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EOPP Seminar on Radiation

Agenda

I. THE UNDERLYING SCIENCE

- Introduction (ESA)
- Synergy study (University Quebec)
- Cloud and Radiation “CLARA” analysis (KI'MI)
Coffee break
- Cloud radar critical requirements (GKSS)
- Cloud radar critical requirements (Univ Reading)

II. SYSTEM

- Introduction (ESA)
- System concepts (MMS-F)

Lunch break
III. TECHNOLOGY AND SUPPORT

A. Cloud Profiling Radar (CPR) concepts and technologies

- Introduction (ESA)

- CPR concept study (DSS)

- CPR concept study (Alcatel)

‘ Coffee break

B. Lidar concepts and technologies

Introduction (ESA)

Laser head critical technology (Alenia Difesa)

Filter, detection chain critical technology (MMS-F)

C. Passive sensors concepts and technologies
- Introduction (ESA)
- Cloud imager concepts (Officine Galileo)
- Broadband radiometer concepts (REOSC)
IV. The plans

- Earth Explorer Earth Radiation Mission, phase A activity plan (ESA)
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|. THE UNDERLYING SCIENCE
INTRODUCTION

P. INGMANN, ESA, EARTH SCIENCES DIVISION
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|.  THE UNDERLYING SCIENCE

SYPAI: THE SYNERGETIC PASSIVE AND
ACTIVE NSTRUMENT SIMULATOR

J.-P. BLANCHET, UNIVERSITY OF QUEBEC



SYPAI : The
SYnergetic Passive and Active Instrument
Simulator

Jean-Pierre Blanchei and Marc Larocque,
Earth Sciences Department, University of Quebec at Montreal (UOAM)
Peter Park and Ralph Girard, MPB Technology
Shiv Pal , Mark Cane and Dave Donovan, ISTS

Summary

Part 1 : Input data set

¢ Background

¢ RCModel description

¢ Scenario and input data set

Part 2 : SYPAI simulation too}

e Radiance calculation
¢ Instruments integration

Some Resulfs




Working Context for the SYPAI Project

infroduction : the context
Objective of the project
Background
Global Climate Modeling
Observation and General Circulation Models
Present day climate simulations
Climate change scenarios (2X C02)
Radiation budget siudy : Li et a
Cloud forcing and feedback : Cess et al
Regional Climate Modeling
+ Rational & principles
+ Dynamics (lab verification)
« Applications to regional scales : Clouds
« Multiple nesting strategy
Local Climate Modeling
» Rational & Principles
» Active diagnostics method
+ Retrieval of cloud optical depth and transmiitance
Application project
« MAM project
» NARCM Project
. Forest Fire project {(Forestry Canada}
. Pollen transport project {CUM}
. Kuwait Oilfire project (NARCM)
. Atmosphere-Biosphere coupling project (Roulet et al, CRSNG;
. DMS emission and dispersion project (Levasseur, DOS)
. James Bay carbon emission project {Lucotte, Hydro-Québec)
. LITE mission project (Hoff, NASAJAES)
: Satellite mstrumental synergetic project
Frame generation
Available data :
Forward problem : instrument signal generation
Backward problem : cloud data retrieval
Study of instrument synergy.




10 1o

A20DA] st doag Ay pas wayH 3vo) puoD 1onN !
ad+ S+ S+ TS+ TS+ TS+ TS+ TS+ TS = @+ NA A+ T
N@ Ars N @

: SOTSA(AOISTT JOSOI0Y "SIUdMISUOD J358I]

o= 20 o as22
LYy @¢ e
: SGOTTeNnDbY SONSoUReI(]
_:,.BEQ+DIM —_ N| +®>.\~+“||
b = by
o D, D) _(de_d eurE.\NTwm.
Ly 1o I = 1@
“a | = e>+\_x«\||||&% @+ AN A+ 2
a1 A9 Y 2

: SOTWIBUAD JO SUONIEADY J3SOUJ0I ]

WIAISAS PIJUILI() §S3I0.1J V : djvuUll])



A ; o

A e

| f% /ﬁéﬁ/’{"f i ’,;f//yﬁfx/ff
s

o
7

T IR Transfer

Solar Transfer

-
=
)
=

£
®

=
c
w

i o,

Sub-grid Physics-Chemistry Modules in
GCM/MAM/RCM/LLCM Research Models
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Background
e ERM : from a Radiation budget to a process oriented mission

The traditional Earth Radiation Budget Experiment is
essential for the specification of climate and its trend.
However, it is inadequate for the validation of climate
models and prediction.

e Processes and understanding our climate system

The fundamental set of prognostic equations for the
climate system has a finite number of basic physical
processes that determine the behavior of the system.

e Process signature in cloud properties

The cloud structure is strongly affected by most of these
fundamental processes and, therefore, high quality
monitoring of many small sample offers extremely
valuable data for improvement of climate study and
prediction.

¢ Confinement of climate models to validate fundamental
physical processes.

By running climate model in forecast mode, they can be

directly compared to ERM measurements for assessment
of cloud related processes. The ERM data set can reused
often for testing model improvements.

« Clouds are the most significant modulator of the Earth’s energy
budget. The proper account of cloud in observation and model
can only be achieved by including a proper treatment of aerosol
microphysics.
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Summary

¢ GCM/RCG climate models are used to generate f field

variables that are consistent with observed conditions.

e Simulations are compared to results from LITE mission.

¢ Usual atmospheric data are provided as input to
5 and for diagnostics. They are :

= Input to RT code : grid profiles of temperature, height, water
vapour, ozone, aerosols, clouds cover, liquid water content,
optical depth, equivalent radius, water phase and surface
conditions.

= Qutput for diagnostics : Solar/IR heating rates profiles,
solar/IR flux profiles, TOA, surface energy balance and cloud
forcing,

¢ RT code (DisORT) computes transmittance satellite-tar
radiance sun-target-satellite for selected band range for
in plane paraliel geometry.

and

e Radiance is integrated within the view angle or scan range.

o Instrument response functions are applied to produce synthetic
measurements.

e Retrievals of cloud properties and radiation fluxes are inferred from
standard algorithm.

¢ Comparisons are made with the RCM generated data.

« Instrument synergy study begins ».



PART 1

DATASET
GENERATION
USING RCM AND
PRE-ANALYSIS
DIAGNOSTICS



Definition of the Input Data Set




Structure of the Atmospheric Data Set

i%i

Zg, T, P, Gg, a, pcp, LW CroraL, ir,Ovis

(Latitude, Longitude)
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STRUCTURE
AND
DESCRIPTION



Cloud Microphysics




Comparison of Model Equivalent Radius vs Observations
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User Interface : Input Data File




User Interface : Input Data File . ..
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User Interface : Entry to Main Pogram




Main Program : SYPALf
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Output of RCM
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RESULTS

CASE STUDY
SEPTEMBER 4, 1994
SYNOPTIC STORM






AVHRR Imager Sept 4, 1994
hannel 2 c Channel 4




AVHRR Imager Sept 5, 1994
Channel 4 Channel 4




AVHRR Imager Sept 4, 1994

Channel 4

Channel 2




AVHRR Imager Sept 4, 1994

Channel 2

Channel 4







50 KM GRID



10118

m to 1km resoluti

R

50km to 7Kk

o

from

ct of Scaling

&Y

¥

Ef










66 | Jequieydes ¢ Joj sebew| Y| ¥Eg 10 uosieledwio)




HRR channel 1

Analyse velide 12:002 16 05 septesibre 1994







7 KM GRID



¥

wnipapy ey} jo uosiesedwo



E Qies: WICILA SN (AT -

11

LONIC-3 N IDIRIC-3 DNIDING
Do ~ 10w wI I- DD —

Cloud Cover

Ans v yali-p 124007 1= (13 sephembys T4

10

-1

Figure 8. Cross section of cloudiness along the satellite trajectory for the 7 km grid.
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Part C STUDY ON SYNERGETIC OBSERVATIONS
Annex Task 2 Report U QAM

Equivalent Radius (layer 17)
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Figure 17. As figure 16 but for equivalent radius.



Equivalent Radius
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Figure 10. Cloud equivalent radius along the track. Pink color is ice while blue is liquid water.



Temperature and Cloudiness (layer 19)
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Figure 12. Superposition of temperature field and cloudiness around 4.6 km



Temperature and Cloudiness (layer 22)
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Figure 13. Same as figure 12 but at 2.7 km.




Temperature and Cloudiness (layer 26)
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Figure 14. Same as figure 12 but at 1.1 km.



Specific Humidity and Cloudiness

Figure 15. Horizontal change of atmospheric moisture (g.m3) near the warm front.




Figure 19. Total IR broad band radiance at the satellite track.



Figure 20. AVHRR channel 1 radiance at the satellite track.



AVHRR Ch.1 and Total Column LWC
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Figure 22. Comparison of AVHRR channel 1 radiance (fig. 20) to total liquid water
content.



AVHRR Ch.1 and Total Column Precipitation

Figure 23. As figure 22 but for precipitation



Figure 25. AVHRR channel 4 in the IR at the satellite.
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Figure 26. AVHRR channel 5 (IR) at the satellite.
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Summary

Part 1 : Input Data Set

e The Canadian Regional Climate Model is used in forecast mode
to generate samples of the atmospheric states applicable to drive
the SYPAI simulator on realistic conditions.

* A cloud microphysics model is applied to generate cloud
properties from the RCM prognostic variables.

e The cloud system is dependent on physical process formation :
radiation, condensation, water phase, precipitation,
entrainment-detainment, transport, evaporation, . . .
and scale dependent processes : convection, stratiform Rossby
wave, mesoscale systems, orographic induced clouds, . . .

¢ A new step in the climate model includes aerosol microphysics
(NARCM) that is interactive with cloud microphysics and
radiation.

Part 2 : SYPAI Simulation Tool
e For efficiency, SYPAI is run in two steps
* STREAMER/DISORT to compute spectral radiance field
* Passive and active instruments in forward mode to
compute instrument signals.

e Each scene can be recomputed quickly for any instrument
setup scenario.

e This project can lead us to the simulation of a comprehensive
aerosol-cloud-radiation synergy study for which the LITE
experiment shows encouraging results and significance for
climate.



|.  THE UNDERLYING SCIENCE

ANALYSIS OF ERM SYNERGY BY USE OF
CLARA OBSERVATIONS

A. VAN LAMMEREN, KNMI
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|.  THE UNDERLYING SCIENCE

STUDY ON CRITICAL REQUIREMENTS FOR A
CLOUD PROFILING RADAR

E. RASCHKE, GKSS
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|.  THE UNDERLYING SCIENCE

STUDY OF THE CRITICAL REQUIREMENTS FOR
A CLOUD RADAR

A. ILLINGWORTH, UNIVERSITY OF READING
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STUDY ON THE CRITICAL REQUIREMENTS OF A CLOUD RADAR

11326/95/NL/CN FINAL PRESENTATION DEC 96
OVERVIEW
CLOUDS ARE A CRITICAL ELEMENT IN THE EARTH'S RADIATION BUDGET

LOW CLOUDS REFLECT VISIBLE SOLAR RADIATION -
COOL THE CLIMATE BY ABOUT -30 W m
HIGH CLOUDS ARE COLD‘AND RADIATE LESS IN THE INFRA RED
BACK TO SPACE - WARM THE CLIMATE BY +30 W m M.
NET EFFECT OF CLOUDS IS A COOLING OF ABOUT -20 W m?

(DIRECT FORCING OF DOUBLED CO, WARMING OF +4 W m™.

GLOBAL VERTICAL PROFILE OF CLOUDS CRUCIAL
SATELLITE RADIOMETERS SEE THE TOPS OF CLOUDS
- GROUND BASED CLOUD BOTTOM.
NEED AN ACTIVE RADAR TO MEASURE CLOUD VERTICAL PROFILE
CLOUDS ARE WEAK RADAR TARGETS (50dB < LIGHT RAIN)
USE HIGH FREQUENCY RADAR TO GET MORE RETURN SIGNAL
94/78 GHz RADAR - LOW EARTH ORBIT - 2m ANTENNA - 1Km FOOTPRINT
ATTENUATION BY WATER VAPOUR AND CLOUDS THEMSELVES
QUESTION (JCMM) - WHAT SENSITIVITY TO DETECT ALL RADIATIVELY
IMPORTANT CLOUDS?

- 1Km SWATH, LOW EARTH ORBIT - VISITS 250Km BOX -

QUESTION (ESSC)
IS THIS A REPRESENTATIVE SAMPLE OF CLOUDS?

ONCE A DAY -
QUESTION (MMS) - HARDWARE DESIGN TO MAXIMISE SENSITIVITY?

EARLY STUDIES: SUGGEST -30dBZ SENSITIVITY FOR

1 SECOND (7Km) INTEGRATION TIME

500m VERTICAL RESOLUTION



4. STUDY ON THE CRITICAL REQUIREMENTS OF A CLOUD RADAR

11326/95/NL/CN FINAL PRESENTATION DEC 95

SENSITIVITY REQUIREMENTS REVIEW

CONSIDER CLOUDS ARE SIGNIFICANT IF THEY LEAD TO OLR FLUX CHANGES
OF 5 W/m*> AT SURFACE OR TOA (TOP OF THE ATMOSPHERE) .
- THIS IS ACCURACY OF SATELLITE OBSERVATION.

DISCUSS DETECTABILITY OF CLOUDS IN TERMS OF RADAR SPECIFICATION:
-30dBZ 500M LONG GATE
1Km FOOTPRINT ALONG TRACK INTEGRATION?
RADAR REFLECTIVITY OF CLOUDS:
4 =L N D¢ (N is concentration, D is diameter),
LIQUID WATER CLOUDS SUCH AS STRATOCUMULUS - WIDESPREAD OVER THE
COLD OCEANS, VERY IMPORTANT RADIATIVELY (COOL: THE CLIMATE).

ICE WATER CLOUDS, SUCH AS CIRRUS - WIDESPREAD FROM TROPICAL
ANVILS, IMPORTANT RADIATIVELY (WARM THE CLIMATE) .

OPTICAL DEPTH, WATER CLOUD: T =3 1LWP / 2 r,
{ LWP, liquid water path in g m?; r, effective radius in microns)

ICE CLOUD: T =3 IWP / 4 p;, 1,
{ IWP is ice water path, p: is density of ice}

Direct radiation flux through cloud falls as:
I =1, exp(-7)
{down by 63% for an optical depth of 1, by 1% for a tau of 0.01}.
STRATO CUMULUS CLOUDS: r, about 10um.
CIRRUS CLOUDS: r, about 100um.

So for same water content Z of cirrus is 1000 times higher
7 of cirrus is 10 times lower.

Radiatively significant ice clouds much easier to detect
with radar than radiatively significant stratocumulus clouds.

MIXED PHASE CLOUDS - CO-EXIST IN GRID BOX OF 60-70KM;
OCCUR RARELY ON 1KM SCALE OF RADAR FOOTPRINT - 100km INTEGRATION?



WHAT IS A RADIANTLY SIGNIFICANT CLOUD?

RADIATIVELY SIGNIFICANT ICE CLOUDS -

CHANGE OUTGOING LONG WAVE RADIATION AT THE TOP OF THE
ATMOSPHERE BY 5 OR 10W m™
- EQUIVALENT TO A 7 OF 0.04 OR 0.07 IF r, 20um

AN IWP OF 1 g m> - 1KM DEEP CLOUD, IWC 0.001 g m™

RADIATIVELY SIGNIFICANT WATER CLOUDS? -
LWP OF 1 g m™ CHANGES EMISSIVITY and ALBEDO.

- ADIABATIC CLOUDS ONLY 50m DEEP HAS THIS LWP.

BUT BEST CURRENT METHOD FOR LWP FROM SPACE IS SsSM/1I
IN CLEAR SKY STANDARD DEVIATION OF LWP IS 16 g m2

WITH TYPICAL ERROR 20 g m™



DATA SOURCES

RADAR AND RADIATION PROPERTIES OF CLOUDS PREDICTED

FROM AIRCRAFT MEASUREMENTS OF SHAPE AND SIZE OF CLOUD PARTICLES

PROBES
FSSP - WATER DROPLETS DIAMETER 2 - 47um - FIFTEEN 3um BINS

2D-C IMAGING PROBE DIAMETERS 25 - 800um - THIRTY TWO BINS.

WATER CLOUDS - STRATOCUMULUS

OVER 4000KM OF PENETRATIONS

70 STRAIGHT LEVEL PENETRATIONS

MADE AROUND THE UK AND S. NORTH ATLANTIC

ICE CLOUDS - CIRRUS

EUCREX - NORTH SEA - 7,900 5-SEC SPECTRA - 5,100KM

CEPEX - TROPICAL - 11,700 10-SEC SPECTRA - 22,800KM

REFLECTIVITIES QUOTED RELATIVE TO THE RETURN FROM A
SINGLE WATER DROPLET ONE MM DIAMETER PER CUBIC METER.



LIQUID WATER CLOUDS

MEASUREMENT OF DROPLET SPECTRA OF STRATOCUMULUS SHOW:

REFLECTIVITY AS A FUNCTION OF LIQUID WATER CONTENT

Z = 0.031 LWC'®®

Z IN MM® M?3; LWC IN G M

IF WE CONSIDER CLOUD DROPLETS ONLY.

ADIABATIC CLOUDS:

DEEP AV LWC (G M?) LWP (G M) Z (cloud)

50m | 0.025 1 -40dBZ

150m 0.075 10 -32.5dB2Z

200m 0.1 20 -30.6dB2Z

(50% ADIABATIC) 200m 0.05 10 -35dBZ

NOW SSM/I SENSITIVITY/ERROR IS 20 G M2

SO WE WILL CONSIDER LWP OF 1 AND 10 G M™.

WE WILL FIND THAT IN MANY MARINE STRATOCUMULUS THE PRESENCE
OF OCCASIONAL DRIZZLE SIZED DROPLETS RAISES THE REFLECTIVITY

e.g. ONE 200um DROPLET PER LITRE HAS A Z OF -12dBZ
BUT A LWC OF ONLY 0.04 G M

THE OCCASIONAL DRIZZLE DROP HAS NEGLIGIBLE LWC AND PPN BUT
INCREASES Z.

OCCASIONAL DRIZZLE DROPLETS ARE PREVALENT IN EXTENSIVE

‘MARINE’ STRATOCUMULUS DEEPER THAN ABOUT 150m.

'MARINE’ IS THE AIRMASS - ONLY A FEW CONDENSATION NUCLEI.

IN ’'CONTINENTAL’ AIRMASSES - LESS DRIZZLE.

GLOBALLY IMPORTANT STRATOCUMULUS ARE ’'MARINE’.
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Figure 3.3.6: Scattergram of calculated Z against LWC for all maritime (.) and continental
(x) Sc samples with Z>-50dBZ. The three vertical lines correspond to liquid water contents
of 0.025, 0.05 and 0.075gm".

20 ! 1 T T
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Z(dBZ)

-2 -1.5 -1 -0.5 0
log_10 (LWC/gmA-3)
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10
STRATOCUMULUS - CONCLUSIONS FROM AIRCRAFT CLOUD SIZE SPECTRA

1) DRIZZLE SIZED PARTICLES ARE PREVALENT IN MARINE STRATOCUMULUS,

(ABSENT IF THINNER THAN 200m) - SOMETIMES FOUND IN CONTINENTAL.

2) THESE OCCASIONAL DRIZZLE PARTICLES - ALTHOUGH INSIGNIFICANT
IN TERMS OF LIQUID WATER CONTENT AND RADIATIVE PROPERTIES -

RAISE THE RADAR REFLECTIVITY OF THE CLOUD. (SO LWC NOT £(2Z))

3) DRIZZLE SIZED DROPLETS PRESENT THROUGHOUT THE CLOUD AND APPEAR
TO BE BOUNDED ONLY BY CLOUD EDGE.

USUALLY EVAPORATE WITHIN 200m OF CLOUD BASE.

4) CONSIDERING A SIGNIFICANT CLOUD TO HAVE LWP OF 10 g m™
THIS COULD BE 150M DEEP AND HAVE AN LWC OF 0.0759 m"
OR 200m DEEP AND AN LWC OF 0.05 G m”

MARINE AIRMASS - PERCENTAGE DETECTION:

LWC 0.05 0.075

z >-40d4BZ 100 100
>-35dBZ 95 99
>-30dBZ 85 90

CONTINENTAL' AIRMASS - PERCENTAGE DETECTION:

LWC 0.05 0.075

z >-40dBZ 100 100
>-35dB2Z 82 97
>-30dBZ 33 25

FOR 0.1GM™® THEN -35dBZ WILL DETECT 100% FOR BOTH.

5) AVERAGING STRATOCUMULUS REFLECTIVITY OVER DISTANCES OF 7KM

RATHER THAN 1km DOES NOT APPEAR TO BIAS THE MEASURED Z.

6) ATTENUATION OF RADAR SIGNAL NEGLIGIBLE FOR LIQUID WATER PATH

10 G M2, DEEPER CLOUDS DRIZZLE DROPLETS RAISE Z CONSIDERABLY.



11.
ICE CLOUDS - CIRRUS

SIZE SPECTRA CLOSE TO EXPONENTIAL:

N(D) = N, EXP (-D/D*) = N, EXP (-3.67 D/D,)n

SO THAT IWC AGREE WITH TOTAL IWC EVAPORATIVE INSTRUMENT
ICE DENSITY A FUNCTION OF PARTICLE SIZE
Prcg = 0.07 D7

i.e. SMALL ICE PARTICLES SOLID, LARGER ONES LOWER DENSITY.

BECAUSE Z PROPORTIONAL TO D® AND IWC TO D°
THEN FOR A GIVEN IWC Z LARGER AS D* INCREASES.
THIS GIVES SCATTER SO THAT DERIVING IWC AS A FUNCTION OF Z

HAS A STANDARD DEVIATION OF +100%/-50%

BROWN ET AL SUGGEST THAT IF Z AND D* ARE KNOWN

STANDARD DEVIATION REDUCED TO +50% AND -35%.

ALSO THE FIT OF IWC VERSUS Z VARIES FROM DAY TO DAY.

- SEE NEXT TWO SLIDES.
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Figure 3.4.1. Scatter plot of IWC and Z values from Atlas et al (1995).
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Figure 3.4.3. IWC-Z relations and the standard deviation for three days of EUCREX data.
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14.
RADIATIVELY SIGNIFICANT ICE CLOUD.

FOR AN INVERSE-EXPONENTIAL SIZE DISTRIBUTION,
THE EFFECTIVE RADIUS R. = 1.5D*
ASSUME CLOUD 1KM (1000m) THICK
SO OPTICAL DEPTH, 7 = (3 1000 IWC/ 4 1.5 D*)

GRAPH COMPARES 5 AND 10 W M2 THRESHOLD

3-41

Figure 3.4.4 Detected cirrus cloud fraction variation with the radar
threshold for solid (0=0.9gcm™) and soft (p=0.07D""') ice crystals, respectively.
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15.

SIZE DERIVED FROM LIDAR/BACKSCATTER RATIO

INTRIERI ET AL (1993) ESTIMATED PARTICLE SIZE FROM THIS RATIO:
ASSUMING ICE PARTICLES ARE SPHERICAL AND SOLID,
USING 35GHz RADAR AND 10.6um LIDAR.

THEY USED A GAMMA FUNCTION OF INDEX P TO DEFINE THE SIZE SPECTRUM

NEXT OHP SHOWS RATIO INDEPENDENT OF P AND GIVES PARTICLE SIZE.

NEXT TWO SLIDES SHOW THAT FOR LIDARS IN THE VISIBLE
THE BACKSCATTER RATIO IS A FUNCTION OF ICE DENSITY -

THIS LEADS TO AMBIGUITIES IN DERIVATION OF MEAN SIZE.

IN ACTUAL FACT THE SITUATION WILL BE MORE COMPLICATED -
ICE PARTICLES ARE NOT SPHERICAL BUT SHOULD USE RAY TRACING

TECHNIQUES TO CALCULATE LIDAR BACKSCATTER FOR CRYSTAL FORMS.

CONCLUDE - DERIVATION OF SIZE BACKSCATTER RATIO OF RADAR TO

VISIBLE LIDAR MAY BE DIFFICULT.



\7

3-51

Figure 3.4.8. Backscattering ratio (94GHz radar/lidar) variations with D, for different
particle densities (p=0.1gcm™: solid line; p=0.5gcm™: dashed line; p=0.9gcm?: dotted
line). The three lines for each density are for p=2, 5 and 8 in gamma distribution.
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CLASSIFICATION OF IWC - f(Z) BY TEMPERATURE AND SIZE.

BROWN ET AL CALCULATED AN ERROR IN IWC OF +50%/-30%

IF D* KNOWN WITH AN ACCURACY OF 50um

IS IWC SPREAD REDUCED IF CATEGORISED BY TEMPERATURE?
IN NEXT FIGURE THE IWC - f£(Z) ARE SPLIT UP INTO 6K

TEMPERATURE BANDS.
NOTE TEMPERATURE DEPENDENCE - AND REDUCED STANDARD DEVIATIONS

(6K APPROX 1Km, HEIGHT FROM RADAR ECHO, TEMP FROM NWP MODEL)

FOLLOWING TABLE SHOWS DIFFERENCE IN MEAN LOG (IWC)
FOR CEPEX AND EUCREX
FOR MOST CLASSES WITH MORE THAN 20 POINTS,
DIFFERENCE IN MID-LAT AND TROPICAL IS

LESS THAN 0.1 (+25%/-20%)



Log(IWC)

20

Figure 3.4.14. The mean values of log(IWC) for data falling within 2.5dBZ ranges of Z.

3-63

The error bars indicate plus and minus one standard deviation (For EUCREX data).
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ACCURACY OF RETRIEVED ICE WATER CONTENT?

COMPARE ERRORS IN IWC FROM Z & D* WITH FROM Z & T

IF SPECTRA PERFECTLY EXPONENTIAL THEN IF ALL DATA

ACCEPTED HAVE SAME D* - ERROR IN IWC TEND TO ZERO.

IN NEXT SLIDE DATA SPLIT UP INTO DIFFERENT VALUES OF D*

AND WIDTH OF ACCEPTABLE D* IS ALTERED (FROM 10 TO 70pum)

ALSO IN EACH PANEL SYMBOLS SHOW ERROR FOR TEMPERATURE

CLASSIFICATION.

1) ERRORS DO NOT INCREASE MUCH AS WIDTH OF D* CLASS INCREASE

- IMPLIES DOMINANT ERROR IS DUE TO NON-EXPONENTIAL SPECTRUM

2) ERRORS BY TEMPERATURE CLASSIFICATION SIMILAR TO THOSE BY D*.

NEXT SLIDE SHOWS RESULTS FOR CEPEX (TROPICAL) DATA:

- CONCLUSIONS SIMILAR

(NOTE LARGE ERRORS FOR HIGH TEMP AND LOW Z

PROBABLY BECAUSE OF LACK OF DATA POINTS)

CONCLUDE - NOT OBVIOUS THAT D* OUTPERFORMS T.



23

Figure 3.4.16.

Different symbol are for different D" and temperature
within each range is greater than 5 (For EUCREX data).

3-65

The standard deviation variations with radar reflectivity Z of step 2.5dBZ.

ranges, the minimum data points
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ICE CONCLUSIONS
(i) RADIATIVELY SIGNIFICANT CLOUD.
THRESHOLD -30dBZ; OLR CHANGE 10W m?;

DETECT 99.3% MID-LATITUDE AND 95.7& TROPICAL CIRRUS

(5W m™2 -30dBZ 94% 80%

o

5/10W m? -40dBZ 100% 100%

(ii) BECAUSE OF LOW DENSITY OF LARGER ICE PARTICLES,

ATTENUATION OF 78/94GHz SIGNAL NEGLIGIBLE.

(1iii) SIZE DERIVATION FROM LIDAR/BACKSCATTER RATIO.
MAY WORK FOR 10.6um LIDAR: VISIBLE LIDAR -
AMBIGUITIES DUE TO DENSITY CHANGE OF ICE WITH SIZE.

NEED LIDAR MODELS WITH REAL CRYSTALS.

(iv) DERIVATION OF IWC FROM Z AND SIZE OR Z AND TEMP.

IwC

£(Z) STANDARD DEVIATION OF LOG(IWC), ¢, FACTOR OF TWO.

IWC

£(Z,D*) ¢ AS LOW AS 0.1 (+25%/-20%) FOR WARM CEPEX
o COMMONLY 0.15 (+40%/-30%), CAN BE 0.2

DUE TO NON PERFECT EXPONENTIAL SIZE SPECTRA.

IWC = £(Z,T) BROADLY SIMILAR TO f(Z,D*),
¢ CAN BE AS LOW AS 0.1 FOR WARM CEPEX.
COMPARING MEAN VALUES OF LOG(IWC) FOR TWO DATA SETS FROM

£(Z,T) GEOGRAPHICAL BIAS USUALLY LESS THAN 25%.

(v) EFFECT OF 10KM INTEGRATION LENGTH

DOES NOT CHANGE THE BIAS IN THE RETRIEVED IWC.



Dual-wavelength radar

e Use one radar which scatters in the Rayleigh regime and another
at a higher frequency which scatters in the Mie regime. This way
the Dual Wavelength Ratio (DWR) can be directly related to crys-
tal size, where

DWR = 10log,, ( §1°W> dB
high

e Then calculate IWC from

e Suitable frequencies which lie in the window regions of the atmo-
spheric absorption spectrum are 35, 79/94, 140 and 215 GHz.

e The advantages of high frequencies are:
o Higher sensitivity
o Smaller footprint from space

o Larger DWR for a given size

o Better correlation between Z and IWC.

¢ But they suffer much more attenuation in the boundary layer.



Dual-wavelength radar in space

e From space to the melting-level, the 2-way gaseous attenuation at
215GHz is at most around 2 dB.

e With present technology a spaceborne 94 GHz radar could detect
down to —30dBZ.

* Reflectivity at each frequency has been calculated using over 20,000
aircraft size spectra taken during EUCREX and CEPEX.

¢ A random error has been added to the data to simulate the natural
fluctuation of radar reflectivity. This increases at low signal-to-noise
ratios.

 Must consider problem of different beamwidths, and also if putting
the instruments on separate satellites (the “Split Mission” scenario)
would drastically reduce the accuracy.
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500 m

Schematic of a spectrally realistic cloud field, illustrating the difference
in swath sizes for a dual-wavelength 79/215GHz radar mounted on a
single satellite, and the typical configuration for the ‘Split Mission’ scen-

ario with satellites separated by 5km in both the along- and cross-track
directions.
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Error in DWR as a function of swath separation in the Split Mission scen-
ario. The solid line corresponds to satellites in the same orbit but one lag-
ging the other and the dashed line is for satellites in adjacent orbits.



Conclusions

e The potential of the dual-wavelength method to measure crystal

size in cirrus clouds has been demonstrated from the ground using
35 and 94 GHz radars.

e Aircraft validation is essential; should be possible in CLARE’98.

e Crystal density is an uncertainty which needs to be addressed, but
the problem of aspect ratio can be largely eliminated by viewing at
an elevation of 45°.

¢ The most promising combination for a spaceborne system would be
79/215.

e Size measurement is too inaccurate to be useful in the lowest 10-
15dB of sensitivity. Above this the.79/215 combination can measure
IWC with an error of less than +30%.

e The “Split Mission” scenario makes the radar/radar technique
unworkable—probably also true for the lidar/radar technique.
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Ill. TECHNOLOGY AND SUPPORT

A. CLOUD PROFILING RADAR (CPR) CONCEPTS
AND TECHNOLOGIES

INTRODUCTION

C. C. LIN, ESA, EOPP
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l. TECHNOLOGY AND SUPPORT
A. CLOUD PROFILING RADAR (CPR) CONCEPTS
AND TECHNOLOGIES

CLOUD PROFILING RADAR; CONCEPT STUDY
RESULTS

H. R. SCHULTE, DORNIER
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lIl. TECHNOLOGY AND SUPPORT

A. CLOUD PROFILING RADAR (CPR)
CONCEPTS AND TECHNOLOGIES

CLOUD PROFILING RADAR CONCEPT STUDY

.  PHALIPPOU, ALCATEL
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B. LIDAR CONCEPTS AND TECHNOLOGIES

INTRODUCTION

A. CULOMA, ESA, EOPP
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lll. TECHNOLOGY AND SUPPORT
B. LIDAR CONCEPTS AND TECHNOLOGIES

LASER HEAD CRITICAL TECHNOLOGY

A. COSENTINO, ALENIA
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a Finmeccanica Company

Avionic System Division and Equipment EOPP Seminar on Radiation Studies

ATLID Transmitter System schematic

Instrument
reference frame

Lateral
X Panel

Y
Z Tx/Rx Optical
Bench
Laser
Head (LH)
Baseplate

Folding
Mirror

Redundancy
Optics (RO)

Beam Shaping
Optics (BSO)

* The LH is positioned on the lateral panel of ATLID; the laser beam exiting
the output window of the LH is sent toward the BSO. The redundancy optics
is provided to combine the two lasers (master/back-up) on a single optical
channel by means of a polarization cube and to give a far-field circular beam
starting from the asymmetric beam produced by the slab laser (LH).

e The master Laser Resonator contained inside the optical sub-unit of the LH
is a laser diode pumped Nd:YAG laser capable to emit Q-Switched pulses.

* The active material is a Nd:YAG slab shaped and transversally optically
pumped by two series of four Laser Diode (LD) stacks (TBC).

Sect. Il Technology and Support 1 Laser Head critical technology
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a Finmeccanica Company
Avionic System Division and Equipment

EOPP Seminar on Radiation Studies

Laser Head: Performance Summary table

Pulse energy
Pulse energy stability

Pulse energy knowledge
Peak wavelength
Peak wavelength stability
Laser FWHM Linewidth
Puise Repetition Frequency
PRF adjustment range
Polarization

Type

Purity

Orientation
Mode structure (Transversal)
Mode structure (Longitudinal)
Beam dimensions
Beam divergence
Beam decenter sfability

Beam angular stability
Total mass

Total volume

Environmental conditions

Sect. IIl Technology and Support

297 md

< 5% short term (15 s)

< TBD long term (3 years)

1 mJ accuracy

1063.65 nm (TBC)

+/- 0.01 nm long term (TBC)
<0.1+20.01 nm

100 +/- 1Hz

90-110Hz

Linear

50:1 extinction ratio

Along Y axis

Near TEMoo

Multimode

<6.3 x4.3mm (Y dir. x X dir.)
<1.2 mrad

< 0.5 mm long term

IN

+ 50 prad short term

IA

+ 100 prad long term
20 Kg

~ 300x130x425 mm®
see ATLID specs

it

Laser Head critical technology
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a meeccamvca Company
Avionic System Division and Equipment EOPP Seminar on Radiation Studies

Instrument
reference frame
LR1
X
Y
Y4
|
l Beam Expander
P )
Beam shape :
& polarizations @ S

B.S.O.

¥ Folding Mirror

LH out window

Preliminary optical layout of the BSO. The elliptical shadow is common to the two LRs
beams but the polarization directions are crossed.

EXPANDER: Scheme of principie SCALE arb.

/
\

Schematic of the optical layout for the BSO expander

Sect. IIl Technology and Support 3 Laser Head critical technology
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a Finmeccanica Company

Avionic System Division and Equipment EOPP Seminar on Radiation Studies

BSO: Performance Summary table

Operating wavelength
Spectral bandwidth
Magnification factor

Input clear aperture

Output clear aperture

Input far-field divergence
Input beam dimensions (1/e?)
Input beam axis incidence
Input beam decenter

Output far-field divergence
Output beam dimensions
Maximum wavefront distorsion
Total transmission

Maximum Power Density
(with PRF=100Hz, T=20ns)

Total mass (mech. housing included)
Total volume (mech. housing included)
Mounting

Thermal ranges

Sect. 111 Technology and Support

1064 nm

210 nm

7x (TBC)

2 10 mm

70 mm

1200 prad (TBC)

6.6 x 4.4 mm (TBC)

+ 200 prad

+0.5mm

= input divergence/ magnification
= input dimensions x magnification
<A/10 RMS (@ A=1064nm)

> 97% (@ A=1064nm)

< 50 MW/cmZ (on folding mirror)

6 Kg (TBC)
104(diam.) x 186(len.) mm (TBC)
quasi isostatic

-20°C < Toperationar < 40°C (TBC)

Laser Head critical technology
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Avionic System Division and Equipment EOPP Seminar on Radiation Studies

Redundancy Optics

Detector
McNeille F'“

Polarizer
A2 ﬂ A2

QOut window

COLD CoLD
PLATE PLATE
INTERF. INTERF.

Schematic of the Redundancy Optic architecture (TBC)

The redundancy optics is provided to combine the two lasers
(master/back-up) on a single optical channel by means of a
polarization cube and to give a far-field circular beam starting
from the asymmetric beam produced by the slab laser (LH).

Inside the Redundancy Optics it is also contained the energy

monitor that measures the energy emitted by the operating
laser over the TX lifetime.

Sect. Il Technology and Support > Laser Head critical technology
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Avionic System Division and Equipment EOPP Seminar on Radiation Studies

DPL-10

ESTEC CONTRACT N. 8989/90/NL/MD

Sect. Il Technology and Support o Laser Head critical technology
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a Finrﬁecce;hﬂ:; Company
Avionic System Division and Equipment EOPP Seminar on Radiation Studies

STUDY LOGIC

Main purposes of the study

e verify the laser diode pumping feasibility for high power spaceborne
lasers

* verify the applicability of a conductive cooling concept

® develop a laser structure capable to withstand the requested
environmental conditions

¢ demonstrate potential lifetime and reliability increase with respect to the

flashlamp pumped lasers

Development activities

o laser opto/thermal/mechanical/electrical configuration selection

e laser housing design/manufacturing/test

e mechanical supports design/manufacturing/test
Under this contract no development activity has been forseen for
=rlaser electronic unit (LDPS, Q-SPS, etc.)

=>electro/optical components (with the exception of laser diodes for which

a partial “customization” from the supplier was needed)

Sect. Ill Technology and Support 7 Laser Head critical technology
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a Finmeccanicé Company
Avionic System Division and Equipments

EOPP Seminar on Radiation Studies

ACCEPTANCE TEST RESULTS

Laser operating conditions:

Iop = 72 A, PRF = 100 Hz, HV Q-Switch = 3000 V,

Obtained Results:

Sect. III Technology and Support

LD Heatsink Temp. = 22 °C

QUANTITY DPL-10 MEASURED VALUE
REQUIREMENT

Emission wavelength | 1.064 pm 106429 0.1 A

(Tagy = 27 °C/Pagy = 970 mbar)
Output mean power |>10W 10W
Pulse Repetition Rate | 100 +1 Hz 100 Hz
Pulse Duration 20 ns =~ 18 ns
Pulse to Pulse Energy | + 5 % +2 %
Stability
Type of Output Near TEMgy, M’ (Hor)=1.5; M’ (Ver.)= 1
Polarization Linear Ext. Ratio = 0.01
Beam Angular Stab. | <100 prad < 50 prad (half angle)
Beam Linewidth 1+0.14 0.59+0.04 A
Overall  Efficiency | > 5% =65 %
(el./opt.)

i6

Laser Head critical technology




EOPP Seminar on Radiation Studies

Avionic System Division and Equipments

a Finmeccanica Company

NEAR FIELD PROFILE

FAR FIELD PROFILE

Laser Head critical technology

17

Sect. Il Technology and Support



Intensity (A.U.)

EIPE SR
a Finmeccanica Company

Avionic System Division and Equipments EOPP Seminar on Radiation Studies
LASER LINEWIDTH
} § Y o I
-1.0 0.5 0.0 0.5 1.0
4.0x10° o 4.0x10°
=4 9080
3.0x10° —v—22% 3.0x10°
e 008
2.0x10° e 9DOF 2.0x10°
SR A 17 L gl
1.0x10° % % 1.0x10°
€ :
0.0 - 0.0
-1.0 0.5 0.0 0.5 1.0
frequency (cm'l)

1 cm™ corresponds to 1 Angstrom and 1 Angstrom corresponds to about 26.5

GHz (at 1 pm wavelength).

From our results we can infer that the_laser emission

wavelength as well as its linewidth are not influenced by

temperature changes of the laser environment.
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PULSE SHAPE

A 20 ns

INTENSITY (A.U.)

TIME (ns)

ENERGY STABILITY

The measured value is: ,
+ 2% on a time period of 1 minute

BEAM POINTING STABILITY
The measured values are:

+ 30 prad in the vertical plane
+ 50 prad in the horizontal plane (zig-zag plane)
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CONCLUSIONS AND RECOMMENDATIONS

The obtained results show that the DPL-10 laser is fully compliant from the

functional point of view. This demonstrates that a single resonator, 10 W mean
power, 100 Hz, Q-Switched laser diode pumped laser, with a good beam spatial
quality (M2 < 2). is feasible.

=> The slab utilization has shown the advantage of an easy mechanical fixing concept

and a reduced level of distortions. This latter allowed to obtain a better beam

spatial quality. The drawbacks of this choice were:
o high degree of surfaces quality (high criticality in the slab machining).
¢ accurate design of the characteristics of the optical coatings to be deposited

on slab surfaces.

e the zig-zag path inside the slab makes the whole laser alignment more

difficult.

= The design choice of a positive branch unstable resonator allowed to realize a

single more compact cavity, also reducing the risk of components damagements

due to the internal focal points absence.

The only internal component that suffered damagements during the
optimization phase, was the Q-Switch. The study and the characterizations
performed demonstrated that this problem arises from the laser functionment in
a non perfect confocal configuration, strictly related to the resonator
geometrical parameters and the pumping characteristics. It should be anyway
desirable to increase the Q-Switch damagement threshold to 1 GW/cm®.
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CONCLUSIONS AND RECOMMENDATIONS

— Tt has been also demonstrated that the fully compliance with the environmental

conditions is possible. The laser withstand the thermal and the sinusoidal vibration

cycles without any damagement. Only the random vibrations along a critical axis

created a slab damagement, but essentially due to an ungluing of this component.
This problem does not seem to require a new design of the slab mechanical
mounting, but simply a modification of the shape and area of the active
material glued zone. Particularly, a modification of the upper plate could allow
an increase of the glueing area and the introduction of the glueing on both the
slab sides, already realized during the tests, could be kept. Also a redesign of
the lateral flexure, aimed to increase the mounting stiffness, should be
desirable. On the contrary,the reinforcing of the end springs must be avoided
because it could be cause of the slab deformation, absolutely unacceptable

from the optical point of view.

= Always during the random vibrations, it was noticed a scraping of the slab with

the PC surface that can cause a coating damagement detrimental for the optical

efficiency of the whole laser.
Even in this case a modification of the interface slab/PC aimed to decrease the
contact friction should solve this problem. For this purpose a PC machining

with lower tolerance for roughness and flatness should be implemented.
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CONCLUSIONS AND RECOMMENDATIONS

=The H-shaped laser housing concept allowed to obtain a compact resonator and

during the environmental qualifications showed a good dynamic behaviour.

= The experimental validation of the design devoted to separate the mechanical

interface from the thermal one was not performed completely because of the non

availability of thermally qualified laser diodes.

= The experience matured in the mirror supports design put in evidence the

extreme criticality of the specifications which require at the same time a_highly

sensitive_system with a good stiffness able to withstand very heavy vibration

levels.

= All the other mechanical mounts showed a good thermal and dynamic

behaviour, even if some of them should be improved in terms of adjustments. In
fact the Q-Switch support adjustment sensitivity could be increased and the

cylindrical lens support should be provided with a rotation about its working axis.

= The present laser functional performance are near to the best one obtainable

with this configuration.

An increase of the output power would involve a complete laser redesign even

keeping the most part of the actual mechanical and optical concepts.
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Hl. TECHNOLOGY AND SUPPORT

C. PASSIVE SENSOR CONCEPTS AND
TECHNOLOGIES

BROADBAND RADIOMETER

R. MERCIER YTHIER, REOSC
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IV. THE PLANS

EARTH EXPLORER EARTH RADIATION
MISSION, PHASE A ACTIVITY PLAN

A. TOBIAS, ESA, EOPP
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