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We thank Anonymous Referee #3 for constructive comments. He/she raises a number
of concerns, which we will address here. The referee’s comments are in italics, and
our responses are in upright font. Unless otherwise stated, sections and equations
referred to are those of the manuscript.

Unfortunately, the scientific goal of the manuscript is not clear and the reported
results are not cohesive.
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Referee #4 also suggested us to highlight "new aspects (phenology, irrigation,
landuse change)" rather than portraying the manuscript as "a model development
paper". Referee #5 suggested us to improve the scientific value of the paper by for
example selecting one experiment for extensive elaboration and leave other out for a
separate short paper.

In the revised manuscript, we will have a clearly formulated research goal be-
side model evaluation. The aim of the paper will become clearly two-fold: to present
and evaluate STEAM, and to analyse the characteristics of partitioned evaporation
fluxes on land. We are considering referee #5’s suggestion to elaborate more on the
time scales (which also referee #2 found to be most novel and interesting). The time
aspect of evaporation fluxes is also useful for interpreting results of Part 2. We will use
STEAM to characterise the evaporation fluxes globally by 1) providing information on
the terrestrial residence time scales of evaporation fluxes, and 2) quantifying the role of
precipitation for evaporation partitioning. We believe these two issues are relevant for
understanding the importance of partitioning evaporation and also connect well with
the subsequent analyses in Part 2. We will further condense the method descriptions
(Sect 2-4), and highlight the novel aspects of the model.

Considerable amount of effort has gone into developing the STEAM model. However,
I am not convinced that this model is absolutely necessary because the work could
have been done using other models. For this work to be published in ESD, the authors
must formulate a science question and simultaneously demonstrate that the STEAM
model is necessary and it represents a significant advancement over current modeling
capabilities.

We do not claim that no other models could have been used for accomplishing
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the work currently presented. However, we do believe that there is a value in devel-
oping and presenting STEAM for the scientific community. Key features of STEAM
include focus on evaporation partitioning, land-use based parameters, irrigation,
phenology, flexibility for land-use change, suitability for coupling with the moisture
tracking scheme WAM-2layers (van der Ent et al., 2014), and model simplicity. This
combination of features makes STEAM appealing for use in research with regard to
the links between land-use change and moisture recycling. Please also see our recent
brief reply to referee #1, in which we discuss our main reasons for developing STEAM.

Transpiration is a process that accompanies photosynthesis. Jarvis-type empir-
ical schemes do not dynamically represent photosynthesis. Even though these
schemes perform well, they do so when calibrated/tuned with good data. The problem
with tuned schemes is that often their predictive capability is poor especially when the
climate regime changes. The authors have invested an enormous amount of hard
work in developing this model. I am surprised that they chose to use a Jarvis-type
scheme instead of a mechanistic scheme like Ball-Berry-Collatz that is based on
photosynthesis.

Although the Ball-Berry-Collatz is based on photosynthesis and more physically
justified for transpiration simulation, we have considered the Jarvis-Stewart model
to sufficiently serve our purposes given the lack of carbon representation as well as
the uncertainties involved. Referee #4 also detailed several arguments for using the
Jarvis model: 1) Jarvis “is pragmatic for spatially-explicit hydrological model at the
global scale”, 2) “The B-B also equally suffers from uncertainties that are related to
photosynthesis and soil moisture simulations under future climates” 3) “Jarvis model
is pertinent here because STEAM is a global scale hydrological model that does not
have a serious carbon cycle component”.

C206

The study ignores surface and subsurface hydrology. That is not desirable but
OK because many models do not. However, I believe that all new models on ET
should attempt to incorporate this feature because surface hydrology does play a
role in ET by changing soil moisture availability, precipitation patterns through soil
moisture feedback and by generating mesoscale circulations. At least a discussion of
these issues is warranted instead of a blanket statement that these processes are not
important.

We thank the referee for this suggestion and agree with the referee that such a
discussion would be useful. Referee #2 was also concerned about the modelling skill
when some components are neglected in “a linked and independent system”. In a
revised manuscript, we will expand the discussion to include the role of neglected
processes based on literature review of previous research.

Many parameters used in the model such as the area reduction factor, dry out
parameter, 21 day timescale to calculate leaf area, irrigation efficiency, etc. are
assigned arbitrary values. They may be reasonable but these must be supported by
citations or physical justifications.

We disagree as we believe our parameters are supported by references and
physical justifications. Clarifications are provided below, and we will make sure to
remove any ambiguities in a revised manuscript, if such is encouraged. The area
reduction factor is discussed in Sect. 3.3.3 of the manuscript. In short, we used
area reduction factor analogous to diagram of relationship between average and
extreme precipitation obtained from catchment studies (Shuttleworth, 2012). The dry
out parameter in Eq. 6 in the manuscript is based on the semi-empirical equation of
(Pellarin et al., 2013). The 21-day running average window length is in agreement
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with the original (Jolly et al., 2005) paper that introduced Growing Season Index. It
is used in order to prevent unrealistic overreaction to short term fluctuations in mete-
orological conditions. The irrigation efficiency, assumed as 50 %, is a simplification
of the country-based efficiencies given in (Rohwer et al., 2007). Although irrigation
efficiency in practice varies greatly with irrigation technique, crop type and country,
we consider our assumption acceptable as our major concern is evaporation and not
runoff or withdrawal. The 50 % assumption is higher than the mean national irrigation
efficiencies in most Asian countries and central Africa (approx. 30-40 %), in range with
those in Western Europe, North and South America, and southeast Africa (approx.
40-50 %), and lower than what is reported in Eastern Europe and Russia (approx. 70
%) (Rohwer et al., 2007).

It is not clear if the root depth parameter is relevant in STEAM.

The root depth parameter was necessary in STEAM for simulating the storage
capacity of the unsaturated zone (thus, the maximum plant available water and the
tendency for water stress) for different land-use types, see Eq. 24.

Is vegetation seasonality solely represented by leaf area?

We would like to clarify that the vegetation seasonality is primarily represented
by leaf area through the growing season index (see Sect. 3.3.2). However, leaf area
also influences aerodynamic resistance through plant height, zero-plane displacement,
aerodynamic roughness length (Eq. B7-B15), stomatal resistance through effective
leaf area for transpiration (Eq. B16-B17), and vegetation interception storage capacity
(Eq. 21).
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The authors correctly point out the limitations of the land use change experi-
ments due to the lack of feedback from the atmospheric component of the hydrologic
cycle. In that case, how robust/realistic are the changes in flux partitioning?

The intention of the land-use change experiment was not to illustrate actual changes,
but to illustrate how our model parameterisation affects the evaporation partitioning.
As we wrote in the manuscript: “The aim of the experiment was to investigate the role
of land-use parametrisation for the simulation of evaporation fluxes”. We think it is
beyond the scope of our study to investigate the robustness of this land-use change
experiment if feedback from the atmosphere would have been considered. In the
revision, we will also leave out the land-use change experiment and focus on the time
scale aspect.
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