Norrkdping, 2015-07-10
Response to Referee #2

We would like to thank the referee for her/his coemts that have helped improving the
manuscript significantly. Please find below poigtgmint response to your comments.

General comments: The present study provides vadlmud radiative parameters over
the Indian summer monsoon region (eg., cloud ragidteating (CRH), contribution of
different cloud types to total CRH, distribution@RH during active and break monsoon
conditions and radiative effects of different cldydes, etc) based on measurements
from CloudSat and CALIPSO satellites which carrinacradar and lidar sensors.
Discussions on the role of CRH with regard to mansarculation are mostly
descriptive. For example, the authors mentionttianet radiative warming of clouds
together with latent heating sustains the monsacnlation. However, individual
contributions of latent heating and net radiativagming of clouds on the monsoon
circulation are unclear; and therefore deriving thformation from satellites would be
valuable for understanding monsoons. While sontbefesults are interesting, the
present work needs to be substantially improvedgredtly strengthened. This is
essential to bring out important value additionsudlfCRH over the Indian monsoon
region. As such, this manuscript is not acceptédi@ublication in ACP in the present
form.

Indeed, our ultimate aim is to fully understand tbke of latent and radiative heatings in
governing the monsoonal circulation. But before panng and contrasting these two
terms, both of them first need to be quantifiede Tatent heating component has already
been investigated before over the South Asian nmmsegions (e.g. Zuluaga et al. 2010,
and references therein) using TRMM data which mesiged valuable information since
1997.Comparatively, very little is known about theradiative component of the total
heating. Thus, the focus of this study is preciselyn this gap and to quantify the
radiative heating using CloudSat+CALIPSO data.For this reason, we exploit the
ability of CloudSat and CALIPSO to provide a veatistructure of cloud cover and
guantified the intra-seasonal variability in cloadliative heating. Such detailed
guantification, especially focusing on contribusdnom individual cloud types, has
(according to your knowledge) never been done kefor

In the revised draft, we have tried to clarify #aditional value of our study. We have
also added a section that investigates the seahgibifvthe cloud radiative effects to
derived ice water paths over the Indian subcontinen

Specific comments: (1) The authors suggest thgt dervection produces strong cooling
at the surface during active periods of monsooreredis stratiform clouds are important



during break periods. These results are somewffateht from earlier studies. During
active monsoon conditions and periods associatdfdmonsoon synoptic systems like
the Bay of Bengal depressions, measurements fremiRMM Precipitation Radar (PR)
indicate preponderance of stratiform rain and theecage of fewer deep convective
elements (Ref: Stano et al. 2002, Houze et al.7 2Rfishnan et al., 2011, Romatschke
and Houze, 2012). The dominance of nimbostratusdsl@uring monsoon depressions
was noted by Stano et al. (2002). The latent hgatire to stratiform precipitation during
active monsoon conditions drives continental scatilation in the mid-tropospheric
levels extending vertically up to 300 hPa (Chougtraurd Krishnan, 2011). According to
these studies, stratiform clouds are very importamniarge scale organization of
monsoon convective activity. This is something thatauthors need to carefully address
in the context of their analysis.

Firstly, we would like to thank the referee for thighly relevant references. We would
like to point out that our results do not actuabntradict the results from these earlier
studies. We are not arguing that stratiform cloardsnot important during active phases
of monsoon in absolute terms, but, rather, we itigatedhow their radiative effects
comparatively vary with deep convection during active and break phaStatiform

cloud fraction is usually certainly higher than p@®nvective towers in both active and
break periods. In fact, based on 25-year AVHRR atotogy, we (Devasthale and
Grassl, 2009; Devasthale and Fueglistaler, 2012 peeviously shown that the presence
of stratiform clouds (classified as optically thicle clouds with top temperatures
between 233K and 253K, denoted as Class Il cororeat that study) is critical to
sustain active phases of monsoon over the Araleana8d western parts of the Indian
subcontinent and over the Bay of Bengal as well.af¢eactually arguing that the
stratiform clouds gain further importance underhbheak spells, as very deep convection
is comparatively suppressed.

The results in Table 2 can be explained by thetfadtCRE values are averaged over
cloudy pixels only. But if we were to take into aoat the frequency of occurrence of
stratiform and convective clouds (i.e. normalizeESRvith cloud fraction), then the
normalized magnitude of their CREs would be higheing active months compared to
break periods and higher for stratiform clouds tbanvective clouds.

The two figures below (which are also added as lempgntary information in the revised
manuscript) show vertical cloud fraction duringiaetand break periods for the two
cloud types in question, i.e. deep convection aradi®rm. It is evident that while deep
convective towers are well established north ofepeator during active phases (esp. in
Z1 and Z2), they are suppressed during break plaskeszmain confined to the
equatorial regions except in Z3 over the Bay ofd&nComparatively, stratiform clouds
prevail not only under active phases, but alsomubreak periods over the continent in
Z3. Moreover, they are deeper over the contine#dBinluring break periods (in average).
When stratiform clouds are formed after intenséaserwarming during pre-break
periods, they are more vigorous and optically terckhus causing more cooling
compared to active conditions (as reflected in &)l



This sub-section is revised and the discussiodde@ comparing results to the earlier
studies mentioned by the referee.
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(2) The issue of cloud radiative effects during smon breaks over the Tropical Indian
Ocean has been examined using satellite data — SEREB, ISCCP (Ref: Basanta
Samala and Krishnan, 2007). It will be useful tghtight further value additions from
the CloudSat and CALIPSO measurements, espeaiathei context of monsoon breaks.

The two value additions of combined observatioomfCloudSat and CALIPSO over
other data sets are (a) their ability to providsudl profiles and (b) delineation of
individual cloud types/layers that are of particutderest for monsoon studies. In the
context of intra-seasonal variability, these caliteds of CloudSat+CALIPSO data
therefore allowed us to investigate cloud radiagéffects during the active and break
phases of monsoon. The revised version of the ncaiptifighlights these value
additions.

(3) The tropical tropopause layer (TTL) cooling idgrthe monsoon season is an
interesting result. The authors further note thatTTL cooling is stronger during active
monsoon conditions (-1.23 K day-1) as comparedéalbperiods (-0.36 K day-1), since
high clouds, associated with deep convection, atmtuch colder temperature. The link
between the vertical temperature gradients andgtneof the monsoon circulation is an
interesting problem for further investigations.



We thank the referee for encouraging comments elhdeis is a research area where
CloudSat+CALIPSO excel by providing information tm and even sub-visual clouds
in the TTL and their variability. The zonal-verticadiative heating gradient produced by
clouds just below and inside the TTL is not onlyortant for the composition of the
TTL, but also in sustaining monsoonal circulatigncomplementing the similar gradient
produced by latent heating.

We further kindly request the referee to read egponse to comments by Referee #1.
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