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ABSTRACT

This is in an age of rampant climate change. There are huge uncertainties in the quantification
of effective radiative forcings due to the interaction of aerosols with both clouds and solar
radiations as well as precipitation by GCMs (Global Climatic Models). This work is a small
effort to contribute to reduce these uncertainties in the long run. This was made possible by
(a) adding to the estimates of hygroscopicity parameter (x) and cloud condensation nuclei
(CCN) in response to the dearth of such data, especially in the Indian sub-continent, and (b)
by adding to the scientific understanding of these parameters. These have been accomplished
as a result of two campaigns, both carried out at New Delhi, which is a highly polluted
continental site in southern Asia home to anthropogenic emissions locally and long-range

transfer of pollutants.

The first campaign was a long-term study from Jan 2017- Mar 2018 based on time-resolved
estimates of ¥ and CCN in the PM; (Particulate Matter upto 1pm; refers to aerosol particles
with an aerodynamic diameter within 1 pm regime) size range obtained from chemical
composition (NH4*, SO4*, NOs", CI', and organics that constitute the Non-refractory PM;
(NRPM)) species) and size distribution, for the first time. Air mass originating from southern
Asia (SA) was the most polluted with high Cl™ and organic loading. SA was followed by the
Bay of Bengal air mass (BB) with higher organics and NO3~ with contamination exceeding
that of the Arabian Sea air mass (AS). The dominant sources included biomass-burning and
emissions from thermal power plants, industries, and vehicles. The average x was reported to
be 0.3 (ranging from 0.13-0.77) for all the air masses. The source activities by way of
impacting the aerosol chemical composition impacted «’s diurnal pattern. SA> BB >AS was
seen in terms of (a) NRPM; loading, (b) number concentrations (Ncn) in the bulk, Aitken
(NVaitken), and accumulation (Nacew) modes, (¢) means of CCN number concentration (Ncen;
3669-28926 cm™) and, (d) the activated fraction (ar; 0.19-0.87), for supersaturations (SS)
ranging from 0.1- 0.8 %. Size impacted Nccn more than chemical composition directly, being
governed by Naitken OF Naceu depending on SS and critical diameter (Dc). ar was ruled by the
geometric mean diameter (GMD). The world’s highest ar(0.7140.14 for the most dominant
sub-branch of the SA air mass- R1- at 0.4 % SS) for a continental site is reported owing to
very low D¢ (25—130 nm, for 0.1- 0.8 % SS). Indirectly, Nccn and ar were impacted by the

chemical properties via their impact on the diurnal behaviour of Naitken, Naccu, &, and De.
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The first study was based on the most prevalent assumption of ammonium salts being the
dominant salts at continental sites other than NaCl at a marine location. It is hypothsized that
this assumption may lead to a huge underestimation of x for a polluted site subject to heavy
mineral dust loading like New Delhi. Accordingly, the second campaign which is also a long-
term study was conducted from Dec 2012-2014 wherein detailed chemical speciation of
PM, s aerosols of inorganic ions ( NH4", Na*, K¥, Ca**, Mg?" SO4%, NOs, and CI') and
organic carbon (OC) was carried out based on filter-paper measurements of day and night.
The validation of this hypothesis necessitated the quantification of mineral dust on x. To
accommodate the components of mineral dust in x estimation, two new mathematical
approaches differing in the sequence of salt formation based on Mann-Kendall's test were
coined. The inclusion of mineral dust components resulted in an average increment of 57%
and 63.5% in k for day and night respectively. ¥ which was inclusive of mineral dust was
inter-compared with those deduced using other analytical methods. This approach challenges
the traditional x estimation x based on the dominance of ammonium salts while ignoring (a)
the other components, their individual and collective impact on x, and (b) meteorological
parameters like temperature (T) and Relative Humidity (RH). The impact of mineral dust
on k decreased with an increase in water-soluble organic carbon to organic carbon ratio. The
consideration of insoluble calcium salts lessened the effect of mineral dust on the one hand,
while on the other hand resulted in MgCl, formation which led to an increase in the
estimated x. x's highest value was reported as 0.82 (on 23/7/2014 during the night). The
significant contribution of mineral dust to x was further verified for the cities of Durg and

Kanpur in India, and Xian and Beijing in China for PM| and PM s aerosols.

The high values of «, Nccn, and ar in the PM regime can severely impact Delhi’s rainfall, the
radiation budget, and aerosol indirect effect, and require a thorough investigation to quantify
this impact. The high impact of mineral dust on x at polluted sites as seen in the PM» 5 regime
for Delhi, and both PM and PM 5 regimes for the other cities can be of crucial relevance for
CCN estimation and thus impact precipitation quantification by GCMs, lead to visibility

deterioration and affect the indirect radiative forcing.



I I UAM W Soarg URad &1 g7 81 Siadl 3R 9R faferon & Iy W o
TRIR a1 & R gHTe fafeor o & Try-a1Y SR (AfYd Siaarg Arsd) gRT auf
% gRHTOH # HRY ST 81 3 I IR 37 S aaisll &1 1 & d aRGH ¢ &
fore o8 o Te Siel 91 YO ]| U8 JHd 8 91 (1) fa9y ¥ U ¥ YR Suasgy #
3 dRE P Sl B! HH & o/ad B TURDIURICT R (x) 3R FASS HoTaTH
TS (CCN) &b STHM! B Sl T, 3R (2) 37 AIUCS! &1 IS TS TN I
| 5% < AT ¥ IRUMMRE=T IR fohar man 8, S 78 fRoweh #f fpy mu &, ot
S faof ufrn ot rafiss Ugiid HeTg Ui Rid €, 3R [T U I AFaS-d S
3R UGN & Talt giI & AR & e B

TG SR SFaRT 2017- TTE 2018 6T T GrdbIicrd Seqd= o, S SR AT « 3R
CCN & JHI-THIYM SFAM HeA (dfigpee AR 1um dF; 1 ATSHH IRA & iR
IR I T Tct RN BN ! Hafid Hdl §) SR AT H, T 1 715 Ugell aR
A T (NHy', SO4%, NOy, CI, 3R Sififaq Sl &1 TR-ga™ PM,; (NRPM))
golfaat 8) SR SMeR faarur & Aread 1 <ol TR/ (SA) ¥ ST ] Sd M
AMAS CI 3R BIEHD ANST & Y T UG UT| SA F TIe SIS DI W] o1 a1
SHUM (BB) YT, 3MR® FHEMD Tardl 3R NOy & 1Y, ORI Tguul 3RE IR a1
SHAM (AS) ¥ AfIF Tl U9 Hidl # IRA™-af-T 3R 2Hd TR @ie, IR 3R
arel O Ieor Jad A1 Tt 9 Soae & T SiNId « 0.3 (0.13-0.77 & o) Sarn
T R IS T B guifad w3 & [y 9 I Tfafid A « & e
gfa=y &1 guifad fdbar sa> BB> AS ¢ T fAgfefad & fow (1) NrReMm, @IfET, (2)
TeAT Figdl Ab H (New ), TeHT (Naitken), AR TEHARA  (Nacen) IS & T3 F, (3)
3T CON T THIIAT  (Neen; 3669-28926 cm™), 3R (d) TfhT 3R (ar 0.19-
0.87).JORETRT (SS) 0.1- 0.8 % P AT MBHR A Neen B TS FU J IANS ST
¥ 31fd yuTfad fasa, S 8S 3R HEayuf &R (Do) & SMUR TR Naitken AT Nacew GRT
afa g1 81 o SOfirca |1en &Y (GMD) gRT YMRIG oT| U HeTgIug -d & fag
ST BT Jad I 4 (0.7120.14 SA TG GHAH Bl oY THE IU-IMG- R1- 0.4 %

vi



SS W) §gd &Y Dc (25-130 nm, 0.1- 0.8 % SS) & HRUT Jford a1 Ta1 81 R T4 9,
Neen 3R ar TARAMAS 0T T THIAT &, Naien, Nace, 3R De B G- HGER TR 3P
UHIG &b AIH I |

BT I U TG RIM R NaCl & AT 3 HeTgluid R IR - a9 &
TG A0 8 P Ta aferd YR WR SR Tl I8 SIgHM T 1 § fh 39
RO Y 7 faeeht I U TS ¢t AT & 31efie Ugiid Arge & AT « 1 Uh T81HH
3MTH T Bl Thdl &1 TaTaR, TURT T St Ueh drdapiiere sremaq oft 8, fadaR 2012-
2014 I ARSI fpar mar o1 foH PML.s A & SfbTeA AT (NHy', Na', K,
Ca?', Mg?*, SO4*, NOy, 3R CI') 3R e BT (0C) Fi fakgd I fafkmyan
o, S & 3R I & fheer-UmR AU & YR W fasar 71 oT1 §9 URebed &t g8 &
fo1U « TR TS ¢l B UBI BT 381G HAID 1 T « A T WS 4 & °gThl Bl
U B & oY, TF-ed & TRI&01 & SMYR R 90l (001 & 6 & fir &1 g
T 2P0 7T T WS Yo Teh! B WA dx o 3R 3 & e « & s
57% 3R 63.5% Bt 3 IS G| « ForH Wit e et o, o faxawoners aliet
B ITANT HRP BT T « &b Y T DI T3 | Tg VR0 SHfH q90 & TYd &
YR TR URUNS A B A Gl 6, STaidb (1) 3 UTHI, x T 31 AT 3R
IHfe® UG, 3R (2) dIOHM (T) 3R AqTUel 3TEdl (RH) SN Hid daeh Acs! &t
3 B &1 It H YR B BT J Plei-ch Bra- Surd H g & Y «
R G Y BT YU HH B TT| SYARNT BIekH qqul & [daR 7 T 3R Je
Yc & YUTd BT HH foar, Siafds gERT 3R MgCl, & T3 & URUTHRGRET AT « |
IS B3| « BT I=aAH T 0.82 (T B SR 23/7/2014 BT TATI T AT| « B @A 4T &
He@yul ANTGH P HRA B g1 3R HHYR e AR 14 & o iR siifsin & pum; iR
PM, s RIS & foTd SfR 31T efu fosar |

PM, STHR T H, Neen, 3R o & I T el @ aol, fafaor soe ofik WA
e THTE Bl TR F9 ¥ YuIfad o= Iabd §, 3R 59 YHTG DI HIUA & T T8 S
DI AT 5 | TG VAT TR « TR G §d BT I WHTG, o o faeett & W PM, 5
3TPR AT & @1 T ®, 3R 3 WeRt B 1 pM, 3R PM, 5 G AR IaTaef #,
CCN 3fT&haH & g Agayuf URifiies 81 T & 3R 39 UHR GCM GRT aNi & AT &I
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HIfId B Gobd §, Tval H fRTae BT SRU 97 FHhd o 3R UTE b 9 Bl
UHIRId R IHd 3 |
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