Measurements of Upper Tropos

heric Humidity

at Low Temperatures during CRYSTAL-FACE

. T. P. Bui®

berthermani®@iphnasa.goy
UsSa

Abstract

Aircraft condemauon trai]s {conitrails) and thm ‘cirriss .

© were stidied by’ insiruments on the NASA WB-57F
" high-alitude, aircraft dirinig the NASA CRYSTAL-
FACE mission. Persistent contrails and optically thin
cirrtisarecanizasiediydifferentlevelsofsupersaturation
with ré&pert-
the- WEB-5747- aircraft - intercepted visible contrails

produeed by both -the WB-57F. and. ER-2. aircraft.
These: contrails were locsied immediately below the

local trapopause, Where ambient tempetatires. were.

ve:ylow -76°C). 'I‘hecomraﬂsweredea:ly indicated - -

" by an sbrapt incease in-NO, arid ‘4 . sinwiltaneous,

abiupt decrease. in ice supersaturation. ‘Within the -
- contrails; the: relative humidity was close 1o 130%:

with respect fo ice, higher fhan expected from theory.

Outsmethecqmraiiswasapelslslentlayerofsubwsxble, ’

© cirmis extending from approximately -13-10°15 km
altitude: This layer was characterized by wgnﬂcant
siipersatarations because - the ambient concentrations.

ofice particles were insufficient tosigriificantly deplete

the ice supsrsaturation. -We will ‘discuss in situ
measiférnents and model smmlaums of hurmdlty

imr'oducﬁon

During soramer 2002, the Cirrus Regmnal Study of
“Fropical - Anvils. énd- Cirrus Layers - Florida Area
Ciirus Expemnent (CRYSTAL-FACE) Vvas carried
ottt to'stiady upper tmposphenc cirrus in the subtropics
and. ropics. - One of the spéeific’scientific questions
addressed by ihis mission was?. <

ATé the supefsatirations medsured in clear =sky regions
afid within clouds. consistent with eur understanding
ofieg nucleahon in the uipper traposphere? . - -
This i3 important for clitnate models, which often
.cannot féprodtice observed supersaturations due o the
model paramieterization of eloud formation. Sixaircraft,
satellite, and .ground obsetvations: wefe included in
this missior, but w¢ focus’ heré on simultaneous, in

situ’ messurements from the NASA WB-57F high-.

altitude . airceaft on 13 July 2002 iti the subh'opical
upper raposphere.

¥ s,
. Hygiomeler (JLH). - Laser; détector, and aprlcal ‘path are uxated 826 m
‘beneath the right wing Dfﬂ;e WBSTF

Instrumentatlon '

TheJét Pmpu]smn Laboratory (JPL} Laser Hygromeber
(JLHJ 'is. 4 single-chaniel, - near-infrared (1369-nm),

tunable diode laset specirometer for measurernerits, of
atmosphieric water vapor ‘[May,  1998]: - The open-
‘pathi désign elitriinates the need for a sampling inlet
and reduces, possible interfefences from evaporation
of condeénsed wates. JLH utilizes harmoiiic absorption
SpectToScopy, : 4 commen’ sensifivity-enhancing
technique employed in:diode Jaser spectroscopy fe.g.,
Webster et al., 1988]; yielding a water detection tange

Cof i to 2t0%: ppmY. thh 0.05 ppmv., pl'ec]swﬂ and

10% accumcy
_'I‘he Meteorologwal Measurement System {MMS)

on-hoard the WB-57F provides static temperature and .

static: pressiite data - [Scott ‘ef ‘al,; 1990, wiich are

utilized in JLH dats' pracessing fo conivert waler vapor -
concetifrations into. volume mixing ratios, frost points, .

“and refative humidity with tespect to ice (RHY) and
hquld water (RHw): - Vertical wind velocities reported

by MMS are also ufilized in'this analysis. We utlize
nitric oxide (NO) 45 avi-indicator of aircraft éxhaist.
The measuréments of NOare frotn the NCAR NO,
NO.,O; instrument, whichiusesthé chernilurninescerice
detéCtion tectinigue [Ridley et af,, 1994] .

toice. - Durinig the July 13, 2002, flight,

~Data and Results
On13 July 2002, the regidn near the tropﬂpause (14 6

Kin altitude) was characterized by optically fhin cirrus’

and very low- temperatures (-76 to -77°C).. The WB-
'57F aircraft sampled contrails deposited near ‘the

{Figure3). Based on previous observations of; conirails,
weexpect that aircrafi exbiaust pamdssreadﬂybecome

activated and heterogenecusly nucleate -ice le.g,,:

Schroeder et al., 2000, and Héymsfigld et al. 1098}

‘Within the ER-2 contrail, clearly indicated by high -
- NO, the refative humidity was much lower then i the - .
Surrounding ait due to'a large concentration of growing.
e the contrail, the enviranment. .-

ide-crystals.  Outsid
wascharacterizedbyextremely highrelative humidities:
* Apparently, there were not. enough particles in-the
subvisible cirrus to deplete the sy

" ‘range.of humidities (Figure 4). . Within the WB-57F

contrail,  the: relative hummidity wifh respect 0 ice.
{RHE). cinverged (o a narrow range of 125-to 140%.

' _Model'and D’iscus'sion‘ '

+ . Thust be

g 3| contrails, it
£0po bytheBR 2 (Flgm*ez) A WB-57T i ; .al 1998; Hewnsﬁedeta] 1998}, Within' 3,

- troposphere- with a ‘cloud: microphysi

watgr -
vapor. Tr'contrast to the ER-2 contrail, thie WB-57EF. -
contrail was deposited i an environment with & wide .

T ordet to dtive: the growth. of ice patticles, prevent
-gvaporation; and maintain a contrail, RHI
than 100% [Gierens, 1996; Jensen et

5. expecled. that Jarge concentfations. of growing ice
crystals, will mainitain RHI close ‘to '100% {Jensen et

’ _aL 1998; Heytnsfield et al;; 1998]-

We su‘nulate the ‘ice: nucleation process in the upper
cal mode] [e.g.
Heyimsfield and Miloshevich, 19951, Nucleation rates

-ate based ‘on the results of Koop-et al. [2000]. Inttal -

conditigns are: 10 o™ jee crystals, 1 micrometer in
diammieter, in-an air parcel at rest, temperature of <75°C;

. relative humidity. at-satiration with respect to liguid
_ water,” Figuie's demossirates that the madel ice crystals.

grow: fapidly; bringing ice supersam:auon . zero
{RHI= 100%) within 120 secorids: ~

Vertical velocity and RHI showed no correlation in - J [ m—ee
either oontrail ;
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Prevnous measuremems by Schmeder etaL [2800]
“indicated aJarg ratige: of relati A
visibletontrails, using aslow ryogeniciindrtechnigue

to;meastire.water... However, Heyiisfield et ol Heda] -

reported RHE-1009 in:contrail ‘cores at tefpératures’
of -52°C." "These foeasarerients xere mdde duiing the

NASA'SUCCESS: mission with the NASA Tangley-
. Digde, Laser Hygrometer DK, which is snm:lar 16

_]LH in both trme ﬂsponse and accuracy

E ‘the researchd

" Seoit, 8. G etal, ] ‘Atmigs, Ocsanic éch 'l:

The Measired relatlve hum;dray with respect 1o ice
RHIi$ 125- 140% i cold aireraft com:raﬂs (76°0).

~ Theory predicts Ritshould be HJO% inthe contrmls
“The meastred RHTin cieara]ras highias: 180% even
" thiough' theory predlcls that, at tempegatiiies of -78°C,

hmncgeneous nucleauonshcm!d oot at1hT 10 162% -
Rl [Koopetal, zmei The case thh:s d:screpancy )
isumknown. )
Uncertamties.l'yet to=quatiﬁfy: E

Does 130% RHI IEIJl‘esen‘t saturatlon vapor pressure
for Angther compound?’ - .

) .Isse]arheahngofsootmﬂ}ebamdesagmﬁcant?

Isthe CDI'lil‘all spahally h@mogenm‘T

; What lsthe ':ate of enu'anunem of outs1de au' mln the

Ceohmall? e e
s there sxguiﬁcant pamde evapuratmn due to Tam’.
heaﬁngupsu'eem of ﬂlewmg? A
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