We are thankful to Referee # 2 for the criticaliegvand very useful comments. We are glad to
read that the Referee considers our basin-wisesiigations as a valuable approach and
similarly the study region as a worthy target af@asuch kind of analysis. The main issues
raised by Referee # 2 are: 1) to exclude the PaBndistic indicator because it is redundant and
not very useful; 2) the little relevance of compgrthe Indus River discharge into sea with the
models’ simulated integrated runoff; 3) to attaimare comprehensive and synthetic description
of the models’ outputs, presenting e.g. resultterms of ensemble quantities etc. We mostly
agree with the major remarks provided by the refere

Our responses to the Referee’s specific commeatgiaen below:

Specific Response

1.

2.

Unfortunately it does not become clear what is ref new in this study.

We thank the Referee # 2 for providing us an opity to clearly state what is novel in our

study. First of all, our study first time providéise investigations on whether the water
balance of the CMIP3 climate models is closed lerrmajor river basins of South and South
East Asia, pointing out inconsistencies of thevidlial models in detail, if any. This issue is

of relevance for understanding to what extent #@esentation of various hydro-climatic

processes is adequate over the region. The stathsghe different behaviors of the models
regarding their representation of the hydrologmalle over one of the critical region of the

World in terms of effectively simulating the hydebmatological characteristics by climate

models.

Secondly, though the study mentioned by the Refeér2ee. Milly et al., (2005), and Nohara
et al., (2006) and others investigate/project th&off quantities, more often, based on the
ensemble quantities, these studies do not diseuigidual models’ performances. Thus,
keeping in view the non-uniform response among nsodegarding the projected sign of
change, e.g. for South East Asian Rivers (AroraBoer, 2001; Arnell, 1999), and the need
for the specific model's performance by the comrtiesiinvolved in climate downscaling

and various impact assessment applications ateh $oale, these kind of studies can’t be of
much relevance. In this respect, presenting indalidnodels’ behaviors to fulfill the needs
of the targeted end user communities is an impbaspect of our study.

Furthermore, the studies providing observed/sinedlavater balance and runoff quantities
are usually either global — do not provide catchinseale characteristics of the hydrological
cycle - or always missing one or the other Soutth &auth East Asian river basins (Arnell,
1999; Nijssen et al., 2001; Douville et al., 200Bnabe et al., 2004; Hagemann et al., 2005;
Nohara et al., 200@Pan et al., 2011). Thus, the present study fitguite well, filling in this
analysis gap by adequately addressing the basla kgdrological cycle representation by
the individual/cluster of models, for all the majorer basins of South and South East Asia
region. The novelty of the study will be more clggrresented in the new version of the
paper.

| wonder why CMIP3 models are investigated, and no€EMIP5 models.



We have chosen the CMIP3 data set on purpose tb @a investigations in a quite
systematic fashion which will be extended to CMIB&ta set, providing basin-wise
performance details of the models, and that howehaodels foresee the changes in the
hydrological cycle under warmer climates. Keepimgnind that our investigation deals with
guasi-regional scale properties of the hydrologigale, our present focus on CMIP3 climate
models is rather relevant when we consider locaimdzaling communities (like CLASH
project under which this study is conducted) andraponal organizations using regional
climate models which are, at the moment, nested @NIP3 GCMs, for instance, Pakistan
Meteorological Department (PMD) and Global Changedct Studies Centre (GCISC),
Pakistan, Department of Hydrology and MeteorologyHi1), Nepal, Indian Institute for
Tropical Meteorology (lIT), IndiaNational Climate Center of Thailand (NCCT), Thada
and so onlt is tempting but sometimes incorrect to assulnat the latest version of a model
is the most relevant for everyone and for all psgso

Obviously, we are aware of the CMIP5 data availgbénd the extensive development
undergone for the new generation of climate modeigoducing higher resolutions,
atmosphere and land use and vegetation interactietailed aerosols treatment, carbon
cycle, etc(Taylor et al., 2011). Apart from these substardevelopments, CMIP5 models
are reported to feature similar projected changdbe global temperature, consistent spatial
patterns of temperature and precipitation change rem significant reduction in models’
spread as compared to CMIP3 climate models (Kiantti Sedla’cek, 2012). Nonetheless, it
is worth interesting to investigate how the new egation climate models represent the
hydrological cycle over our studied region at @ribasin scale. Therefore, as an extended
part of our systematic investigations, clearly nmred in the paper (p. 148 — line 12-15), we
have already started analyzing the output of CMdimate models. The results will be
reported elsewhere, and soon. The CMIP3 climateeiadalysis will then serve as a
benchmark for our future work, providing an oppaity to see how the newly introduced
features and enhanced processes now implementseleral CMIP5 climate models have
impacted the representation of the hydrologicaleywer the region. We will more clearly
state the above cited reasons in the Introductmhlata sections of the revised paper.

. CMIP3 models are designated as ‘present day climatsodels’, which is actually not
correct anymore as this is now true for the CMIP5 rnodels.

We agree with the Referee # 2 and we will repldee ‘present day climate models’ with
‘CMIP3 climate models’ in the revised version o tmanuscript.

. Many results on the global hydrological cycle andts projected changes simulated by
the CMIP3 models are already published and, e.g.,ummarized in AR4 of IPCC
(Solomon et al. 2007). For example, Dai (2006) cadesred various precipitation
characteristics in 18 CMIP3 models using global mag Milly et al. (2005) considered
future changes in runoff projected by CMIP3 models.The same also applies to studies
of South Asian monsoon precipitation simulated byhe CMIP3 models (e.g. Annamalai
et al. 2007). Well, in this respect, the thoroughralysis and discussion of reasons for
common CMIP3 model biases over the South Asian remi would still provide some new
insights, but this is not done in the present study



As stated earlier, the mentioned studies (Millalet2005; Annamalai et al., 2007) and other
present results/projections about the specific @sps the hydrological cycle, which are not
necessarily the most relevant for the regional @emmodelers, impact assessment scientific
communities and water managers because of eitleér global/regional (not catchment)
scale or widely adopted ensemble approach. Assfameestigations of CMIP3 model biases
over the South Asian region are concerned, mardiegyKripalani et al., 1997; Kang et al.,
2002; Annamalai et al., 2007; Lin et al., 2008) peeformed in this regard, associating the
model biases with the inaccurate representaticimeimonsoon and its interaction with the
westerly disturbances, which is clearly mentionedhie paper (P112, line 17-18). We have
cited the findings by Boos and Hurley (2012) linkithe misrepresentation of Hindu kush
Karakoram Himalaya (HKH) topography by CMIP3 and B8l models with biases in the
dynamics and thermodynamics of the monsoonal @ticud (P112 — line 20-24), which in
our point of view, is the main cause of the negathonsoon anomalies and its delayed onset
over the study region. In addition to that the gsial presented in this paper regarding the
water balance inconsistencies of the models is atsoof the possible causes of biases in
their simulations of regional circulations. We wiiy to expand this discussion in the revised
paper.

. Onp. 121 line 1-2, it is proposed ‘to understandne range of climate projections in the
later part of the XXI and XXII centuries’, but | co uldn’t find explanations with regard
to this objective.

We will replace the word ‘understand’ with the woedlaluate’.

. Sometimes the authors state a kind of ranking of nael behavior between the basins
(e.g. p. 133 —line 14-17). What's the scientifi@aue of such a ranking?

We do not propose to rank models; we just wishrasgnt the individual models’ outputs.
This, we believe, is indeed relevant. In any cgs,comment becomes irrelevant in the light
of our agreement to exclude the whole P+E partusfamalysis in the revised submission
(kindly see our response to the comment # 12).

. The reasons of the different model behaviours arefanterest, but no explanation is
given here.

It is well known that the different model behaviase characterized by their structural
differences, implemented physical based processdsparameterization schemes. Model
specific characteristics are generally discussed their respective documentation/

publications. Investigating different model behasiofor the considered hydrological

guantities over all four study basins requireshfertanalysis of dynamic and thermodynamic
processes, land-surface parameterization schendesekvant quantities. This is beyond the
scope of the present study and secondly, such agsa could span over bunch of studies.
Hence, sticking to the definite aims of our studye disagree with referee regarding
incorporating this analysis in the paper. Howevteis relevant to mention here that in our
next study we have decomposed our analysis onteazannual time scale, where we will be



presenting behavior of individual models in ternigheeir skill in reproducing the general
characteristics of the large scale circulationgquering over the region.

8. Differences in the precipitation characteristics ae explained by different climatic
conditions (p142 line 6++), but this is known factand not related to the models.
Certainly the models should simulate the differentregimes. Biases in hydrological
variables are explained by biases in precipitationput a general explanation for the
latter is not given, nor for the large inter-modelranges, with one exception.

General description for biases in precipitatiomiscussed in the same section (P142 — line
20-22) and (P143 — line 1-6) and now (P143 — libe)2

9. On P143 - line 16++. Here, some monsoon featuresagxplained, but unfortunately |
don’t get the connection with the intermodel spreadand the model biases from the
current text.

Here we will add the following text at (P143 — liag)

“Unfortunately, the phenomenon is not realisticalypresented in CMIP3 climate models
due to their misrepresentation of the real topdgyapesulting in the negative monsoonal
precipitation anomalies (Boos and Hurley, 2012)rther, as we know that an accurate
representation of real topography by the modelmasnly constrained by their structural

characteristics (e.g. resolution), these structdiff¢rences among models are possibly one
of the major causes of the inter-model spread @¢ipitation regime over the region.”

10.The present study is merely descriptive, and it ver explicitly describes the simulation
characteristics for each individual CMIP3 model for each river basin. In addition, it
provides a lot figures that look all very similar. The authors need to find a way to
summarize and present their results in more condewsl form. | suggest focusing on
important results and summarizing the important reailts for each basin in a concise
way. The authors should avoid the description of ery single model behaviour (science
is not a beauty contest). Except for considering ggific outliers of interest, they should
use summarizing, more general descriptions such abe ensemble mean, ensemble
spread and some measure of clustering. With respetd the latter, the authors provide a
very interesting result that gets almost lost in tk current version of the paper (see Sect.
5.1). They note that the ensemble means over thed@maputra and Mekong basins do
not resemble any single model result. This may meahat the ensemble mean does not
represent a realistic solution of climate over thisregion. In this respect, defining a
measure that may indicate this failure of an ensente mean would be a large step
forward. In this respect, it is valuable to note, hat a n umber of models clusters for
specific basins and variables, but usually not whit models exactly agree with each
other (such as done, e.g., p. 132 — line 13-15).

We wish to clarify that the present study differatas itself from most of the existing
literature by deliberately avoiding the presentagiof results in terms of ensemble quantities
which are given in the paper for indicative purposéy. In fact, there is no rigorous way to



11.

12.

condense our findings as averaging different modetputs is not a well-defined operation
in any rigorous statistical sense. We believe theate is actually no strong reason to believe
that the weighted multi-model ensemble estimatesessarily outperform any single best
model (although this has become a standard pragtibén the climate’s science community)

- mainly due to the huge structural and physicedtnces among the ensemble members
and that these members do not belong to the saofmlptity space - nor there exists any
well-defined mechanism to weight the individual ralsdaccording to their performances at
all. Many scientists have discussed this mattedddrsuch circumstances, we are also not
convinced to summarize our findings in terms ofeanisle quantities, which can indeed be
misleading and be not truly representative of th&pective datasets. We have extensively
discussed this in previous publications (Lucarinalke 2007 Climate Dynamics, Lucarini et
al. 2008, JGR; this latter one focused on the Hgdgoof the Danube).

We maintain that providing individual models’ outpus of relevance. Science is indeed not
a beauty contest, but we think that providing usédts some measure of the performance of
individual model is more informative than providingormation about the ensemble mean,
which is just a statistical construction, which slo®t correspond to any actual model and
has no rigorous justification in Statistics. Morenvin downscaling applications, RCMs are
nested into specific GCMs, and it is crucial foeug have an idea of whether the model
they are using has biases at reasonably largesscale

We can surely define, following the suggestion bg Referee # 2, a quantity indicating
roughly the degree of agreement of the model'sutatpA good candidate could be the ratio
of the ensemble spread and of the ensemble mean.

The use of some hydrological variables is not commar does not seem to provide new
insights. The authors use the term water balance tggting already in the abstract) to
qguantify P-E, while the correct hydrological usageof this term is P-E-R = dW/Dt. For
long-term climatological means (dW/dt ! 0), this beomes P-E-R = 0. If this equation is
valid for an individual model its water balance isclosed. (This is also investigated in
Sect. 4.1.3, but using the misleading terminology.)

We fully agree with the Referee # 2 that usingdkpression water balance when indicating
‘P-E’ can be misleading. Therefore, we will repldbe ‘water balance’ with ‘P-E’ wherever
it is used in terms of P-E in the next version of paper.

In addition the strength of the hydrological cycle,P+E, is considered. But all biases or
changes in this quantity are related to biases or hanges in precipitation and
evaporation that are also considered. In this waygonsidering P and E separately is
sufficient, and considering the constructed quantyt of P+E is obsolete and does not gain
any valuable additional information.

We agree with the Referee # 2 that it is not wohtitevto discuss also P+E. It will be
removed in the revised version.



13.Some of the analyses for the current climate seera tgnore knowledge about the basins
itself. In this respect it is very inappropriate tocompare the simulated runoff over the
Indus basin to observed Indus river discharge. Théatter is strongly anthropogenically
influenced due to the large irrigation activities wer the Indus basin (Karim and Veizer
2002). This means that large amounts of water areemoved from the Indus River and
they are evaporated over the irrigated areas. Congeently, as none of the CMIP3
GCMs includes irrigation, it cannot be expected thaany of the GCMs is simulating the
observed discharge values. Thus, it is not surprisg that almost all GCMs overestimate
P-E = R over this region.

Though we have stated that agriculture is the megmsumer of the supplied water (P116,
line 2), we thank the Referee # 2 for drawing oterdgion to discuss the main reason of
Indus basin P-E and R overestimation by most ofntloelels. To address this comment, we
have decided to compare the simulated runoff ofridas basin with the “natural” discharge,

which is obtained by adding the total diverted woéuwithin Indus basin to the volume

discharged into the sea. This will be explicitlatstd in the caption of the figures (2a & 8a)
and in the text. The comparison between modeldatalwill be refocused on this quantity.

According to the APHRODITE precipitation datasetafygai et al., 2012) climatology
(1961-2000), Indus Basin precipitation accounts 364 mmyt* while its mean observed
discharge into sea is around 40 mihymoff equivalent (Karim and Veizer, 2002). Theatot
water diversion (170 mmyy from the Indus basin is around 80% of its mearfiase water
availability (210 mmyt) as reported by Laghari et al., (2012). Henceyra@sg no diversion
within Indus basin, the net volume of the naturatharge into sea is roughly estimated to be
around 210 mmyt runoff equivalent (170mmjyr total diverted runoff within basin +
40mmyf* runoff equivalent of the observed discharge inta)s&he estimated natural
discharge will additionally be compared with thenglated runoff and will be discussed in
the text accordingly. We will also explicitly desm the fact that CMIP3 climate models do
not feature irrigation.

14.For the Mekong an additional problem occurs due tdhe relatively narrow structure in
the Northern part of the basin. Here, the coarse sde resolution GCMs certainly have
problems to adequately simulate the fine-scale prgmtation over this area. This reason
for biases is neglected in the present study.

We thank the Referee # 2 for directing us towards of the possible causes of coarse
resolution climate model biases for Mekong basime RPHRODITE Precipitation dataset
(Yatagai et al., 2012) reveals that the narrow garfgnorthern part of Mekong basin receives
the smallest amount of precipitation if comparedttte remaining part of the basin. The
major portion of precipitation does indeed fall owiee southern part of the basin (below
23N). Such pattern has been observed also in the GédMisidered in our study. Moreover,
the northern part of the basin features a very Issuaface area, hence, the calculated basin
wide integrated quantities are not much affectedthsy potential biases in this region.
Nonetheless, we will briefly mention this fact asecof the possible reason of the biases in
the revised version.



15.The English needs major improvements. For future wesions of the manuscript, |
suggest proof reading by a native speaker.

We will get our manuscript proofread by a nativeaer before its resubmission.



