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ABSTRACT

An dinternational campaign "Super CAMP" (CAMP: Cold
Arctic Mesopause Project) is proposed for summer
1988 which will be focussed to study the structure
and dynamics of the middle atmosphere (50-150 km)
above the north polar region. The polar summer
mesosphere is characterized by the presence of the
thin, persistent and dense clouds at altitudes
82-86 km north of 70°N latitude. The polar mesos-
pheric cloud layer (PMC), as observed from the SME
satellite, is the source of ice particles which
are visible from ground as Noctilucent Clouds
(NLC) 1in summer at high latitudes (>70°N).

Super CAMP should concentrate on foliowing goals:

- Measurements of water vapor, ozone and tempera-
ture and its variability as a function of time,
geomagnetic and meteor shower activity.

- Formation, particle size and density, transport
and life time of NLC particles.

- Dynamics and temperature and their effects on
ice particle growths and the distribution of
minor constituents including the ionospheric
plasma.

- Electric fields, charged aerosols, massive po-
sitive and negative ions in the vicinity of NLC.

In situ measurements from rockets, grouped in 2-3
saivos should be supported by ground, airborne and
satellite remote Sensing experiments in the lati-
tude region 60-80°N. Rocket launchings from Nord,
Greenland (81.5°N) and/or Thule, Greenland
(76.6°N) would offer a study of the mesosphere
where NLC particles originate.

Keywords: Middle Atmosphere, Summer Mesosphere,
Polar Region, Rocket Campaign.

1. INTRODUCTION

The cold arctic mesopause in summer has been a
subject of interest since the time when noctilu-
cent cloud observations located these clouds at an
altitude of 80-87 km {Jesse, 1896). Models by
Murgatroyd (1957), and Murgatroyd and Singleton
(1961) have indicated the temperature minimum of
the atmosphere at the high latitude summer meso-
pause. In their calculation the summer high lati-
tude is cooled by ascending air between 50-80 km
with ascent speeds of 1 cm/s. Based on the large
seasonal temperature variation of the arctic meso-
pause Hesstvedt (1961) concluded that the for-
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Fig. 1. Limb profiles of PMC taken by the SME
ultraviolet spectrometer (upper panel) and the
0go-6 visible 1ight photometer (lower panel). The
ordinate in both figures is the minimum ray height
of the line of sight. The lower portions of both
data sets are due to scattering from air molecules
in the mesosphere. The lower peaks in the UV data
are due to 0 absorption. (Thomas and McKay, 1985)
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mation of ice crystals at the mesopause is the
cause of formation of NLC's. In situ temperature
measurements by Theon et al., (1967) with NLC's
above Pt. Barrow (71°N) using the grenade techni-
que have reveajed temperatures below 140°K at
altitudes 83-88 km in the period Aug 7/9 1965. The
wave like deformation seen in noctilucent cloud
with patterns was first associated with gravity
waves by Hines (1968). The horizontal wavelengths
of NLC bands are typically 30-80 km. Hines has
argued that mesospheric gravity waves originate at
tropospheric levels. Recent interpretation by
Fritts et al. (1984) of Poker Flat MST radar data
is more in favor for tidal waves in the summer
high latitude mesosphere. The change of brightness
of the scattered light from ice particles is in-
terpreted as due to smail changes in particle ra-
dii, brought on by variations in temperature and
vertical wind velocity due to gravity and/or tidal
waves.

A dense and persistent cloud Tayer at 80-85 km
located over the summer geographic pole was dis-
covered by Donahue et al. (1972) from satellite
photometric measurements at visible wavelengths.
The Ultraviolet Spectrometer Experiment on the
Solar Mesosphere Expiorer (SME) sateliite ob-
tained scattered 1ight measurements (cf. Fig. 1)
from these clouds, named Polar Mesospheric Clouds
(PMC), in two UV-wavelength ranges over five sea-
sons (Thomas, 1984}. The inferred size of ice
particles by Thomas and McKay (1985) in PMC's gave
maximum particle radii of 70 nm and a mean
particle radius range of 40-60 nm. The PMC thick-
ness appears to be less than 5 km, the particle
densities are several hundred cm'§ (based on a
monodispose assumption) and the inferred water
content generally consistent with the expected
water vapor mixing rates (3-5ppmv).

An analysis of the summertime windfield between
80-93 km over Poker Flat, Alaska, by Carter and
Balsley (1982), using the MST-radar technique,
gives a consistent wind situation from year to
year. The mean zonal wind velocities are typically
20-40 m/s in westward direction. The mean meri-
dional wind has a velocity of 10-20 m/s southward.
The meridional wind is in good agreement with
other wind measurements using the doppler radar,
meteor radar or particle reflection technique as
reviewed by Nastrom et al. (1982).

The formation of NLC-particles by ion nucleation
and water condensation and/or water nucleaticn on
dust and coagulation of ice crystals requires a
time scale of the order of 12-24 hours (Turco et
al., 1982). Visible NLC ice particles, observed at
twilight from ground at latitudes around 60°, are
thus transported southward and westward from the
polar cap region {75-85°), the region of PMC's,
while growing to their final size.

2. PREVIOUS COORDINATED ROCKET CAMPAIGNS

In situ measurements of the cold arctic mesopause
were made in three coordinated sounding rocket
campaigns summarized in Table 1 from the rocket
ranges Esrange (Kiruna) and Poker Flat (Alaska).
Both ranges are located in the auroral zone. The
rocket payloads had instruments to measure tempe-
rature, density, horizontal winds, electron and
total ion densities, ion and neutral composition,
and the energetic particle flux. Several passive
and active optical experiments were used to mea-
sure atomic oxygen, the scattered light from NLC-

Table 1: Coordinated Rocket Campaigns at the
Summer High Latitude

Date Name Salvos Reference

1978 NLC~ 2 Salvos Bjorn et al.
July/Aug  Campaign 8 rockets (1985)

Kiruna

1982 CAMP 2 Salvos Bjdrn (1984)
Aug 10 rockets Kopp et al.
Kiruna (1985)

1983 STATE 3 Salvos  Philbrick et al.
June 7 rockets (1984}

Poker Flat

particles and the light of Lyman-o and Schumann-
Runge band. The CAMP (1982) and the STATE (1983)
campaigns had supporting measurements from ground
(Eiscat, MST-radar, optical, and meteorwind radar
measurements) from airplane (NLC-detection, micro-
wave experiments for Ho0 densities) and from sa-
tellites (SME and Nimbus 7).

An active falling sphere of 25 cm in diameter with
a triaxial piezoelectric accelerometer (Philbrick
et al. 1978) was ejected from the TAD payload in
salvo A during CAMP, 3/4 Aug 1982. This technique
gave a unique capability for measuring temperature
and horizontal wind profiles with a resolution of
about 100 m. Three distinct temperature minima
were measured at 83.5, 89.4 and 93.6 km with tem-
peratures as low as 139°K, 119°K, and 111°K re-
spectiveley (Philbrick et al. 1984). These tempe-
ratures are significantly lTower than any which
have been measured previously. The zonal wind pro-
file revealed a wave like pattern, with a vertical
wavelength of A_ ~ 7-8 km and a mean westward wind
velocity increaSing with altitude from 80 m/s at
80 km to 90 m/s at 90 km. The zonal wind reversal
took place at an altitude of 95 km. The unique
combination of temperature and horizontal wind
velocity measurements can be used to determine
regions of dynamic instabilities based on the
Richardson numbers:
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u = horizontal wind velocity.

The Richardson numbers from the CAMP wind and tem-
perature measurements are given in Fig. 2. The re-
gions with Ri<1/4 indicate dynamically unstable
situations around 75 km, 79 km, 86.2 km, 89 km and
92.5 km altitude. A1l these regions are ciearly
Tocated in the middle to upper mesosphere. The
location of the turbulent layers are in good
agreement with the summer measurements above Poker
Flat (Balsley et al., 1983) and Andenes (Rister,
1985) as obtained from the MST-radar.
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Fig. 2. Richardson numbers inferred from tempera-
tures and horizontal wind velocity measurements
during CAMP, in salvo A, on Aug 3/4, 1982 by the
piezoelectric accelerometer technique. The regions
with Ri<l/4 indicate dynamically unstable layers.
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Fig. 3. Measured density profiles of atomic oxygen
electrons and inferred density profile of nitric
oxide derived from positive ion composition. Mea-
surements were taken during the NLC campaign 1978
above Kiruna.

The high measurement rates used on the electron
density probes in the STATE campaign 1983, gave
clear evidence of an increase of turbulence in the
height region where the MST radar echoes had maxi-
mum signal to noise ratios at altitudes above B4
km and 88 km respectively (Philbrick et al.,
1984). At altitudes below 100 km the motion of
electrons and ions is controlled by the neutral
gas due to the high coliision frequency.

The atomic oxygen and nitric oxide density in the
NLC campaign 1878 (cf. Fig. 3) and in CAMP decrea-
sed at least one order of magnitude at altitudes
below 90 km. The low mesospheric O and NO densi-
ties in summer reflect a situation with a dynami-
cally controlled region above 90 km and a chemi-
cally controlled region below 90 km. The thin la-
yers of dynamic instabilities found from the tem-
perature and wind measurements also appear in the
atomic oxygen and electron profiles as seen in
Fig. 3 at an altitude of 87-89 km, in the 1978 NLC
campaign. The atomic oxygen profiles of CAMP have
similar zones where their density is affected by
local turbulence. Both atomic oxygen density pro-
files measured in the NLC campaigns 1978 and 1982
{CAMP) have a characteristic depression with a
density decrease of a factor of two at 81-83 km,
the height where visible NLC clouds have been
observed. It is, however, not yet clear, if this
depression is caused by additional loss of atomic
oxygen with odd hydrogen compounds or through
reactions on the water ice surface.

The temperature profile from the active falling
sphere experiment can be used to derive the water
vapor saturation ratio S relative to a flat sur~
face of ice or water. The altitude profile of the
ratio S in Fig. 4 reveals three regions of super-
saturation during CAMP 1982, with high S values of
100 at 89 km, and 70 at 94 km.
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Fig. 4. Water vapor saturation ratio S relative to
a flat surface of ice or water, derived from the
temperature measurement during CAMP in salvo A, on
Aug 3/4, 1982, by the piezoelectric accelerometer
technique.
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Fig. 5. Positive ion spectrum obtained by the magnetic ion mass spectrometer at 90 km on
ascent of rocket flight S 26/1 above Kiruna, on July 30, 1978. (see e.g. Bjorn et al.,

1985).

According to the NLC medel by Turco et al. {1982)
nigh water saturation values in the upper mesos-
phere will favor the mechanism of ion nucleation
and condensation of water vapor. A region of ion
nucleation was detected by the jon mass spectrome-
ters of the University of Bern and the Max-Planck-
Institut of Kernphysik in Heidelberg (Kopp et al.,
1985, Bjorn and Arrcld 1981} in the NLC campaign
1678, Fig. 5 shows the positive ion spectrum from
this region at an altitude of 90.0-20.4 km with a
flat density spectrum of proton hydrates up to

H (H20)12= a region with a rapid build up of large
jons. Although this region of ion nucleation was
measured above Kiruna the westward and southward
air transport cver the summer pole in the mesos-
phere suggests that the NLC ice particles are ge-
nerally formed at higher latitude (> 70°) over the
polar cap. A built-up time for NLC particles from

large cluster ions is 12-24 h. Within one day
these growing ice particles will fall downward and
drift wesiward and southward from the polar cap

region towards the NLC regions at latitudes
55-70°,

The main scientific results from the three high
latitude summer campaigns listed in Table 1 can be
summarized as:

- Three distinct temperature minima were measured
in the CAMP campaign at 83.6 km, 89.4 km and
93.6 km with temperature values as low as 139°K,
119°K, and 111°K, respectively.

- The mean zonal wind veliocity of salvo A in CAMP
was 80 m/s westward, and the mean meridional
wind velocity 40 m/s southward.

- The amplitude of the vertical wind velocity w'
measured by EISCAT above Kiruna was 15 m/s. The
corresponding gravity or tidal wave parameters
were: w'n 15 m/s, u'~n 30 m/s, A 10 km, A 60
km and the wave period ~ 40 min? .

- Superadiabatic lapse rates were responsible
LatT g 1

for the formation of dynamically unstable
in the mesosphere during CAMP.

4

1

+
A thin layer of heavy proton hydrates H {H,0)
(mass range: 55-350u) was measured at 90_96. Mem
altitude above Kiruna in the 1978 NLC-campaign.
This region gives evidence for the ion nuctea-
tion mechanism.

The density profiles of atomic oxygen and nitric
oxide revealed two regions, the region above

90 km which is dynamically controlled and the
region below 90 km with considerably lower den-
sities ([0]n 10'0cm 3, [NOJ~5x106cm 3) and the
dominance of chemicai loss over the turbulent
mixing.

- The density profiles of electrons and atomic

oxygen are affected in regions of instabilities
and NLC's.

The wind field of the summer polar mesosphere as
observed by MST-radars and meteor wind radars
has a westward zonal mean wind and a southward
mean meridional wind component.

The water vapor mixing ratio inferred from po-
sitive ion composition was around 3 ppmv in the
altitude 80-90 km on Aug 13, 1978 above Kiruna.
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3. ANNUAL AND SEASONAL VARIATIONS OF NLC and PMC

A recent report by Gadsden (1985), presents annual
and seasonal statistics of the NLC observations
from places in Europe. The observers of 40 places
range in latitude from 51.0°N to 62.5°N, and in
longitude from 337.5° to 7.5°., The observations
were made in the period 1964-1982. The number of
nights where NLC were seen, reached minimum
values in 1970 and 1980, the years of maximum so-
lar activity. Maximum numbers of nights with NLC
are 33 and 32 in 1967 and 1968 and about 11 years
later 50 and 51 in 1977 and 1978 respectively. The
anticorrelation between NLC appearance and auroral
activity was first analyzed by d'Angelo and
Ungstrup (1976) and is again evident in the sta-
tistics of Gadsden. A geomagnetic effect in the
NLC-appearance could originate from a mesospheric
increase of turbulence in disturbed situations
within the auroral oval., In addition to the 11
year variability of the NLC occurrence the sta-
tistics of Gadsden show that the mean number of
nights with NLC is increasing steadily from 20-43
in 1964-1982. The seasonal appearance of NLC is
11m;ted to mid May (day 147) to mid August (day
232).

The first analysis of the probability of occur-
rence of Polar Mesospheric Clouds (PMC) from three
seasons (1982-1984) in the north with SME measure-
ments is given in Fig. 6. The mean PMC appearance
of the period May 9 (day 128) to August 20 (day
232) increases towards high latitudes. An increase
of 40% to 70% probability is obtained from 70° to
80°. The analysis of a complete season in summer
1982 by Thomas (1984) is given in Fig. 7. In this
figure the ratio of profiles containing PMC's to
the total number within a given latitude band is
calculated for three different latitude bands cen-
tered at 55°, 65°, and 75°. The curves have an
increase of PMC occurrence probability towards
high latitude. The maximum of cccurrence is in
July (day 180-200) with 80% probability at 75°.
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Fig. 6. Average occurrence frequency of PMC deter-
mined by the SME UV spectrometer for 3 northern
summer seasons. The data have been merged in the
interval, 44 days before solstice to 60 days after
solstice.
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Fig. 7. Fraction of PMC occurrence centred at 55°,
65° and 75° versus day numbers for the 1982 nor-
thern summer season. The points are daily averages
from six SME satellite orbits. The smooth curves
are eleven- day running averages at each latitude
of the daily values. (see e.g. Thomas, 1984).

4, OBJECTIVES OF SUPER CAMP

The project Super CAMP is focussed on a study of
the structure and dynamics of the middie atmos-
phere at altitudes 50-150 km above the northern
polar region from about 50°N to 80°N during sum-
mer 1988. The project Super CAMP will be concent-
rating on the following scientific goals:

1. To study the effects of dynamics {dissipation
of tidal and gravity waves) on the temperature
structure, the formation and loss of water ice,
the distribution and chemistry of minor consti-
tuents (0, 05, NO, H,0, odd hydrogen, CC, Na,
Ca) including the ionospheric plasma.

2. To measure the water vapor, odd hydrogen and
temperature structure and its variability as a
function of altitude, latitude, geomagnetic and
meteor shower activity.

3. To study tidal and gravity wave dissipation,
the structure, horizontal and vertical exten-
tion and the Tife time of turbulent layers of
the summer polar mesosphere and the variability
with latitude and geomagnetic activity.

4. To study the formation, transport and life time
of polar mesospheric clouds and noctilucent
clouds, the related densities and size distri-
bution of ice particulates.

5. To study the positive and negative charge of
NLC/PMC~water ice particles and the influence
on the plasma of the D-region at different la-
titudes and in different geomagnetic condi-
tions.

6. To intercompare established and new techniques
in remote sensing with in situ measurements of
atmospheric and ionospheric parameters.
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In order to accomplish the main scientific requi-
rements it would be necessary to realize in situ
rocket measurements from at least two different
ranges, one being Tocated north of the auroral
oval, if possible in the region of PMC clouds
>75°N. The Tatitudinal displacement of the rocket
ranges will allow

- to study the actual region in the mesosphere
where most water ice is formed,

- to investigate the effect of auroral activi-
ties on the general circulation, wave dissi-
pation, temperature structure, water ice par-
ticles and the density of minor constituents
in and outside of the auroral oval,

- to study the transport and formation of water
ice within a time scale of 24 hours from two
ranges being separated by about 15° in lati-
tude and 25° longitude (Nord, Sondrestrom in
Greenland).

In addition to the latitudinal comparison, the me-
dium and long range differences should be investi-
gated from ranges at similar latitude {Kiruna, An-
denes, and Poker Flat). The coordinated sounding
rocket measurements from Kiruna and Andenes should
lead to a better understanding of the horizontal
extention and its displacement, and the Tife time
of thin turbulent Tayers. The comparison of measu-
rements made in northern Scandinavia and in Poker
Flat, Alaska, will allow a study of the possible
difference in tidal and gravity wave activity and
dissipation.

The project should give new evidences and insights
to answer the following cutstanding questions on
the cold summer mesosphere over the polar cap
region:

1. How does the water vapor mixing ratio vary
with altitude (60-100 km) and latitude (60°N-
80°N)?

2. What is the influence of auroral activity with-
in the auroral oval on the dissipation of gra-
vity and tidal waves and as a consequence on
the formation and stability of NLC particies?

3. Is the altitude of zonal wind reversal in the
high latitude middle atmosphere dependent on
latitude (60°-80°) and geomagnetic activity?

4. Are visible NLC particles formed in the upper
mesosphere over the polar cap (>70°N)?

5. Are NLC and PMC ice particles charged, and if
so, what is the polarity and what is the effect
on the D-region plasma and its composition?

6. Is the mesospheric odd hydrogen density affec-
ted by the presence of water ice and what is
the result on the chemical loss of atomic
oxygen, ozone, carbon monoxide and nitric oxide
in the summer polar mesosphere?

7. What are the main sources of turbulence in the
summer polar middle atmosphere? Windshears,
super adiabatic lapse rates, gravity or tidal
wave breaking?

8. What is the horizontal extension and Tife time
of turbulent layers in the summer high lati-
tude middle atmosphere?

For Super CAMP it will be necessary to extend the
rocket measurements with experiments operating
from ground, airplanes and satellites. These re-
mote sensing experiments should give the required
Tongterm variability of important parameters as
temperature, winds, energetic particle flux, den-
sity of minor constituents, water ice particle
density etc. The possible network of stations
around the north pole is shown in Fig. 8. The
three rocket ranges outside of the auroral oval
are Sondre Stromfjord, Thule and Nord. A1l three
stations are located in Greenland and are acces-
sible by airplanes.

& GEOM. POLE

/\ PROPOSEQ ROCKET RANGE
A ROCKET RANGE

£ GROUND STATION, AIR BASE

Fig. 8. Proposed stations for Super CAMP for ro-
cket launches (triangle), ground based experiments
and airplanes (circles). The different allocations
are Thule, Greenland (1), Nord, Greenland (2),
Sondre Stromfjord, Greenland (3), Kiruna (Esrange,
Eiscat), Sweden (4), Andenes, Norway (5), Poker
Flat, Alaska (6), Pt. Barrow, Alaska (7), Cape
Perry, Canada (8), Resclute Bay, Canada (9),
Spitzbergen (10), Heiss Island, USSR (11). The
auroral oval is marked as dotted region.

So far, the stations Thule and Nord have not yet
been used for the launching of medium size pay-
loads (Orion, Nike-Orion). The rocket and ground
stations are also listed in Table 2 (rocket) and
Table 3 {ground). The most ideal combination for a
rocket study of the latitudinai variability are
Nord at 81.3°N and Sondre Stromfjord at 67°N. The
stations are separated by 14.3° in latitude and by
33.1° 1in Tongitude, which is ideal for a study of
a NLC particle from its origin to its ultimate
destination in a visible NLC display. Andenes and
Kiruna are well separated in latitude to study
displacement and life time of turbulent layers.
East-west variability is studied most suitably
with a combination between the three rocket places
Kiruna/ Andenes, Sondre Stromfjord and Poker Flat.
The ground stations south of the NLC and auroral
oval would mainly be used for wind and temperature
measurements and NLC-observations.

The project Super CAMP would very much gain if the
UV-backscatter experiment on the SME-satellite is
still operational. Unfortunately, no measurements
of mesospheric temperature are now available from
satellites; nor will they be available until the
U.,A.R.S. mission, scheduled for launch in 1989.
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Table 2. Available and proposed rocket ranges

RANGE LAT/LONG PAY- LOCATION
LOADS
Andenes 69.2/16.0 Large NLC/Auroral Oval
Kiruna 67.5/21.0  Large NLC/Auroral Oval
Poker Flat 65.1/309.6 Large NLC/Auroral Oval
Sondrestrom  67.0/309.6 Large PMC/Pclar Cap
Heiss Island 80.6/58.1 Smail PMC/Polar Cap
Nord 81.3/342.7 Proposed for PMC/Polar Cap
Targe P/L
Thule 76.6/291.2 Proposed for PMC/Polar Cap
large P/L

Table 3. Possible Ground Stations for Super CAMP

Location LAT/LONG Experiments Zone

Kiruna 67.8/20.5 Airport, ISR NLC/Auroral Oval

Andenes ©9.3/16.0 MST, LIDAR, OH-T NLC/Auroral Oval

Ramfjord 69.4/19.0 PRE/ISR NLC/Auroral Oval

Sondrestrom 67.0/309.6 ISR PMC/Polar Cap

College 64.5/211 MST NLC/Auroral Zone

Poker Flat 64.5/212

Skibotn 69.3/20.2 L IDAR NLC/Auroral Oval

Spitzbergen 78.1/15.4 L.IDAR/PRR PMC/Polar Cap
Airport

Heiss Island 80.6/58.1 MWR PMC/Polar Cap

Nord 81.3/342.7 Airport PMC/Polar Cap

Thule 76.6/342.7 Airport PMC/Polar Cap

Resolute Bay 74.77265.1 PMC/Polar Cap

Cape Perry 70.2/235.3 PMC/NLC

Pt. Barrow 71.2/204.5 PMC/NLC

Shef¥ield/ 53.2/358.7 MWR NLC

Aberdeen 56.0/356.8 MWR NLC

Collm 51.2/ 13.0 PRE NLC

KithTungsborn 54 [ 12.7 MWR NLC

Lindau 52.0/ 12.1 MST NLC

Saskatoon 52. /253.4 PRE NLC

5. EXPERIMENTS

The main objectives of Super CAMP require a com-
bination of in situ rocket measurements from at
least two rocket launching places at markedly dif-
ferent latitudes together with remote sensing
techniques from satellites, airplanes and ground.
The parameters to be measured can be grouped in
four main categories:

a) Dynamics

b) Composition

¢) Aerosol Physics
d) Electrodynamics

A1l four categories are mutually coupled and a

clear allocation of specific measurements to only
one of the main fields is not possible. The selec-
tion of different experiments shouid also take

into account that one parameter should be measured
by different techniques. The experiments and para-
meters for the four categories are listed in Table

P

4 (rockets) and Table 5 (ground, airplane and sa-

tellite remote sensing).

Following a selection of

experiments is proposed for measuring the diffe-
rent parameters. The letter added within brackets
stands for the experiment application: rockets
(R), satellite (S), ground (G), airplane (A),
balloon (B).

e
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Table 4. Rocket Experiments

Field Experiments
Dynamics Ion/Electron Density
Turbulence 0-Resonance Fiuorescence
Waves High Resolution temperature mea-
surements
Neutral Mass-Spectrometer
Chaff Experiments
Release Experiments
Occulation Experiments
Composition Resonance Fluorescence

Aerosol Physics
NucTleation

Electrodynamic

Ton/Neutral Mass Spectrometer
IR~-Spectrometer, UV-Spectrometer
Visible Photometer

UV-Light Scattering
Mobility/Conductivity Probes
lon/Mass Spectrometer
E-Field Experiment

DC Ion Probe

X-Ray, Precipitating Particle
Experiments

E-Field Experiments
Conductivity Probes
Ion/Electron Probes

Table 5. Ground Based, Satellite and Airplane
Experiments

Field Experiment Parameter

Dynamics MST-Radar Us Vi Ws Ay A, turbulence

Turbulence ISR Ne’ T, w
MWR u, v
PRE U, v, Ne
LIDAR T, A,
OH-Interferometer Ago Us ¥
NLC-Observation Ays Us V

Composition Microwave Experiments H,0, CO, O

Minor Constituents

Aerosol Physics
Nucleation

L IDAR
SME-Satellite

SME-Satellite
NLC-Pictures
LIDAR

Na, Ca, Ca'
03, NO, (H,0 in Stratosphere)

PMC/NLC particles
NLC display
NLC particle detection
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1. Density: Active falling sphere experiment (R),
Lidar {G), Pitot-Tube (R), Optical experiments
(R), Passive falling spheres (R).

2. Temperature: Same or similar experiments as in
1}, OH-airglow (G), Ion mass spectrometer (R),

3. 3-D-wind: Lidar doppler experiments (G), Active
falling sphere (R), Passive falling sphere (R),
Release experiments (R), Meteor wind radar (G),
OH-Fabry-Perot interferometer (twilight) (G),

Partial reflection radar (G), Incoherent scat-
ter radar (G).

4. Turbulence: Electron and ion probes (R), MST-
radar (G}, Active falling sphere experiments
(R), Release experiments (R), Density profiles
of atomic oxygen (R).

5. Energy Input: Lyman-a radiation (S,R), Energe-
tic particles (S,R), UV-spectrometer (R), IR-
spectrometer (R), Magnetic field variation (G)

6. Atomic Oxygen: Resonance fluorescence (R),
Neutral mass spectrometer (R).

7. Ozone: UV-spectrometer (S,R), Microwave soun-

ding (G,A) Ion mass spectrometer (R), 1.27u
photometer (R,S}, IR spectrometer (R).

8. Nitric oxide: IR-spectroscopy (R), Ion mass
spectrometer (R).

9. Water vapor: IR-photometer (R), Ion mass
spectrometer (R), IR-spectrometer (R), Micro-
wave sounding (A). IR-Radiometer (S).

10. CO-density: IR-spectroscopy (R), Microwave
sounding (A).

11. 0dd Hydrogen: OH-airglow (G), Resonance fluo-
rescence (R), Negative/positive ion mass
spectrometer (R). Microwave sounding (H;0;)
(A.G).

12. Water Ice/Aerosol: UV-scatter experiment (S),
Active/passive UV-experiments (R}, lon probes
(R), Gerdien probes (R).

13. Electrons: Inccherent scatter radar (G), Par-

tial reflection radar (G), DC-probes (R), Far-
raday rotation (R,G).

14. Positive ions: lon mass spectrometer (R), DC-

probes {RY, Gerdien probes (R).

15. E-Field: DC/AC-probes (R), Release experiments
(R}, Field mill (R).

16. Particle flux: Particle detectors (R,S), Geo-
magnetic field (G), X-ray (R,S)

17. Conductivity: Gerdien probes (R).

Yarious optical and Lidar experiments have diffi-
culties operating in full daylight, but could
still be used in Super CAMP if an operation in
twilight is possible by selecting the optimum
period of operation and geographic location.

G2
(oS)

6. SPECIAL SCIENTIFIC REQUIREMENTS

6.1 Dynamics

It is essential that primarily ground based tech-
niques should be used to study the transport in
the middle atmosphere in three dimensions and the
appearance, extension and transport of turbulent
layers. MST-Radar, Meteor Wind Radar, Partial Re-
filection Spaced Antenna Radar, Incoherent Scatter
Radar and LIDAR instruments are suitable for this
purpose. The ground measurements snould be comple-
ted with in situ rocket measurements at NLC-Tati-
tudes (50-70N) and in the PMC-region (7CG-80N).
Turbulence appears in the summer high latitude me-
sosphere in thin, horizontally extended Tayers.
The study of such layers with in situ rocket expe-
riments (electron and ion probes, density profiles
of 0, NO, CO) needs a height resolution of 100 m
or better. Furthermore it is expected that the
general dynamics of the middle atmosphere over the
summer pole varies with latitude. At least one
ground station which is located north of the
auroral oval would be needed.

6.2 Composition, Minor Constituents

The mesopause of the high latitude middle atmos-
phere is located around the 90 km altitude in sum-
mer and separates very sharply the region above,
which is dynamically controlled, from the region
below where the life time of minor constituents
(0, 05, NO, C0) is dominated by chemical loss re-
actions with odd hydrogen species. In the mesos-
phere the chemical life time of 0, 05, NO and CO
seems to be 1-2 orders of magnitude {ower compa-
red to the life time of transport by turbulent
mixing. The following reaction of 0, 03, NO and CC
with odd hydrogen species have to be considered in
order to explain the distinct density decrease
below the mesopause in the high latitude summer
mesosphere:

O+0H~>H+02

0 + HO, » OH + O,
03 + H - OH +
0; + OH » HO, 0,
0; + HO, - OH + 20,

+

NO + HO, » OH + NO,
CO + OH > H +¢0,

Previous atomic oxygen density profiles measured
by the resonance fluorescence technique give
evidence that the mixing ratio of odd hydrogen and
water vapor fluctuates with altitude in the summer
polar mesosphere. OF special interest is for
instance the pronounced atomic oxygen density de-
crease at the altitude of NLC (81-83 km), an ob-
servation which could well be attributed to a lo-
cal enhancement of the water vapor density and the
densities of odd hydrogen species at NLC heights.
In situ measurements of minor constituents should
have a height resolution of about 1 km or lower,
to enable the study of small scale variability of
odd hydrogen and water vapor, the influence of
turbulent Tayers on the local mixing of minor con-
stituents.
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6.3 Aerosol and NLC-particles

The most suitable instrument for the detection of
mesospheric aerosol or water ice particles over
the summer polar region are UV-experiments detec-
ting backscatter radiation in different wavelength
regions {see e.g. SME UV-backscatter experiment).
Such experiments are able to give estimate on the
particle size and particle density, the height of
NLC and PMC and the variability with latitude and
auroral activity. The rocket salvos in Super CAMP
could be equipped with a number of small meteoro-
logical type rocket payloads with UV-photometers
in order to test the presence of NLC or PMC and
the related Tlaunch conditions for the larger pay-
loads in the salvo. The equipment of the NLC-test
rockets could be extended with a positive ion
probe of large area, which would give an additio-
nal measurement of the presence of NLC or PMC
layers.

6.4 Electrodynamics

The charging of NLC water ice particles and its
effect on the D-region plasma (conductivity, mo-
bility, electric fields) will need a selection of
in situ rocket experiments and corresponding sa-
tellite measurements. It is expected that in a
sunlit mesosphere NLC and PMC particles would be
positively charged, although it is not yet clear
if smaller aerosols {meteoric smoke particles) or
growing NLC/PMC particles above and below the vi-
sible NLC height may carry 1-2 electrons.

Table 6. Number of main experiments

Experiment NLC PMC
{60-70°)  (70-80°)

Medium Payloads:

Atmospheric Temperature 2 2
0dd Hydrogen, 0 and Density 2 2
[R-Spectrometer 1 1
Electron/Ion Probes 2 2
lon Mass Spectrometer

Tonization

Gerdien Probes, X-Ray, 4 2
Positive Charge, Electron

Density

E-Fields 2 1

Smal]l Payloads:

NLC-Location UV-Sensor 6 4
Positive Charge Probes

Chaff Release 6 4

Passive Sphere 6 4

7. PERIOD OF OBSERVATION AND NUMBER
OF ROCKET PAYLOADS

The Super CAMP experiments should be concentrated
in the period of highest occurrence probability of
PMC from day 180-210, July 1 to July 31. Towards
the end of the observation period an increase of
the meteoric particle density is expected from the
n-Aquarids.

The rocket ranges to be chosen for Super CAMP
should be equipped to Taunch salvos containing two
medium size payloads {Nike-Orion) and two meteo-
rological payloads. The minimum requirement would
be the operation from two rocket ranges one at the
latitudes of NLC in the auroral oval region and
one at higher latitudes well outside of the auro-
ral oval if possible at latitudes 70-80°. In Table
6 the proposed number of experiments to be used in
Super CAMP is listed in two categories, 1) medium
size payloads, 2) small meteorolgical type pay
loads.

8. PLANNING EVENTS
June/July 1985 Questionnaire for experimenters
with declaration for an interest
in participation, and details on
possible instrumentation and the
planning on new techniques avai-
lable in 1988.
August 1985 Information meeting at the [AGA
meeting in Prague on the planning
and interest to participate in
the Super CAMP project.

Dec/Jan 1985/86 Project meeting of Super CAMP in
Boulder, Col, or Washington, USA.
Formation of Super CAMP working
group. Definition phase and pro-
posals to national authorities.
STP 1986 Workshop on the summer polar
mesosphere and Working Group
Meeting, in Toulouse, France.
Nov/Dec 1986 Project meetings for the rocket
and remote sensing experimenters.
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