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Abstract. Recent aircraft studies showed that new particlel Introduction

formation (NPF) is very active in the free troposphere. And,

these observations lead to a new question: when does NPRecent aircraft studies showed new particle formation (NPF)
not occur? Here, we provide case studies to show how dif-in the free troposphere and lower stratosphere (de Reus et
ferent meteorological parameters affect NPF in the upper troal., 1998, 1999; Nyeki et al., 1999; Twohy et al., 2002;
posphere, using the aerosol size distributions measured at latee et al., 2003; Young et al., 2007) with high frequen-
itudes from 18 N-52° N and altitudes up to 14 km during the cies (up to 86—100%) (Young et al., 2007) and strong mag-
NSF/NCAR GV Progressive Science Missions. About 95%nitudes (up to 45000cn?) (Twohy et al., 2002). Her-

of the total samples showed the NPF feature with medianmann et al. (2003) have provided so far the most comprehen-
number concentrations of particles with diameters from 4 tosive statistical analysis of NPF in the Northern Hemisphere
9nm (N4—g), 288£199 cn3, and the total particle number tropopause region from three-year aircraft measurements; el-
concentrations with diameters from 4 to 2000 n¥a (2000, evated particle number concentrations of 1500-8000°cm
500259 cnt3. Surface areas were in general very low in were frequently observed in a wide range of latitudeéN5

the free troposphere, 1.5®.87um? cm~3, whichin partex-  50° N). Twohy et al. (2002) showed especially high num-
plains the high frequency of NPF measured in this region,ber concentrations of new particles up to 45000 &rim the

but there was no distinctive difference in surface area for themidlatitudes, associated with deep convection. Minikin et
NPF and non-NPF cases. Our case studies show that rathef. (2003)’s aircraft studies showed relatively high concen-
airmass history is more important for nucleation in this re- trations of Aitken mode particles (up to 1000t even in
gion. Weak- or non-events did not display uplifting of air- the Southern Hemisphere, where the anthropogenic emission
masses. On the other hand, strong NPF events were usualtyf SO, is much lower than in the Northern Hemisphere; their
associated with uplifting of airmasses, although there werecomparison of particle number concentrations in the North-
also NPF cases in which uplift did not occur, consistent withern and Southern Hemisphere indicates that new particles are
the previous observations (Young et al., 2007). NPF tendslirectly related to aerosol precursor sources. NPF events take
to easily occur in the free troposphere because of low surfacglace near or in orographic clouds (Wiedensohler el al., 1997;
areas and low temperatures (Carslaw aaddker, 2006), but  Mertes et al., 2005) and stratus clouds (Hegg et al., 1992)
because of the low aerosol precursors in this region, verticalluring the nighttime, and even in cirrus clouds (Lee et al.,
motion (that can bring higher concentrations of aerosol pre-2004). As NPF was observed in a wide range of the free tro-
cursors from low altitude source regions to higher altitudes)posphere and lower stratosphere @8tret al., 1999; Twohy
can play a critical role. Latitude dependence of new particleset al., 2002: Hermann et al., 2003; Minikin et al., 2003; Lee
also shows higher particle concentrations in the midlatitudeet al., 2003, 2004; Young et al., 2007), it is also important
and subtropics tropopause region than in the tropics, consigo understand when NP#oes notoccur or when weak NPF
tent with Hermann et al. (2003). occurs.

We present results from NPF studies during the Na-
tional Science Foundation (NSF) and National Center for
Atmospheric Research (NCAR) NSF/NCAR GV Progres-

Correspondence tdShan-Hu Lee sive Science Missions. The GV is also known as HIAPER,
BY (slee19@kent.edu) the High-performance Instrumented Airborne Platform for
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Table 1. The median values of the measured particle concentration
from 4-9nm (V4_g), the particle concentration from 4—2000 nm 10 (@) o A S
(N4—2000, and other key meteorological parameters during the en- e ! +
tire NSF/NCAR GV Progressive Science Missions. All 7 research 10% - oy ‘ L
flights are included here. The median absolute deviation valuesare § | | Y ik
also included. NPF indicates NPF. In total, 5181 data points of 30s R ey T
. 0
average data are included here. 1077 AN NPF event B
. T+ + 4+ NonNPF event
10" " +h, T —— Strong event line
All Days NPF Non-NPF 102 " Tﬁ# +* — Weakeventline
1
N4_9 (cm_s) 27&198 28&199 493.1:488 TTT I(I)I1 T T TTTT II: T T TTTT II—I|0 T T TTTT I‘IléO
Na—2000(cm™3) 4574273 508:259  60.8:42.3 ' Surface Area (um? cm™)
Surface Areagm? cm=3) 1.58:0.87 1.52:0.84 2.32:1.49 ! ! | ! !
Temperature (K) 22811 22H8 244429 .
Relative Humidity Over Ice (%) 13:811.0 11.4:8.8 24.9:24.0 1077 B
Potential Temperature (K) 3254 32712 3106+26 108 4 - -
H,0 Mixing Ratio (ppmv) 11575 102:58  423t398 R N
Altitude (km) 9.52+2.31 9.8%&1.94 5.6&4.72 e 10 ! A
Fraction of samples (%) 100 95 5 < 0 . \‘" A i A -
< n " + A ‘
% 10° b iﬂﬁ;% *;t % NPF event -
ER ‘L’uﬁ T + + NonNPF event |
10 n i + —— Strong event line
i . X . 1072 — + —— Weak event line -
Environmental Research. The Progressive Science Mission | | + | |
was the first science mission onboard the GV and there were 200 220 240 260 280
seven days of research flights (Young et al., 2007). There is Temperature (K)

the Part | paper by Young et al. (2007) that used two days
of measurements in the midlatitude tropopause region (on
1 and 7 December 2005) from this mission to show how
stratosphere and troposphere air mixing enhances NPF. The;
present study is the Part Il paper, and we want to investi- £

+ #
gate when no-/weak- NPF takes place. There is also a third = + -
. . . . NPF event n j.r
manuscript (Lee et al., 2008) that discusses nighttime ultra- . | - NonNPF event I#% oo B
fine particles observed from GV. o  Weakoventine. * Poe i
1 10 100
2 NSF/NCAR GV Progressive Science Missions RHI (%)

The NSF/NCAR GV Progressive Science Mission NPF stud-
ies took place from 21 November to 19 December 2005 inFig. 1. The measuredV, g as a function of surface area, tem-
Broomfield, Colorado. The flights covered the western halfperature and RHI during the entire NSF/NCAR GV Progressive
of the United States, and parts of Canada and Mexico ipcience Mission.  All 7 research flights are included here. The
latitude from 18 N t0,62’ N and in longitude from 92w data are split into two categories, NPF (red circles) and non-NPF
to 130 W. There were three davs of nighttime NPE experi- (blue crosses), as discussed in the text. The horizontal bars indicate
’ y g . p_ the level of the strong-Ns_g>500 cnT3) (green) and weak-NPF
ments (2, 12 and 19 December 2005) in order to investigat

. . ?N4_g<75 cn3) (brown); note that the weak event line also is
the effects of sun exposure (Lee et al., 2008). Nighttime stud—nea”y the same as that the upper limit of the non-NGE, indi-

ies in this region are rare. cating that both non- and weak-events have sufficiently Awg.
Aerosol sizes and concentrations were measured with the
University of Denver nuclei mode aerosol size spectrometer

(NMASS) and focused cavity aerosol spectrometer (FCAS). ) ) o )
These instruments are described in detail elsewhere (Jong_lgonthm, size distributions from 4 to 2000 nm are obtained.

son et al., 1995: Brock et al., 2000: Lee et al., 2003, 2004;The inversion also includes sampling efficiency, anisokinetic
Young et al., 2007) and have been used for NPF studies in thil€t effects, and diffusion loss etc.

upper troposphere and lower stratosphere previously (Lee et The criteria for NPF are (iN4_g>1 cm3, (ii) more than

al., 2003, 2004; Young et al., 2007). Briefly, NMASS has 1/15 of N4_2000 are N4_g, and (iii) particles from 4 to 6 nm
five condensation nucleus counters that measure cumulativéV4_g) are higher than those from 6 to 9 niNg_g) (Young
number concentrations of aerosols larger than 4, 8, 15, 30 anet al., 2007). A non-NPF eventis defined when at least one of
60 nm, respectively. FCAS is a light scattering instrumentthese three criteria is not satisfied. Non-events tended to have
and sizes aerosols from 90 to 2000 nm. Using an inversiorsize distributions without a peak in the size rargE) nm, a
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clear indication of more aged aerosols than for NPF case§00+259cnt3. On the other hand, non-NPF events had
(Fig. 3c). Each NPF event is further classified as a stronga medianN4_g of 4.93+4.88 cnT3 and a medianV4_2000

or week event by comparing with “background” concentra- of 60.8+42.3 cn13, both much lower than the overa¥ls_g
tions, which are referred to as the median concentration valef 275+198 cnm3 and Na_»qg0 of 4574273 cnt3. The im-

ues from all events shown in Table 1. Strong events argportant feature here is that a small fraction of measurements
for the cases whelN4_g>500 cnm2 (which is approximately ~ (5%), the non-NPF cases, showed an obvious and large de-
the same value as that one median absolute deviation valuwgation from theN4_g median. Surface area concentrations
higher than the mediaN,_g for all events, (275+198) cn¥ were very low in this region, 1.580.87um?cm=3. For

in this case; similarly to Young et al. (2007)); weak events areNPF events surface areas were #8284um?cm3,and
defined whenVs_g<100 cnm 2 (one median absolute devia- for non-events 2.321.49um?cm~3; however, the ranges
tion value lower than the mediawy_g for all events, whichis of surface area were in fact the same for NPF and non-
(275-198) cm®, and we took 100 cr? here for simplicity).  NPF events (Fig. 1). Our low surface areas are consis-
As shown in Fig. 1, weak- and non-NPF cases show a simtent with other studies (4-6m?cm~2 on average (Young

ilar upper level ofN4_g, indicating that even though these et al., 2007), 3.41.7um?cm3(Lee et al., 2003) and less
two cases may have different size distributions (eMj., 6 than 10um? cm~3(Twohy et al., 2003; Carslaw andicher,

vs. Ne_9), they both have lowVs_g. Previous NPF stud- 2006)) and these low surface areas in general also explain the
ies in the free troposphere made by other investigators havhigh frequency of NPF observed in this region. The higher
used the criterion that the measured total CN concentrationsnedian surface area for non-NPF is probably related to the
are higher than the background CN concentrations to idenfact that most of the non-NPF events were measured in the
tify NPF cases (Twohy et al., 2003 and numerous referencetower altitudes (Fig. 1b and c and Table 1). For example, for
cited therein), for example. In comparison, our criteria for the non-event samples, the median temperature~24gl K,

NPF are more quantitative, yet consistent with these citechigher than that for NPF casesZ28 K) (Table 1).

studies. For example, our non-NPF samples had much lower . . .
Our case studies discussed below will show weak- or non-

Na—g and Na—z000 than the median concentrations from all \ \,-" oo did ot show uplifting of the airmass, whereas
days of experiments (Table 1) (that is, background concen- . : e
: X . strong NPF cases were closely associated with uplifting. In
trations) so they will also be non-NPF cases even with the e ) . .
o . . . the present study, uplifting of the airmass is defined based

NPF criterion used in these cited studies.

Th v | than 2% of th td ton the NOAA HYSPLIT backward trajectory outputs (e.g.,
ere were only 1€ss than £ ot the measuremeg Al irmass altitude dependence with time) (Draxler and Rolph,
from this mission showed RH values greater than 100%. AII2003). Uplifting is referred to as the cases when the airmass
case studies presented here were taken from cloud free S€Gias uplifted from a lower altitude, usually less than 2 km
. . 0 . )
g?fzz tgtjltll;; élllggééegurii?/?oﬁ; 2&2?6\/; Ziisr(t)lcr:ll:\?e\,\;iroev:notth %bove ground level, to higher altitudes at an uplift rate greater
. L . . an 3km per day and the airma osed to these lo
shattering of clouds in the inlet of the NMASS and FCAS in- per day airmass was expos ese fow

. altitude source regions for at least 2 days before the vertical
struments has little effects on the measured aerosol numb%otion On the other hand, if this rate was less than 3 km per
concen_tratlons (while there are some effects on mass Fonday or if the airmass spent less than two days at an altitude
centratlo_ns) (Lee etal., 2004), so the mgasured new paruclegf 2km or less, we considered such a case as a non-uplifting
were unlikely affected by cloud processing. event. It is noted that this “uplifting” process is slightly dif-
ferent from the conventional “convection”, which is usually
defined as a small scale process on the order of kilometers or
less in size (the model output from NOAA HYSPLIT calcu-
lations only has a grid resolution of 1 degree and cannot truly

resolve convective systems).

3 Results
3.1 Overall

Table 1 summarizes the measured particle concentrations HYSPLIT trajectories were run for a large number of cases
and meteorological conditions during this mission, includ- other than those presented in two case studies in Sects. 3.2
ing the measuredV4—g9, N4_2000, Surface area density of and 3.3. However, because of the tremendous amount of data
preexisting aerosols, temperature, relative humidity overpoints we did not calculate for each individual data point.
ice (RHI), the potential temperature, water mixing ratio, Also, when calculating HYSPLIT trajectories, one can only
and altitude, along with the fraction of samples that sat-input the UTC time in hours for the starting time and our
isfy (thus NPF), or do not satisfy (non-NPF), the NPF cri- measurements were in 1s and the data presented here were
teria. Overall, there were 95% of NPF and 5% of non- averaged in 30s. Regardless, for NPF events (Table 1), in
NPF cases during the entire Progressive Science Missiongeneral it seemed that the majority of the times0%) the
(Table 1). Furthermore, 30% of NPF cases were strong-events displayed some degree of uplift. On the other hand,
NPF and 25% were weak-NPF. For NPF events, the mediamll non-NPF events found in the free troposphere region did
N4_g value was 28&199 cn13 and the mediaiV4_»goowas not experience uplifting of airmasses (Sect. 3.2).
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Fig. 2. The measured total particle number concentration . ; : T
9 P Fig. 3. The measured, average particle size distributions for the

(Na—2000. ultrafine particle concentrationVg_g), fraction of o onis shown in Fig. 2. The letters here correspond to those from

Na—g in Ng—2000 (NFrad), ratio of the particle number concentra- Fig. 2 and each distribution is for the time period shown for the
tionin the size range from 4 0 6 nnv4g) overthat from_6.to Inm .__corresponding event from Fig. 2. The dip-aL00nm in the size
(Ne—o), surfacg area, tgmperat_ure and relatlve_ humidity over '®©yistribution comes from the inversion program when combining the
(RHI) as a function of universal time for several different events thatNMASS and the FCAS data together and may not be representative
were obse_rved on 19 Degember 2008) A strong NPF event ob- of the actual aerosols sizes. The same is true for Fig. 6. The size
seved dung h day uhich occured X8R L16 W, 76K 00 1o 50 or 0m o ana ) reresenate f o aged
the day which occurred at 8™, 112° W, 8.0 km and temperatures particles that grew from newly formed fresh particles.

around 235 K(c) A non NPF event observed during the day which
occurred at 52N, 113 W, 8.0 km and temperatures around 237 K.
See Fig. 2 for measured aerosol size distributions and Fig. 3 foabsolute non-NPF events (Table 2) and some of these data

backward trajectory calculations. points were also rather sporadically distributed, we provide
here only one case study including a non-NPF event. Fig-
ure 2 shows strong- (a) weak- (b), and non-NPF (c) event

3.2 Case Study | (19 December 2005): Strong-, Weak-, andases, for the measuréd,_2000, N4—9g, fraction of Ny_g in

Non-NPF Events Na—2000 (Nrrao), ratio of the particle number concentration

in the size range from 4 to 6 nnV{_g) over that from 6 to

To understand how different meteorological parameters af9 nm (NVe_9) (N4—6/Ne—9) , Surface area, temperature and

fect NPF, a variety of types of NPF events must be ana-RHI as a function of universal time for 19 December 2005's

lyzed including strong-, weak- and non-events. However,flight. On this day, the GV flew north to latitude 6R be-

because there were only 186 data points (5%) that showetbre sunrise and returned to Colorado after sunrise, returning
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Table 2. The meteorological parameters derived from the five day NOAA HYSPLIT trajectory calculations for the case studies used in the
present study. Median, maximum, and minimum values of the altitude, temperature, RHI, cumulative precipitation and cumulative solar flux
intensity are shown.

Case Study 1: 19 December 2005

Event Altitude (km) Temperature (K) RHI (%) Prec. (mm)  Solar Flux (kWh
Med. Min Max Med. Min Max Med. Min Max Cumul. Cumul.
Non 7.5 6.9 9.0 242 220 248 57 29 90 1.8 17.2
Weak 6.4 2.2 9.2 251 219 284 74 12 99 10.2 19.3
Strong 2.2 0.8 9.0 276 216 288 72 27 92 12.4 22.6

Case Study II: 12 December 2005

Weak 8.3 6.2 99 244 223 265 40 2 95 8 58.5
Strong 0.6 0.1 104 292 224 298 85 0 98 44 54.5

along a similar track. This flight was made in the upper (19.3kW nT2) and non-event (17.2 kWn¥). However, the
troposphere region (altitudes 8 to 14 km) for most of the distinctive difference between the three events is the airmass
time and had a-4 h of daytime and another4 h of night-  history from the previous five days (Fig. 4). These trajec-
time measurements. The case studies shown here are tak&ries show two main differences. The first difference is
from the daytime measurement. The strong event occurred ahe altitude that the airmasses come from. For the strong
57° N, 116 W, and 7.6 km, the weak event occurred &t RO NPF event, the airmass originated from a much lower alti-
1122 W, and 7.6 km, and the non-event was found in a simi-tude (1 km) three days prior to the event, whereas the airmass
lar geographical region, 8N, 113 W, and 8.0 km (and thus  for the weak event originated from about 2 km and the air-
all three events took place at similar temperatut@40 K). mass for the non event was in the upper troposphere (7 km)
Figure 3 shows the average aerosol size distributions takefor the past 5 proceeding days. Furthermore, for the strong
for the periods corresponding to these three events (Fig. 2).event, the airmass was uplifted over 6 km in the span of a

There are substantial differences in the number concentragay' whereas the airmass for the weak event rqse 6km in
tion and size distribution between all three of these eventstre€ days. Such differences suggest that the airmass from

The strong event hadvs_g of 1500cnT3 and Na_2000 the strong NPF event underwent a significant extent of ver-
of 2000cnT3, the weak event hadvs_o of 20 cnT3 and tical motion and rapidly brought higher concentrations of
Na_20000f 60 ¢T3, and the non event hati;_o of 5 cm3 the expected aerosol precursors (e.3S€4, NH3, organic

and Ns_»000 of 100 cnm 3 (failing to satisfy one of the NPF compounds and water vapor, as well as QH anq sulfur com-
criteria, the ratio ofVa_g over Na_2000 (Nrrad >6%). The poun(Ijs that (I:an be OX|d|;eq to forn“zﬁ%, anlu?mg SQ) -
strong event shows clearly fresh new particles in the sizd'om lower altitudes to aid in NPF at higher altitudes wit
range<10nm as does the weak event, but the strong evenioWer temperatures. .It is also poss[ble that air mixing might
has a much higher particle concentrations for the smaller par2ccur when the humid and warm air was rapidly uplifted to
ticles and the weak event has peaks at 20 nm and 70 nm. THEGer altitudes and mixed with the cold and dry air at the
non-event shows almost no particles in &0 nm range and higher altitudes and this case, a steep gradient of temperature
shows more aged aerosols with the highest aerosol mode é‘pd RH FOOk pIacc_e t.o enhance nuclgaﬂon rat(_as bgcause nu-
around 70 nm. RHI was actually highest (20%) for the non-cleation is a non-linier process as discussed in Nilsson and
event compared to the weak event (15%) and strong everftulmala (1998). For the non-event, there was no uplifting
(8%) case. The surface area was comparabla{m? cm-3) present at all. It is noted that it was consistent that other
for all three events. The surface areas measured at everqpn—(_avent cases all did not have vertical motion, F:Iearly un-
times are often related to altitudes, with higher surface areag€"1ying the importance of large scale vertical motion for nu-
at lower altitudes (Young et al., 2007). cleation in this high altitude region.

Differences among the three events can also be seeninth®@3 Case Study Il (12 December 2005): Strong- and Weak-
back trajectory data from HYSPLIT. The strong event had a Events

higher amount of cumulative precipitation (12.4 mm) com-

pared to the weak event (10.2 mm) and non event (1.8 mmJigures 5 and 6 show graphs for a strong and weak NPF event
as is shown in Table 2. The solar flux was also slightly occurring on 12 December 2005. On 12 December 2005,
higher for the strong event (22.6 kW) than the weak- the GV flew from Colorado (40N latitude) south to latitude

www.atmos-chem-phys.net/8/3015/2008/ Atmos. Chem. Phys., 8, 30282008
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Fig. 4. NOAA HYSPLIT back trajectories for the airmasses for the strong- (upper left panels) (corresponding to Figs. 2a and 3a), weak-
(upper right panels) (Figs. 2b and 3b), and non-event (bottom left panels) (Figs. 2c and 3c) on 19 December 2005. The star indicates where
the event occurred. Altitude variations as a function of the number of days prior to the event are also shown (12 h of interval).
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Fig. 5. The same as Fig. 2 except for a strqayjand weakb) NPF Dy (nm)

event occurring on 12 December 2005. The strong event occurred
before sunrise (nighttime) at 36!, 115 W, and 10 km. The weak

event occurred during the day at°d¥, 111° W, and 9 km. Fig. 6. The measured, average particle size distribution for the
events from Fig. 5. The letters here correspond to those from Fig. 5

and each distribution is for the time period shown for the corre-

18> N before sunrise and returned along the same track t(?pond'ng eventfrom Fig. 5.

Colorado after sunrise by flying through similar longitudes,

latitudes, and altitudes. The strong event occurred befor(%he event, whereas the airmass for the weak event was only

sunrise (nighttime) at 38N, 115°.W' anc_i 10km while the exposed to altitudes as low as 7 km a day prior to the event
weaok even('; oicurred ﬁfter sunrise dur(ljng the day ang7 b and was actually at higher altitudesg km) 2 to 3 days prior
Iltifle\gfv(')aKn 9km. Both events occurred at temperatures efp the event: The strong event experienced rapid vertic_al mo-
oo ) tion (10 km in 2 days), whereas the weak event experienced
_ Similarly to the previous case study, there were substanty |ess an extent of vertical motion (only 2 km in a day). As
tial differences in number concentration and size distribu-j,, e previous case study, this could be a reason why the

tion between the strong- ar31d the weak-events. Thegstron%trong event had such high levels of new particle concentra-
event hadNs_g of 700cn > and N4_2g00 Of 800cnT?, tion compared to the weak event.

whereas the weak event hat_g of 90 cni3 and Na_2000
of 280cnT3. The strong event also shows many more par-3 4 | atitude dependence of new particles
ticles in the size range<10 nm, whereas the weak event
shows similar amounts of smaller and larger particles. RHIFigure 8 shows the latitude dependence of ultrafine particles
was higher (40%) for the strong event compared to thefor all 7 science flights measured at for three different tem-
weak event (12%). The surface area was also comparablgerature and altitude regions: temperats250 K (altitude
(~2pum?2cm~3) for both events. <6 km), 230 K<temperature:250 K (6 km<altitude<9 km),
Once again the HYSPLIT trajectory shows differences be-and 200 K<temperature230K (9 km<altitude<14 km).
tween the two events. The strong event had a higher amourithese results show that at altitudes from 9 to 14 km, par-
of cumulative precipitation (44 mm) compared to the weakticle concentrations are higher in the subtropics and mid-
event (8 mm) as is shown in Table 2. The solar flux, how- latitudes than in the tropics, consistent with the Hermann
ever, was comparable for both casess6kWm2). The et al. (2003) trend; both the present study and Hermann et
distinctive difference between the strong and weak evental. (2003) were mostly conducted near the tropopause re-
is the back trajectory from the previous five days (Fig. 7). gion in the midlatitudes at similar latitude ranges. It has
These trajectories show the same differences as the previouseen shown that air mixing induced by convection and the
case study. For the strong NPF event, the airmass originatestratosphere and troposphere exchange is strong in the mid-
from a much lower altitude (ground level) three days prior to latitude (Pan et al., 2007) and these air mixing processes
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Fig. 7. The same as Fig. 4, except for the strong (left) (corresponding to Figs. 5a and 6a) and weak (right) (Figs. 5b and 6b) NPF events
occurring on 12 December 2005.

can enhance NPF; for example, very high frequency (86-consistent with Sttm et al. (1999) which showed that ul-
100 %) and high magnitude~700-3960cm® N4_g and trafine particles are not always anti-correlated to surface ar-
~1000-3990 cm® Nj_s000 of NPF were observed in the eas in the free troposphere. The high frequency and mag-
mid-latitude tropopause region due to air mixing (Young et nitude of NPF observed in this region (Twohy et al., 2003;
al., 2007). On the other hand, this trend is different from theYoung et al., 2007; Hermann et al., 2003; Lee et al., 2003;
previous report by Lee et al. (2003) which showed higherthis study) are thus due to such low surface areas mea-
concentrations of ultrafine particles in the lower latitudes.sured in this region in general (446n?cm—2 on average
Because a majority of the data in Lee et al. (2003) were(Young et al., 2007); 341.7um?cm 2 (Lee et al., 2003);
taken in the subtropics and polar regions, rather than in the<10um2cm~2 (Twohy et al., 2003; Carslaw andéfcher,
midlatitutes, while the present study was made mostly in2006); 1.58-0.87,m?cm2 from the present study) and in
the midlaltitude region, a direct comparison between Lee etaddition to low temperatures (Carslaw andrkher, 2006).

al. (2003) and this study is difficult. ) o oo )
Our case studies shown in this study indicate that airmass

history is important for nucleation in this region. All non-
4 Discussions and conclusion /weak-NPF cases identified here did not have large scale ver-
tical motion, indicating that airmasses originated from rela-
Because surface area is the sink of new particles, an antiively high altitudes, possibly with low concentrations of ex-
correlation of N4_g with surface area might be expected. pected aerosol precursors. On the other hand, strong events
However, our analysis shows little correlation between thesausually had uplifting. Large scale uplifting brings higher
two parameters, although the median value of surface areoncentrations of aerosol precursors (including 26d wa-
eas was higher for non-NPF events than NPF events. Thigser vapor) to higher altitudes where temperature and surface
is probably because that the majority of the samples (95%preas are lower. With these factors together, uplifting can
were NPF cases and the measurements were made in a wideeate an ideal condition for aerosol NPF: higher aerosol
range of the free troposphere region (altitudes up to 14 knprecursors, lower surface areas, low temperatures, and air
and latitudes from 18N—62 N). This feature in fact is also mixing. It is noted that the S©photochemical lifetime in
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the atmosphere is around 10-14 days under the typical free A A A A A
tropospheric conditions. Even with this relatively long pho- 100007 @) B
tochemical lifetime, however, the measured,S@ncentra- 5000 Temperatwef 20K i
tions in the free troposphere showed a clear vertical profile, _
with much lower concentrations at higher altitudes than in the 6000 7 B

ground level (Thornton et al., 1999). In this case, uplifting

o
£
)

@

&

can play a very important role for bringing higher concentra- z e . <
tions of SGQ from the source regions to higher altitudes in a 2000 N -
short time. In addition, it is possible that rapid uplifting can o _,'h ,_;_ B
also bring insoluble organic trace gases to higher altitudes ' ' T ' '

. . 20 30 40 50 60
to produce new particles (Kulmala et al., 2006). Abrupt air Latitude (°N)
mixing can also take place during rapid uplifting. As shown 5000 1 1 L 1 1 5
in previous theoretical predictions (Nilsson and Kulmala., (b) 230K <Temperature < 250K
1998), because nucleation is a non-linear process, when two 4000 a -
airmasses mix with each other with different RHI, tempera- _ K

_ AR L

tures, and aerosol precursors, nucleation rates can be mucm‘rg
higher than without mixing. E
While the role of uplifting of an airmass on NPF is much
clear, it is less clear how other meteorological parameters 1000
from the airmass history can also play a role in determining if
nucleation occurs and the extent to which it occurs (Table 2).
The solar flux from the previous five days was similar for the Latitude (°N)
strong- and weak- NPF events for both case studies and if ! ! L | |
the sun exposure fraction (that is the average ratio of the sun
exposure hours in a day during the five preceding days) also
did not vary much day to day (approximately 0.5 to 0.6), so _ (., _
the average OH concentrations in airmasses would be similar.’s
While the RHI was higher for the strong event than the weak ;"4000—
event on 12 December, the values were comparable for both
events on December 19 (Table 2). Precipitation may have 20907
affected the strength of the event as in both cases the strong
event experienced more cumulative precipitation (Table 2).
.. . . . . 20 30 40 50 60
Precipitation is believed to lower the surface area density be- Latitude (°N)
cause of scavenging, but since for all these events the surface
areas were in fact very low in this region, the precipitation ef- rig. 8. The measuredv,_g as a function of latitude for dif-
fects can be less important under such a condition. For thesgrent temperatures (and hence different altitudes) during the
specific case studies, however, the altitude rather seems to IdMSF/INCAR GV Progressive Science Mission. All 7 research
a dominating factor in determining the strength of the NPFflights are included here. Temperatuee®50 K (Altitudes< 6 km);
event. Both strong events had a median altitude of less tha@30 K<Temperatures: 250K (6 km< Altitudes < 9 km); Temper-
2.5km during the previous five days and had minimum alti- atures< 230K (Altitudes> 9 km).
tudes very close to the ground levelX km), whereas for the
weak events the median altitudes were both above 6 km anten attributed to air mixing and convection. However, there
the air never fell below 2 km (Table 2). And, this may again were also some NPF cases where vertical motion clearly did
point to the significance of airmass history in determining thenot occur &50% of the NPF cases), similarly to Young et
extent of NPF. al. (2007), suggesting that airmass history is an important
It was consistent that weak- or non-events did not expe-but not the only governing factor for aerosol nucleation in
rience large scale uplifting during the Progressive Sciencehis region.
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