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Abstract. The detection of nitric acid trihydrate (NAT, ter (H,O) and nitric acid (HNQ@) (Voigt et al, 2006 with
HNO3x 3H0) particles in the tropical transition layer (TTL) subsequent particle sedimentation. Processing of nitrogen
harmonizes our understanding of polar stratospheric cloudind halogen species as well as hydroperoxy radi&ds- (
formation. Large reactive nitrogen (NDcontaining parti-  rmann et al. 1996 on cirrus clouds and cold aerosol can
cles were observed on 8 August 2006 by instruments onaffect the ozone budget of the tropopause region. Still the
board the high altitude research aircraft M55-Geophysicarole of ice crystals and other solid particles in the tropopause
near and below the tropical tropopause. The particles, mostegion, their nucleation mechanism and the related questions
likely NAT, have diameters less thanu®n and concentra- whether they could dehydrate or even hydrate the lowermost
tions below 104 cm~3. The NAT particle layer was repeat- stratosphere above convective systems remains elusive.
edly detected at altitudes between 15.1 and 17.5 km over ex- Although the thermodynamical possibility of the existence
tended areas of 9.5to 17.R and 1.3W to 2.7 E above of solid nitric acid aerosol in the tropical tropopause layer has
the African continent. Satellite observations suggest that thearly been proposed byamill and Fioccq1988, the obser-
NAT particles could have nucleated on ice fed by convec-vational evidence was missing for almost two decades. In
tive activity. Once nucleated, the NAT particles can slowly fact, only recentlyPopp et al(2006 detected NAT particles
grow within the TTL for days, while being transported over in the tropical lowermost stratosphere south of Costa Rica
long distances. Their in-situ detection combined with globalwith an aircraft-borne particle mass spectrometer. One of the
model simulations of the NAT supersaturation near the tropi-reasons for the gap between prediction and observation of
cal tropopause indicate the potential for a tropical tropopauséAT particles in the tropopause region is the low nitric acid
NAT particle belt. content of tropical NAT clouds of a few pptv HNOwhich
makes their detection from space difficule6sen and Drd]a
2002. Nevertheless, attempts have been made to identify
tropical NAT clouds from HALOE extinction dataderwig

and McHugh 2002 and to relate their presence to regions

The composition of the tropopause region is modified by iceWith frequent occurrence of lightning and in consequence
crystals and HN@containing aerosol through uptake of wa- t0 regions with enhanced concentrations of reactive nitrogen

speciesChepfer et a].2007).
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20 2 Instrumentation
The NG, instrument SIOUX is described in detail Woigt
et al.(2005. On most of the flights during the AMMA cam-
paign, it was configured to detect gaseousyN@nd nitric
oxide (NO). In contrast, on 8 August 2006 total reactive ni-
trogen (NQ, that is the sum of gaseous and enhanced par-
ticulate NGQ,) and NO were measured with forward and back-
ward facing inlets of the N@instrument. In brief, the detec-
tion principle of the NQ instrument is based on the evapora-
tion of particles in the forward facing inlet, the reduction of
0 gaseous N@to NO with CO in a heated gold converter and
' _1'0 ' (') ' 1'0 the detection of the chemiluminescence reaction of NO with
ozone.

Near the tropical tropopause the N@ixing ratio is about

a factor of 6 smaller than the NO mixing ratidepisen and

Latitude

-
o
1

Longitude

Fig. 1. Fight track of the M55-Geophysica over Africa on 8 August -
2006. The arrow shows the flight direction. The thick black lines Drdla, 2002. Hence an upper limit of the total enhanced

indicate regions with NAT particle observations, the thick gray line HNOgz « mixing ratio can be derived by subtracting the_ calcu-
observations of cirrus clouds. lated NG (=NO+NO,=1.16xNO) from the NG ; mixing

ratio. Thereby we neglect e.g. the contribution of other,NO
species such as PAN to the Nl@oncentration near the trop-
In addition, the detection of NAT clouds is frequently ical tropopause.
masked by the presence of cirrus clouds in the tropics. Near The instrumental error for N@ is £12% and for NO it
the tropical tropopause NAT is stable at conditions about 2Kis 10%. As the particle velocity in the inlet is smaller than
above the ice frostpoirficg, hence there exists only a small the aircraft velocity, the detected particle concentrations are
temperature window for the detection of pure NAT clouds enhanced relative to ambient values. When particle con-
(Popp et al.2007. Cold tropical cirrus clouds have been centrations are low enough{0-3 cm~3), individual large
shown to contain enhanced concentrations of IN@igt  (d>1.8..m) reactive nitrogen containing particles can be de-
et al, 2007 Popp et al. 2007) at temperatures below the tected as peaks above the background gas phase signal. The
NAT saturation thresholdI{<205 K), promoting the forma-  frequency of these peaks and the known sampling volume
tion of NAT clusters on iceGao et al, 2004. Despite the-  directly yield the ambient particle concentration.
oretical and observational efforts, the nucleation process of Gas phase pDq and total HO; (H,Oq4 plus enhanced par-
solid HNO; containing particles in the tropical tropopause ticle H,O) were measured with two independent Lyman-
region — as well as in the polar stratosphere — remains puznygrometers. The gas phase instrument FLASH measures
zling. H,0g4 with a rear facing inlet with an accuracy of 10%. The
In the present study, we investigate a cold region of NAT accuracy of the total water instrument FISSchiller et al,
supersaturated air near and below the tropical tropopause.999 is 8% in regions without particle observations. The de-
Besides measurements ob® and particles, reactive ni- tection limit for the ice water content (IWC) in cirrus clouds
trogen species (NGHNOz+NO+NO+N205+PAN+...)  depends on temperature and is 0.3 ppmv below 205K. The
have been observed in the gas phase and in particles. Réemperature was measured with an accuracy@6 K with
centlyPopp et al(2006 detected NAT patrticles in the tropi- a Rosemount sensor.
cal lowermost stratosphere south of Costa Rica. In this work, We calculate the frostpoirfice and the ice saturation ratio
we present first evidence for the presence of NAT particles ing,g, that is the HO vapor pressure divided by the® par-
the tropical transition layer over the African continent. We tjg| pressure over iceMarti and Mauersbergef 993 from
show chemical, microphysical and optical observations ofthe FLASH HOy measurements. For time periods when the
NOy containing particles in the tropical tropopause region gas phase instrument was not active, we calcufie out-
that were — based on the available observational evidence side of ice clouds (as identified by correlated increases in the
present in the form of NAT and discuss their growth and nu-FSSP and the FISH signal) from the FISH data.
cleation process. The measurements were performed on 8 particle size distribution and number density were detected
August 2006 with the high altitude research aircraft M55- ith a forward scattering spectrometer proB®irmann et
Geophysica during the African Monsoon Multidisciplinary a|., 2000. The FSSP100 detects light scattered by particles
Analysis (SCOUT-O3/AMMA) from Ouagadougou, Burk- in the diameter range 2-29.7um. The detection of only
ina Faso. 1 particle within 100 s by the FSSP corresponds to an ambi-
ent particle concentration 1x1L0~* cm~3. The error in par-
ticle number density from the FSSP data is dominated by the
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Fig. 2. Time series of effective particle diameters, total®d and gasphase 0y, total NG, ¢, NO, T, and altitude measured on 8 August

2006 above Africa. Spikes in the NGignal indicate the presence of M@ontaining particles as marked by the shaded areas,:@d
H,O¢ data are not corrected for particle enhancement.

error due to counting statistics, which is equal to the square36 particles were detected in flight segment B, while § NO
root of the number of particles measured in a specific timecontaining particles were measured in flight segment C. In
period. Hence, for 1 particle the error is 100%, for 4 it de- total, the observation of 88 particles yield an average particle
creases to 50%. The uncertainty in the sampling volume ofoncentration of 310~°cm~2 along the 818 km sampling
25% plays a minor role. track. We suggest that higher concentrations of smalley NO
containing particles could be present, which cannot be iden-

_ ) ) tified as peaks in the NQ signal due to their low HN@
3 Particle observations near and below the tropical  gptent.

tropopause
Patches of ice clouds were embedded in the extendgd NO

NOy containing particles were observed on 8 August 2006containing particle layer. Contrarily to the N@articles, the
above the West African continent (Burkina Faso, Benin andcirrus clouds were identified by a correlated increase in the
Mali) between 9.5 to 17°2N and 1.8W to 2.7 E as indi- H2O; data measured by the FISH hygrometer, the particle
cated by the thick black line on the flight path in Fig.Time number density detected by the FSSP and thg N\<ignal
series of the particle observations and meteorological dataf the NG, instrument. Ice clouds were present whenever
are shown in Fig2. Individual NG, containing particles ice saturatiorfice exceeded 1. Cirrus clouds were observed
are identified as peaks in the NPsignal. These individ- at altitudes between 10.3 and 14.3 km during ascent and de-
ual NQy ; peaks were observed in flight segments A (44 537scent. In addition patches of cirrus clouds were detected on
to 47749sUT), B (50194 to 51691 sUT) and C (53 563 to the top and intermittently within the NQcontaining particle
53765s UT) for 54, 25 and 3 min and over distances of 542 Jayer, in total four times between 43 809 to 43965s UT (16.1
249 and 27 km. Overall, 88 particles were detected continuto 16.9km, 1565s), 44 392 to 44461sUT (16.8 to 16.4km,
ously while measuring at altitudes between 15.1 and 17.5km69s), 50728 to 50817 sUT (16.1 to 15.7km, 89s), and
near the thermal tropopause intermittently over a broad ge51 311 to 51527 sUT (15.6 to 16.2km, 216 s) and for a to-
ographic extent (818 km). The thermal tropopause was lotal time of 9 min. Cirrus were absent at temperatures above
cated between 16.2 and 17 km altitude, as derived from thélice. The cirrus observations are indicated by thick gray
temperature data of the Rosemount sensor onboard the Getines in Fig.1. The flight path in Figl in northerly direction
physica. The absence of particle peaks in thgNé)gnalin ~ was chosen to coincide with a Cloud-Aerosol Lidar and In-
the stratosphere at altitudes above 17.5 km confirms that NOfrared Pathfinder Satellite Observations (Calipso) overpass.
peaks are not related to an instrument malfunction. DuringPatchy cirrus clouds were also detected by the Calipso lidar,
flight segment A, 44 NQcontaining particles were observed, while particle volume and size of the N©@ontaining particle
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Fig. 3. Vertical mean profiles of’, Tnat, Tice, SNAT: Sice. H2Og and NG, t—NOx as proxy for HNQ, NAT particle diameters detected

with the NG, instrument and effective ice crystal diameters detected with the FSSP. The shaded area indicates a layer between 15.5 anc
17.3 km altitude that is supersaturated with respect to NAT. Patchy cirrus clouds are observed below and embedded in the 2.4 km thick NAT

particle layer.

layer are too low to allow for a detection from satellite. In

Give the measured super-saturation with respect to

addition, iridescent cirrus patches similar to ice PSCs wereNAT and sub-saturation with respect to ice, we can as-
visually observed by scientists onboard the DLR Falcon fly-sume NAT particle composition for the observed particle
ing nearby the Geophysica, in contrast the small and dilutgpeaks and derive a particle diameter from the relation-
NOy containing particles are not visible. ship d [um]=4.7/[ANOy 1333 with [ANOy]=NOy(fpea)-
NOy(fpeak-19) in ppbv*sec Northway et al.2002. The res-
idence of a particle/gas sample in the instrumenti$ s
with the result that the HN®on a single particle is de-
tected within the 1s instrument integration period. We an-
alyze peaks with a4ANOy]>0.08 ppbv*sec corresponding
§ NAT particles with d~1.8um. The particle sizes in

e particle layer are depicted in Fig. From the sum
of particle observations, we derive a NAT particle num-
ber density Rat~3x10"°cm=23 for the diameter range
1.8<dnar <6.4um corresponding to a particulate HNO
content of a few pptv. The FSSP observed 4 particles in
the diameter range between 2.7 and /o in flight seg-
ment A (see Figl), yielding a particle number density of
nnat ~1.5x107° cm~3, in agreement with the observations
from the NG, instrument.

4 NAT particle composition

In our study, we analyze the sequence of peaks in thg{NO
signal. These peaks were detected in the temperature ran
between 190.5 and 205.8K at altitudes between 15.1 an
17.5km as shown in Fi@. The particle layer was observed
at temperatures down to 2.3 K beldiar and aboveTlice.
The NAT equilibrium temperaturéyar and the NAT satura-
tion ratio Syar, that is the HNQ vapor pressure divided by
the HNG; partial pressure over NAT, were calculated with
Hanson and Mauersbergd988 based on the detected tem-
perature, HOg and HNG3; concentrations. Using HN{
instead of HNQ g in the formulation oHanson and Mauers-
berger(1988 may introduce negligible errors of less than
0.1% in the derivation ofyar. The particles producing these peaks are unlikely to be
An 8 min flight sequence from 44826 s UT at the lowest composed of a supercooled ternary solution (STS) gOH
flight level of 15.1 km within the particle layer will be ex- H»SOy and HNG. Model calculations of the HN@parti-
plained in detail later, as this region was strongly NAT sub- tioning between the gas and the liquid aerosol phase at low
saturated. In the remaining 74 min of particle detection,NO temperatures are presented/igt et al.(2007). Popp et al.
containing particle were observed in the temperature rang¢2007) show that the uptake of HNin background sul-
TnaT —2.3K to TnaT+3.2 K and up toTice+5.5K. phate aerosol is not thermodynamically favorable at above
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Fig. 4. Number of NAT particles observed in the individual size intervals inferred from thg di&@a during the flight on 8 August 2006.
Particles with é<1.8um cannot be detected by the N@strument. The NAT particles yield a number density afl® > cm 3.

TnaT—4 K near the tropical tropopause. Also all available the reaction with aluminosilicate (AD3) leads to less stable
sulphate particles would grow by the uptake of HN@s  surface nitrate that could indeed be thermally decomposed
there is no nucleation barrier for HNQuptake in liquid  fairly easily.
aerosol. Hence the STS particle concentration would be near It has been shown that biomass burning emissions could
the background particle concentrationslQ cnm3) and can-  modify the composition of the TTL in the observation re-
not explain the peaks in the N@signal, but only a smooth  gion (Mari et al, 2007 and therefore might contribute the
signal behavior. detected high HN@concentrations (see Fig). Considering

In addition, the particle observations are unlikely to be NAT particle sizes up to ﬁm a”‘?' their presence connected
composed of HN@contained in ice. First of all, the total and 1© NAT supersaturation, it is unlikely, that the observed par-
gas phase water data agree within the instrumental uncertair‘i'—Ch,ES are biomass bgrnmg aerosol'. Still, b!omass burning
ties in the time period between 44520 UT and 47 726 s yTemissions coul_d provide ponc_iensatlon nuclei for_NAT nucle-
where HNQG containing particles were observed. This sug- ation and partially explain high HNOconcentrations that

gests that ice particles were not present. In contrast, the otﬁelp to sustain NAT parncle groyvth.

servations of HN@in ice at similar and even lower temper- 1€ supersaturation  with ~ respect to  NAT,
atures during the TROCCINOX and the CR-AVE missions '12/9€ d\'A4T<6‘§m and low particle concentrations
(Voigt et al, 2007 Popp et al.2007) show a clear total water War<10""cm™ all suggest that the particles were
and FSSP signal. While total water, FSSP, backscatter anfrimarily composed of NAT.

lidar data indicate the sporadic presence of patches of cirrus

clouds, the~3 km thick layer of HNQ containing particles 5 Conditions in the African TTL and NAT saturation

was continuously observed at low temperatures near and be-

low the tropopause. As a first estimate, we used the measure®HHNO;3; and

It is unlikely, that the observed particles are mainly com- temperature to derive mean profilesSfar, Sice in the ob-
posed of Saharian desert dust. First of all, mineral dustservation region. As HN@uptake in STS aerosol is not ther-
has never been detected at altitudes up to 18 km right abovenodynamically favorable at temperatures ab@gr —4 K,
its source region. Further, HNOreacting with mineral  we can neglect the nitrate content in aerosol and use ${NO
dust particles is typically solid, e.g. HN@asH-CaCQ(s) as upper limit for HNQ 4. We note that HN@ concentra-
—Ca(NG)2(sHH20+CQ0,.  This reaction represents a tions between 0.4 and 1 ppbv in the African TTL are signif-
nearly permanent sink for HN§3n dust particles. The solid icantly higher than HN@ concentrations of 0.1 to 0.2 ppbv
particle nitrate will not return into the gas phase in the heatedobserved at 18 km altitude under remote conditions over the
converter of the NQ instrument and will not be detected. eastern PacificRopp et al.2009. Transport and processing
Still we cannot completely exclude nitrate on mineral dust asof nitrogen oxide rich biomass burning plumes from lower

www.atmos-chem-phys.net/8/7421/2008/ Atmos. Chem. Phys., 8, 743202008
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cle to sublimate at 2K abovByar. The NAT particles near
15.1km altitude have been observed right after descending
though a cirrus cloud (near 44500s in Fig. 2), suggesting
that HNQ; containing ice (or NAT) particles could have sed-
imentated out of the cirrus region. In ice sub-saturated condi-
tions below the cirrus cloud, the ice particles will evaporate
and could potentially release a NAT particle which slowly
sublimates.

Summarized, based on the combined evidence, we sug-

gest that the Geophysica probed a tropical NAT particle layer
in the African TTL. Total N@, hence the composition of
NAT patrticles, has only been measured on 8 August 2006.
Still, the FSSP detected low concentratiord 0—* cm—3) of
small particles (ek5m) on every flight in the West African
TTL, suggesting that this category of particles is ubiquitous
in the tropical tropopause layer. While the observations of
NAT particles in the tropics are rare, dilute concentrations of
NAT particles were frequently detected in the late polar win-
ter stratosphere=ahey et al.2001;, Northway et al. 2002).
Still, many years after their discovery, the nucleation pro-
cess of polar stratospheric NAT particles remains uncertain.
Hence we study NAT particle nucleation, growth and trans-
port in the tropics to gain insight in NAT nucleation processes
in different regions of the atmosphere.

Pressure (hPa)

Temperature (K)

Particle Diameter (um)

6 NAT growth and transport

In order to evaluate the plausibility of in situ growth and
transport of the NAT particles in the TTL, we have calculated
particle back trajectories using interpolated ECMWF wind
and temperature fields. Starting at the times and locations
where the particles were observed, we integrate backwards
Fig. 5. Particle back trajectories are shown for a representativell time tracking the size, geographical location, and height
subset of the NAT particles sampled. Particle location, size, and(including sedimentation) of each particle. The ECMWF
height are tracked backwards in time from the observation locationstemperatures are adjusted based on the Geophysica tempera-
Panels showi(a) particle pressure(b) temperature(c) diameter,  ture measurements at the locations where the particles were
and(d) geographic location. See text for details. sampled. Since we are integrating backwards in time, the
particles rise (due to sedimentation) and shrink (due to de-
position growth in NAT supersaturated air) as the calculation
latitudes and subsequent lifting of the emissions in convecproceeds. The analysis vertical winds are not used because
tively active regions Mari et al, 2007) could partially ex-  of excessive noise, and instead we impose a slow upwelling
plain to the observed high HNfoncentrations in the TTL.  (0.3mms1) corresponding to the radiatively balanced as-
In addition, nitrogen oxides from lightning in convective re- cent in the TTL. Vertical profiles of the NAT saturation ratio
gions east of the observation area could contribute to the obare calculated based on mean profiles gBHand HNG; ¢
served enhanced HN@oncentrations in the TTL. observed with the Geophysica on 8 August 2008. If the par-
While most of the NAT particle layer was detected un- ticles shrink to zero diameter before ascending into NAT sub-
der NAT supersaturated conditions, mainly the particles be-saturated air in the stratosphere, we argue that the calculation
low 15.8km encountered conditions near NAT saturationsupports NAT growth within the TTL. If the particles reach
(Snar=1) and at the lowest level (15.1 km) particles were sub-saturated air above the tropopause, there tends to be a
even observed afyat<1 (see Fig. 3). Uncertainties in rapid feedback of increasing size (caused by sublimation in
the temperature and the observegtHand HNQ ; concen-  reverse time) and faster ascent into more sub-saturated air.
trations may explain the presence of NAT particles under As shown in Fig. 5, at least some of the particles could
slightly sub-saturated conditionS\(xt <1). Furtherand even very well have resulted from in situ growth, transport,
more important, it requires few days for aun NAT parti- and sedimentation within the TTL. The results from these

Atmos. Chem. Phys., 8, 742743Q 2008 www.atmos-chem-phys.net/8/7421/2008/
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Fig. 6. Location of trajectories (green lines) ending about 1.5 days later on the flight track (white line) near the NAT observation regions;
superposed to MSG - Meteosat Second Generation brightness temperatures on 7 August at 01:00UT (red 195K, orange 210K, yellow
225K). The MSG data show that the African TTL was influenced by convection for more than 1.5 days prior to the measurements.

calculations are very insensitive to the assumed water vapor E39C-A, 89 hPa, annual mean (2000 - 2004)
mixing ratio and upwelling speed. If the TTL HNCoN- 60°N 4——
centrations were well below the values assumed hef@e5- ]
1 ppbv), then in situ growth of the NAT particles would likely 30°N 1

not have been possible. 0° «’3 4
There is considerable uncertainty in the analysis tempera-,.¢ |

=l

ture fields, particularly in the tropics where radiosondes are ]
scarce. If we further decrease the temperature by 2 K, thené0°S —————————————————————1——
T : : 180° 135°W 90°W 45°W 0° 45°E 90°E 135°E 180°
the in situ growth of most of the particles can be explained
except for a subset of the particles that was sampled at pres-
sures of 125-130hPa in extremely NAT sub-saturated air 1.0 15 2.0 25 3.0 35 4.0
(blue colors in Fig. 5). The latter subset of particles grow
and ascend through the TTL very rapidly in the reverse-time
calculations. For example, the particles sampled at samplegig. 7. Annual mean NAT saturation rati§nat at 89 hPa as calcu-
at 130 hPa grow to 12m within 6 h and ascend well into the lated with the global chemistry climate model E39C-A. See text for
stratosphere within about 12 h. As a result, it does not seenfurther details. The results show the potential for a global tropical
possible that these particles formed as a result of in situ nutropopause NAT belt.
cleation and growth in the tropopause region. These patrticles
give hints for the particle nucleation mechanism as discussed
below. ice sedimentation and evaporation and subsequent release
of NAT particles has been shown to explain low concentra-
tions of NAT particle populations in the Arctic stratosphere
7 NAT nucleation (Fueglistaler et a).2002ab; Dhaniyala et al.2002 Voigt
et al, 2000 2003 to some extent. We suggest that a sim-
Various NAT nucleation pathways have been suggested to exlar process could occur in the tropics.
plain low number density NAT particle observations in the Cloud top brightness temperature data from the Meteosat
polar stratosphere, such as NAT nucleation on meteoriticSecond Generation MSG satellite show that the TTL was in-
material {oigt et al, 2005, other solid inclusionsKog- fluenced by convection (Fig. 6). Backtrajectories starting on
dan et al. 2003 or NAT nucleation aided by cosmic rays the flight track in the NAT observation regions are located
(Carslaw et al.2002. In addition, NAT nucleation on ice, above a mesoscale convective system for at least 1.5 days

SNAT

www.atmos-chem-phys.net/8/7421/2008/ Atmos. Chem. Phys., 8, 743202008
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prior to the measurements with cloud top levels up to at leasthat small NAT particles can remain in the TTL for days un-
120 hPa €16 km altitude), suggesting that ice crystals could der NAT saturated conditions. Combined our results show
have been injected into the TTL by convective overshoots orfrequent conditions for the presence of NAT particles in the
could have formed in-situ caused by gravity waves above thel' TL.

convectively active region. Patchy cirrus were observed dur-

ing the flight on 8 August 2006 imbedded in the extended
NAT particle layer. Our estimates show that despjigr <8

in our case, deposition nucleation on ice as suggested b

Luo et 6."'(2003 could bro vide a po.t('anngl pathway for NAT. the tropical transition layer with the NOnstrument onboard
nucleation under conditions prevailing in the African tropi- . : : . .
. ; the high altitude research aircraft M55-Geophysica. This
cal tropopause region. While we cannot completely exclude . . .
. . . unique detection of a NAT particle layer over the African
other nucleation processes, it seems likely that the NAT par-__ . . .
. . : . continent extends the observation range of NAT particles to
ticles nucleated on ice and that the NAT particle observation . .
he tropical upper troposphere. It seems plausible that the

regions were influenced by convection. Sedimentation an AT particles nucleated on ice influenced by convection.

release of NAT particles from evaporating cirrus clouds could . e :
. . ence our observations suggest a similar nucleation process

also explain the particle layer, that was sampled under NA . :
f?r tropical and polar NAT patrticles.

sub-saturated conditions at pressures of 125-130hPa righ The combination of NAT particle observations in the TTL,

after the detection of a cirrus cloud about 0.5 km above. NAT growth and transport calculations within the TTL and
global model results of NAT saturated regions show the po-
tential for the presence of a tropical tropopause NAT belt,
characterized by moderate NAT supersaturation, the frequent
presence of NAT particles and long-range NAT particle trans-
port. While the detection of NAT particles in the TTL con-

9 Conclusions

Bilute populations of NAT particles have been measured in

8 The tropical tropopause NAT belt

Our observations suggest that NAT particles could rou-

tinely be present in the tropical transition layer. To . . . o
y P b Y solidates the picture of NAT particle formation in different

explore this idea, we used the chemistry-climate mOdeIregions of the atmosphere, further observations are needed
ECHAMA4L39(DLR)/CHEM/ATTILA (E -A) t Icu- T :
c 39( e ! (E39C-A) to calcu to better understand the details of the NAT nucleation mech-

late the NAT saturation ratio near the tropical tropopause. .
The CCM E39C-A is an updated version of the E39C modelMS™:
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