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1. INTRODUCTION

Ice crystals play an important role in pre-
cipitation processes and affect precipitation
forecast. Ice crystals also determine micro-
physical and radiative properties of clouds
and affect the earth’s climate system through
modulations of coverage and life of clouds
and precipitation distributions. Therefore,
understanding of activation processes of
natural ice nuclei and knowledge of spatial
and temporal distributions of ice nuclei are
very important from the viewpoint of both
short range precipitation forecast and climate
change prediction.

Studies on ice nuclei have been continued
for more than 60 years, However many things
remain unsolved.

The cloud physics group of MRI (Mete-

orological Research Institute) has been
studying ice initiation processes through field
observation, laboratory experiment and nu-
merical modeling for many years. As a part of
the study, we built a Continuous Flow Diffu-
sion Chamber (CFDC) based on the design of

Rogers et al. (1988, 2001) at Colorado State
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University, USA and have improved it to op-
erate automatically.

This paper describes the performance of
MRI-CFDC through examples of measure-
ments on activation spectrum of ice nuclei in
the atmosphere and test aerosol particles
prepared during the International Workshop
on Comparing Ice Nucleation Measurement
Systems (IC1S-2007).
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Figure 1.Rack mount arrangement for
MRI-CFDC instrument.



Air Filter
HEPA
3
i

Flow Meter
e
v
Z5

Air Filter
N v vy
@K X &
Air Filter
HEPA

oot EAmmm

Reserve Tank

Alr Filter Ajr Buffer Tank

Figure 2. Airflow and waterflow diagram of MRI-CFDC

2. APPARATUS DESCRIPTION
We built a Continuous Flow Diffusion

Chamber (CFDC) based on the design of

Rogers et al. (1988, 2001) at Colorado State

University, USA and have improved it to op-

erate automatically. Main improvements are

1) decreasing heat inertia of inner cylinder so
as to control wall temperatures more
quickly.

2) automatic measurement of temperature
and supersaturation spectrum of ice nuclei
activation for a fully-automated operation
and efficient measurement of activation
spectrum.

3) automatic procedure to ice cylinder walls
for a fully-automated operation.

Figure 1 shows the rack mount arrange-
ment for MRI-CFDC instrument.

Airflow and waterflow diagram of MRI-
CFDC is shown in Figure 2. Specifications of
MRI-CFDC are as follows.
® Sample flow rate is 1.0L/min.
® Temperature range is -1000 ~ -35[01.
® Humidity range is from RHi = 100% to
RHw = 110%.

® Particle detector is OPC (0.5~8p m).

® |Inlet impactors remove particles > 1y m
or>2uy m.

® Nucleated ice particles are determined by
size > 2.5y m or > 3y m, respectively.

It is possible to control temperature and
humidity of the sample air by controlling
ice-coated wall temperatures of inner and
outer cylinders. Figure 3 shows the time se-
ries of temperatures of warm and cold wall
and temperature, SSi and SSw of sample air
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Figure 3. Time series of temperatures of warm wall, cold wall and sample air, SSi, SSw (upper
panel), number concentrations of particles with d <3y m, 3y m<d <8y m, d > 8u m, and frac-
tional distance of sample air from cold wall (lower panel).

(upper panel), number concentrations of par-
ticles withd <3y m,3uym<d<8um,d>38
M m, and fractional distance of sample air
from cold wall (lower panel). Measurements of
ice nuclei activation spectrum at 4-5 different
temperatures and in the humidity range of
RHi=100% to RHw=110% were automatically
made within 2-3 hours.

The numbers in Figure 3 indicate the
automated procedures for the measurements
of ice nucleus activation spectrum:

O Initialization of airflow rate and valve set-
ting

Introduction of the sample (1L/min) and
sheath air (9L/min)

Measurement of the background noise
Icing walls

Preparation for the measurement
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3. MEASUREMENTS

Example of ground-based measurements
of aerosol particles and ice nuclei in the
summer of 2007 in Japan is shown in Figures
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Figure 4. Aerosol size distributions on
July 5™ and July 18™.

4 and 5. Figure 4 shows size distributions of
aerosol particles ranging from 0.3 to 5y m on
5" and 18™ July 2007. Figure 5 shows the
number concentrations of activated ice nuclei
as a function of temperature and supersatu-
ration with respect to water. Although ice nu-
clei tend to increase with decreasing tem-
perature and increasing relative humidity in
general, the temperature dependency of ice
nuclei on 18" July is stronger than that on 5™
July. Figure 6 shows that the relationship be-
tween the concentrations of ice nuclei acti-
vated at water saturation and the total number
concentrations of aerosol particles in July
2007. The difference in the temperature de-
pendency of activated ice nuclei concentra-
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Figure 5. lce nuclei activation spectrum and weather chart (left: July 5", right:

July 18™M).

tions on 5" and 18™ July is clearly shown in
Figure 6. The remarkable changes in aerosol
concentrations and ice nuclei activation spec-
trum occurred on July 15™. Before July 15",
the observation site was located on the north
side of the seasonal rain front, and a tropical
cyclone passed through the observation area
on July 15" and brought maritime air mass to
the area (Figure 5).

We attended ICIS-2007, which was held at
the AIDA facility of the Institute for Meteorol-
ogy and Climate Research (IMK-AAF) at
Forschungszentrum Karlsruhe, Germany in
September 2007, for the purpose of com-
parison among our automated CFDC ice nu-
cleus counter and other group’s ice nucleus
counters. During the ICIS-2007 workshop, we
measured high concentrations of aerosol par-
ticles from aerosol chamber (NAUA) and
aerosol particles with much less concentra-
tions from cloud simulation chamber (AIDA).
Their physical and chemical properties were
well characterized. Figure 7 shows the acti-
vated fraction of sub-micron Arizona Test Dust
(ATD) particles. ATD particles began to be
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Figure 6. The relationship between the con-
centration of ice nuclei with water saturation
and the total number of aerosol particles in
July 2007.
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tion-freezing nucleation mode. At -3501 they

activated at through condensa-
began to be activated at 93% of relative hu-
midity with respect to water through deposi-
tion nucleation mode, and showed a rapid
increase in concentrations of activated ice
nuclei beyond water saturation, which is
probably due to the transition from deposition
to condensation-freezing mode. Figure 8
shows the conditions (temperatures and RHi)
for which 0.01% (0.0001 fractions) of aerosol

particles was activated for ATD and bacteria
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Figure 7. Activated fractions of ATD as a
function of temperature and supersatura-
tion with respect to water.

(Snomax®). Snomax® particles were easily

activated through  condensation-freezing
mode at temperatures as warm as -90 and
started to be activated through deposition

mode at temperatures colder than -1200 .

4. CONCLUSIONS

Ground-based measurements in summer
time in Japan showed that the concentration
of natural ice nuclei activated under the con-
dition of water saturation was about one par-
ticle per liter at -200, and ten particles per
liter at -300J . The concentrations of activated
ice nuclei increase with decreasing tempera-
ture and with increasing relative humidity.

On the other hand, laboratory measure-
ments during ICIS-2007 workshop showed
aerosol type dependency of activation spec-
trum and a rapid increase in concentrations of
activated ice nuclei beyond water saturation,
which is probably due to the transition from
deposition to condensation-freezing mode.

Thus it appears that MRI-CFDC can meas-
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Figure 8. Conditions (temperature and ice
supersaturation) for which 0.01% activa-
tion of particles was activated for ATD
(black dots) and Snomax® (red squares).

ure ice nuclei for identifying and quantifying

the mechanism of the ice initiation. And our

future plan includes the followings.

1) Calibrating the
MRI-CFDC produced in sampling air flow.

relative humidity that

2) Discriminating ice particles from water
droplets.

3) Enhancing refrigeration ability.

4) Using
measurements and aircraft measurement

it for continuous ground-based

and for simultaneous measurements with

MRI dynamic cloud chamber.
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