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In their recent paper, Nigem and Bollasing [2010,  hereafier NBi claimed w have found
observaiional evidences that are af variance with the Elevated Heat Pump (EHP) hypothests regarding the
possible impacts of ahsorbing acrosols on the South Asian summer monscon {Lawu ef al, 2006 Law and
Kim 20061 We found NB's arguments and inferences against the EHP hypothesis flawed, stemming

from a lack of understanding and an cut-of-context intespretation of the hypothesis.

NB argued that the simultanccus negative correlation .(&f:;fgr:'{.)_'go] with rainfall, and correlations
with other quantities in May as evidences against the HIFh)poihems ."'i"'h'e;}{ cannot be more wrong in
that argument.  First, Law and Kim {20006, hereaﬁer,_ LKQﬁ} never stated that thc'ﬁi:ain rainfall response to
EHP is in May. Second, the EHP 15 about respo;zses“‘tgf _ti]_f; entire Indian monsoon .i.{y.smm that are non-

tocal In space and time with respect to thegerosol forcing. ﬁi'é_;shéiirn in Fig 4 of LK06, while the aerosol

anomalies are sirongest in April-May, the strongest.sainfall respanse is in June-July, with the enhanced

rainfall fed by an induced thermally driven circiflation which biings additional moisture from the ocean to

shown in Fig, 1 of NB, including the increased

the Indian subcoatinent: ?_1_1rd-, the cafrelation maps

convection over the Bay ofBéngal is -':;fot the rcspdﬁsg:_ to EHP but rather represents the large-scale

circutation that'provides thg build-up of the actospls, seforg-the onset of the monsoon rainfal over India.
Because serosol can only accumitfate where there is little or no wash-out by rain, the negative correlation
is & necessary condition for increaséd atmospheric loading of acrosols. For the same reason, the spatial

distributions of rainfall and aerosol gencrally are offset with cach other, ie., high seresol in regions of

1, which shows the climatological mean of the MODIS acrosol

low rainfal. This is evid.e.n.t.':'i';_i___f_ :
optical depth (AOD}, and TRMM rainfall over lndia in May. The maximum AOD is found over the
Indo-Gangetic Plain and the desert regions of northwess India and Pakistan. A narrow surip of hght-to-
moderate rainfall is found over the Himalayas foothills of central and northwestern India, immediately
northward of the AOQD maximum. The regions over northwestern india and Pakistan, where NB found the

largest negative aerosol-rainfall correlation are largely devoid of rainfall i the pre-monsoon month of
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May! This makes the rainfali correlation meaningless. In May, the rainfall over the Bay of Bengal is
associated with the development of the early monsoon depression, and monsoon onset over the Southeast
Asia and the Sowh China Sea [Law er «f, 1998] The related convection has more to do with the structare
of the large-scale circulation that leads to the increased aerosols over the northwestern India, and the

Inde-Gangetic Phain, but not the EHP response.

in NB, there are many misleading statements on the EHP, and sniustifiable claims. The major
Hauny 4

Ones are!

a. NB coniended that “EHP” is rooted in “a:xpansi_vi;’:’-. zonal averaginé; Tl}is is completely untrue.
The EHP is rooted in numerical modet cxpéx:'.;';:lzl.en[s, as well as from pr.é'ﬁ'f:;’zir_mry abservations,
aiimed st describing the t]i{e@dimc_:nséonai rrss.p}kzl:ﬁsg.Of'_lh:e'.:r%bnsoon rainfal{: ;ﬁ;g.circulaiion to
absorbing acrosols, NB ait-pickea;ﬁ;&.m_in_or ciemii..i:r'i the latitude-time plot in Fig. 2b of LKOG,

which served only as an intreductioi’i-'t_ﬁ thé"-'E}iP ctonceptiiv.  We agree that the enhanced

convection over the:Bay-of Beagal in May noled by NBumighi have contributed to increased

rainfali in northern Ipdia noted"-i'n LEG6, anfs'l_'t'izezeby masked possible rainfall signal over the
Himalzyas in northern Hind m)r_tfﬁ_‘}eswm India. ‘However, the possible enhancement of ranfall
ovefithe foothills ()f}ﬁmaia}fés':in May is'only a possible early signal which is important for the

local population, but not 5{3&031 toithe entire outcome of the FHP, We submit that such an

increase is still not proven by gither NB or LK06, because of the use of coarse sesofution GPCP

aiyses. To detect the early response of rainfall in May, there is a

rainfall dataset 1;1.5":‘;{1':_-1}1_ bm
need o use high—rcsd-i'u:%ién. rainfall data such as TRMM (see Fig. 13, as well as in-situ
observations with high temporal resolution te resolve the orographically generated rainfull along
the narrow strip over the Himalavas foothills, downstream of the increased low-level meridional

flow towards the foothilis.
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b.

The buildup of acrosols and induced rainfall are not just along the Himalava foothilis, nor are
they limited o the month of May enly, as incorrectly stated by NB. The ENP emphasizes
radiative forcing provided by the deep laver of aerosoi trapped over the eatire Indo-Gangetic
Piain against the foothills of the Himalayas in the late spring (April-May} up to the onset of the
monsoon it mid-June, leading fo the response of the entire monsoon system subsequently,
Since the publication of LK06, data from the Cloudsat-Calipso satellite (see Fig. 2) clearly shows
the build-up of deep layer of aerosol up to the top of the ';}_%I'i_:;alayas* foothills, stretching over
hundreds of kilometers over the Indo-Gangetic Plain. fhc ﬁlea;.: 's;_i(}:,f_wndition over northern india
is also clearly depicied in Fig. 2. Such dry cog_{i_l_i;t:i{.)'h is also guite tyl.iii:'a.lzeyer nerthwesters India

during the pre-monsocon peried.

NB contended that semi-direct effécistofaerosols are*iiportant in altering monsoon rainfalt

Semi-direct effects including increased stabiiity fom atmospheric heating and evaporation of

cloud droplets Wf;{'e"i:h'émdéé-'.in_ the GCH "__xpc—;rimems [lerier al., 20061 and those simulations
showed litthe to noimpacts compared to th'e'_.E_}-iP, The semi-direct effect is minimal, because

cloudiness and rainfall over notthwestern India are rare in May, and the land is already strongly

ife the shielding of solar radiation by acroso! tends to

heated by the incoming solar radiation. W

cool thé surface, longwave tadiatiotiiby, dust can also cause surface heating, especiatly at night.

iine;ge;icall}?, EHP induced c@:i_%ﬁi_&cnsa{ion Leating, initiated by radiative heating of the deep layer

of absorbing serosols.is a.farmore powerful mechanism than the semi-direct effect of acrosols in

the dry pre-monsoon season.

NB used correlations to inter causality of the aerosol impact on land surface temperature and
convection.  This is an unsound approach. As pointed out earlier, it is more likely that both
aerosols and the rainfall patterns in May are driven by sea surface temperature, and/or other farge-
scale forcing. Indeed, NB acknowledged that such possibility cannot be ruled cut.  Atmosphere-
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land interactions were included in our GOM experiments and no doubt played a role, as part of
the EHP system-wide response, mostly through induced cloudiness changes accompanying the
dynamic feedback. We like to point out that the EHP was proposed based on & combination of
unambiguously designed model experiments [Law et af, 2006] which provided the busis for
causality of the EHP, and thereafter it found preliminary confirmation and support in large-scale
observations in LK0O&. It is common knowledge that nwdgl. physics have deficiencies, and
abservations have biases and/or lack spatial or remporal rcs@lﬁi:ic.n. Therefore, testing of the EHP
requires a combination of modeling and observational bmd;cs Etjs puzzling that NB opted to
abandon such fime-honored practice for by‘pplﬁc;is testing, anci .'a;g_g_cé so strongly about

inferring causality from correlations based ofrlimited data sets.

Further, N3 stated that because of uice ics, models can provide only Himited

inty in model s

insights on the impact of aerosols on summer mouseon,.implyifg that all model results are not

The iiscertainties in niodel physics apply

trustworthy.  We sirongly. disagree-with such assgssment:

mostly to indirect (micmpﬁj}si;s) effect

which are 1'1;3{_ :inciaéed in most GCMs used to study effects of
absorbing acr(_}sp_fis'_'.{}ﬁ ﬁ}g_._h}fdréiégiga[_eyéiﬁ'- :-_-:I_-.l_o_we\;;':"r_','._{iireci (radiative) effects, including the semi-
direct Liieuian. well reprcéérﬁet} m t]i‘éé_e: GCMs ..ii\.f%;nén éf ai., 2002; Lau eral, 2006, Roeckner et «f.,
2006; Mecht et };;f_{,_.zoox; Ranmeégggdg J{elé{ﬁwagay 2008; Collier and Zhang 2008; Wang ef a/., 2009 and

others]. The differenées.in model respanses to aerosol heating were mostly due to the uncertainties in the

acrosol distribution (both vé_iii_ca] andhorizental), acrosol optical properties and states of internal mixing

of acrosels. Some models i-zzc'i'u'de.d pure black carben, others iacluded a mixture of dust and black
carbon, Some included aerosol-dynamics interaction, others did not. Therefore, one must keep these
different forcing and responses in mind while interpreting model results, and not to reject mode! results
cutright because of differences among them  While these model resaits differ i details, one common
theme linking them is that radictive heating of the atmosphere 8y absorbing aerosols s crucial in
enhancing the ansport of maisture from ocean to land, and modifving the monsoon rainfall and large-
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scale circulation, depending on the nature and build-up of the absorbing aercsols.  This common theme
is consistent with the basic premise of EIIP. Given the uncertainties and short records of aerosol dats, we
maintain that results from well-designed medel experimenis are valuable in helping to interpreting
observational findings, especially with respect to establishing causality. Clearly, more coordination of

modeling with observation efforts is nceded to better interpret different findings.

{n summary, we stress that EHP hypothesis deals with a_ys“:fy:;:ci.)znp}cx, systeiz;:wieg respense of
the entire monsoon climate system fo acrosof forcing. 'I‘esﬁﬁé ihé.l.x.gpomusis requires coordinated
modeting and observation approaches velving mu_l_ti}i’éi_c,i hmdels (inchd.ing_;high—rcsoimion regional
model) and datasets covering the pre-monsoon (anms«}i __I?uiid up) as well as the .m.('}iiism_)on periods (main

rainfall response). For observations, specifically we nec'&:?;)_ef;lc ‘measurements of a varigty of physical

quantities including, the vertical and horizo a]:.g.:i(t_em of dust imc_i-_.black carbon, their mixing states and

associated physical and optical properties; the 'lg;__rge scalerfansport éﬁgﬁ_ feads to their build-up over the

Indo-Gangetic Plain and accumulation: 1o high elévations, in April-May, and up to the onset of monsoon
in mid-june. The main ré‘é}sr:«nsc of the._:ﬁé;’wnsnon inélfiding rainfall and large-scale should be evaluated

afier the monsoon Gnsét in mid-Tutie to the énd:of the monsoon season. In these regards, NB completely

missed the mark!
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Figure Captions

Figure 1. Spatial distribution of the climatological mean a) aerosol optical depth from MODIS/Aqua

combined with the Deep Blue product over bright surface and b) TRMM rainfali for May. The periods

used to caleulate climatology are 2003-2009 for AOD and 1998—2(}69_'f§r TRMM rainfall.

Figure 2. Vertical profile of the total attenuated hack;;_;a}i_e.r'i.ng eocfﬁ';icms (st kmy st 532nm by
acrosols along a CALIPSO/CALIOP transect {see _inséfgover the India subcéﬁ{ix}eﬁt on 9 May 2008.
The acrosol hackscatfering signals are obstructed b} 1&?_(_);_;(%5 and are cnly reirievds.i_é'_ :L_z_ndcr clear sky
condition.  Yellow to red colors below approximately 5 l«mmdate increasingly siran.g:backscaltcr by

aerosols. Patchy features near 10 km or abova:_indiéaté_;:muds,
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Figure 2. Vertical profile of the twotal atfenuated backseattefing cosfficients (st k™) at §32nm by

acrosols along a CALIPSO/CALIOP transect {see" insert) over dé'e_-j[r.;dia subcontinent on 9 May 2008,
The aerosol backscatrering ugna} are i}b\!rudi.d by -J(}ﬁflﬁ and are "xin]_}{ refrievable under clear sky

condition.  Yellow 1o red ca]ozs b‘.iaw appwxnmamly km nuhmr{: increasingly strong backscatter by

aerosols. Paichy features nc';ir 30 kom or above indicate
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