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Lachaut and Tilmant introduce the concept of “possibilistic surfaces” to describe con-
ditions under which success or failure of a water resources system is possible, where
regions of “possibility” are defined in three different ways: 1) using logistic regression
and defining success regions as conditions under which the logistic regression predicts
success in meeting a threshold of satisfaction with at least some probability p, 2) us-
ing fuzzy performance thresholds in which a hard success/failure threshold does not
need to be defined for a logistic regression model, rather a fuzzy membership function
is used to assign continuous performance values to fuzzy sets, and 3) using convex
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hulls to define regions of success based on the outer bound of scenarios in which per-
formance was found to be acceptable. The authors also discuss benefits of employing
non-gridded sampling of conditions under which to evaluate water system performance
to generate these surfaces.

Of the 3 possibilistic surfaces introduced by the authors, | believe only the second is
new to the literature. As noted by the authors, Kim et al. (2019) use logistic regression
to define success and failure regions. However, the authors do not discuss Quinn et al.
(2018), who used logistic regression as described in this paper to define success/failure
regions that account for stakeholders’ different levels of risk aversion by choosing dif-
ferent probabilities of success from the logistic regression to define the boundary. The
authors also state that logistic regression cannot capture nonlinear relationships in the
mapping of climate conditions to success/failure, but this is not true. One can easily
incorporate interaction or nonlinear predictors in a logistic regression just as in a linear
regression. See Hadjimichael et al. (2020) for an example. Other studies which use
logistic regression for scenario discovery that were not cited by the authors include
Lamontagne et al. (2019) and Marcos-Garcia et al. (2020).

With respect to the convex hull representation of possibilistic surfaces, this sounds like
info-gap decision theory (Ben-Haim, 2006), which the authors do not discuss in the
paper. It is not clear what their method contributes beyond this approach. It is also
worth noting potential problems with this approach. One, which is briefly described by
the authors, is that if the failure boundary is not convex, it could be too conservative. For
example, a failure region like the red region in the attached figure could be estimated
by logistic or linear regression with an interaction term between the two factors on each
axis to capture the non-convexity. The convex hull, however, would include everything
to the right of the black line, which includes a substantial region of successes in blue.
But a convex hull might not always be more conservative like the authors imply. This is
because it is defined by the realized values from their model simulations. As discussed
by the authors with respect to their logistic regression model, none of the GCMs met
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their failure definition, but the probability of success in those worlds did not always meet
their threshold of acceptability. They might not fall within the convex hull of failures,
though, making the convex hull a less conservative definition in that case.

Where | think the authors have introduced a new approach to the literature is in com-
bining logistic or linear regression with fuzzy set membership. The question is, what
value does this method add to the alternative approaches? | think this should be the
focus of the paper, and it is not currently clear what that value is. Personally, | find the
first and third approaches more intuitive. It is easy to understand what a probability of
success represents, so defining success regions based on probability contours from a
logistic regression makes sense to me. Similarly, it is easy to understand a failure re-
gion defined by lines connecting the farthest scenarios in which failures have occurred.
| find fuzzy sets much harder to interpret, and more subjective to define. But | think
it could provide value in that no hard success/failure threshold has to be assumed if
using it with linear regression, whereas this is not true for the other two approaches. It
would be helpful to expound more on this benefit, and the differences that come out of
using this approach as opposed to Method 1. It is likely no method dominates all oth-
ers, but why is this new method on the Pareto front of options? This needs to be better
emphasized by comparing and contrasting the regions that come out of the alternative
approaches.

Finally, the authors discuss shortcomings of using gridded scenarios to build models
of success/failure regions, but they never compare their non-gridded sampling to a
gridded sample to illustrate its claimed superiority. | suggest the authors remove this
argument entirely as it is a secondary argument anyway, and is never actually illus-
trated. Please see the annotated manuscript for additional, more minor comments.

References:

Ben-Haim, Y. (2006). Info-gap decision theory: decisions under severe uncertainty.
Elsevier.

C3

Hadjimichael, A., Quinn, J., Wilson, E., Reed, P, Basdekas, L., Yates, D., & Garrison,
M. Defining robustness, vulnerabilities, and consequential scenarios for diverse stake-
holder interests in institutionally complex river basins. Earth’s Future, e2020EF001503.

Kim, D., Chun, J. A., & Choi, S. J. (2019). Incorporating the logistic regression into
a decision-centric assessment of climate change impacts on a complex river system.
Hydrology & Earth System Sciences, 23(2).

Lamontagne, J. R., Reed, P. M., Marangoni, G., Keller, K., & Garner, G. G. (2019). Ro-
bust abatement pathways to tolerable climate futures require immediate global action.
Nature Climate Change, 9(4), 290-294.

Marcos-Garcia, P., Brown, C., & Pulido-Velazquez, M. (2020). Development of climate
impact response functions for highly regulated water resource systems. Journal of
Hydrology, 125251.

Quinn, J. D., Reed, P. M., Giuliani, M., Castelletti, A., Oyler, J. W., & Nicholas, R.
E. (2018). Exploring how changing monsoonal dynamics and human pressures
challenge multireservoir management for flood protection, hydropower production, and
agricultural water supply. Water Resources Research, 54(7), 4638-4662.

Please also note the supplement to this comment:
https://hess.copernicus.org/preprints/hess-2020-214/hess-2020-214-RC2-
supplement.pdf
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