various places in the paper. For instance, in the introduction we say,

“The results of the exercise show that the two modelling methodologies have good
synergy; combining well to produce a complete modelling approach that has the kinds
of checks-and-balances required in practical data-based modeling of rainfall-flow sys-
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tems. . . . snip . . . As such, the DBM model provides an immediate vehicle for flow and
flood forecasting; while TOPMODEL, . . . snip . . . provides a simulation model with a va-
riety of potential applications, in areas such as catchment management and planning”.

2. As regards the referee’s other general remarks, we feel that the following statement
is rather ambiguous:

" . . . using two different modelling approaches, respectively, a data-based model, and
a physically-based model"

This suggests that the specific data-based model considered in the paper (namely the
DBM model) is a modeling ’approach’. It is certainly true that DBM modeling, in gen-
eral, is an approach to modeling systems (not only hydrological systems) but this DBM
approach is much more than the DBM hydrological model considered in our paper.
DBM modeling is not limited to the synthesis of forecasting models: it is a generic,
objective-orientated approach to modeling stochastic, dynamic systems, so that it can
equally well produce a model for simulation purposes, if this is the desired objective.
Indeed, the main difference between the DBM forecasting model, as considered in the
paper, and an alternative, parsimonious DBM simulation model, is the nature of the ef-
fective rainfall nonlinearity. In the forecasting model, this nonlinearity is identified from
the data to be flow-dependent (it is a ’state-dependent parameter’ DBM model), with
the flow obviously acting as a convenient surrogate measure of catchment storage and
so limiting the model to flow forecasting, as noted by the referee. In an alternative DBM
simulation model, however, this nonlinearity would be dependent on an unobserved or
’latent’ storage state obtained, for instance, from some conceptualized cathment stor-
age equation.

Illustrations of these different types of DBM model are given in Young (2001, 2003). In
the first of these publications, three DBM models are considered: namely, one with a
flow-dependent effective rainfall nonlinearity, as in the present paper; one that is, effec-
tively, a modified version of the well known IHACRES ’hydrid-metric-conceptual’ (HMC)
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model (Wheater et al, 1993); and, finally, one that is modification of the Bedford-Ouse
model (the HMC progenitor of IHACRES). The first model is designed primarily for
stochastic forecasting applications, although it also sheds a lot of light on the ’dominant
modes’ of the system: i.e. the most important, physically interpretable, characteristics
of the catchment dynamics. The latter two models are stochastic, dynamic simulation
models and can be applied in applications that require either single or Monte Carlo-
based simulation. Moreover, although all three of these DBM models are identified
and estimated on the basis of the same rainfall, flow and temperature data, the DBM
modeling approach is not limited to such data and it is possible to conceive of alter-
native DBM models of an HMC type that utilize other data, such as evapotranspiration
information or even DTM data, as in TOPMODEL.

3. It is also important to note that the DBM forecasting model can often provide a useful
input into identification and estimation (calibration) of conceptual simulation models. In
particular, it provides an estimate of effective rainfall that can be utilized in evaluating al-
ternative conceptual storage equations in HMC models. For instance, the DBM model
with a flow-dependent effective rainfall nonlinearity is normally obtained quite quickly
and yet it often provides a better explanation of rainfall-flow data than alternative con-
ceptual models (as in the present paper). Consequently, the conceptual storage model
can be evaluated by comparing its effective rainfall output with the effective rainfall
series produced by the DBM forecasting model. Indeed, initial estimates of the stor-
age model parameters, that would be useful in subsequent calibration of the complete
catchment model, could be obtained by optimizing them against the measured rainfall
and this DBM model’s estimate of the effective rainfall series.

4. In another statement, the referee says:

"The physically-based model can, however, also be used as a forecast model, but in
this case better performance can be obtained by updating the model with recent runoff
observations using data assimilation (the same information as used by the data-based
model)"
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This is true but, in the paper, we were comparing like-with-like: i.e. both models con-
sidered within the same forecasting context without adaption or data assimilation. Nat-
urally, both models should benefit from the addition of such on-line modifications and,
given the results in the present paper, it is likely that the DBM-type model would re-
main superior in these forecasting terms. An example of a real-time DBM model-based
forecasting and data assimilation system that includes adaptive parameter updating al-
gorithms has been described recently by Romanowicz et al (2006) and Young et al
(2006).

5. We hope that the synergy between models that we refer to in the paper is further
emphasized by the above, additional comments and that any idea that the models are
in some sense competing against each other is dismissed. Since both types of model
have been utilized very effectively for many years in our R&D program at Lancaster,
we would certainly not wish to give this impression. There is never a single model
of any real system and a primary objective of hydrological systems analysis should
be to select the model that best suits the nature of the defined modeling objectives,
be they forecasting, simulation or a combination of both. Restricting our conclusions
to just the two models considered in the paper, past experience suggests that the
specific DBM-type forecasting model considered in the paper has advantages in the
context of real-time forecasting; while TOPMODEL has advantages within a simulation
context. An evaluation of how alternative DBM-type simulation models may compare
with TOPMODEL in such a simulation context will be the subject of future research.

Specific comments

1. The reviewer asks to comment on the validation results. We agree with the reviewer
that the length of the calibration period of the rainfall-flow models should include widest
possible range of inflows and usually, 3 months are not long enough when the robust
model for the flow predictions is sought. However, for the purpose of this paper (i.e.
presentation of two complementary approaches to rainfall-flow modeling) these lengths
of period for the calibration and validation of the models were sufficient, in particular as
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hourly measurements were used. As the reviewer rightly noticed, the validation results
were not very good, but we did not aim for the comparison of best model results. In
this example we used only one raingauge station, which is not fully representative for
the rain amounts contributing to the flow at Hodder Place (Young, 2003).

2. Concerning the elementary effect method of sensitivity analysis, we apply a devel-
opment and refinement of the Morris (1991) method. We depart from Morris’ original
idea in two ways (Campolongo et al., 2006):

• the sampling strategy of Morris is improved as follows: once the number of trajec-
tories r has been chosen, we generate a number r∗ > r of trajectories applying
‘standard’ Morris (1991) design and retaining for model evaluation the subset r
that provides the best exploration of the input space, i.e. to avoid oversampling of
some levels and undersampling of others that often occurs in the standard Morris
procedure;

• the standard ‘Morris’ procedure computes the mean (µ) and standard deviation
(σ) of elementary effects, while we only compute the mean of the absolute values
of the elementary effects, that we call µ∗. For screening purposes, this is actually
the only measure needed, since this alone is able to provide negligible input
factors (µ∗ ≈ 0) while, in the standard Morris approach, one has to look at the
bi-dimensional plot in the (µ, σ) plane and selectively screen the parameters lying
towards the origin. Of course, µ and σ can be used to make some guess about
non-linearities or interaction effects, but this goes beyond the scopes of screening
applied in the current paper. Moreover, it can been seen that is the best proxi to
Sobol’s total indices (Campolongo et al., 2006).

3. The sample size requirements of GLUE applications are maily linked to the convere-
gence of the cumulative distribution functions (Pappenberger et al., 2003 and Saltelli

S1522

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/3/S1518/2006/hessd-3-S1518-2006-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006.pdf
http://www.egu.eu


HESSD
3, S1518–S1525, 2006

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

EGU

et al, 2004, pages 153-155) and thus to the ‘success rate’, i.e. the percentage of sam-
ples that provides good fit. Given the pre-calibration approach and the small number
of parameters, the sample size was sufficient for the current application. This also
shows that careful sensitivity and pre-calibration analysis allows for a reduction of the
computational costs of GLUE exercises.

4. We are very grateful to the referee for noting a number of errors and omissions in
the paper. These arose because the deadline, coupled with the multi-authorship, led
us to rush the final checking of the manuscript and so miss the errors and omissions:

• The simulation results of the TOPMODEL-GLUE analysis, as shown in all figures
Fig. 5, are derived from the posterior mean and 95% uncertainty bounds.

• The referee is perfectly right with respect to the curves shown in Fig.1: the dash-
dot line is the parametric estimate and the full line is the non-parametric estimate.

• The operator z−1 in Eq. (8) is not defined: this is the backward shift operator: i.e.
z−ryt = yt−r. This should not be confused with z used in Eq. (10).

• The referee rightly noticed inconsistency in the value of the coefficient of deter-
mination for the data-based model. It is 92.3% and it is well be corrected in all
three pages.

• The referee is correct on page 3113: two sentences are more or less repetitions:
(i) “During the summer months water abstractions from the reservoir strongly in-
fluence the flow”, and (ii) ”During summer time, the flow is affected by abstractions
from the reservoir situated in the catchment”.

• We agree that the figure referencing is confusing. Fig. 5 and Fig. 8 are referred
to before the first reference to Fig. 4, and later Figs. 6-7 are referred the first time
(page 3118).
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• we are very grateful to the referee for all technical comments. These will be
corrected in the revised version of the paper.

References

Campolongo F., Cariboni J., Saltelli A., 2006. An effective screening design for sensi-
tivity analysis of large models. Environmental Modelling & Software, to appear.

Morris, M.D., 1991. Factorial sampling plans for preliminary computational experi-
ments. Technometrics, 33, 161-174.

Pappenberger, F., Beven, K.J., Horritt, M. and Blazkova, S., 2005. Uncertainty in the
calibration of effective roughness parameters in HEC-RAS using inundation and down-
stream level observations. Journal of Hydrology, 302(1-4): 46-69

Romanowicz, R. J., Young, P. C., and Beven, K. J. (2006). Data assimilation and
adaptive forecasting of water levels in the River Severn catchment. Water Resources
Research, 42(W06407):doi:10.1029/2005WR004373.

Saltelli A., Tarantola S., Campolongo F., and Ratto M.: Sensitivity Analysis in Practice:
A Guide to Assessing Scientific Models. John Wiley and Sons, 2004.

Wheater, H.S., Jakeman, A.J. and Beven. K.J. (1993) Progress and directions in
rainfall-run-off modelling. Chapter 5 in A.J. Jakeman, M.B. Beck and M.J. McAleer
(eds.), Modelling Change in Environmental Systems, Wiley: Chichester.

Young, P. C. (2001). Data-based mechanistic modelling and validation of rainfall-flow
processes. In Anderson, M. G. and Bates, P. D., editors, Model Validation: Perspectives
in Hydrological Science, pages 117-161. John Wiley: Chichester.

Young, P. C. (2003). Top-down and data-based mechanistic modelling of rainfall-flow
dynamics at the catchment scale. Hydrological Processes, 17:2195-2217.

Young, P. C., Romanowicz, R., and Beven, K. J. (2006). Data-based mechanistic mod-
S1524

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/3/S1518/2006/hessd-3-S1518-2006-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006.pdf
http://www.egu.eu


HESSD
3, S1518–S1525, 2006

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

EGU

elling and real-time adaptive flood forecasting. In Proceedings of Institution of Civil En-
gineers and British Hydrological Society Workshop on Real-Time Flood Forecasting:
Developments and Opportunities, City Conference Centre, London; 14th November
2006.

Interactive comment on Hydrol. Earth Syst. Sci. Discuss., 3, 3099, 2006.

S1525

http://www.hydrol-earth-syst-sci-discuss.net
http://www.hydrol-earth-syst-sci-discuss.net/3/S1518/2006/hessd-3-S1518-2006-print.pdf
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006-discussion.html
http://www.hydrol-earth-syst-sci-discuss.net/3/3099/2006/hessd-3-3099-2006.pdf
http://www.egu.eu

