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PREFACE

During June/July 1984, the NASA CV-990 Airborne Laboratory was utilized in a mission to
overfly the Fram Strait/East Greenland Sea marginal ice zone (MIZ) during the main summer
marginal ice zone exp:ritnent (MIZEX'84). The eight data flights were coordinated where possible
with overpasses of the Nimbus-7 satellite, and with measurement of sea ice, open ocean, and at-
mospheric properties at the surface. The surface research teams were based on seven research
vessels, some with hellcoptors: M/V Kvitbjorn, WV Polarqueen, M/S Hankon Mosby, and M/S
H.U. Sverdrup, all from Norway, F/S r ,olarstern form the Federal Republic of Germany, and the
USNS Lynch from the USA. There were also coordinated flights with the NRL P3, NOAA P3,
Canadian CV580, and the French B-17 during the overlap portions of their respective missions.
Analysis of the real-time data acquired during the mission and uncalibrated data stored on tape
has served to indicate the mission was over 90 076 successful.

The purpose of these flights was to obtain data to understand better the physical ocean/iceiat-
mosphere interactions occuring in the marginal ice'ione (MIZ) and to improve the algorithm for
obtaining sea ice concentration and age from microwave data especially in the melt season. To this
end, the aircraft was equipped with both imaging avid fixed-beam, dual-polarized passive
microwave radiometers operating at wavelengths ranging from 0.3 to 1.7 cm. Also on board were
a chirped-pulse radar from UK operating at 13 GHz, metric cameras, and an infrared radiometer
operating at 10.7 micrometers.

Foilowing a general discussion of the operational plan and on-board instrumentation, each flight is
described by a summary report, a flight log of aircraft position once a minute and all automatical-
ly entered flight comments made by visual observers and on-board investigators, plots of the air-
craft tracks, and where available, preliminary microwave mosaics prepared on-board the CV-990
during the flights.
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1. Background

This expedition of the NASA CV-990 airborne laboratory was carried out in accordance with the
science plan for a summer marginal ice zone experiment in the Fram Strait/Greenland Sea
(MIZEX '84) (Johannessen et al. 1983). Specifically, the objectives of this mission were: 1) to ac-
quire mesoscale mosaics of multispectral microwave radiomefric data from airborne imaging and
fixed-beam instruments in the range 10.7 -92 GHz over a drifting 200 Km square array during
MIZEX '84 in such d way as to permit analysis of the data in terms of time-aequential maps of
sea ice concentration, age, and surface temperature over the sea ice and near-surface winds over
the open ocean within the array, 2) to distribute these flights over variations , in the surface
temperature below and at the melting point for the purpose of a detailed study of the problem of
observed inaccuracies in sea ice concentrations from SMMR in the MIZ near that point, 3) to
coordinate these flights with in-situ sea ice and oc.anic data obtained by the international par-
ticipants in MIZEX '84 on board the seven research vessels taking part in this experiment and with
the Nimbus-7 SMMR overpasses, and 4) to coordinate the acquisition of the microwave mesoscale
mosaics with that of high-resolution multispectral radar mosaics acquired by the NOAA P-3, the
CCRS (Canadian Centre for Resmote Sensing) Convair 580 and the CNES (French Space Agency)
B-17 aircraft, and also the passive microwave data obtained with the USN/NRL P-3.

2. General Flight Plan

The original flight plan called for departure of the CV-990 from Ames Research Center on June 7
to permit obtaining the first MIZEX mosaic on June 8, 1984, in coordination with the SMMR
overpass on that day. This plan had to be modified because of problems discovered with the land-
ing gear at an intermediate stop (Malstrom AFB) on June 7. As a result, the CV-990 returned to
Ames for emergency overnight repairs, and the mission began instead on June 8. In the middle of
the schedule, another aircraft malfunction—loss of part of one of the spoilers on a wing during
landing—caused an unscheduled down-time of six days and a subsequent compression of the re-
maining flight schedule. In spite of these difficulties, all of the scheduled eight data (see Table 1.)
flights over the MIZEX area were successfully executed.

In order to facilitate coordination between the CV-990 and other aircraft involved in MIZEX '84
at the same time, a number of different flight patterns were designed before the mission, included
in the Operations Plan, and labeled 'A l through 'F' (see Figure 1.). These plans were actually
followed, with only an occasional minor modification. In the description of the individual flights
to follow, the actual aircraft flight lines are shown in both an overall scale from base to base and
in detail over the MIZEX test area. The navigational data acquired by the Airborne Digital Data
Acquisition System (ADDAS), sampled once a minute, are shown for each flight along with all of
the comments of the ice observers, mission managers, mission scientist, and instrument scientists
that were logged into the ADDAS. A list of participants on this miss ion appea.s in Table 2. Final-
ly, grey-scale renditions of the mosaics of the 19.35 GHz radiomt'1c imager (ESMR) data acquired
during each of the flight over the MIZEX areas are presented. Because of the practical limitation
of the grey scale to ten steps, the radiance interval between steps is 15 K, about three times greater
than the sensitivity of the ESMR.
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The scientific Instrumentation on board (Table 3.) consisted of fixed-beam and scanning
microwave radiometers in the wavelength range of 0.3 to 1.7 cm (92 to IS GHz) from the God-
dard Space Flight Center, a radar r1timeter operating at 14 GHz from the Rutherford-Appleton
Laboratories (RAL) (UK), and from the Ames Research Center, a precision albeto mcdsuring
system, a thermal infrared radiometer, and two cartographic cameras. For the most part, data
from these instruments were acquired by the ADDAS as well as on their own data systems. As can
be seer from the flight tog, there were very few data gaps from any of the Instruments. The most
severe of these occurred on the June 9 Flight when the 92 GHz imager malfunctioned and could
not be corrected during the flight because the cargo area where it was located was crammed with
aircraft gear normally left behind at the base of operations. At thin writing, it is estimated that
better than 90% of the data desired were acquired.

During the course of the expedition, near real-time SMMR images of sea ice concentration and
age were transmitted from Goddard via Telemail to the main base of operations at Tromso, Nor-
way and to the CV-990 base at Evenes. The images were essential for optimization of the Flight
schedules in the field and optimal locations of the flight patterns over the MIZEX test area. Also,
Telemail was utilized to transmit summary reports of each CV-990 flight to Tromso (and God-
dard) as well as for receiving details of recommended flight plan revisions from Tromso. These
summary reports are the primary basis for the Flight summaries presented here.

=e 10
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Table 1. List of MIZEX 1 84 Flights

P W Date Day# Flight Name

1 6/02 154 ----

2 6105 187 ----

3a 6/07 159 ----
b 6/07 159 ----

4a 6/08 160 Transit
b 6/08 160 Transit

b 6109 161 let Data

6 6/12 164 2nd Data

7 6/18 170 3rd Data

8 6/22 174 4th Data

9 6/24 176	 5th Data

10 6/26 178 6th Data

11 6/28 180 7th Data

12 6/30 182 8th Data

13a 7/01 183 Transit
b 7/01 183 Transit

14 7/02 184 Transit

Bases) Purpose

Ames/Ames Instrument chock-out

Ames/Ames Instrument check-out

Ames/h almstrom Transit (aborted)
Malmstrom/Ames Return for repairs

Ames/Malmstrom Refueling stop
Malmstrom/Thule Temporary base

Thule/Evenes 6-leg N/S mosaic

Evenes/Evenes 6-leg N/S mosaic

Evenes/Evenes Long 4-leg N/S mosaic

Evenes/Evenes 5-leg N/S mosaic,
with low-level pass
over leg 3

Evenes/Evenes 6-leg N/S mosaic,
with half the normal
space between 5 & 6

Evenes/Evenes 6-leg N/S mosaic

Evenes/Evenes Nordostlandet rosette;
MIZEX edge transect

Evenes/Evenes 5-leg E/W mosaic

Evenes/Sondre Refueling stop
Sondre/Malmstr. Overnight rest stop

Malmstrom/Amos Return to home base

u
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Table 2.	 Participants

Function
	

Name	 Organization

Aircraft Cmdr.
Aircraft Cmdr.
Chief Pilot
Chief Pilut
Flight Engineer
Flight Engineev
Navigator
Mission Mgr
Asst Mission Mgr
Aest Mission Mgr
Mission Scientist
Principal Inves.
Ice Observer
AMMR/ESMR/AMMS
AMMR/ESMR/AMMS
AMMR/ESMR/AMMS
AMMS
AMMS
ADDAS
ADDAS
ADDAS
Albedo Expt.
Radar Altimeter
Radar Altimeter
Radar Altimeter
Radar Altimeter
Radar Altimeter
Radar Altimeter
Radar Altimeter
Radar Altimeter
Photography
Flight technician
Instrument tech.
Gnd Cres Superver
Inspector
Ground Crew Chief
Ground Crew
A/C Mechanic

?red J. Drinkwater
Robert C. Innis
James L. Martin
Paul M. S-iabo
Frank P; tcosik
Wallace G. Stahl
Eugene A. Moniz
Donald L. Anderson
John 0. Roller, Jr.
Robert D. Morrie
Per Gloersen
Britt Mollo-Christensen
William J. Campbell
Thomas T. Wilheit
Lewis R. Dod
Richard L. Rutz
Joseph A. Gagliano
Thomas F. Stouffer
Patricia G. Hathoway
Susan D. Brooks
Russell L. Burns
Anne B. Miller
Redvers J. Powell
Andreew R. Birks
W. John Bradford
Charles L. Wrench
Micheal R. Gorman
Hugh D. Griffiths
Jean-Claud Morin
Neil F. MacIntyre
Bernardo G. Ponseggi
Larry Parenti
Glen E. Frenzel
Douglas J. McKinnon
Alfred A. Hill
Steven G. Davis
Larry Kirkland
Michael Lakowski

AmesResearch Center
AmesResearch Center
Ames Research Center
Ames Research Center
Ames Research Center
Ames Research Center
Northrup
Ames Research Center
Ames Research Center
Ames Research Center
Goddard Space Flight Center
Goddard Space Flight Center
USGS/Ice Dynamics Project
Goddard Space Flight Center
Goddard Space Flight Center
Goddard Space Flight Center
Georgia Tech.
Georgia Teeh.
Informatics
Northrup
Informatics
Ames Research Center
Rutherford-Appleton Labs
Rutherford-Appleton Labs
Rutherford-Appleton Labs
Rutherford-Appleton Labs
Scott-Polar Research Inst.
U. College London
ESA
Mullard SSL
Ames Research Center
Ames Research Center
Ames Research Center
Northrup
Northrup
Northrup
Northrup
Northrup
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Table 3.	 Visiting Observers

Name	 Organizaticn

Robert A. Shuchman GRIM (MIZEX Remote Sensing Co-Chairman)
Sylve Lilegren Norsk Rikskringkastning Centrals (NRC)
Hanserie VoUter NRC (Norwegian National Radio)
Arne Schet NRC
Albert J. Fleig GSFC (Project Scientist -- Nimbus-7)
Robert Majors Norsk Teknisk Naturvitenskapelig Fors-
George W. Rosenberb kningsraad (NTNF)
Lothar Beckel GSA
John Conomos USGS

Edward Joshberger USGS
Duncan Ross NOAH /SAIL /U. Miami
Bengt Benson General, Swedish A!r Force
F. Wickerts Colonel, Swedish Air Force
Even Holt Norsk Tekniske Hoegskole
Kenneth Morey MIT
Charles Luther ONR
Richard Francis GSA
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Table 4.	 Lict of Inatrumonto

Sonoor P.I./Co-I. Charactorictico

EMIR Tom Wilhoit/GSFC Paocivo microwave imager
Tom Dod/GBFC Frequency:	 10.36 011z
Dices Kutz/GBFC FOV:	 1/20 radian

Scan:	 +/- 800

AMIR Tom Wilhoit/GBFC Fixed-beam microwve radiometero
Tom Dad/GBFC Frequencioo:	 18,	 21,	 37 Gllz
Dick Kutz/GSFC FOV:1/7 radian

Look angles: 40°R
Polarization , H & V

Sky Radiometer Tom Wilhoit Fixed-boom micrewvo radiometers
Tom Dod Frequencios: 21 & 37 Gilz
Dick Kutz FOV:1/7 radian

Look angle: ca.	 10 0 from zr,nith

AIMIS Tom Wilhoit/GBFC Passive microwave imager
Joe Gngliano/Goorgia T. Frequency: 02 OHz

FOV; 1/30 radian
Scan:	 +/- 460

Radar Altim. John Powell/RAL Altimeter/Scatteromoter
Frequency:	 13.7 GHz

Albedo Expt. Francisco Valero/ARC Solar Radiometer
Ann Miller/ARC Wavelengths: 0.26-2.6 microno

FOV: hemispherical (up/down)

PRT-6 John Roller/ARC Thermal infrared radiometer
Wavelength: 10.7 micrometers
Nadir-viewing

KS-870's Dino Ponseggi/AFC Cartographic Cameras
5-inch film format
nadir- & 46°H-viewing

it
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3.0 Individual Flight Reports

3.1 Transmit Hight—day I60—Ames to Thule

This flight was one day later than planned due to a landing gear strut problem on the Ojeeraft.
Some sea ice data were obtained over Hudson Bay, Foxe Basin, and part of Baffin Day. Unfor-
tunately, the ADDAS failed at the crucial time for using the data as calibrations for tite GSFC in-
struments. However, excellent conditions for useful albedo measurements were obtained—both
high and low level.
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N 

YON^.N}ryMNN 
N

M

NN
(
N
y MINI SU

M

MyNNN .yY%I.MNN NNN

3M	 !ry^{N^N

	 NNNNN	 4

I	 N({N^.E3 M̂̂
N

J Yry,
^^^^((((	

ONNI^P^} .dryy^1YJJ ^M̂yy bNI1((iJ^^ AOPGM YIMGiP ^ -S
I my PPPsryi 

ON N
(
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Î
Y

PI

I^Y
Î
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3.2 Pirst data flight—day 161—Thule to Evenes.

All Instruments were operational except the Georgia Tech 94GHz Imager, which could not be ac-
cessed because of the heavy cargo load for this transit flight.

Pattern 'A' was executed going from west to cast. Polardueen was estimated to Ile between tracks
three & four of the mosaic pattern, about 60 Km from the southern edge. The real-time ESMR
Images Indicated that the Ice was near or above the melt point over the entire MIZEX area.

The decision to fly oil a SMMR•off day was made so as not to Impact the rest of the aircraft
schedule.

Our attempt to acquire the RAL corner reflectors on Lofoten (for calibrating the RAL altimeter)
was foiled by the accumulated error on the INS, and the weak reception on the Loran-C.
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Figure S. ESMR mosaic: 6/9
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3.3 Second data flight—day 164—Evenes RT

All instruments were operational.

Pattern 'A' was flown rather than the planned pattern. 'E' because of surface reports through
Tromso Indicated warm Ice conditions north of the Polarqueen, and colder conditions to tite East.
Consequently, the pattern was situated so that according to the last reported position of the Polar-
queen, she would be located on the westernmost log of that pattern. (Unfortunately, our best ef-
forts to contact Tromso the morning of the flight were to no avail, since all of the phone lines
there were either busy or remained unanswered up to the time of takeoff.) When we finally con-
tacted the Polarqueen directly on route, the current position she reported was such that she would
have fallen Just outside our mosaic to the west. Luckily, due to a combination of errors, site fell
directly underneath us on the last leg of the mosaic pattern. The pattern was flown from cast to
west, our normal mode of operation.

This time, the ESMR mosaic prepared on board showed that the ice was below freezing in the
southern part of the M1ZEX area, but mostly towards the west rather than towards the east as
had been predicted by Tromso. In this area, the multi ear floes could easily be distinguished on
the ESMR mosaic.

Initial evaluation of the data indicate a very successful mission, indeed, since all of the microwave
equipment on board appeared to be operating properly.

Post-flight comparision with Nimbus-7 SMMR data caused us some momentary regret at not pur-
suing the long-track, four-leg mosaic as originally planned, since there was indeed cold ice
signature shown on the satellite image north of the six-leg pattern that was flown. Indeed, the
warm spot at the north of our pattern also clearly showed up on the SMMR Image. On the other
hand, the varied data that were acquired in an area where more surface information is avallabie
more than compensated for our momentary regrets.

Upon landing, the aircraft suffered damage to her left -wing center spoiler, so was out of commi-
sion until late on Sunday, June 17.
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Figure 8. ESMR mosaic: 6/12
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Nlâ Pnnn
If NP NN ^{LpNIYY11 Q4 1Y

N 34'u
11 pNpN^1}nN^Ny

11111
F MP002 SMMPS MOhMM OnOPM Orl

.d0
0

pO
P

11
O
1Ô
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 1yĝ11
d

MMMMM
yry^^I1It^ yM̂1yM̂I11mMMMMM

M^
MMMM MMMMM MMMMM MR=W

FFFFFFii °000° °0°90 00000
NMdP MMMMM NNMNM NNMNM

MMMMMM
MMMMM MNG V.NO

p
.Ca.NUMW
69's,

M
NtP11M MM
'-as

p	 p
000011

mph
000110
xxxxx

GNIb11Nq
U-099

GGGMM
xxxxx

YI dMG
xxxxxxoxx OUR xxxsx xxxx xxxxx xxxx xxxxx

E020000 "999
^}O{1^^p

omoca NP,9OM MM.ONM 900,99 MddNN "90:0 ""n APhMM
somn

r
N
y
ggMM
MOMMq

,9PMPI(I
SQMNM.p ^11/IN

NNMNM 000111111
1^

00°0N0g00
4^ g
MMM MG

m
aM d

g
GMdMN

p
0	 NIodmu gumgum MMMMM um=

DO°oM oMMMM MMMMM MMMM P̂4 wPI MMMM ll= MMMMH05 09 .Z NMM .°ieiee-
NNylI^^yy11 y1P̂ ^I
MMMMMo°°

y^
r'I .di:.dd.°°coo

1]M^Mrd•IM^^09900
l/1 M1̂/l IM̂ 1^1M̂egig'1C9oeo9°O= 00009 09000 eecoo 0°o09 0800° Do

"9
N1O^IJPO M

I
My^MPO MNOPV NNh

p
00 MMMMd i l

}
"M 1 9i99 SMbMN NM

y
d q P

1
NP .DNM PMMdM

1
M
(^l
M
ly MMNNM TSMU

1y^l
NM Moo

 1
M
n̂I
N
n̂I
N
^̂I
M
^̂1
M
^̂ 1

M
^ 1M̂̂IM̂̂11̂̂10̂̂

yG1.
	 g

1
M
1 //lll
N
l ^̂I l
M
l/l .
M
l.̂ ^1
M
1//11 1d1 ^^111^1

^111000
"'9,91^ nnnnn G'9'9'9

GONO
9^ n u,4

y
M
y^^y
M
y^^y
N
y^^y
M
y ^I
O

,9I^I m
d
N̂ ll
d

^y
d
N̂^
M
,n

g
9y Onnnnn

rN•11 •INN

='Mannnnnm -=rNp nnnnn Nnnnn
4
p° 1

h,91^1^1^
MMIIIMM MMMMM MNMPMOMODO 020000IR99 M MMMMM00°°0 MMMMM00000

yy^1M11^V99MM000 My2MMy 1
200000 MMMMM200000

MM^1 ^1M9°000 MhMPM200000 IyMMMMNdOMOn	 r	 r	 r	 rq j
and

200000
..IIÛ11n̂
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^99ŷ  ^mNy^OO\f940 90

64

POPnM a"O

(^^y
N

^yMN y
M

^\
N

I^y
M

^I(ww y
M

^y
N

^11
M

^y
M

^\
o

 y
M

^1
O

I^1
O

t^Y
'N

^ \pMt^11
N

^y
M

^\.. \IO^yA^yd\{N^. yN^yM^yd^yd^1. \
.^CMJN\II nONNa 9"I'l

ryS S \MMMMM	 mmu MMMAp MMMMM AM= 

gy
MqPA

Ag
A 

MMry
yMryMM MM

E{
M

y
A

M
M

^^ 
M

gy
M
.yqq^^.y

M
q ?

M

^
M
 .y

M
p!g

O

ug
S

O
-

0
0 

U-0
009 920="O

^̀00 Russ 80008 9-085 uns '
P
^Russ 8ME ^^Z•RI 1338880 SddB1 HIS ^3 	 ONSHI

I OMNmn^OM \\N\P̂^M(N^dyaN WPPIIlyP 0{NyMO(

.MNyp OryM
\yN
^

^\.M
\IN
I
p^^\.M

\IP
I

p\\O h1N A{
94

0 OyPOd\I ^ Yd̂ PNN.pP ON^pmppMa 00000 N

O

m

p

NNM A00M0

O OOOS OS000 NoONq NbObO 
OOpQ 2=2 0M0tlMOM0 0000m O.Om 

NO 00000 Ham 
y0^\0^Y0^0 y0\

00000 OOOtlO OOOOG OOtl00 00000 OtlbOtl O00 000 O O p Op O tlb0 000 00000

\^	
nAAMO 

dd
M N

..
\I
pp
I
d
Np N 

NP\\ff
^ 9i aOMd\1! OMJ M

Uu
d

11
A 

GG
NN M

.
O
.O0 \\N.. b

N ONNd N
mm
NII^P 

d
Md NyP^NMM dOddNYN1P Nmm N

\
A
.n
O dWM

W pO
p PM

G S	 Milo dNNNR 08444 .Ai FJNNN MGIMMM Mnddd $wru 00000 MNMNO a .1RY1N RYIPVO
0	 PO P PPPP	 O 00 000 O	 0 -02828 MMMMM 8-ma MMMM	 M Ma i mm0$$Om nnY.'n^. nnrnP. mO	 0^$^$ m$mmm 000$0 $$0mm^ 	 mmmmm 	 00000 05050

d
o
d \
a
\tŶ n
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3.4 Third data flight—Day 170—Evenes RT

All Instruments were operational.

in spite of the fact that our replacement spoiler was delivered late Sunday evening rather than in
the morning as scheduled because SAS bumped that cargo at Oslo in favor of a shipment of
flowers, our stalwart ground crew completed the repairs In time for today's flight.

On the basis of weather predictions from Tromso, we elected to fly Pattern 'E', the four-leg pat-
tern extending about 350 Km north of the ice edge In the hopes of realizing below-freezing condi-
tions over the entire mosaic. Instead, we found freezing conditions in the MIZEX box and near-
melt conditions further northl This was coupled with observations of scattered Ice-clouds over
MIZEX and heavy clouds north of there. If we were to try another Pattern 'E', we should want
to make sure that clear conditions are firmly forecast or observed over the entire area.

Out pattern was situated such that the projected position of the Polarqueen would have been
directly underneath us on the third leg of the pattern; her updated position as of 1500 GMT
received just prior to takeoff placed her between legs 3 & 4.

We were startled to find the sea Ice extending some 110 Km south of the edge as observed on the
first leg; po ,, i' dy we were observing part of an eddy. This information was radioed to the Polar-
queen as we departed the area.
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Figure 11. ESMR mosaic: 6/16
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Â̂rp.I 0P •°p ON M r.001 ym nc;Y •.°01, 

M
§ M qm. ,

MMM M
My,q1 ar^^! g O^ONrMp1^ 

MM
N1 ^.O Nqi

MMM}}̂Fr^{{W MM MM	 M MMMMM MM1•̂ My^ MMMC MMMMM MMMMM M41MMM OHM MMMM MMMMMM	 MMM

N^1 Epp yAuV
	 my 

MNIng 
M--

--NNNNN pMpNN -mp MTM N OPN gIIv P/{^q l3'12
'LL	 PP ^f^$J^.^MM P"mryP" ^. P M -0	 ^P	 Tyy^ N qM* , u j^Qj-0N-0 YX M-U,6

y
e O-0.	 -0P 

T^YfPryW J•K MM pMM
N

M
p̂

M 
y
M
y

I
MMI^ MMMM

p^31 R
M
1y.̂^.p'mM me...1" ..IM pM^M

14 1
M
.I q̂[M(yM. It y1 1•MT̂ 11(..J^1,M•N^1 `Mp^ NMMp 

MM
1
M̂ M̂m,^Iy

M
1^ 1,^4M1 

MgM}'^1 M9MMM
r^

I19 MMMMM lMMdMeJMyM

' 1 1 NNMM r C
My
00 ^y Mil HIIM 040 N NNNNN NNNN Ny UR U2992 gn$i7.1^ N

p
r 041 NNNNN

'^y
9

+
jp 4pM^p ^I ^NM N ^pNy 

N 
eC pp S

URE N pp r^^1 N {^.^1 NNOry,Ny ryA IN 00000 00 E l 00000 OOOOS 00000 OOV00 OOGOO 09006 00000 Q9000 00000 00000
o 9 "OOgM RNMOM NNANO ONNOW OOONq OeooN 04001 y "OOM NOOMVI ONIIIOM MMPOM NPPMN

W	 9AU4	 INN M^.. M... ..	 A	 2 2 R H
RO

	

° RRR !Mg RRRRR P̂a S-2 ;m$"d3 a 12 13 	 ,POP. 999 F' 9RRRR RRPRR 99999 91999
99999 Sasso sags$ 5$999 9$999 9 SSS a as 8858 88885 oa$8o 88Sa8 o ass

I	 MMMNO "Doom 
1
M^OAMO i"91O ltiigN 911 R

1"pN
	 9
rM1rA1^N O
	 li"l00

(IN
OON0P 	

Op
9= My"WRO -:9,999

NNNNV MOMpg $O 00000 90^0O0Mp0 s9:3
p

99 =NN^M ARoom N
N

NNN N*=924 N^A99A1 DIUMMM 1pXIMMM

80006 OOtl 00 00000 0030 OOOtlO 00000 00.09 Op000 00600 Ob g00 OOOOp 00000
1
6 I yd^OMNw MAAM 1O4NP M,OM"M{N

{pp(M(.^IPIOOIA1OO^M}̂} 1O NNMMYOI 
0'.0.0 MPNMON MMOOrra

.
11 OPMON C!ib l O9R 0"pM.MM M.OMP

G 0 m^ON^ NrPIrY r1a M000 4Y •IN MMYIION CIB°PM's ,Mg 00	 g VmM# adiNDYm Y°I VCO•M A m.= S00Pa51 IOII p V, P, A

o 

t '4'"4
^
8'4'"4 

1tl^=88'^21 
d'8 m^I1o^0'^o"6c^1`0^I m

f
go`6o w^'4m^ 

y
ffiQmQQ 

1
Q
II

"q^mw $
II1

w
^1
8

^I
3

1
m °O5o1$^ 51o^`^R^P.1 PsRNF

4 i OONOO MOOO YI QOMI,IM ngm M0000 92=N999999 YIOQOO ,y NMYIO OOOQN gmgw I ObDOM

R.
^I 4g	 d I1^	 I1^ y^y^.p .p ISO	 1^1 p	 q	

^p..1	
(.^ 
NOT
	 • pp.. 1.pr•qiLp0JJr mmu P PPPN NNPPN NPPON NN NON PNNPP a

ll
MMPPM 

U
P; NOT YnaPO PVm SRO

60

a



W
O
0

5

N

4g

Li ^u^y hj	 APO

p	
446H

g6H111fRr	 Of

o^
ag	 g^°	

ray

NNNON OMOOP OPdnO MPMPd OOOON PONNN NdMNN MNMNII! ONNNN ONOOO NNMON NNNNN

v$ "r Pv ^v "v 4v°v Pv°vv4 vv °v ry n aag toIm mqf TWO00
PNMPO PNMNO NPOPO NOMONNNNMM ""9 OA000 "9"MON O PNNP OO	 "Vii "91i9

is 'P4^^^ ^"wwn Y"P'PM'I' NNM.00 ;I¢;;4M :oNr4 '""4'PY' 4`{''TY'4 	 •T
NNONN NMNNN M0000 MNMNNWNNNN ONNNN dNNNN OONMO NNONO NONMO NNNNO OONON
44004 g0000 .0000 40 :3,0' 44444 00,444 00044 oo44o 4mo40 40040 0400. 0o."m

•T, 11 ,11t ,19 19 ,111 MNYIdM 00460 NL.Oi .ON.DA NNOdO bMNOJ NMMMd MNMMN NdMdN NNONd
LLC 

RMM^pNyy^MepN N^.rrIYYpN.OpO^^MN11 NNN^yyNYMppl1.i pM GM.O
MgyyN^^^NN ^p444MN MnINMM NMM p99 M94

	

MMMMpAAA	
Y.MM^ DA9 •4Ap^
	 49494MN

	

Y
9494	 yN^MM

Yl 0.0.0 W.PO NWI^NI^ 1^.^1 •/^1^ NI`^1^ A I^AI^M.- •$^N.O MY Ma ObPP PP P PP PPPPN nm SUN
GAs OWOA•'^^O]`j{^`^^ CJ$.jnN

^[Cy}as MMMMM 2999M GMGMO 
Mm^{. 1

M
1111 Aa
M 

^
M
1 y

M
^
M
H MNMyryM• 

F
M
?

Mm mm 
MGMmypNmm MMM

N in

MCMy^M MM MM MMMMM MMy ^ MMM MMa y1
^
MM 

MM^yO1
1FY•̂ W^.00NW NMMVIN NbpP PPPPP P NNRI P ^NNN PNNNns NNNNP PPNPP uns PPPPPJ PPPPP ^PyPDNU Ring	 (y MN ry	 ^y	 ry ^y ry(y fJ ^Py lJ^yry ry

a1 Y
¢6¢M̂ yOMOy^^M

OMM 
e
M .M

/,
I
M
MMMM 

yoM^MpeM MmMM PM^mmy^yMO^yCM^ MS H
M

y
M 

•
M
} MMaa}p

M
M
MM!Q M

T
MM

M.Y
M

^
M
M gM

M
O
MMM

y
M

^ ^yMp^yM^yyM^{MyM^ yn
M

^
MMMM MapMpMMQMp MMMM ^M

^
gqggp

Op NNNNN NNNNN NNNM NNNNN N
N
NNNN NyyU?E 

y

H
^+3

R
1

Ng 3N 5.5.x5. NO- NNNN- NNNNN g%zg-

N7L1 00000 00000 .00000 020.0 OUR o82S2 dodo0 0o000 200o. 00020' 00000 a 
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NydOĜp G PONIMfI
pMMNO 11^n1 NMO 0000

0 g u^u^u^u^0 v^aaaa aaga^
M 1y.•1 May

aa0000 DOODO 00
f MNn • 06^ MaPr^a Oatl^O

Um 0p ,4Nroêp 0<m"d
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3.5 Fourth data flight—Day 174—Evenes RT

All instruments were operational.

This flight originally scheduled for day 172 had to be postponed until 22 June because of dif
fieulties with both Goddard and RAL gear.

Pattern '13 1 was flown, with the low-level leg flown at 500' along the 6 0 20' E meridian to coin-
cide with intensive surface measurements and the NOAA P-3 transect along that line (tile so-called
Onstott line). The conditions were generally warm and cloudy over all of the MIZEX box, accom-
panied by the generally uninteresting radiometric signatures of sea ice near the melting point. As
observed from the aircraft, the cloud deck seemed to hover over just the MIZEX box, being tan-
talizingly clear just to the north and west! Indeed, the SMMR Image of multiyear fraction for this
day indicates a strong MY signature also north and west of the MIZEX box, with the indication
of no MY sea ice within It. It goes without saying that two days earlier, when we were unable to
fly, the MY signature appeared very strongly within the MIZEX area in the SMMR image.

In addition to providing an excellent visual evaluation of ice conditions along the low-level
transect, our choice of Option 'B' permitted obtaining albedo measurements of the solid pack, the
Ice margin, and the open sea with varying wave structure, albeit with a solid overcast. The low-
level transect was extended to about 79 0 30'N. The visual observations confirmed the presence of
fresh showfall over the entire area. Meltponds, although comprising less than 1% of the entire
area, were observed to contain water.

PRECEDING PAGE 13LANK NOT PILMED
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3.6 Fifth data flight—Day 176—Evenes RT

All Instruments were operational; the main data recording system (ADDAS) had some momentary
malfunctions.

A slightly modified pattern 'A'was flown from west to east with the first five legs spaced the
usual 10 not apart but the fifth and sixth spaced only S nm apart. The sixth leg waa also along the
V 10' E meridian to coincide with the estimated position of the now-famous Onstott Line
overflown on day 174. This was designed to permit the passive microwave side-lookers to acquire
data along that line on leg S, and the altimeter on leg 6. Upon our approach, we were informed
by the Polarstern that the drift had been 10' further west than the prediction upon which we had
based our pattern. Fortunately, that simply meant that the altimeter & side-looking radiometers
had exchanged favorable legs. For that flight, our two inertial navigation systems and the Loran-C
were all In agreement to within 0.2 nm; none of them had been updated since departure from
Evenest

Our approach to Leg I was actually straight-line from 78 0 38.2' N, 2 0 26.8'E. This permitted us a
spectacular passive microwave image of the eastern edge of the Greenland MIZ. Unfortunately,
the entire area was solidly cloud-covered, so photography was precluded. About 100 Km south of
the east/west ice edge, an Ice streamer, about 25 Km in extent, was observed to meander mostly
due cast and then south. This streamer was observed on both legs I and 2. The MIZEX area itself
appeared rather compact, with relatively few open leads of less than I Km in with in evidence.
Tile pack signature was monotonously that of moist sea ice, and so the floe structure was in-
distinguishable. The Ice edge in the MIZEX area was quite compact, but with an astonishingly
regular sine-wave pattern with a wavelength of about 28 Km. About 2 -%2 oscillations were ob-
served. A solitary thin ice band, ca. I Km wide, was observed running east/west about 30 Km
south of the edge across legs S & 6.

Leg 6 was extended to 78* 40'N in order to get some good wind/wave data. The visual estimation
of wind further south was about 20 m/s, judging from the whitecaps. Unfortunately, we had
eliminated both passes over Bjornoye to maximize time over MIZEX, so we shall have to rely on
WX charts for our wind comparisons.

79



O
r.

()^JC14,AL Vr.. ^
C)V ,po OR QUALVi

so

. I	 .f



^EW

CL

b
Pnl

i

W

a
n
N

M
m
W
i
W

.! N
u

W

W

v n
P W
•• N

n1

d N
CI

w
5 "
Y W

J
R

n N
0

J
W h

7

N
a

n

m v. o
M T]
W
M ••
.. M1
C

OPICINA Vii..

OF -POOR QUAL9 C-4

W	 =
W	 (n

a
I

-^_J	

Off.
C-^^--.8 _^`	

r0

O

.j	 CL

Dow-

.j	 W

Ul
O V7

cc
Q
J
O
d

co
0

O

81



Q:

OFipu%oI..^ ..,^. i .

Figure 17. ESMR mosaic- 6/22

82

4

hk



1

a
;i

^M

w w p̂.^ M	 W Y'IWU .Wf	 .^1w(n^o a ogaM ^pwC^i

as
.N^

N N MBE yP̂ UOP Iy^X^ yNMN M	 IOM II
.^	 ^.^^

1 I	 ^/jM I	 1
M M^yI 1

1b5 ^NI 114 M1 me o ITT ,Y .b4 	 bMDDO _ MH NMMM N
MMb 1. PPO O ONM MrI MNIfs P YIO

^(Jj
(CjNM

MFy
MM

l^^Np m
O
^
N

p
d

1Xp•
M pM.MM M ^M$ Q	

rr.1 Nqq
1̂I^	 111///^^^
ti	 MO

F}y CNNb rN'I
.Dbi

1`.y^(M1p
MMM

A nNN X.pO
1} p̂vp

rM
h	 1^1^N

^ ^
ObOOP 1	 ^1

y CX I^I^np9

y^^y^
y^^}̂}..

Y^$
V11̂

Oy`•p`ipP\
O M

ỳ ỳ
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3.7 Sixth Data Flight—Day 178—Evenes RT

Aside from the annoying ADDAS dropouts which have now become commonplace, all in-
struments were operational. The data system dropouts have not as yet resulted In any significant
loss of data.

Plan 'A' was flown from west to east, with the western edge of the mosaic image right along the
Greenwich meridian, i.e. the flight track was along a line displaced 5 am cast of that meridian. It
had been our prior custom to approach the MIZEX area along a straight line which becomes the
first leg of the mosaic, and to start that straight-line approach at about 77 0 35'N. Because of the
most interesting circumstances elaborated upon below, we extended the first four legs southward
at least 120 Km beyond the MIZEX ice edge, but at the expense of coverage in the northeastern
part of the MIZEX box on legs 5 & 6. As it happens, this was no real sacrifice, since the sea ice
was apparently at the melt point in that area.

While there were some radiometrically interesting features to the west (see below), this was
definitely the day for ice edge observations) The MIZEX ice! edge was quite compact and follow-
ing its recent east/west sinusoidal undulations in tracts 5 & 6. A distinct change in orientation of
the ice edge occurred in tracks 3 & 4, now running from southwest to northeast at a 45 degree
slant across our tracks, still compact, and still undulating sinusoidally. In tracks 1 & 2, the ice
edge was quite diffuse, and nearly merging with the following feature.

By far the most exciting feature was what gave the appearance of an explosion oil the north/south
ice edge along Greenland which projected some large ice floes (ca. 18 Km in extent) to the east at
a rate of at least 35 Km in two days, since this floe pattern was further west in our prior flight
two days earlier. There were two floes of that size which seemed to leave a trail of less compact
ice behind them. There were about nine floes half of that size leaving similar trails. The shape of
this event (including the less compact ice) is best described in terms of a running dog's head, with
long ears flying overhead. The outline of the throat and chin went east and slightly south from
79° 08'N, 0°E with a well-defined, undulating edge for a distance of about 45 Km (center of
swath 3). The lower jaw was ca. triangularly shaped with a maximum thickness of 8 Km. The
mouth was open about 10 Km and the juncture of the upper & lower jaws was about 12 Km to
the west (western edge of swath three). The upper roof of the mouth extended due east from that
(at a latitude of 79° 19'N) to the nose some 36 Km to the east (eastern edge of swath 4). The nose
was in fact one of the two largest floes described earlier. From there on, the outline of the dog's
head becomes a bit diffuse, but the eyes and ears are all in swath three, extending northwards to
within 18 Km of the compact MIZEX ice edge. A solitary long ice streamer 18 Km In extent was
observed running parallel to the MIZEX edge (slanting at 45 degrees across the swath) at about 18
Km to the south; this appeared to be part of the 'dog' pattern. Some distinguishable multiyear Ice
signatures were observed in the western part of the microwave mosaic, again in complete accord
with the concurrent SMMR image. Comparing with SMMR images in the area on earlier occa-
sions, the multiyear signature observed is believed to be associated with ice just below the freeze
point, since the SMMR multiyear fraction was significantly less than before.
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Figure 20. ESMR mosaic: 6/26
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3.8 Seventh Data Flight—Day 180—Evenes RT

All instruments were operational.

Pattern `D' was Ilown over Nordaustlandet. The left-over time was used to fly a straight-line
transect between 80 0 20' N, 15* 00' E to west of the estimated position of the Polarstern, 800
20'N, 5° 00'W. We returned on a parallel line 5 nm north of that to the 0° 30.8' meridian and
headed south along one of the tracks flown on Day 178 to a latitude of 79° 30', the predicted
location of the northern edge of the eddy, and then headed east. Because of anticipated strong
headwinds on the return home, we vjero able to execute only a single transect of the large eddy
region observed two days earlier.

Nordaustlandet was about 95 07o cloud-covered, so photographic coverage was quite limited.
Microwave signatures indicated that the upper layer of the ice cap was near the melt point, and so
the signature was monotonous.

The east/west transect over the sea ice was clear, and afforded the opportunity for some excellent
photography of sea ice. The lack of cloud cover also resulted in below-freezing ice temperatures
and the strongest multiyear microwave signatures observed so far on this mission.

We were not so fortunate In our attempts to obtain microwave imagery of the large eddy, since It
had drifted southwards and outside of the preselected imager swath. it was easily observed visibly,
however, with about the same eastward extent as before. Hopefully, the 45° metric camera also
captured an image of it to permit more precise placement on subsequent analysis.

PRECEDING PAGE BLANK NOT FILMED
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ê IMM^^jMMyM^^M} 
n

MMM

O

MM 

Mug O

M
y
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3.9131&h Data Flight—Day 182—Evenes RT

A!! instruments were operational. The weather was exceptionally clear, permitting excellent
photographic coverage.

The original flight plan consisted of five 17-minute legs running east/west, starting at the north at
79 0 29.8'N, 5 ° 57.1 'E, and separated by 10 nm. This was to permit intersection with the predicted
position of the Polarstern as of 2400 Z on 29 June. At the and of the fifth leg, the plan was to
take a bearing of 315 degrees for a transect into heavy multiyear ice, but that had to be aborted in
favor of extending legs one and two to 10 0 50'W in order to intersect with the actual position of
the Polarstern as she was struggling through heavy Ice at 79 0 24'N, 10 0 42'W at 0733 GMT.

The 'head of the running dog' eddy encountered four days earlier was no longer recognizable. In-
deed, the Ill-defined edge of the Ice pack was far to the west—at 2 0 W. A rather complicated eddy
structure was present in the MIZ at this point. Location of the major eddy feature was radioed
(by request) to Gin Johannessen onboard the Polarstern.

Multiyear ice signatures were indeed encountered, but not in compact icr This was disappointing
from the point-of-view of radiometry, but certainly not from the standpoint of Ice dynamics.

This was our final data flight with the CV-990. We had hoped also to do a north-south transect of
the East Greenland Sea sea ice on the way to Sondrestromfjord, but this had to be aborted since
our long-standing reservations for overnighting there were suddenly cancelled just yesterday, for
some cause not yet determined. This was particularly disappointing to us, since the last-minute
changes required in today's flight precluded looking at the more compact multiyear ice to the
south.
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u1M ŷ9̂ 1^^

1 ^1̂1
1^

rd^POMN
vl1N^CIry1^ryt^ N uiPCl ryt̂

N
G
O :1 ,4,19:1,4

ul1r grVi
9"lotM lot
ry.I^N	 00

yd Nf:
OP

'19't PM
PtlI yff

MNOMO
y^^^y.I^. r0

1111911 11lORl Itl:
PNNN

NhM,Dd
yG^PNg^y.1^

I"91t
Oy Pyq^.q}P

11111 11,11' rlvll 11111 Ill
V
l
l
r 11Ily vllvl Il tll l ly

y.1̂ ^ i f
Ilvl ^

u1
v1f	 11 Ivl^{'1 vvlly

bN,OMb MMNMO OOONN OMNOM OMbN	 P MONPP MOPM N OMMN M MIINMMM PNbbO ifiI9 PNOMb
fM

M

OONnICr lrOgM4 H004M TTITO -,TfIT I 1gz9MI,
TTMNN 40Nr'NI NNNNN MMMMM MMTo. 110TI

ONOIw.f. dOMOd OOftNd ,DdNMN NNNNN O WONd 0004m MNOMN o pli 1M !goq# dbdNb h#Nd
°4444 441'44 4^444 41'1'44 444° 0 441'44 0444 44444 44444 44444 4480 4440

,T. i9iiN "OOO iiggq 91991 !1g9ft !!Ili .DNNON ONNON 0400 d .GMdMN ,?MMIIld 99999
ICL

m
M

y
M

^
M

1
y
m. M

M r^ mmkm AAA MMMMM

W `010`̂yj,
NMpMMMpMm^Myy
jg oP (ppyPPPP

MMMM

IMM
M

^Iprydl ĜrO1

yUM^1MMM
OM O1fryMO

1 
(
i^,^^j^rypy^ ^ay11

$
^$1^p. ^p̂Np.ff rymryf

MM^MMMeM
yO11

Or^ OMiUi^ m
ryM^MrSypM^M
00 ,00

[[MMMMM

GryOg^O ^P
.'^IQI^(Mp^R44
Pofm

HaIM^pA^MM
}

mgjg

^(My (
M
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^vĵ̂!i^̂

OO o

I
gf
ig g

^i
gg

a^
igg
^
g
x

^

qx g

^^0

qq.0

0

g

4. p

'
O

qg N'

g

§c^ EMU o^ia^M 44M

Rg

E UN

g

ar Elm" i
In.G gas38 83333 30003 911.18 30333 o3

y

9.900 oo^$o 03330
iqq^q^g^Sqg
339.0 300as Sam3B

^fM1.4momm
M
}
OMdN OPPbM bMMdMOp OMN"91i9 Nt "Pigq

^
M
}9 y9̂

9i N9licp19 OPNd
pp

P d
o NNOYfQ MNMMO CMMOM NO1f10N Mb 899 YfMMON tl'G NOO MNQON V0Nd0

.Ny{NpMOp
NpYfMM

NONpOO
NMNOO

Myb^bMpd
MNINON

1 NNNMMOpOOP0
MMMMMOOOpO 00000

OOgpp OOOMMOgppp MM N(yNOOOpO Nil^M ddGgOtl anMNbgOOtl bb.pNNOp000
02000

NpjMmPOgnsg PPPOO
m.02 OM^y M (.1

MMMMM
Nay [y Mild
.mmg

000000	 1 ^p t^ill
N MM

qp ^^ p0000
if m

00900 0000[ 00000 00000 pb000 00000 00000
Nb

e
;
d
N MymA

p
d N

y
NHO NdO.bpPp NOd Plfpl

iiP^NOM1(d^
NPM^db

1^My
OOMM 1"ci

n
M OPNd

^dy
NdMO1d^

gOMNdd OMMMN NMOOYI S=tu MOOY11(1 ddMMN NMMHO oOlbll leld pMMNN HMOON NeOMM NNMHO
^9999 99999 99999' kk'K'R p P4499 9993999 99999 99ppm ppppg P40mg 99999 99999

0	 1
+f

M MMM
O 00

MPPMM
OMMOO ^9MMMM00000 MMMMM

00000
MMMMM
00000

M MMM
9.000

MMMM
00000 NMMMM

M0000
MMMMM
00000 nMMMM

0000
MMMMM
00000

MMMOq
00000

pyf ..qqqqCC pp
.. + ^^.

..
.11 
..

^^11 dM^^1p̂  nn i.^ Mu ny .̂ ... mn ..
p
n

^
.
yr dry. Mn• y^ q	 ry ry1p 1'f

y^
j
^

P

}
Cpp 

Ojja
jd$$7^

^j0}C33, mC
M MM^1

9

0

9

9 

ipp^,^mOd
rirlMM

app^gNYlM^paMi$

MMHHM

NprgM^IM

:990 m

M

^

0

p pS0jS0g0
99 .0 I

S0^S63 ^

0

pj
[p01
3^

M^Mri ri
^OpSMmHmHgM
999919

iy dl 

Mm jS
M^([aM31

AN1190

^SIj(^Mj29m

MMirY^
jNS3j[Nl31p4C
MNMiyM

mRUMMM

MM ^ii^

mMmMMj[gaN3^f^[aN^3^

iyry^MM

127



W	 W W W
m	 M N P
a	 a

^O
^O ap

2 2 2
m	 2 m Y1

g
•d N N

s	 s y `s

s a s o

6 ^,' YVRr1	 2

w 1i 
oM .e@
	 n	 n

n9N92 202dnd 999^9 nmMnq 92202 mMm20 mdnid i"99: n M 99i" 99000NM22	
OymldmrmeOr.1PP P M .0	 d	 rp bM I(111^. 9111 Y1m.0.0 

Nb 
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3.10 Transit Flight—Day 183—Evenes/Sondrestromfjord/Maistrom AFB

This flight plan afforded only a brief encounter with the Greenland MIZ-10 . 15 minutes worth.
Some ice was observed in Hudson Bay.

•	 During our refueling stop at Sondrestromfjord, we were unable to determine the reason for the
sudden cancellation of our overnight reservations there. The base seemed largely abandoned, with
no large contingents of crews scheduled on the arrivals board. We were left with the uncom-
fortable impression that the base decided not to accomodate us because of the impending July 4
holiday.
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âŷ^
YY
^

^{
N
^

O"^
Jpp
o
p
^ "̂

^̂
 
N

jkvia"o NO MW sM
Md

MM
y
M̂ M

1
M
^M

M
N

MMMMM MMMMM oM
^{{

MyMnMn
d,gGGIa G{

mAin 6nNMgM NNpNNN MN gNN
"cl"91^do

OdgMP
0009

M d
90"0^^

dCld.Lh POMM
BONN Hill

gN
9090307

d
g qg 

g
gg

M lg^ °90 NRNNd
0°09090°s 090o0 S0 9S000 0 M9"d00 0909005 S6sSS 3Bi533

tt
0̂EM-

OOPNO OOPMP OOOdM Odd%o NObMM POdNM MPN00 NOM%O POMON MOOMM %MOM10 OMOOM
OOM	 O

OdOSd
NAMdddMNM

y^^yN	 4MMMMM
00 OO
MMMMM

OPPPP
X0000 OOOMM00000

%bY^MN
00000

O OM0
OMdNM dMNP1^OYIMMN OM dpMOSMN .ON OP°MMNO 84y 4AMMMMM

1 pOOO,pp •4MMM OOOOOpMM OOOOOMMMMM OOO Op.pp
MMMMM OOOO^p

MM^ .100 OONOOM	 MM
00000

bbbbbMMMMM 4444MMM y^NdMddM	 MM d mmmMMMMM Egg-MGoov
=22

0800
OooOo1 000002 Ooo00 o0oL10 Oo000 00000 000o0 00000 00000 0o000 o000O

OMMMP
M1NpMyP^yP^

OM0
M011d1 d

b YO^9 
m
" OMOOM P

y
M̂

y
Ô
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ŷ
IER OOPPP PgNObn SAM10MMM

M Im MM
01^I^mD AmyMM MIM

MMMMMM
mp 

UH ^R g bMO^̂}pHUM I
{

I
p
l m AM

MMM^MI M
Im^ROH

^MMH.Y

MMMMyM^
001 UR

N 
(eyy'O

1 8f 00000 00000

NN1NgN(N}
0 "909 Fit

NNMM
p

M

0900522

.pV

HIMHIM 1^MIIM
Oonoe

It

0000u

1pM^^MMMM
OeOOO

M^INMM

8.00.
{

.
^

Y 
{

M
]

nI IIM

3300 0000

M.iMMM

00080000
0 mommm "n NMnMP OnMP0 ..MPO .mom MOPO .O bagab nbnOM ONJOM 199'.IN^

.(gy	 IMy I{^yINNONN
Mltyy (^.II.I.,I1 IryINNNNN

 Nod
.10V00 (py^(y1NNNNN

(̂̂(JJ1I (̂(IJyJy 	 {QQ
{yyNNO^N RANNNNNN .gyny rn.I,OI..yG COI Ir.^I I,.^1.yy^ry.^1 ryy^,y.^1rJI.My Iy^ rr.^l rylrOVrCSNNNNN

PPPCy.ONNNNI'!
OPPPP
NNNNN

POO ^ ^
NNNO^0' NNNNN NNNNN NNNNN F ^iIIyyg ^^aa

GGia
MqMJNgNM
IM9

00000
88888 a8ba$8 68822SHUT a8898- s	 a2886$ J aMRS a s8,02S MMSHOO 1216H HEREo82SS COMM !

NNOOO ONNOIIN PCOnnp yNMON MM.N
1 y

^I OOO 40NPMm NNNO.IO^ "911 1119 1t POJN
^

p ISM'IN JmN91N0YpMMO NO
rO 

M JNON
pr

9
.I

4N 20, = 2 !
MM P{ONpP PIMyOOM

r9==
, I M MIM3NJ

IIJ
NM $

1n
MM '$n( M4Na IO '...

A

M... QMIj Oq P
OPQQ

PP 4999 99999
8

((y 2
."9999

M 11OM(y	 ^̂ N
PPPPO

QIY.^IaI/
M

I
b

PIQn O 899 99999
IaMa111	 9
MO PPPaP

IINOr01II^Ia
99999

ZI f7I.O.pp112y11 EMMywI^yz n sjn Id^Jm^1n^n mOSIM1NIO^ S
I
nu

y
r} IMy MA1six

Mx2zMS
I
d
r^

14̂1??l IA^INMIJ^IM
sqgI11V 40082 YIMCMM IIINNMIyb

♦♦
'M MNN JJMMN N.y .GGy aO OaYItpIST

M mm50AM q1:9Ap PSOO
1
N. 1

N. f(J..IIO1
I^ ROW0

p .. fM
I
N^^M

fP. M
y1g 1I VN M.NO.DN 1.ONbVN MbN.MO.pOO uubu3 .00.00.pVa YPj YPjNYPIN IpPII IPIIIPIINN IPfIN IOilu1N NYI UIIMIIN NNNIntIN III MMMM
i{3	 1 sagas 80°°082 98880 00890000 88982 20002 Boggs 82228 cases

NNNNNN
2980.9 SOSOOO 5:22Z

0	 IJi .. I20A:..
O

..
900e

..... . {{yy. :I.//.IOM^MM
..yy..I .....mm.
MrIHNIy

... . ..y.....
MNNNN
unnuu

.. I.1. ..p.....
NNNNN..•

..	 IIINMMMM H mMMMMM
..1	 IIM. 
30pb ^.̂}}. yy..I 	..aJpd^ pbNClNN p	 M1(INMYIN m^rorggqq r

IIIII
['I

lilE ^10
•. ....

I	 ^^i M.1 1 11 01991, ...I 11111 11100Irk ^^^H I III MH
a

143



tl
^MN
n
MmM
M
Rf NNM99

ONN.m
NMpPm
N MMM

OMtltltl
MMNMM

MMMNO
MN MM

NMNNN
MM	 M

tlPPMN
NM

dapdN
tltltl

ONM MAO
N.CM

Mn000
tlNtlNl^

tlOtltlN
nA0

dP1/!ip
N

ONOOtl
N P

74777 7x777 77777 77f77 777$7 ^771f I777f I777f 77777 qM? MR 7^7W
N^P1N.dytl dOMPN NPNNP

.
J
y.

M
ya
NJP P

.
N

1
Ĵ
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4. Concluding Remarks

This mission is estimated to have been over 90 % successful In terms of Infrequent malfunctions of
Instruments, appropriate timing and locations of Flights, and the total time spent over the MIZEX
area. A preliminary review of the data has Indicated that a number of important eddy events may
be followed in a time sequence. While a number of unfortunate circumstances prevented obtaining
seasonal extremes in the sea Ice surface tempratures during our several flights, It is believed that
sufficiently varied data were obtained to aid greatly In improving our knowledge of microwave
radiometric properties near the melt point of sea ice. The MIZEX workshops held so far have in-
dicated that these data acquired onboard the CV-990 Airborne Laboratory form, along with the
data acquired at the surface, onboard the other research aircraft, and from the Nimbus -7 SMMR.
the most comprehensive combination of such data ever obtained in a MIZ during a summer
period. This is true both from the standpoint of Ice dynamics and thermodynamics and from the
point of view of microwave radiative transfer.
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