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Image time and aircraft position on
the figure at left correspond to

Introduction Overview of HAIC-HIWC Campaigns and Datasets
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At least one hundred jet engine power loss events since the 1990s have been attributed to the Phenomenon known During the HAIC-HIWC Campaigns, in-situ cloud total water content (TWC) was measured by an boxed time period (0019 UTC) on s 2180 2200 2230 2300 2330 00,00 | 0030 0100
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as ice crystal ICING .(IC|)° Ingestion of high concentrations of ice particles into aircraft engines 1s j(hought to CaLe isokinetic evaporator probe (IKP2: Davison et al. 2012, AIAA) mounted to a research aircraft. Satellites T (I‘ight) g S0 TTER s e e b) {

these events, but it is clear that the use of current on-board weather radar systems alone is insufficient for detecting : : : : . : : . ' R I

. . . . . . . . in geostationary orbit were relied upon for continuous multi-spectral imagery of storms producing large T _ § 0T -
conditions that might cause ICI. Passive radiometers in geostationary orbit are valuable for monitoring systems that b o » - : s g w1 / """""""""""""""" \ f '

produce high ice water content (HIWC) and will play an important role in nowcasting, but are incapable of making concentrations of ice particles. A brief summary of the HAIC-HIWC campaigns is provided in the table

vertically resolved measurements of ice particle concentration, i.e., ice water content (IWC). Combined radar, below including the geostationary satellite imagers that provided coverage for each campaign.
lidar, and in-situ measurements are essential for developing a skilled satellite-based HIWC nowcasting technique.
The High Altitude Ice Crystals — High Ice Water Content (HAIC-HIWC) field campaigns in Darwin, Australia;
Cayenne, French Guiana; and Ft. Lauderdale, FL, have produced a valuable dataset of in-situ total water content

TWC is a flight-level measurement.
RASTA radar retrievals of IWC
typically reveal higher IWC below
flight level.
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(TWC) measurements with which to study conditions that produce HIWC. The NASA Langley Satellite CIOud and Darwin, Australia Jan-Mar 2014 SAFIRE Falcon-20 MTSAT-1R, MTSAT-2

Radiative Property retrieval System (SatCORPS) was used to derive cloud physical and optical properties such as Cayenne, French Guiana May 2015 16 SAFIRE Falcon-20 GOES-13, Meteosat-10 . et '
cloud top height temperature Optical depth and ice water path from multi—Spectral satellite imagery aCQUil’ed | BTD [K] S anceT] - ' cloud optical depth Icepartlcleeffeclveradlus -

4 ! . ! . . . . Ft_ LaUderdaIe’ Fl_’ USA Au ust 2015 10 NASA DC-8 GOES-13’ GOES-14 e —— — — — “—— | e e— ] . . . . 21:30 22500 22%30 23500 231130 00500 00530 011100
throughout the HAIC-HIWC campaigns.  These cloud properties were collocated with the in-situ TWC 2 s e 4 2 02 ° M %0 60 8 10 0 %0 60 %0 120 1% 0 10 % 30 40 %0 € BTD is somewhat indicative of X I B ok

Images (derived from MTSAT-1R) of (a) visible reflectance, (b) IR window brightness temperature

measurements in order to characterize cloud properties in the vicinity of HIWC. Additionally, a database of HIWC but remains constant through

satellite-derived overshooting cloud top (OT) detections was used to identify TWC measurements in close proximity

. . . . . (BTW), (c) visible texture rating (magenta contours) and OT probability rating (color shading), (d) i
. . . . . . . Cloud property retrievals (e.g., cloud boundaries, optical depth, water path) were derived from satellite difference between IR-window and tropopause temperatures (ABTW), (e) brightness temperature ~ much of this flight.
to convective cores likely producing large concentrations of ice crystals. Certain cloud properties show some , , o , . STerees [baieen el vEmeT ) R e dranmels (BT, (7, deEnes i memmes G0 () it
sensitivity to increasing TWC and a multivariate probabilistic indicator of HIWC was developed from these datasets. imagery using the SatCORPS (Minnis et al. 2011), and an automated overshooting top (OT) detection - : - - S« G ’ :
, , , - e : : : : : : cloud optical depth (COD), and (h) ice particle effective radius for Darwin flight #22 on 18 February, HIWC was often encountered in the
This paper describes the algorithm development and demonstrates the HIWC indicator with imagery from the algorithm (Bedka and Khlopenkov, 2016, JAMC) was used to identify locations of cirrus anvils and 2014. cinity of detected OT
vicinity of detecte S.

HAIC-HIWC campaigns. Vertically resolved IWC retrievals from active sensors such as the Cloud Profiling Radar deep convective updrafts,
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(CPR) on (;IoudSat and the Dopp.ler Radar System Ai.rborne (RASTA) provide IWC profiles with which to validate Spatial/temporal collocation of aircraft and satellite data: Hich COD is al osel tod = 1ag o 80 2 00 2% 0000 o ..o 0
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The OT detection algorithm is a set of statistical, spatial and frequency analyses of IR and VIS imagery  Assuming a typical airspeed of 180 m/s, the 1-Hz aircraft measurements  \ith HIWC, but reliable retrievals £ :

. . . . . . 8 50 3

and consists of two main components: were averaged to 45-s intervals in order to approximate the relatively coarse ;e only available during the day. 5 of LN /]

(1) IR-based detection of anvil clouds and brightness temperature (BTW) minima within these regions.  satellite spatial resolution. The four nearest satellite pixels were matched to e e S

OT candidates are assigned an “OT Probability” score. each segment of the flight tracks and the mean cloud properties were lce particle effective radius exhibits § o WWWWAF

Acknowledgements | . (2) Quantification of cloud texture in 1-km visible imagery via a unitless rating. Values greater than 5 computed. Temporal differences between the observations were restricted ~ NO useful signal for HIWC e I B B 3
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In-situ Measurements of IWC Radar Measurements of IWC - PHIWC Valldatlon/Verlflcatlon Methods
No single threshold can delineate HIWC from low IWC (LIWC), but values smaller than 0.25 g m> are typically not RASTA** (Doppler Radar System Airborne) is an airborne 95-GHz o 2 Given that “HIWC” is a loosely-defined term, | 1o
considered high. Values of 0.25 and 1.0 g m= represent the 48" and 82" percentiles, respectively, of the TWC* dataset (45-s cloud radar operated on the Falcon-20 during the Darwin and E : validation of HIWC diagnostic tools is a challenge. 0.8} 0.8}
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