
Airborne Measurements

Liquid Water Content



Liquid Water Content (LWC)
 Basic Cloud Parameter

 Icing Studies

 Precipitation Potential

 Comparison with Remote Sensing Measurements

 Compare Measurements using Different Techniques

Hotwire Boom

CDP

WCM

King Probe

RICE-B



Liquid Water Content (LWC) Calculation
The amount of liquid water in a given volume of air is determined 
through mass integration of the cloud droplet distribution.

ρw – Density of Water

Ni – Concentration of Droplets in Size Channel i

di – Droplet Diameter in Size Channel i

m – Total Number of Channels  

LWC=( π
6
) ρw∑

i=1

m

N i d i
3



DMT Hotwire Probe King Hotwire Probe 



Hot Wire Probe Equations

PDry=C (T s−T a)∗(ρv)x
+a

PWet=Mldv [L v+cw(T v−T a)]

M≈
Pmeasured−C T s−T a∗ pv

x


ldv∗[Lvcw T v−T a]
a

M – Liquid Water Content (LWC) 
P –  Power
ρ –  Density of Air
v –  True Air Speed
l  –  Wire Length
d  – Wire Diameter
L

v
 – Latent Heat of Vaporization

C
w
– Specific Heat of Liquid Water

T
s
 – Temperature of Sensor Wire 

T
v
 – Sensor Water Vaporization

T
a
 – Air Temperature

 C, x, a – Calibration Constants

PMeasured=PDry+PWet



Hot Wire Probe Calibration: 2008/07/09 Flight

Start Time = 76300
End Time = 76550

Air Speed * Density [kg/(m2*s)]
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Temperature 13.9 °C

King Probe Constants:
c = 2.127 * 10-5

x = 0.345
a = 5.317



POLCAST2 Field Project:  Summer 2008

FSSP Liquid Water Content [g/m3]
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The 4 Hz averaged FSSP (Black line) and King Probe (Red Line) 
cloud liquid water content data for March 10, 2004 Citation flight.

King Probe - 0.218 ± 0.096
FSSP - 0.203 ± 0.085
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March 10, 2004 Citation Flight

Time [sfm-UTC]
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The 4 Hz averaged FSSP (Black line) and King Probe (Red Line) 
cloud liquid water content data for September 24, 2004 Citation Flight.

FSSP – 0.077 ± 0.149 
King Probe - 0.065 ± 0.123
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o Average = 1.20
stdev = 0.27
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— FSSP
— King Probe

Ice Contamination of the FSSP LWC calculations assume spherical water droplets.

March 14, 2004 Flight
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July 20, 2010 Flight: Low Liquid Water Content

Time [sfm-UTC]

— FSSP
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July 20, 2010 Flight: High Liquid Water Content

- King Hot Wire Probe

- Cloud Droplet Probe

Time [sfm-UTC]

L
iq

u
id

 W
at

er
 C

o
n

te
n

t 
[g

/m
3
]

0.0

0.5

1.0

1.5

2.0

83720 83730 83740 83750 83760



POLCAST3 Field Project:  Summer 2010

Hot Wire Probe Liquid Water Content [g/m3]
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Cloud Droplet Diameter [µm]
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Cloud Droplet Diameter [µm]
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July 8, 2010 Flight
- King Hot Wire LWC    - Cloud Droplet Probe LWC    - Cloud Droplet Probe Conc.

D
ro

p
le

t 
C

o
n

ce
n

tr
at

io
n

 [
#

/c
m

3 ]

(I
n

v
al

id
 –

 O
p

ti
ca

l M
as

k
 Is

su
e

)

L
iq

u
id

 W
at

er
 C

o
n

te
n

t 
[g

/m
3 ]

Time [sfm-UTC]

Temperature = 7 oC

0.0

0.1

0.2

0.3

0.4

0

20

40

60

84200 84202 84204 84206 84208



July 8, 2010 Flight:  CDP Spectrum (84198-84209 smf)

Cloud Droplet Diameter [µm]
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Conclusions

 The FSSP liquid water content agrees with the King Probe 
LWC in ice free conditions.  Cases from two different field 
programs found FSSP to King ratios of 0.96 and 1.20.

 The cloud droplet probe uses different optical system.  The 
July 20 POLCAST3 flights show CDP Liquid Water Content 
measurements 20% low compared to King Hot Wire probe 
measurements; however, other flights are worst.



     Any Questions? 


