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Instruments that measure cloud microphysical processes

CDP
forward	scatter

CIP
optical	array	probe
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forward	scatter
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Common error/limitations with scatter probes and OAP

• errors associated with coincidence (more than one droplet in 
the measurement volume at one time)

• errors due to drift in calibration (need for frequent 
calibrations)

• errors due to beam attenuation and optical contamination 
(need for frequent cleaning)

• limited size range for the forward scatter probes (CDP/CAS) 
in measurement of drizzle drops

• incomplete knowledge of the correct depth of field for the 
OAPs (CIP, PIP) to size large hydrometeors

• uncertainty in merging of the droplet size ranges (CDP/CAS 
with CIP)

• errors due to droplet breakup and splash due to mechanical 
impact and interactions with the aerodynamic field with probe 
parts upstream of the sample area 

• blurred or out of focus images produced by particles that 
pass the OAP system out of the object plane leading to 
erroneous particle sizing.
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• do not measure particle size; measure 
optical scattering cross section

• assume particle is spherical
• the refractive index of the particle that 

scattered the light must be known or 
assumed 

• assumes setup table based on calibration

Forward scatter probe design
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Forward scatter probe optical contamination
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Plots of total particle events and rejected counts for arf11 (left) and arf17 (right).
A ratio greater than 0.85 is unacceptable, i.e., FSSP10 data for arf11 are rejected.
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<5 gm-3 FSSP4 FSSP10 Hotwire
FSSP4 0.956 0.794
FSSP10 0.745

>0 & <5 gm-3 FSSP4 FSSP10 Hotwire
FSSP4 0.956 0.808
FSSP10 0.758

Comparison between forward scatter LWC and hotwire LWC

T @ 130 C



Cloud imaging probe (CIP)
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Optical array probe design
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OAP data quality
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Processed CIP images (a) and PIP images (b) for 8 seconds of flight on 11 October 
2011 (arf22) during 07:59:00 (one image strip for each second).  The particles colored in 
blue are accepted and those that cross the array edges are reconstructed.  The particles 
colored in red are rejected due to interarrival time being too short.  The particles colored 
in green have an area ratio below the threshold value.



Literature review OAPs

• Cooper (1978): Developed particle inter-arrival time algorithm to 
remove shatterers in 2DC (modern CIP). 

• Field et al. (2003): Revived interest in inter-arrival time algorithm as 
applied to fast FSSP data. Showed that previous FSSP 
measurements of small ice may have been misleading.

• Korolev high-speed video: Showed visual evidence that shattering 
produces hundreds to thousands of small ice fragments, some 
percentage of which will reach the sample volumes of scattering 
and imaging probes.

• Korolev new probe tip design based on icing tunnel and AIIE 
campaign: New probe tip design will reduce, but not eliminate 
effects of shattering.

• Data from various field projects show that new (Korolev) probe tips 
reduce the amount of shattered particles, but not nearly as 
effectively as the inter-arrival time algorithm.
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Image reconstruction
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Geometry	used	to	recompute size	of	
particles:	

a) particle	obscuring	one	end	element;
b) particle	obscuring	two	end	elements,	

with	particle	center	inside	of	sensing	
area	(left)	and	outside	of	sensing	area	
(right);	

c) aggregate	of	particles	touching	one	
end	element	(left)	and	both	end	
elements	(right)	

(from	Heymsfield and	Parrish,	1978).		



Fresnel diffraction
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Calculated discrete images of 100 µm droplets at different distances from the
object plane for a 25-µm resolution probe with a 50% intensity threshold. The
original high resolution digital images are shown in the left with dashed lines
denoting the imaginary photodiode grid

(from Korolev et al., 1998, correction described in Korolev 2007 ).
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High speed video images of the trajectories of ice particles bouncing from the arm tips of CIP (a) and OAP-
2DC (b).  Frames are from high speed videos which were taken in ice wind tunnel at airspeed of 80m/s. 
Red line in (a) and (b) highlight the sample volumes of CIP (a) and OAP-2DC (b) probes, respectively.  
Particles unaffected by bouncing and shattering appear as horizontal lines (from Korolev et al 2010). 
Conceptual diagram of the mechanisms of the particle shattering during sampling by OAPs due to (c) the 
mechanical impact with probe parts upstream of the sample area and (d) the interaction with the 
aerodynamic field around the probe’s housing (from Korolev and Isaac 2005).



Korolev, A. V., E. F. Emery, J. W. Strapp, S. G. Cober, G. A. Isaac, M. Wasey, and D. Marcotte, 2010: Small ice 
particle observations in tropospheric clouds: fact or artifact?, Airborne Icing Instrumentation Evaluation 
Experiment, B. Am. Meteor. Soc., 92, 967–973.
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The top panel shows the size distribution of the CIP for 11 October 2011 (arf22).  The 
middle panel shows a frequency plot of the CIP particle arrival time.  The bottom panel 
shows the correction factor (left) and the distribution of interarrival time (right).

inter-
arrival		
time

CIP	PIP



19

arf22 - 20111011



Spectrometer for IN (SPIN)

20



Nucleation of particle types
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SPIN	chamber	
schematic

Walls	held	at	different	
temperatures	(below	freezing)

When	coated	with	ice	this	leads	
to	gradients	in	temperature	and	
vapor	pressure	between	the	walls

Exponential	relationship	between	
temperature	and	saturation	vapor	
pressure	leads	to	super-saturated	
region	with	respect	to	ice	and	
water	(depending	on	wall	
temperatures)

Pass	particles	through	this	region	
to	see	if	they	form	ice	crystals	and	
count	the	ice	crystals	to	
determine	ice	nuclei	
concentration
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Cloud condensation nuclei (CCN) counter
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CCN	Flow	Diagram
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Roberts	and	Nenes	(2005)

• Metal	cylinder	with	wetted	walls

• Streamwise	Temperature	Gradient

• Water diffuses faster than heat

f (Flowrate,
Pressure,	and	
Temp.	Gradient)

• Supersaturation, S, generated       
at the centerline = 

Outlet:	[Droplets]	=	[CCN]

Inlet:	Aerosol

How do we measure CCN? 
Streamwise Thermal-Gradient CCN Chamber

T1

T2

T3

T-OPC
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Calibration: basic evaluation of calibration

Critical	supersaturation	of	(NH4)2SO4 from	ADDEM
(Topping	et	al.,	ACP,	2005.)
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Ground testing setup of the DMA and CCN counter (CCNc) at
Begumpet Airport. The CCNc is tested with a constant pressure inlet
(CCN CPI).
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CAIPEEX 2011 supersaturation calibration



CCN supersaturation calibration curves for 20061218 (left) and 20070412 (right) in Saudi 
Arabia.  The two curves reflect slightly different approaches taken to relate particle size 

to critical supersaturation.

CCN calibration curves
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Corrected CCN data

Corrected CCN = (measured CCN) (atmo pres / inlet pres)

This is only valid when atmo pres < inlet pres. All other data are 
removed.


