Microwave passive and active remote sensing:
~Froem Kosmos-243 and Kosmos-1500 to GCOM-W1
AMSR2 and Envisat ASARand ALOS PALSAR
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Kocmoc-243 n Kocmoc-384

Passive microwave sensing of the ocean started in the U.S.S.R. in the early
1960s. The first two satellites to carry four microwave radiometers into space
were Kosmos-243 launched in 1968 and Kosmos-384 in 1970.

Kosmos-243 Microwave Radiometer Specifications

Wavelength (cm) 8.5 3.4 1.35 0.8
Center frequency (GHz) 3.5 8.8 22.2 37.5
Antenna pattern width (degree) 8.6 4.0 3.6 4.0
Efficiency (%) 80 85 76 95
Sensitivity (K) 0.7 0.5 0.9 1.3
IFOV") (apogee) (km x km) 50x50 | 22x22 | 20x 20 | 22x 22
IFOV (perigee) (km x km) 35x35 | 15x15 | 13x13 | 15x 15
Incidence angle (degree) 0

*) IFQV is Instantaneous Field Of View
KOSMOS-243, the first satellite with microwave radiometers, was launched on
23 September 1968. Orbit inclination 71.3°, apogee - 319 km, perigee - 210 km.
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V. EYBALITAPHROB, A.C. PYPBI

PATUOUSJTYYEHHUE 3EMJINU
RAR TIJTAHETBI

UspaTtennctBO «Hayka»
MockBa, 1974

Kocmoc-243 mn
Kocmoc-384

The possiblilities of retrieving
sea surface temperature,
near-surface winds, total
atmospheric water vapor
content, total cloud liquid
water content, and sea ice
parameters were
documented by Basharinov
et al. (1974).




Kosmos-243

Total water vapor content over the Pacific (1),
Atlantic (2) and Indian (3) Oceans
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Latitude distribution of total water vapor content (left) and total cloud liquid water
content (right) over the Pacific, Atlantic and Indian Oceans and World Ocean in

September 1968 . (Basharinov and Mitnik, 1970)
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Kosmos-243
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Kosmos-243 measurements
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Hurricane Isabel, 11 September 2003

Vertical polarization
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Rain flood in Amur
area on radar and
visible images

On possibility of usage of passive
microwave techniques to control
dynamics of flooding / Remote
Estimates of Total Moisture Content .
1984. Moscow. P. 97-102.

Use of satellite data in study of Amur
River rain flood // Water resources.
1988. No. 5. P. 102-107.




Kosmos-1500 - the first satellite with Real Aperture Radar onboard —was
launched in September 1983. Parameters: wavelength 3.15 cm, VV-polarization;
swath width 460 km, spatial resolution 2.1-2.8 x 0.8-3 km), RM-0.8 — scanning
microwave radiometer, wavelength 0.8 cm, H-polarization; MSD-M — multichannel
scanning device operating at visible and near-infrared range.

Similar sensors were installed on Kosmos-
1602 (1984) and Kosmos-1776 (1986), as well
as on Ocean series satellites (Kalmykov, 1996).

1. Experimental oceanographic satellite
«Kosmos-1500»

Physical basis of radar sensing from satellites
Side Looking radar system of «kKosmos-1500»

Preprocessing of RAR data
Characteristics of sea surface

Characteristics of seaice

~N OO O A W

Characteristics of land ice

Editors: L.M. Mitnik and S.V. Victorov



Tropical storm Agnes

TC Agnes as seen by the RAR (a) and the
0.8-cm microwave radiometer (b) carried
aboard Okean-1. These images were
taken on 31 July 1988 in the western
North Pacific in the vicinity of Sakhalin (1)
and Hokkaido (2) Islands. Changes in
brightness temperature in (b) are due to
precipitation, cloud liquid water, and wind
action.

The unique capability of this series, the
simultaneous acquisition of overlapping
Images by three different sensors at three
different wavelengths, enabled an
Improved interpretation of measurements
and areduction in errors of retrieved

parameters. (Such a capability would be

employed on later satellites such as TRMM
and ADEOS-II.)



Sea surface

1 Seen on the left (a) is a Real Aperture
Radar (RAR) and on the right (b) a visible
Image of an occluded cyclone over the

\ Okhotsk Sea taken by Kosmos-1500 on
w2 29 December 1984. Iturup Island (1),

northern coast of the Okhotsk Sea (2),

21 Hokkaido (3), and Sakhalin (4) are
5% identified. Brightness of the RAR image is

Influenced by wind speed and direction

2+7 (relative to the radar direction), with

brightness increasing with increasing wind

w4 Speed. Comparison of two images shows

{ a high correlation of wind field in (a) with
il cloudiness in (b). Radar images such as

= | this have demonstrated their potential for

monitoring the sea surface under all-
weather conditions.



Typhoon Herb, 29 July 1996. Rain cells and bands

< Illumination direction
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Okean-7 visible (a) and radar (b) images and DMSP SSM/I brightness
temperature at frequency 85 GHz (c)
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ASCAT 25KM
30 September 2011
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Maemi is the Korean name
for a cicada that legend says
1o- chirps madly to warn of a
coming typhoon.
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Typhoon Talas, 1 September 2011

260 280 K

Aqua MODIS visible image (a), and brightness temperature at frequency
of 89 GHz with H-polarization (b) at 04:40 UTC



Typhoon Talas, 1 September 2011, 04:40 UTC

25 30 m/c

Wind speed (a), atmospheric water vapor (b) and total cloud
liguid water content (c) retrieved from AMSR-E data
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Meteor-M Nel
MTVZA-GYa
brightness
temperatures
acquired on
1 September 2011
at 13:18 UTC.
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Extratropical
cyclone over the
Bering Sea and

Pacific Ocean on
19 November 2009.

Wind fields retrieved from
Agqua AMSR-E data at 01:25
UTC (a) and at 14:55 UTC (b)
And from mo 1aHHBIM
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07:29UTCand at17:14 UTC.



Mesoscale organized structures in the marine boundary
layer of the atmosphere. Cold air outbreak
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GMS-5 visible (a) and IR (b) images of the Okhotsk Sea
taken on 20 December 2002 at 02 UTC (a), and 12 UTC (b)




Mesoscale
convective
rolls and
cells over the
Okhotsk Sea:
(a) visible




Mesoscale convective cells. SAR image




AMSR-E 16:354gc, - # 30 December, Enwsat ASAR, Aqua AMSR-E
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Surface analysis map
of the JIMA for 12 UTC




OkeaH-7 RAR (a) and visible (b) images of the
Pacific Ocean taken on 31 Jan 1996 at 06:10 UTC.

OkeaH-7 RAR
image taken on
27 January 2000
at 11:57 UTC.
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Ocean-7 RAR image of the Northwest Okhotsk Sea,
Northern Japan Sea and Sakhalin acquired on

19 November 1996 at 18:26 UTC

Brightness variations along sections A (a), B (b) and C (c).
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Sea ice on OkeaH-7 images
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Joint analysis of visible, infrared and passive microwave data

210 230 250 K

23 January 2013
a) Aqua MODIS IR-image, at 02:55 UTC.
b) Aqua MODIS visible image at 02:55 UTC.
c) Ice concentration map (Bremen University) derived from GCOM-W1
AMSR?2 brightness temperatures Th(89V), Tb(89H at 02:45 UTC.
d) AMSR2 Tb(89H) at 02:45 UTC.
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b) Aqua MODIS visible image at 03:25 UTC.

c) Ice concentration map (Bremen University), 03:17 UTC
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e) AMSR2 Tb(89I') at 03:17 UTC



9 December 2002

Envisat ASAR, HH, 12:11 UTC

Western Okhotsk sea
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Kuroshlo Oyashlo and synoptlc eddies

| s = Okean-7 X-band Real
fin 1Aperture Radar (RAR)
axt 2% and NOAA AVHRR-
st derived SST.

8 20 November 1999.

== White rectangle marks the
#= boundaries of RAR image.

Wind speed to the south of Kuril
Islands was 5-6 m/s. Anticyclonic
@ eddy 1, warm Kuroshio waters 2
~  and cold Oyashio waters 2 are

~ revealed due to high radar

© contrast.
", Fine details of SST field (such as
= 7=& warm streamer 4 and others)
: # are clearly depicted on the RAR
Resolution 1-2 km image. SST contrasts reach 12°C

13141516 171819 at the eddy boundary.




Kuroshio-Oyashio transition zone

5 X W 2 ‘Hokkaido W& NOAA-10 AVHRR
ek o A gy infrared image
2 ; acquired on 30
April 1987 (left)
and
Kosmos-1500
Real Aperture
Radar image

| warm Cold Oyashio
" eddy water

.p\o—---qg[\‘b\/\.*
4|

0 20 40 60 80

o

Temperature
(0]

)

Distance, km

Resolution 1-
Mitnik L.M. and V.B. Lobanov (1991), Reflection of oceanic fronts on satellite radar images, Oceanography

of Asian Marginal Seas, Kenzo Takano, Ed., Amsterdam, Elsevier, pp. 85-101.



ALOS PALSAR. Anticyclonic eddy

‘ FRA/ICOPE Temperature[ Om]
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PALSAR image acquired on 18 April 2009 at 01:10 UTC; (b) sea surface
temperature map for the same day submitted by Fishery Research
Association. Red rectangle marks the boundaries of PALSAR image. 1 —
warm waters, 2- cold waters, 3 — warm streamer, 4-6 and 5 — cold small
eddies, 6 — warm small eddy.



Aqua MODIS. 19 April 2009, 03:40 UTC
(c) Infrared image (31-st channel) and (d) chl-a field

Ir».v. 7 6i"zj§ )
o &

1 — warm waters, 2- cold waters, 3 — warm streamer, 4 and 5 — cold small
eddies, 6 — warm small eddy. Red dotted rectangle marks the boundaries of
PALSAR image.



GCOM-W1 (Japan) 18 May 2012

Sun synchronous orbit” - =
Altitude : 699.6km (on Equator) o
Inclination : 98.186° . .~
Local sun t|me 13: 30+15m|n

Advanced microwave scanning radiometer AMSR2 for observation outgoing
emission of land, ocean and atmosphere at 7 frequencies between 7 and 89 ITu,.

Camasn 6onblian B Mmupe CNnyTHMKoOBanA spallalollladacAa aHTEeHHa.







Extratropical cyclone. GCOM-W1 AMSR2, 18-19 December 2012

12:30 23:40

23:00




Extratropical cyclone, 19 December 2012
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19 December 2012, cyclone and cold air outbreak
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19 December 2012
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Cosmos 243
National Space Science Data Center Collection Search
Results: There were no data collections returned.

Komnpeccop macnsaHbin FIAC Cosmos 243

NSSDC/COSPAR ID: 1983-099A

The Cosmos 1500 tested a new sensors and methods of data collection and
processing. Cosmos 1500 had the capability of overlapping and processing
iImages from its sensors. Data from Cosmos 1500 were sent directly to ships
or automated data receiving stations and was applied in navigation in
northern oceans. The instrument complement was highlighted by an all-
weather Side-Looking Real Aperature radar (SLRAR) operating at 9.5 GHz.
other instruments included a multispectral scanner (MSL), a scanning high-
frequency radiometer (SHF), and transponders for collecting data from ice and
buoy transmitters.

doHapb KOCMOC "ACCU 1500LEDRUB™ akkym., OOpe3uHEHHbIU ...
shop.hyperauto.ru » ... » DoHapu

Xapaktepuctukm Kosmos 1500 Ni-MH R6 (AA) - Hukc
www.nix.ru/.../1.2V_1500mAh_Size AA 60679.htmlITranslate this page
Kynute Kosmos 1500 Ni-MH R6 (AA) ueHa, xapaktepuctunku, gotorpadunm, TecTbl
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Amypckui 3aauB. [TloacnyTHUKOBbIN 3KciepuMeHT. COTPYIHUKHT

JJadoparopum pa3aABUraloOT JeAsHbIe M0/ mepea 30HAMPOBaHNEM
PALSAR




TpewmnHa BO nbay co3naHa. Ha ropusoHTe KoBpuxka




ALOS PALSAR. Jleg B AMypCcKOM 3anuBe
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Conclusions



