
Instrument & Mission Overview
 

VCSEL Hygrometer:
 

DC3 Cirrus Cloud Statistics:
Cold-temperature cirrus, T < -40 ºC

��In-cloud: 15.2 hours
��Clear-sky: 54.0 hours 

DC3 Ice Supersaturation Region Statistics:
��Number of ISSRs: 3444
��Max. ISSR length: 160148 m
��Min. ISSR length: 176 m
��Mean ISSR length: 2770 m
��Median ISSR length: 744 m
��St. Dev. ISSR length: 7062 m

Establishing Sources of Air from Trac-
er Mixing Lines
 

Evidence of Convective Injection of 
Water Vapor into Stratosphere?
 

,QMHFWLRQ�RI�ZDWHU�YDSRU�LQWR�WKH�ORZHU�VWUDWRVSKHUH�FDQ�LQÁX-
ence chemistry. The understanding of the dynamics, evolu-
tion and frequency of these events is limited, largely a result of 
their small spatial scales and infrequent observation.
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Ice Supersaturation Regions (ISSRs)
 

,FH�6XSHUVDWXUDWLRQV�5HJLRQV��,665V��DUH�GHÀQHG�IRU�UHJLRQV�
ZLWK�7�������ʝ������.��ZKHUH��

5+LFH =
H
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ambient water vapor pressure (e) is determined from VCESL 
data and the ice saturation vapor pressure (es) is calculated 
IURP�WKH�0XUSK\�	�.RRS��������IRUPXODWLRQ�

In general, ISSRs display the folllowing behavior:
��Small scale events dominate
��:DWHU�YDSRU�ÀHOG�FRQWUROV�VPDOO�VFDOH�5+�VWUXFWXUH
��+LJKHU�PD[LPXP�5+�HQFRXQWHUHG�LQ�ODUJHU�,665V
��ISSR growth reduces ISSR spacing
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Cirrus Cloud Characteristics 
 

TRACER-TRACER MIXING LINES: (top) Source of air established by O3-CO mix-
LQJ�OLQHV���PLGGOH��:DWHU�YDSRU�SURÀOH�DORQJ�WUDFHU�PL[LQJ�OLQHV��&RQYHFWLRQ�FDQ�OHDG�
to irreversible transport of water into the stratosphere; (bottom) While ISSR are seen 
DFURVV�PL[LQJ�OLQHV��WKH�KLJKHVW�5+�DUH�OLPLWHG�WR�WURSRVSKHULF�DLU�

RF07 Timeseries: (top) Water vapor and ozone observed by the G-V during a stretch 
RI�5)����:KLOH�+2O & O3 measurements indicate that this air is chemically akin to the 
stratosphere, a large transient increase in H2O can be seen and may have convective 
origine; (bottom) Flight altitude of G-V, the H22�SHDN�LV�DW�a��������IW�

ISSR DEFINITIONS: The length of an ISSR is derived from the cumulative product of 
airspeed and time any continuous segment where RHice > 1; ISSR spacing is the dis-
tance between the end of an ISSR and the start of a subsequent ISSR; the ISSR RHice 
LV�WKH�PD[LPXP�5+�PHDVXUHG�LQVLGH�RI�DQ�,665��7KH�GDWD�VKRZQ�DERYH�UHSUHVHQWV�a��
PLQXWHV�RI�ÁLJKW�WLPH�
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Frequency of 
Occurrence

RHice FREQUENCY: (top) Clear sky frequency of occurrence within 1 K temperature 
ELQV�IRU�7�������Ʌ���2EVHUYDWLRQV�DUH�UDQGRPO\�GLVWULEXWHG�EHWZHHQ�5+�RI�QHDUO\�
zero to the homogenous freezing threshold; (bottom) Subsaturation indicates aged cir-
UXV�LQ�WKH�HYDSRUDWLRQ�VWDJH��6XSHUVDWXUDWLRQ�LV�OLNHO\�WR�RFFXU�LQ�\RXQJ�FLUUXV�GLUHFWO\�
IROORZLQJ�LFH�IRUPDWLRQ��7KH�VKDUS�GLVWULEXWLRQ�QHDU�������LV�DQ�LQGLFDWLRQ�RI�VKRUW�
UHOD[DWLRQ�WLPHV�DQG�WKH�SURFOLYLW\�RI�ZDUP�FORXGV�WR�OLYH�QHDU�VDWXUDWLRQ��7KH�EURDG-
HQLQJ�GLVWULEXWLRQ�DW�7�������.�PD\�EH�D�UHVXOW�RI�LQFUHDVHG�FORXG�UHOD[DWLRQ�WLPHV�

Cirrus Cloud Lifetimes
 

For clouds formed near homogenous freezing threshold, the 
time needed to reach dynamic equilibrium is the relaxation 
WLPH��.RUROHY�	�0D]LQ��������

τ = �
D�·X] +(EL+E∗L )1L5L

WKH�PDLQ�SDUDPHWHUV�LQÁXHQFLQJ�WKLV�DUH�uz, T and NiRi. NiRi 
is the integral ice particle radius, the product of mean ice par-
ticle size (radius) and ice particle number. Vertical velocity 
and temperature are given by uz and T, respectively. In-cloud 
relaxation times are (preliminarily) explored for growing cirrus 
during DC3. 

&RPSDUHG�WR�SUHYLRXV�REVHUYDWLRQV�E\�.UlPHU�HW�DO���������
longer relaxation times are derived, largely a result of 
increased particle size at warmer temperatures. This may help 
explain the observation for increased frequency of in-cloud 
VXSHUVDWXUDWLRQ�D�7�������.�

PDF: In-cloud & clear sky RH 
frequency of occurrence for all 
7���ï���Ʌ�GXULQJ�'&��

IN-CLOUD PARTICLE MEA-
SUREMENTS: (top) Ice par-
ticle diameter as measured by 
�'6��5HG�FLUFOHV�UHSUHVHQW���.�
WHPSHUDWXUH�ELQV��$��QG�RUGHU�
SRO\QRPLDO�LV�XVHG�WR�ÀW�WKH�
binned data; (bottom) Particle 
concentrations as measured by 
�'6��ELQQLQJ�DQG�ÀWWLQJ�VDPH�
DV�DERYH�

&,5586�5(/$;$7,21�7,0(6���OHIW��,QWHJUDO�LFH�SDUWLFOH�UDGLXV�IURP�ÀWV��DERYH��
of 2DS measurements; (right) The cloud relaxation time is calculated from NiRi (left) 
IRU�D�YDULHW\�RI�YHUWLFDO�XSGUDIW�YHORFLWLHV��:KLOH�WKHUH�LV�ODUJH�GLVWULEXWLRQ�LQ�NiRi this 
UHSUHVHQWV�WKH�PHDQ�YDOXH��2QO\�DW�VORZ�XSGUDIW�YHORFLWLHV�������FP�V��GR�UHOD[DWLRQ�
WLPHV�EHFRPH�VLJQLÀFDQW�

TRACER-TRACER CORRELA-
TIONS: whereas O3 & CO are com-
monly used convective tracers, H2O 
can sometimes more clearly reveal 
short timescale features (c.f. RF07).
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