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3,899, 144

1
POWDER CONTRAIL GENERATION

BACKGROUND

The present invention relates to method and appara-
tus for contrail generation and the like,

An earlier known method in use for contrail genera-
tion involves oil smoke trails produced by injecting lig-
uid oil directly into the hot jet exhaust of an aircraft tar-
get vehicle. The oil vaporizes and recondenses being
the aircraft producing a brilliant white trail. Oil smoke
trail production requires a minimum of eguipment;
and, the material is low in cost and readily available.
However, oil smoke requires a heat source to vaporize
the liquid oil and not all aircraft target vehicles, notably
towed targets, have such a heat source. Also, at alti-
tudes above about 25,000 feet oil smoke visibility de-
grades rapidly.

SUMMARY

The present invention iz for a powder generator re-
quiring no heat source to emit & “contrail™ with suffi-
cient visibility to aid in visual acquisition of an aircraft
target vehicle and the like. The term “contrail” was
adopted for convenience in identifying the visible pow-
der trail of this invention. Aircraft target vehicles are
used to simulate aerial threats for missile tests and
often fly at altitudes between 5,000 and 20,000 feet at
speeds of 300 and 400 knots or more. The present in-
vention is also suitable for use in other aircraft vehicles
to generate contrails or reflective screens for any de-
sired purpose,

The powder contail generator is normally carried on
an aircraft in a pod containing 2 ram air tube and pow-
der feed hopper. Powder particles, surface treated to
minimize interparticle cohesive forces are fed from the
hopper to @ deagglomerator and then to the ram air
tube for dispensing as separate single particles to pro-
duce a contrail having maximum visibility for a given
weight material.

Other object, advantages and novel features of the
invention will become apparent from the following de-
tailed description of the invention when considered in
conjunction with the accompanying drawing.

DESCRIPTION OF DRAWING

FIG. 1 1 a schematic sectional side-view of a powder
contrail generator of the present invention.

DESCRIPTION OF PREFERRED EMBODIMENT

The powder contail generator in pod 10, shown in
FIG. 1, is provided with a powder feed hopper 12 posi-
tioned in the center section of the pod and which feeds
a powder 13 to a deagglomerator 14 by means of screw
conveyors 16 across the bottom of the hopper. The
deagglomerator 14 produces two stages of action. In
the first stage of deagglomeration, a shaft 18 having
projecting radial rods 19 in compartment 20 is rotated
by an air motor 21, or other suitable drive means. The
shaft 18 is rotated at about 10,000 rpm, for example.
As powder 13 descends through the first stage com-
partment 20 of the deagglomeration chamber, the ham-
mering action of rotating rods 19 serves to acrate and
precendition the powder before the sscond stage of
deagglomeration takes place in the jet mill section 22.
In the jet mill 22, a plurality of radial jets 24 (e.g., six
0.050 inch diamter radial jets) direct nitrogen pgas (at
e.g.. 120 psig) inward to provide energy for further
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deagglomeration of the powder, The Ny, or other suit-
able gas, is provided from storage tanks 25 and 26, for
example, in the pod.

The jet mill 22 operates in a similar manner to com-
mercial fluid energy mills except that there is no provi-
sion for recirculation of oversize particles. Tests with
the deagglomerator show that at a feed rate of approxi-
mately 1% 1b/min, treated titanium dioxide powder pig-
ment is effectively dispersed as single particles with
very few agglomerates evident.

The nitrogen gas stored in cylinder tanks 25 and 26
is charged to 1800 psig, for example. Two stages of
pressure reduction, for example, by pressure reduction
valves 28 and 29, bring the final delivery pressure at the
radial jets 24 and to the air motor 21 to approximately
120 psig. A solenoid valve 30 on the 120 psig line is
connected in parallel with the electric motor 32 which
operates the powder feeder screws 16 for simultaneous
starting and running of the powder feed, the air motor
and the jet mill deagplomerator.

Air enters ram air tube 34 at its entrance 35 and the
exhaust from the jet mill deagglomerator passes di-
rectly into the ram air tube., At the deagglomerator ex-
haust 36 into ram air tube 34, an upstream deflector
baffle 38 produces a venturi effect which minimizes
back pressure on the powder feed system. The powder
is then jetted from the exhaust end 40 of the ram air
tube to produce a contrail. A pressure equalization
tube, not shown, can be used to connect the top of the
closed hopper 12 to the deagglomeration chamber 14.
A buterfly valve could be provided at the powder hop-
per outlet 39 1o completely isolate and seal off the pow-
der supply when not in use, Powder 13 could then be
stored in hopper 12 for several weeks, without danger
of picking up excessive moisture, and still be ade-
quately dispensed.

Preparation of the light scatter powder 13 is of a eriti-
cal importance to production of a powder *“‘contrail”
having maxirmum visibility for a given weight of mate-
rial. It is essential that the pigment powder particles be
dispensed as separate single particles rather than as ag-
glomerates of two or more particles, The powder treat-
ment produces the most easily dispersed powder
through the use of surface treatments which minimize
interparticle cohesive forces,

Titanium dioxide pigment was selected as the pri-
mary light scattering material because of its highly effi-
cient light scattering ability and commercially available
pigment grades. Titanium dioxide pigment (e.g., Du-
Pont R—%31) with a median particle size of about 0.3
has a high bulk density and is not readily aerosolizable
as a submicron cloud without the consumption of a
large amount of deagglomeration energy. In order to
reduce the energy requirement for deagglomeration,
the TiO, powder is specially treated with a hydrophobic
colloidal silica which coats and separates the individual
TiO, pigment particles. The extremely fine particulate
nature (0.007x primary particle size) of Cobot §—101
Silanox grade, for example, of colloidal silica minimizes
the amount needed to coat and separate the TiQ, parti-
cles, and the hydrophobic surface minimizes the affin-
ity of the powder for absorbtion of moisture from the
atmosphere. Adsorbed moisture in powders causes lig-
uid bridges at interparticle contacts and it then be-
comes necessary to overcome the adsorbed-liquid swer-
face tension forces as well as the weaker Van der
Waals' forces before the particles can be separated.
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The Silanox treated titanium dioxide pigment is fur-
ther protected from the delsterious effects of adsorbed
moisture by incorporation of silica gel. The silica gel
preferentially adsorbs water vapor that the powder may
be exposed to after drying and before use. The silica gel
used is a powder product, such as Syloid 65 from the
W. B Grace and Co., Davison Chemical Division, and
has an average particle size about 4.5p and & large ca-
pacity for moisture at low humidities.

A typical powder composition used is shown in Table
1. This formulation was blended intimately with a Pat-
terson-Kelley Co. twin shell dry LB-model LB=2161
with intensifier. Batches of 1500 g were blended for 13
min. each and packaged in 5-1b cans. The bulk density
of the blended powder is 0,22 glec. Since deagglomera-
tion is facilitated by having the powder bone dry, the
powder should be predried before sealing the cans. In
view of long periods {e.g., about 4 months) between
powder preparation and use it is found preferable 1o
spread the powder in 2 thin layer in an open container
and place in a 400°F over two days before planned us-
age. The powder is removed and placed in the hopper
about 2 hours before use,

Table 1
CONTRAIL POWDER FORMULATION
Ingredient G by Weight
Tie, {e.g., DuPont B-931) &5
median particle size 0.3
Caolloidal Silice {e.g., Cabot 5-101 Silanox) L}
primary particle size 0.007 %
Silicy gol (2.g. Sylaid 65} 5

average parbele size 4.5

Other type powder compaositions can also be used
with the apparatus described herein. For example, vari-
ous powder particles which reflect electromagnetic ra-
diation can be dispensed as a chaff or the like from the
contrail generator.

Obvicusly many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claim is:

1. Contrail generation apparatus for producing a
powder contrail having maximum radiation scattering
ability for a given weight material, comprising:

a. an aerodynamic housing;

b. a jet tube means passing through said housing, said
tube means having an inlet at a forward end of said
housing and an exhaust at a rearward end thereof;

c. a powder storage means in said housing;

d. a deagglomeration means also in said housing:

&. means connecting said powder storage means with
said deagglomeration means for feeding radiation
scattering powder from said powder storage means
to zaid deagglomeration means;

f. the output of said deagglomeration means dispens-
ing directly into said jet tube means for exhausting
deagglomerated powder particles into the atmao-
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sphere to form  contrail; and

h. means for controlling the flow of said powder from
said storage means to said deagglomeration means.

2. Apparatus 2s in claim 1 wherein said jet tube
means is a ram air jet tube.

3. Apparatus as in claim 1 wherein an upstream de-
flector baffle is provided at the output of said deag-
glomeration means into said jet tube means to produce
a venturi effect for minimizing back pressure on said
powder feeding means.

4. Apparatus as in claim 1 wherein said deagglomera-
tOT means comprises:

. means for subjecting powder particles from said
powder storage means 1o a hammering action te
aerate and precondition the powder; and

b. a jet mill means to further deagglomerate the pow-
der into separate particles.

5. Apparatus as in claim 4 wherein pressurized gas
means is provided for operating said deagglomeration
means.

6. Apparatus as in claim 1 wherein said radiation
seattering powder particles are titanium dioxide pig-
ment having a median particle size of about 0.3 mi-
crons.

7. Apparatus as in claim 1 wherein said radiztion
scattering powder particles have a coating of extremely
fine hydrophobie colloidal silica thereon to minimize
interparticle cohesive forces.

8. Apparatus as in claim 1 wherein the formulation
of said powder consists of 85% by weight of Tilkh pig-
ment of approximately 0.3 micron media particle size,
10% by weight of colloidal silica of 0.007 micran pri-
mary particle size, and 5% by weight of silica gel having
an average particle size of 4.5 microns.

9, The method of producing a light radiation scatter-
ing contrail, comprising:

a. surface treating light scattering powder particles to

minimize interparticle cohesive forces;

b. deagglomerating said powder particles in fwo
stages prior to dispensing into 2 jet tbe by subject-
ing said powder particles to a hammering action in
the first stage to aerate and precondition the pow-
der, and by passing said pewder through a jet mill
in the second stage to further deagglomerate the
powder;

c. dispensing the deagglomerated powder from the
jet mill directly into a jet tube for exhausting said
powder into the atmosphere, thus forming a con-
trail.

10. A method 2s in claim 9 wherein said light scatter-

ing powder particles is titanium dicxide pigment.

11. A method as in claim 9 wherein said powder par-
ticles are treated with & coating of extremely fine hy-
drophobic colloidal silica to minimize interparticle co-
hesive. forces.

12. A method as in claim 11 wherein said treated
powder particles are further protected with a silica gel

powder.
* % & ® x
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AIRWORKIIIE

Ea Airwork > Algemesn > Crewrogm
lwj Chemtrails...wie weet er meer van?

Paginalvan 4 < 1 2 3 4 = ¢

enadus 7

Beer Ciraat:
Contact Houston Space Center

H‘!Tmﬂf
m]M'."S i Mee,.. ik kam niet van de KLS, dus ik ben niet goed genoeg voor dat spul. fg
SAY ~—7

Alrworker sinds: Dec 199%
Locatie: SPL

Berichten: 1.347

Brevet: 188 CPLAIRSME (frozen
ATPL)

Typeratings: Fokker 30

Uran: 1400+

o (i quiote T e

0

i Origineel gepest door Okki 2]
| Hebben jullie trouwens al dat nieuwe X-432 gaspotan ?

PH-1PC Dat dat zomaar bekend is bij jou... ik weet alleen dat ik moet lozen en waar. Nog noait iemand gekend die

Contact Housten Space Center meer info had!
ALk =N =S 3 Maar wel interessant moet ik zeggen.

Diana, misschien tach een idee om dit forum gesioten te maken zodat niet ledereen deze gevoelige infa kan
lezen?

Airveorker sinds: Jan 2003
Locatia: 2 rood, 2 wit, slightly
right

Berichten: 1.411

Brevet: met bloed zweet en
tranen verkregen
Typeratings: De laatste jaren
in een stofzuiger ver boven
het weer en hat terrein. Ver
weg wan de avonturen die ik
dagrvédr heb mogen beleven
@n waar Ik nog dagelijks aan
terug denk

Uren: In verhouding met mijn
leaftijd redelijk wat

D

o

3%
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Okki Hebben jullie trouwens al dat nieuwe X-432 gespoten? 3
cleared FL 200

/

't schijnt in elk geval beter te werken dan die oude rermmel die we hadden, Minder bijwerkingen als
huldkanker an TEC!

Mijn operator denkt na over de aanschaf amdat de EU ons meer slots wil geven pveral door europa als we
er mee gaan spuiten!

Birworker sinds: May 2001
Lacatie: Nederland

Berichten: 536

Brevet: ATPL

Typeratings: Suck, Squeeze &
Blow

Uren: 70 per maand

Q E’ i:— SE
]
Eikie Cltaat:

Contack Houston Space Cenbsr

U
|

3%

I QOrigineel gepost door 49015 )
! N we het er foch aver hebben, feelt een van jullie wel eens zijn eigen chemtrail gezien? Hoe ik
| mijr best ook doe (bijveorbeeld achterom kifken tijdens een bocht), mijn eigen trail heb ik nog

| nooit gezien. &)

m Dat komt arndat chemtrails, in tegenstelling tot contralls, sen langere levensduur hebben. Chemtrails

verwaaien vaak tot wat amateurs en anwetenden cirrus noemen, (wij weten beter),

Alrworker sinds: May 2000
Locatia: SPL

3 : "nladeel” is echter wel dat ze gok pas later zichtbaar zijn dan contrails, zeker als je er niet van anderen
Berichten: 1.160 = £ ]

Erevat: ja tegen aan kijkt. (heeft met de lichtabsorbtie te maken, asymetrische moleculen)

Typeratings: FS0/E130

Uren: 2000+

oM | ATD
"

Phoenix_X Citaat:

Optimum Flightlevel | Crigineel gepost door Piotr Orno &

Hebben jullie nooit last van die vliegende schotels die de laatste Ljd overa! voorbif schieren? Ik
zou het niat mesr dan normaal vinden als zij vok verplicht esn transponder aan boord moeten
| hebben. Dit gaat natuurliik nog een Keer fout.

i Het sprayen zelf heb ik overigans nigt veel problemen mee, hooguit dat je af en toe aen dubbele
| flame-out fiebt van die chemische deeltjes.

£ 1ij leest blijkbaar ook nooit de NOTAMS. Er staat duidelijk in dat hier gver gedacht is maar dat de
irworker sinds: Mow 1509 iﬂ'\fester!ng voor de (niet nader te ncemen) “operatars” van deze schotels te hoog zou zijm. Zek_er aangezien
Locatie: EU we richting ADS-B gaan en de valgende generatie comms (zoals datalink etc). Het is de bedoeling dat deze
Berichten: 956 systemen wal verplicht gaan worden voor dit SP-TFC (Special Traffic). Dit zou rond 2015 moeten zijn, dus
Brevet: ATPL het blijft nog even opletten,

Typeratings: A320 (737)
Uren: Flink minder dan

ek Oile datalink wardt trouwens ook belangrijk veor de chemtrails. Bij mijn varige airline viogen we ook over
100.000

China n daar wordt de datalink gebruikt om de mixture van de chemtrails in real-time aan te passen vanaf
de grond. Het handmatig aanpassen van settings van de chemtrails (zelfs in non-normals) s niet
toegestaan en meet via datalink aangevraagd warden. Ik zle dat hier cok wel gebeuren; aangezien Ik
varige week op kantoor moest komen samen met de cpt am uit t leggen waarom wij na een (3.1} CHEM
DISP Tlluminati de boel af hadden gezet. Blijkbaar heeft dat verstrekkende aevolgen voar het welbekende
"hig plcture.”

oh A=
]

49015 Mu we het er tech over hebben, heeft een van jullie wel eens zijn eigen chemtrail gezien? Hoe ik mijn best
Contact Houston Space Cenker nok doe (bijvoorbeeld achterom kijken tijdens een bacht], mijn eigen trail heb ik nog nocit gezien. &
girworker sinds: Oct 2001

Locatie: Gelukkig niet meer in

La Perla

Berichten: 1.243

http:/ fwww.airwark.nlfbulletinbeard (showthread php?t =600 1&page=3 Pagina 2 van 14
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Brevet; ATRL

Typeratings: De Families 320
en 737

Uren: 4,5K zonder crew rest!

(s )

]

digits

1500 fe

Airmarker sinds: Apr 2006
Locatie: Belgié

Berichben: 199

Bravet: pol

Typeratings: none
Uren: wael te weinig

eoh
(A
Flying Dutchman

In orbit

cazitl

Airworker sinds: Aug 2001
Locatie! Suburbia, USA
Barichten: 3.550

Brevet: The anas that let me
1y for hire,

Typeratings: Singles and
twins, pistons and turbines,
right seat and left seat.
Uren: 7 years and counting

oM

&

kermit
Optimum Flightlevel

Alrworker sinds: Apr 2000
Lecatie: Zuid Holland
Berichten: 879

Brevat: ATPL
Typeratings: Airbus 320,
Boeing 737, 757, 777
Uren: 4500+

etpe/ fwwws al rwork.nl/ bulletinboard fshowthread, ph pft=600 1 &page=3

Citaat: ENpaas
| 4 LIMITATIONS AND SYSTEM DATA

- The CHEMICAL DISPENSER can be used in the alr only.
- If crosswind compoenents at >FL100 exceed 15 kis aperation is not advised.
- Bleed air can be supplied in air for 3 packs and in fiight till 15000 ft press. altitude for 1 pack.
= Each CHEMICAL DISPEMNSER is supplied with 2 bottles; 1 bottle can be used for approx 666 54,
km,
- In case pax discretion is viclated, advise Chemtrail Operatians immidiatly and have pax
diagnosed with any mental illness.
- If possible, a grid flightpath is ta be followed. Air Traffic Control is abliged to cooperate.
| Extended flight times {delays) may be blamed an Air Traffic Cantral, Ground Employees and
weathar,
| - It's the Commander’s responsibility that Chemical Cperations are done in accardence with the
i AOM, and within the time limits stated by the Mew Warld Order.
- When Chemical Operations are in progress, Bilderberg accomadation may be used during
| nightstops cnly.

| If questians arise, contact +1 800 NEW WORLD {+1 BOO NEW WORLD)

zalig :p

Cltaat:

Origineel gepost door kermit 3
« Nu is het zo erg dat Jk al een paar masnden op de grond sta. Breveat ingalrokken wegens
psychische instabilitelt en ondertussen ook san Prozac grootgebrulker gewarden.,

Jain de club cuwe...
See ya next monday at the dokter!

Citaat:

| Origines| gepost door Q-nimbus )

i De grond wardt me te hest onder de voeten...

|

| federe keer als ik bel of word gebeld, kear ik nu zo'n rare kifk. Ook vand ik sigaretten peuken bij
| de deur, en wil een mysterieuze man, die zichzelf ‘Deep Throat’ noemt, ergens op aen apenbare

| plek met me afspreken.

Blij dat je Art cok een keer ontmoet hebt. ..,

B aooe TR

Pagina 3 van 14
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Pjotr Orno

over to departure

r- rll :
Bars

Airworker sinds: Jan 2005
Lecatie: Amsterdam
Berichten: 213

Brivet: FATEL
Typeratings: 4 makaren
Uren: 1500+

e M

Q

kermit
Optimum Flightlevel

Alrworker sinds: Apr 2000
Locatie: Zuid Holland
Berichten: 875

Brevet: ATPL
Typeratings: Airbus 320,
Boeing 737, 757, 777
Urer: 45004

on

™

9]
Radix

over to departure

Ajrworker sinds: Jul 2004
Locatle: Down under
Berichten: 299

Brevet: -

Typeratings: -

Uren: -

of
|
Pjotr Orno

aver ba departure

Airworker sinds: Jan 2005
Locatie: Amsterdam
Berichten: 213

Brevet: FATPL
Typeratings: 4 matoren
Uren: 1500+

o

httpc/ fwww. alnwork.nl fbulletinboard f showthread. phpft=6001&page=3
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Dus voortaan kunnen we je aanspreken als Miss Figay?

=D (%)

Hetis goed dat het sen keer openlijk besproken wordt. Heb de laatste maanden ernstig last van mijn

geweten gekregan, Al die ellende die we aanrichten, kinderen, dieren etc. De lange termijn gevalgen zijn
niet te averzien.

In het begin had ik er eigenlijk geen last van. Ja, je weet het wel maar ja, je jaagt tach die droom na.
Sinds Ik vader geworden ben Is het gaan knagen. Mu Is het zo erg dat Ik al een paar maanden op de grond
sta. Brevet ingetrokien wegens psychische instabiliteit en ondertussen ook een Prozac groctgebrulker
gewoarden.

Het probleem is dat je er niet over kunt praten dus bif de hulpverleners heb ik maar verteld dat ik denk
dat ik in het verkeerde lichaam geboren ben,

MNu het 'in the open' is hoop ik dat meer lotgenaten zich melden zodat we doar er met elkaar over te
spraken wit dit dlepe dal kunnen komen.

Gagroet,
s quor= LB
Mu snap Ik cok waarom ze bij mijn psychelogische keuring zaken als betrouwbaarheid en discretie in het

rapport neemden. [k scoorde daar niet zo hoog op, en wat denk je: resultaat twijfelachtig!!!

Maar nu ik zie dat er hler zo open over gesproken wordt ga ik ze hier zeker mee confrontaren! Je hoort er
nog van.

A=D1

Hebben jullie nooit last van die viiegende schotels die de laatste tijd overal voorbij schisten? Ik zou het niet
meer dan normaal vinden als zij ook verplicht een Transponder aan boord moeten hebben, Dit gaat
natuurlijk nog een keer fout.

Het sprayen zelf heb |k overigens niet veel problemen mee, hooguit dat je af en toe een dubbele flame-out
hebt van die chemische deeltjes.

¥ oo 1he]

Pagina 4 van 14
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Q—nimbus De grond wardt me te heet onder de voeten...
Contact Houston Space Center

ledera keer als ik bel of word gebeld, hoor ik nu 20'n rare klik, Ook vond Ik sigaretten peuken bij de deur,
en wil een mysterieuze man, die zichzelf 'Deep Throat' noemk, ergens op een openbare plek met me
afspreken, Dok zit er een rare Amerikaan achter me aan, Sculder genzamd, die ook 2l iets van me moet.

Ik ga onderduiker!

airworker sinds: Jun 2008
Lacatia: Camp X-Ray
Berichten: 1.359

Bravat: ATPEL

Typeratings: BI77-200/300
Uren: 60-70 per maand

o8 AED %
'}

BEEr pamn... hier ga je gelazer mee krijgen Q. De |aatste keer dat ik een collega hiergver haarde praten, was ie
Contaet Houston Space Center de volgende dag van de aardhodem verdwenen.

T
MY NAME
THINGS L

SAY =7

Ajrworker sinds: Dec 1999
Locatie: SPL

Berichten: 1,347

Brevet; 148 CPLSIR/ME {frezen
ATPL)

Typeratings: Fokker 50

Uren; 1400+

oh ="
=

PH-IPC WTF waarom streoi je die dingen zomaar op internet??
o b e B Mou ja als jij het miet doet had een ander het wel gedaan waarschijnlijk...

{haha onder t genot van een biertje toch wel erg leuk om weer eens doarheen t2 lezen)

Wwat ik rme troiwens ook afvraag... de laatste jaren ben ik toch wel wat haren verloren... zou dat komen
vanwege onze nieuwe operaties hiermee? =]

Alrworker sinds: Jan 2003
Loeatie! 2 rood, 2 wit, sightly
right

Berchbten: 1.411

Brevet: met bloed zweet en
tranen verkregen
Typeratings: e laatste jaren
In een stofzuiger ver boven
ket weer en het terrein, Ver
weq van de avonturen die ik
daarvidar heb mogen beleven
an waar ik nog dagelijks aan
terug denk

Uren: In verhouding met mijn
leaftijd redelijk wat

oM

L

FWEHQ Dutchman als de pax 2ens wisten wat ze financiesl magelljk maken met die 'sky miles’ van ze....

In orbit O
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T

Airweorker sinds: Aug 2001
Locatie: Suburbia, USA
Berichten: 3,550

Brevet: The ones that let rme
fly for hire.

Typeratings: Singles and
twins, pistons and turbines,
right seat and left seat,
Uren: 7 years and counting

gé} l-u i i_’;‘

—

b

Q' I']illeUS Wat dacht je van het Skyteam loga? Dat lago representateert een grate chemtralll
Cantact Houston Space Center

pireorker sinds: Jun 2006
Locatie: Camp X-Ray
Berichten: 1.359

Brevat: ATPL

Typeratings: B?77-200/300
Uran: &0-70 per maand

o8 [ oo TR

&
: Klopt, vandaar ook de eeuwen oude samenwerking met amstelveen/klm om de "goods’ te verspreiden over
E'ﬂ‘:g DUtChman de hele wereld.... Als de mensen es echt wisten waar al die KLM/NWA lege's echt voor stonden ap onze

MWA (airlink) en KLM (cityhepper) toestellen over de hele wereld....

Airworker sinds: Aug 2001
Locatie; Suburbla, USA
Berichban: 3.550

Brevet: The ones that let me
fly for hire.

Typeratings: Singles and
twing, pistons and turbines,
right seat and |eft seat.
Uren: 7 years and counting

o [V qoor= 18]
i

Q—nimbus Morkh West Airlines = NWA.

Contact Houston Space Center Eigenlijk wilden ze er New World Order (NWO) van maken, maar dat was iets te doorzichtig voor de

slimme complot geleerde.

pirsorker sinds: Jun 2006
Locatie: Camp ¥-Ray
Berichten: 1.359

Brevat: ATPL

Typeratings: B777-200/300
Liren: 80-70 per maand

hittp: ) fwww.ainwark.nl fbulletinboard / shawahread. phpft=G001&page=3 Pagina 7 van 14
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oh
2
Flying Dutchman

In arbit

Ajrworker sinds: Aug 2001
Locatie: Suburbia, USA
Berichten: 3.550

Brewvet: The ones that let me
fly for hire.

Typeratings: Singles and
twins, pistons and turbines,
right seat and left seat.
Uren: 7 years and counting

oh
m.

Q-nimbus
Contact Houston Space Center

sirvorker sinds: Jun 2006
Locatie: Camp X-Ray
Berichten: 1.359

Brawvet: ATPL

Typeratings: B777-200/300
Uren: &0-70 per maand

zit chemtrail ops bij jullie op 124.42 7 {(pm me anders ff)

P iote: R

Citaat:

i Crigineal gepost door digits £

| buti ? kan ik higruit besluiten dat er echt zo een hoofdstuk in de Operations manval staat €
|

| femand enksle leuke quotes daar vit 7 (of viz pmj}

1

| greetings,
mg:':s@

Operations Manual 8.4.3.5:
1. CHEMICAL DISPATCH (CHEMTRAIL) Cperations

1.1 CHEMICAL DISPEMSER NORMAL PROCEDURES
1.2 CHEMICAL DISFEMSER SHUTDOWN

2, CONDITIOMAL PROCEDURES

(MOT APPLICABLE)

3, ABMORMAL PROCEDURES

3.1 CHEMICAL DISPENSER

3.2 CHEMICAL DISPEMNSER DOOR

3.3 CHEMICAL DISPENSER FUEL

4, LIMITATIONS AND DATA

For normal Chemtrail Operation refer to AOM 8.4.3.5.1.

For maximum wind components refer to ACM 8.4.3.5.2.

For minima applicable to dispatch with equipment unsarvicable refer ta AOM 2.6,
Minima due to abnormal alrcraft configuration are published in the respective ECL procedure.

1.1 CHEMICAL DISPENSER NORMAL PROCEDURES

- CHEMICAL DISPENSER Selector.......... DFF

Dispatch requirements:

- 8 Full bottles (a 666 sg. km = 5328 sq. km)

hitg: ) e airwerk.nl fbu lletinboard / showth raad.phpft=6001&page=3
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- Check fluoride level in potable water is at least 4.5 %
- Refer to MEL 4.5 23-2 (a

2. CONDITIONAL PROCEDURES /U’I,
(Mot Applicable)

3. ABNORMAL PROCEDURES

3.1 CHEM DISP

- This alert Is Tlluminat] when:

- 10 selectar is set to less than 23.

- Pax o/h who are the result of a marriage between COUSINS.,

* CHEM DISP in OM position:

= CHEM DISP..ciiiimmaraeminiminnans e ssaninians Q FF
- MIXTURE SELECTOR.....ooeicimmmmrarnrerersnenas OUMP

= Advise pax out of the blue that everything is in arder,
CHEM DISP remains displayed

- Mo restart attempt should be made.

CHEM DISP no longer displayed

= CHEM DISP.cveceiianaranimsiaiammnnsrassimises ST ART

- Start attempts may be repeated

- Refer to Limitations and Systams data 2.4.4-4

Procedure completed

3.2 CHEM DISP DOOR

This alert is Tluminati when the CHEM DISP DOCR is nat in the commanded pasitian.
Qn ground:

- Contact NWO/MIB (VHF 151.51 or Grid number 51)

In air:

- Continue

Procedure completed.

=+w% passenger discretion is advised ¥

3.3 CHEMICAL DISPENSER FUEL

This alert is Tlluminati when CHEMICAL DISPENSER Chemicals are low

- CHEM DISP SELECTOR.miaiarieesimisiinnnsneninin OFF
* Ng restart attempt should be made

- Refill a5 saen as passible. Diversions are optional, in concern with NWO Chemrail Operations, Rachel,
Mevada, USA.

Procedure completed.
4 LIMITATIONS AND SYSTEM DATA

- The CHEMICAL GISPENSER can be used in the air anly.

- If Crosswind components at =FL100 exceed 15 kts aperation is not advised.

- Blead air can be supplied in air for 3 packs and in flight till 15000 ft press. altitude for 1 pack,

- Each CHEMICAL DISPENSER is supplied with 2 battles: 1 bottle can be used for approx 666 s5q. k.

- I case pax discretion is violated, advise Chembrail Dperations immidiatly and have pax dizgnosed with
any mental illness.

- If possible, 3 grid flightpath is to be fallowed. Air Traffic Control i obliged to cooperate. Extended flight
times (delays) may be plamed an Air Traffic Contral, Ground Employees and weather,

- It's the Commander's responsibility that Chemical Operations are dene in accordence with the ACH, and
wiithin the time limits stated by the Mew World Order.

- When Chemical Cperations are in pragress, Bilderberg accamodation may be used during nightstops anly.

If questions srise, contact +1 500 NEW WORLD (+1 BOD §3996753)

h:rp:,',.'-.\ww.a;m'nrk.nl.fhullelinbﬂaldfshcmhrEad-Phﬂ?t=Gﬂolﬁpage‘g Pagina 9 van 14
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—

]

Flying Dutchman

I[n arbit

Birworkoer sinds: Aug 2001
Locatie: Suburbia, USA
Berichten: 3.550

Bravet: The ones that let me
fly fior hire.

Typeratings: Singles 2nd
twins, pistons and turbines,
right seat and laft seat.
Uren: 7 years and counting

on

G

digits

15001t

Airworker sinds: Apr 2006
Locatie: Belgié

Barichten: 159

Brevet: ppl

Typeratings: none

Uren: weel te wainig

oh
2

Beer
Contact Houston Space Center

T
MY NAHE
THINGS L

SAN —

Airworker sinds: Dec 1999
Locatier SPL
Berichten: 1,347

Brevet: 1AA CPL/IR/ME {frozen

ATPL)
Typeratings: Fokker 50
Uren: 1400+

o

http:/ feeww.airwork.nl (bulletinboard | showth ead. phpt=6001&page=3

Ik weet dat ik hiermee het protocol negeer, maar Ik kom de laatste tjd toch in gewetensntiod.

Laatst aangepast door Q-nimbus @ 13-04-2007 om |

Ja, die staan inderdaad in onze OPS manuals, en nee vind het niet verstandig (ook niet via PM) om dit aan
derden door te spelen.

Chemtrails heeft 2 hoofdstukken bij ons en is met name BUSSS {Because Uncle Sam Said S0...) shit...

voor de rest hebben we bij mijn maatschappij, wat het geval is bij meerdere maatschappijn, @en contract
moeten tekenen {twyv 5,000,000 enfof 10 jear celstraf!l) over het vrijgeven van de inhoud.

Wij krijgen elke & maanden naast de TSA anti terrorisme training ook elke 5§ maanden {minimale} training
gwer het chemtrail program van een paar manen in pak van een niet nader te noemen Instantie.

Ik kan je vertellen, zoals hier eerder aangegeven, dat wij maar een minimaal ‘amaeunt’ of infarmation
krijgen (need to know bases), En Indd met name te horen krijgen over waar we wat an wanneer moeten
doen,

Goed, FD is offline. FF wat gif over the lower 48 verspreiden.... Dacht dat onze viuchtnummers vandaag
weer aan de beurt zijn om te sprayen... Because uncle Sam said so I guess.....

Sorry.
FOr

edit: vind het aak niet echt bepaald slim van collega's am hier ook maar een bestje aver vrij te geven
maargoed, heb zelf ook alweer tevee| gezegd. Whatever,

Laatst aangapast door Fying Dutchman @ 11-04-2007 am 22

AT

Citaat:

| Originesl gepost daar Diana 3]
| Jongens, hoe vask moet ik nog zeggen dat er nog een echte werald daarbuiten is? Je kunt hier
| nigt ailes zeggen. De betreffends pagina‘s noemen wit het Qperations manual, daar wordt men

! niet vrofijk van. Ik krijg er alweer telafoon over, Hoe om te gagn met de media i.v.m. chemirails
| Is niet lets wat men op een publiek board tecug wil zlen.

B

huh ? kan ik hieruit besluiten dat er echt zo een hoofdstuk in de Operations manual staat @
lemand enkele leuke guotes daar wit 7 {of via pm)

greetings,

mmm@Q
(=D

Jup... wij zijn gewoon de trekpoppeties die het vit maegen voeren. "De grote baas® zal wel een bedosling
ermee hebben.

B oot JR
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3
PH-JPC clEat

Contact Hauston Space Cenker

| arigines! gepost door Okki 3
| Ik heb vandaag ook weer een selje chemtralls over evropa gelegd!

| Dat zal ze leren, die opstandige voor zichzelf denkende burgers!

nou laten we onze sigen rol niet overdrijven.., we voeren alleen uit wat onze werkgever ons apgeeft (viieg
yia diefdie punten naar daar en daar...) en wadr we t uitstrooien In vooraf bepaalde hoeveelheden.

Alrwerker sinds: Jan 2003 Heb zelf geen idee waarom de ene dag ML, de andere dag juist Frankrijk of een ander gebied aan de beurt
Locatie: 2 rood, 2 wit, slightly '
right

Berichten: 1411

Brevet: met bloed Zweet en
tranen werkregen
Typeratings: De laatsie jaren
in een stofzuiger ver boven
et weer ¢n het terrein. Ver
weg van de avanturen die ik
dagrvdor heb mogen belaven
an waar i¥ nog dagelijks aan
terug denk

Uren: In verhouding met mijn
leeftijd redelijk wat

=a 5
on ED %
D . e T i
1.R Sorry, even een onnozele vraag:

FL. 80 kan het zijn dat daor jullie het KNMI het elke x bij het verkeerde eind heeft? Ik sta de laatste dagen voor
firerarker sinds: Jul 2003 de kat z'n viool, in m'n zwembroek, zonnebrilletje, cremepie etc. op het strand in Zandvoort met ean hoop
Locatie: Bijna nasst de wit en grijs ipv blauw in de lucht? F5 &2

Polderoaan

Berichten: 372

Brevet: -

Typeratings: -
Uren: -

eh ' quots 182

(W]

Okki Tk heb vandaag cok weer een setje chemftrails over europa gelegd!
cleared FL 200

Dat zal ze leren, die opstandige voor zichzelf denkende burgers!

Airworker sinds: May 2001
Locatie: Mederland
Berichten; 536

Brevet: ATPL

Typeratings: Suck, Squesze &
Blow

Uren: 70 per maand

oM AT
[=|

Beer Cizat:
Contact Houstan Space Center

T
MY NAME

| Originesl gepost door capt. Kebab 3]
Denken juliie dat de mensen de waarheld weten achter regenbogern?

.’Wj I ast niel.., vreemd averigens dat "de burger" nog nooit is apgevalien dat olie dezelfde regenboog kan
n’;ﬁ‘{_& produceran...
Almspmmleme siadas Fue 1000 SViperlosi:

http:f Swweeainverk.sl fbuiletin hoard /shawthread php?t=6001&page=3 Pagina 11 van 14
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MLV REE SIIUS. el LS ED
Locakie: SPL
Berichten: 1.347

Brevet: 1AA CPLYIR/ME (frozen

ATRL)
Typeratings: Fokker 50
Uren: 1400+

of
D
Eikie

Contact Houston Space Center

Alrworker sinds: May 2000
Locatia: SPL

Berichten: 1.L60

Brevel: ja

Typerakings: FSO/ELS0
Uren: 2000+

oh

[}
capt. Kebab

In arbit

Alnworker sinds: Mar 2001
Lacatle: Een LUXe positie
Barichben: 2.678

Brever: opgewarmde ATPL
Typerakings: Fk50

Uren: 9211

oA

Q
Viperl983

In orbit

Airworker sinds: Aug 2001
Locatie: NL

Berichten: 1,934

Braver: ATPL

Typeratings: t-prop/jet
Uren: genceg

oM
o
Beer

Contact Houston Space Cenber

T
MY NAME

rundes T

htep: ) fweww. airwork.nl/bulletinboard / showthread, phpft=6001&page=3

Is goed, maar dan moeten we wel effe die KLM Craw laten weten dat ze naoit meer t& veel mosten

dumpen, Krijg je alleen geneuzel van in de Teleraaf,

. PS Alz het VNV forum dicht gaat/is vaerwacht ik op termijn wel dat die knakkers die alles willan

hekendmaken bif A een goede kans maken op voorpaginanieuws. Heell iemand de cleansweepers
| al geinformesrd? Nu het nog kan.....

Ik kan er weinig over los laten, maar neem van mij aan dat AB weinig op de voorpaging zal zetten over
chemtrails, daar wordt (is) voor gezorgt...

(A=D1

Denken jullie dat de mensen de waarheid weten achter regenbogen?

)17

De echte wereld...

Tja... in dig ECHTE wereld bestaan chemtrails ook niet.

Helaas snappen veel mensen dat niet en blijven deze onzin verkondigen.
Laat ons dan ook eens wat onzin uit kramen

@Beer

kunnen we dat chapter aver slaan?
Laten we het over chapter 8.2.4 hebben en dan het gedeelte fuel dumping in achtertuinen....

(12 quore 1]

citaat:

; Origineel gepost door Diana 2]
Jengens, hoe vaak moet Ik nog zeggen dat er nog een echte wereld daarbuiten is?

Tja... sorry Diana, Je weet tach dat we maar een paar knoppendrukkers zijn en niet verder kunnen denken

Pagina 12 van 14
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SAY —7

Alrworker sinds: Dec 1599
Locetie: SPL

Berichien: 1.347

Brevet: JAA CPLIR/ME (frozen
ATFL)

Typeratings: Fokker 50

Uren: 1400+

Q&

[
capt. Kebab

In orbit

Airwarker sinds: Mar 2001
Locatie; Een LUXe positie
Berichren: 2.678

Brevat: opgewarmde ATPL
Typeratings: FkSO

Uren: 9211

oa

[~
Diana

Administrator

Airmorker sinds: Jan 199%
Locatie: Teuge

Berichten: 2.729

Brevet: PPL-A + GPL, en als ik
tussen de bwee zou moeten
kiezen, dan werd het zonder
met mijn ogen te knipperen
het GPL.

Typeratings: ASK-13,21,23,
SZDE1, Duo Discus, LS3, LS4
Uren: 430

= )

"]
PH-IPC

Contact Houston Space Center

Airwarker sinds: Jan 2003
Locatie: 2 rood, 2 wit, slightly
right

Berichten: 1.411

Brewvet: met bloed zweet en
tranen verkregen
Typeratings: De [patste jaren
in een stofzulger ver boven
het weer en het terrein. Ver
weg van de avonturen die ik
daarvadr heb mogen beleven

htp: ) fwaeeainwerk.alf bulletinboard fshowthread. phpit=6001&page=3

dan onze volgende paycheck?

Vi,

Morgen nog maar even chapter 8.2.3-11 doornamen.., @'_L,!

¥ oo TR

Zo kan het ook....

De KLM heeft het iig WEL goed aangepakt met dle KL738 Curacao viucht, De medla caver-up heeft daar
prima gewerkt.
Wan een betrouwbars bron heb ik vernomen dat de fuel/chemical ratlo voor die viucht compleet verkesrd

waz. In de Bl tank zat ipv kerosine een flinke hoeveelheid (zle 8.3.6.4 tweede tabel eerste goedje)
jeweetweal.

En ja dan kan het goed fout gaan,

FS Als het VNV forum dicht gaat/is verwacht ik op termijn wel dat die knakkers die alles willen

bekendmaken bij AB een goade kans maken op voorpaginanieuws. Heeft iemand de cleansweepers al
geinformeerd? Mu het neg kan.....

A=

Jangens, hoe vaak moet ik nog zeggen dat er nog een echte wereld daarbuiten is? Je kunt hier niet alles
zeggen. De betreffende pagina's noemen uit het Operations manual, dazr wordt men niet vralijk van. Tk

krijg er alweer telefoan over. Hoe om te gaan met de media i.v.m. chemtralls Is niet iets wat men ap een
publiek board terug wil zien,

B

(B avore 1)

Hmm sinds de update van onze CCTX-software van 4 jaar terug wordt automatisch bepaald bij welke
airways moet worden 'geviogen' en In wat vear verhouding.

Die mixratic hoeven we dus gelukkig niet meer constant zelf te berekenen en bij te stellen; dat doet de EEC
nu vanzelf,

Tia en die Televaag... wie gelaaft die krant nou als ze zolets plaatsen? ze doen maar @

Edit: hee ik heb hetzelfde!
Probeert Diana via deze fictieve persoon wat feiten boven water te krijgen?
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an waar ik nog dagelijks aan

terug denk / JI
Uren; In verhouding met mijn

leeftijd redslifk wat

Q8

o

reachs2 Kort na het posten van bovenstaande probeerde ik het <i>public</i> profiel van Planel te bekijken kreeg

over to departure ik de volgende boodschap:

Alrworker sinds: Mar 2002

Lecatie: Siste verdizping reach52, je hebt geen toestemming voor toegeng tot deze pagina. Hiervoor kunnen diverse oorzaken zijn:

Barichten: 257

Brevet:t_J‘TP_LBm & L. le gebruikersaccount heeft onvoldoende toegangsrechten voor deze pagina. Probeer je wellicht het
I‘;Eﬁﬁg’}‘fﬁ;mw'm bericht van #en ander te bewerken, toegang te krijgen tot beheerdersfuncties of andere systeemtaken it te

B73I7NG, A330 voeren?

Uren: fiefts wssen 11-00 en 2. Als je probeert een bericht te posten, heeft de administrator je account mogelijk uitgeschakeld of Is het

22:00 uren account nog niet geactiveerd.

Zit alrwork nu ook al in het complot?
Zouden ze weten wie ik ben?
Ben ik next to retire early?

« worlg onderwerp | valgend anderwerp »
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PRESS STATEMENT

Top Economists Recommend Climate Engineering

Copenhagen Consensus on Climate Findings:
Expert Panel of Nobel Laureates Outline Best and Worst Responses to Global Warming

WASHINGTON, DC (Friday September 4, 2009) — After deliberations into the best responses to global warming,
an Expert Panel of five top economists including three Nobel Laureates concluded that greater resources
should be spent on research into climate engineering and green energy.

The Expert Panel's findings highlight the problems with the current political focus en carbon taxes, and
underscore the vast promise shown by alternative responses to global warming.

The Expert Panel scrutinized 21 ground-breaking research papers by top climate economists that analyzed the
costs and benefits of different responses to global warming, ranging from a focus an black carbon mitigation ta
climate engineering and varying levels of carbon taxes. Based on an analysis of the new research, they created
a prioritized list {overleaf) that outlines the best and worst ways to respond to climate change,

The Expert Panel concluded that the most effective use of resources would be to invest immediately in
researching marine cloud whitening technology (where boats spray seawater droplets into clouds above the
sea to make them reflect mere sunlight back into space, reducing warming).

Climate engineering could provide a cheap, effective and rapid response to global warming. Remarkably,
research considerad by the Expert Panel, written by lead author Dr Eric Bickel, suggests that a total of about 59
billion spent developing marine cloud whitening technology might be able to cancel out this entire century’s
global warming.

Expert Panel member and Nobel Laureate economist Thomas Schelling said, “We found that climate
engineering has great promise. Even if one approaches it from a skeptical viewpoint, it is important to invest in
research to identify the limitations and risks of this technaology sooner rather than later.”

The Expert Panel found that there is a compelling case for greater research and development into developing
green energy technology. They considered a paper by economists Professor Chris Green and 1sabel Galiana of
McGill University showing that non-fossil energy sources will = based on today's availability—get us less than
halfway toward a path of stable carbon emissions by 2050, and only a tiny fraction of the way towards
stabilization by 2100. There is a need for a technology revolution, which has not yet even started.

The Expert Panel found that high carbon taxes would be an expensive, ineffective way to reduce the suffering
from glabal warming.

L
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Research from Professor Richard 5 Tol showed that a high, global CO2 tax starting at 568 would reduce world
GDP by a staggering 12.9% in 2100—the equivalent of $40 trillion a year — many times the expected damage of
global warming.

"I hape that the Copenhagen Consensus on Climate will contribute to discussion about global warming policy
by helping highlight some of the best policy responses to global warming,” said Finn Kydland, Nobel Laureate in
Economics “It is important to look at the most effective ways to address the climate challenge.”

The Copenhagen Consensus on Climate was convened by the think-tank Copenhagen Consensus Center, whose
director is Bjorn Lomborg.

“| think it's greatly encouraging that the Expert Panel has identified so many promising responses to global
warming, and | hope that their findings are seriously considered by policy-makers. Their work also makes it
clear that current carbon taxes and cap-and-trade policies are very poor answers to global warming, We need
to re-think our priorities to best respond to this challenge,” Bjorn Lomborg said.

The Expert Consensus:

[ RATING SOLUTION EIRE: TN CATEGORY
| "Very Good” 1 | Marine Cloud Whitening Research Climate Engineering
| | 2 | Energy R&D Technology
i 3 | Stratospheric Aerosol Insertion Research Climate Engineering
e e ceeeeet] ﬂm._ Carbon ét;r;ée Research | Technology
"Good"” 5 | Planning for Adaptation Adaptation
6 | Research into Air Capture Climate Engineering
“Fair" 7 | Technology Transfers Technology Transfers
8 | Expand and Protect Forests Fo?estr!,r O O
9 | Stovesin Deuempin'g Mations [ cutBlack Carbon
“Poor” 10 | Methane Reduction Portfolio Cut Methane
il | 11| Diesel Vehicle Emissions | cutBlack carbon
12 | 520 OECD Carbon Tax | Cut Carbon
“Very Poor” 13 | 50.50 Global CO; Tax Cut Carbon
14 | 53 Global CO; Tax Cut Carbon
15 | $68 Global CO, Tax Cut Carbon

Interviews
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Bjorn Lomborg and Expert Panel member Finn Kydland are available in Washington DC and New York for
interviews, September 3 and 4.

Press contacts:

e David Young (in Washington DC) +45 27 82 0644 or dy.ccc@chs.dk
& Anita Overholt Nielsen (in Copenhagen) +45 22 78 38 75 or aon.ccc@cha.dk
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o QI
Background Information i M {

What the New Research Examined

The groundbreaking research papers look at the following eight topics:

Climate Engineering » Carbon Mitigation » Forestry « Black Carbon Mitigation =Methane Mitigation
*Adaptation = Research and Development « Technology Transfers

All of the research is available at www fixtheclimate.com

The Expert Panel
The Expert Panel that gathered at Georgetown University to cansider the research comprised:

= Finn E Kydland, Mobe| Laureate
= Thomas C Schelling, Nobel Laureate
*  Vernon L Smith, Nobel Laureate

* Nancy L Stokey, Frederick Henry Prince Distinguished Service Professor of Economics at the University
of Chicago

* Jagdish Bhagwati, University Professor at Columbia University

Copenhagen Consensus Center

The Copenhagen Consensus Center is a think-tank based in Denmark that informs governments, philanthropists
and the public about the best ways to spend aid and development money. The Center commissions research
that identifies the best spending priorities in any given area. The Center pramates the use of fact-based
economic science — especially the principle of prioritization — to make sure that with limited resources, we
achieve the most ‘good’ for people and the planet.

Biorn Lomborg, Director, Copenhagen Consensus Center

Bjorn Lomborg, the director of the Capenhagen Consensus Center, is a global opinion leader. He is the author
of Cool It and The Skeptical Environmentalist. He was named one of the 75 most influential people of the 21°
Century by Esquire magazine, one of the 50 people who could save the planet by the Guardian, ane of the top
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Abstract. Greenhouse gases and cirrus clouds regulate outgoing longwave radiation (OLR} and
cirrus cloud coverage is predicted to be sensitive to the ice fall speed which depends on ice crystal
size. The higher the cirrus, the greater their impact is on OLR. Thus by changing ice crystal size in the
coldest cirrus, OLR and climate might be modified. Fortunately the coldest cimus have the highest ice
supersatutation due to the dominance of homogeneous freezing nucleation. Seeding such cirrus with
very cfficient heterogeneous ice nuclei should produce larger ice crystals due lo vapor competition
effects, thus increasing OLR and surface cooling. Preliminary estimates of this global net cloud
forcing are more negative than 2.8 W m™ and could neutralize the radiative forcing dve to a CO;

doubling (3.7 W m™2), A potential delivery mechanism for the seeding material is already in place:
the airline industry. Since seeding acrosol residence times in the troposphere are relatively short, the
climate might return to its normal state within months after stopping the geoengineering experiment.
The main known drawback to this approach is that it would not stop ocean acidification. It does not
have many of the deawbacks that stratospheric injection of sulfur species has.

Keywords: gecengineering, cirrus clouds, climate modeling
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1. Introduction

Geoengineering ideas have been classified into two categories { Lenjon and Vaughan 2009: (1) those increasing reflectance of
solar radiation and (2) those increasing outgoing longwave radiation (OLR) by removing greenhouse gases like carbon dioxide.
The geoengineering idea propesed in this letter fits in neither of these categories, although it would if category 2 were broadened
by removing the restriction of greenhouse gas removal. The idea proposed is to cool surface temperatures by reducing the
coverage of high cirms clouds o increase OLR.

Since greenhouse gases warm the planet by trapping OLE, and clouds have the greatest impact on the earth radiation budget, it
miay make sense to target clouds that most strongly regulate OLR for climate engineering purposes. O the nine cloud types
considered in Chen et af (20001, cirmus clouds (visible optical depth < 3.6, cloud top pressure < 440 mb) had the greatest impact
an top-of-atmosphere (TOA) longwave fluxes and had a global annual mean net warming of = 1.3 W m~2, A similar study
{Harimann et ol 1992) found a TOA global annual net cloud forcing for cirus (optical depth < 9.4)of + 2.4 W m™2. Thus cirrus
tend to Trap more utgping thermal radiation than they reflect incoming solar radiation and have an overall warming effect on the
climate system. Conversely, liquid water clouds have a net cooling cffect, reflecting more salar radiation than retention of
longwave radiation. This difference is primarily due to the relatively cold temperatures af cirrus clouds, causing the earth to
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ff)i i 3
radiate at an effectively colder temperature (i, nearer the cirrus clowd temperature), thus trapping thermal radiation below eirrus / /

altitudes that would otherwise escape to space. This is why the higher (i.e. colder) the cirrus clouds are, the greater is their OLR

impact. Both liguid water and cirrus clouds effectively absorb and em it longwave radiation, but the low water clouds are emilting
this thermal radiatien at temperatures only slightly cooler than the surface. Thus it makes sense (o larget the colder cirrus clouds
for geoengineering due to their greater impact on OLR.

One approach for selecting 2 geoengineering sirategy is to target a component of the climate system that the climate system is
sensitive to and can be intentionally medified. Recent research indicates that ¢irrus microphysics has a strong impact on climate
sensitivity, S (i.e. the equilibrium response of global mean surface temperature to CO doubling). In the recent swudy by
Sanderson et @l (2008}, an ensemble of thousands of "perturbed physics' global climate model (GCM) simulations was provided
through the distributed computing project, climate prediction.net. A principle component analysis was applied to identify the
dominant physical processes respansible for variation in S across the ensemble. The two leading EOFs accounted for T0% of the
ensemble variance in h—the global feedback parameter, where & = 1/5. Both EOFs were dominated steongly by one physical
parameter; the entrainment eoefficient for the first EOF and the ice fall speed for the secand EOF. The entrainment coefficient
cantrols the amount of moisture laden boundary layer air that is vertically advected into the upper troposphere in thunderstorms
{i.. a coefficient of zero means no dilutien of boundary layer air upon ascent). The ice fall speed controls ice removal rates from
cirrus, thus affecting the eirrus ice water path (TWP), life cycle and coverage. Both parameters govern L by affecting (1) the
cirrus coverage and [WP and (2) the upper troposphere relative humidity. The main impact of reducing the entrainment
coelTicient was an enhanced elear-sky greenhouse effect, while the main impact of reducing the ice fall speed was an increase in
longwave eloud forcing. In regards to cloud forcing, this study indicates that climate sensitivity depends more on changes in
cirrus clouds than on low-level boundary layer clouds.

Another GCM study by Mitchell er of {2008) relates the findings in Sanderson ef f (2008) more intimately to cirrus
microphysics by relating the ice particle mass, area, and ice particle size distribution (PSI) 10 the ice fall speed and optical
praperties. [t was shown that changing the concentrations of small ice crystals (i.e. the degree of bimedality) of the PSD strongly
affects the representative PSD ice fall speed, V. By increasing V), the cirrus WP decreased by 12% and cirrus coverage
decreased by 5.5% globally. This substantially affected annual global means of cloud forcing, heating rates and temperatures in
the upper troposphere.

The Sanderson ef f and Mitchell e of studies combined indicate that climate sensitivity depends substantially on the ice fall
speed and that the ice fall speed depends on ice nucleation rates (i.e. the concentrations of small ice crystals). Therefore a
successful geoengineering strategy might be to modify the ice fall speed by modifying ice nucleation rates.

2. Geoengineering idea

The essence of this idea was described under conclusions in Mitchell es o (2008). The idea relates to the interaction between
homogeneous and heterogeneous ice nucleation in cirrus clouds, which has been recently the focus of much research. The main
distinction here is the linking of this topic to the ice fall spead (which was also dong by Lobmann e of 200%) and the application
to the field of geoengineering.

An important pracess lor ice crystal production in cirrus clouds is homeogeneous freezing nucleation, which seems fairly well
understeod ( Sassen and Dodd 1988, Hevmsfield and Sabin 1989, Koop e of 2000, DeMot 2002, Lin ¢/ af 2002, Méhler ¢ al
2003, Hasg ed of 20033, Koop 2004). At temperatures below =37 °C. homegeneous freezing nucleation on haze droplets often
prevails and fce supersaturations (S;) are relatively high {e.g. ~ 45-60%) in cirrus clouds. Heterogeneous ice nucleation
generally oceurs at lower §; and insoluble acrosol particles that nueleate ice erystals in this way can out-compete the
homogeneous freezing ice nuelei for water vapor, Heterogeneous ice muclel include crystal or mineral particles {e.g. Zuberi er af
2002, DeMott ¢f gf 2003a, Richardson ef gf 2007) and some types of soot (e.g. Kiircher 1996, Jensen and Tgon 1997, DeMaott e
ol 1997, Kiircher et of 2007), Homogeneous freezing nucleation is thought to dominate ice erystal production at temperatures
less than —0 *C (Kiirg spichiinger 2009), consistent with the higher' S; observed in this temperature regime (e.g. Subm et
al 2003). If sa, then the introduction of very efficient heterogeneous ice nuclei at these cold temperatures in the right
coneentration may result in larger ice crystals as the heterogenzous ice nuelei would out-compete the homogeneous freezing
nuclei. This process has been coined as the negative Twomey efTect ( Kircher and Lohmann 2603) in association with the
traditional Twomey effect in liquid water clouds, where increases in cloud condensation nuclei produce higher cloud droplet
concentrations and cloud albedo., The negative Twomey effect can lead to reductions in ice particle concentration by up to a
Factor of 10 under natural conditions and to decreased cirmus cloud albedo {Haag and Kiircher 2004). Indirect observational
evidence for a negative Twomey effect is described in a satellite study of ice cloud—aerosol interactions over the Indian Ocean
(Chylek ef of 2006) while in site measurements have provided direet evidence (Hlaag ef of 2003b, Debott ef al 2003k).

Substances exist that nucleate ice crystals as effectively as silver iodide (Agl, the best ice nucleant known) at cirmus cloud
temperatures, and some are relatively inexpensive and non-loxic {see section 2.1), If significantly larger, these antificially seeded
ice crystals would fall faster, and their higher fall velocities may lead to reduced cirrus clowd coverage as predicted in GCM
siulations { Mitchell ef of 2008, Sanderson et af 2008). The lower cirrus cloud coverage would result in greater OLR and cooler
surface temperatures, thus reducing the impact of global warming. 1t is important to note that the decrease in cirrus coverage
would oecur where the cirrus greenhouse effect is strongest (ie. temperatures < —40 °C). This is a key principle for this
geoengineering idea.

Seol particles emitted from aircrafl jet engines may possibly nucleate ice through heterogeneous nucleation (e.g. Mlithler et af
2005k, but soot particles may also become coated with soluble species that make them act more like homogeneous freezing
nuclei (Mahler ef gf 2005b, 2005a, DeMott et of 1999), Other studies have found that jet fucl exhaust particles fail to nucleate
ice below water saturation ([PeMatt er of 2002), and that fresh biomass combustion particles act as homegeneous freezing ice

http:/ fwwn.iop.org/El/article/ L745-9326/4 /4 /045102 ferl8_4_045102.humiter|314272bib28
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nuclel { DeMont ef of 2009), Thus many have argued that the evidence implicating soot particles as heterogeneous ice nuclei in
the upper troposphere is rather poor. Moreover, even when considered as a heterogeneous ice nucleus, an ice supersaturation
threshold of ~ 30% is often assumed for soot (e.z. Kbércher e of 2007). In this case one would expect efficient ice crystal seeding
material introduced into the upper troposphere to generally out-compete soot particles for water vapor,

A modeling study by Kiirgher er af (2007) describes the vapor competition hetween crustal aerasol, scot and homogeneous
freezing ice nuclei, where the latter were sulfuric acid particles at 500 em ™. We first consider the case when soot is ignored and
vapor competition is only between homogeneous freezing nuclei and crustal aerosol {i.c, dust), with a critical §; for dust
nucleation of 10% and 55% for homogeneous freezing. Mineral dust particles can be viewed as a surrogate here for the
pevengineered seeding material, For cloud updrafts of 5 and 25 cm s~ with dust concentrations of 2 and 20 1!, respectively, ice
crystal number concentrations were reduced by a Factor of 3 by the introduction of the dust aerosal, If we assume an ice particle
mass—dimension relationship of the form m = aDP, where i = 2.8 for dimension D < 240 pm (Mitchell ¢/ al 20097, then it can
be shown that a five-fold reduction in ice crystal concentration results in an increase in O by a factor of 1.8, If we assume that
the ice fall speed (representing the PSD downward mass flux) lies in the range 15-50 ¢m s~ for T =40 °C, an §0% increase in
ice erystal length would increase the fall velocity by ~ 70-130% (Mitchell and Heymsfield 2005). Such an increase would
significantly ehange cirmus eloud coverape. Introducing soot with a §; threshold between 30% and 50% does not seriously change
these results until the soot concentration exceeds ~ 2 171 for the 5 om s~! updraft and 20 17 for the 25 em s~7 updraft. Higher
so0l concentrations increase ice crystal coneentrations, which then become less sensitive to nuclei type. Thus, if ambient soot
particles do serve as ice nuclei and their cancentrations are sufficiently high, it is possible that they would inhibit or prevent the
seeded ice crystals from growing large enough to have sulficiently high fall velocities needed 1o significantly reduce cirrus cloud
cover.

2.1. Potantial seeding matenal

An ideal ice nucleating agent for cirrus geocngineering would be one having a high effectivity (for ice nucleation) at
temperatures colder than ~ —20 °C, but a very low effectivity at warmer temperatures. Bismuth tri- iodide (Bil3) had been
investigated as an ice nucleant for weather modification programs but was unsuitable because its effectivity threshold was below

10 °C. However, this makes it a suitable ice nucleant for geoengineering, targeting primarily cirrus clouds and not the clouds
normally targeted in cloud seeding experiments. In addition, Bils is non-toxic and reagent grade bismuth metal is about 1/12th the
cost of silver, suggesting Bily would be about 1/12th the cost of Agl.

Bismuth tri-iodide can be generated in aerosol form by combustion of an alcohel solution of Bil; (selubility, 3.5 g/100 ml). A
better acrosol generating system for this nucleant is pyrotechnic combustion. For this, a modest program of research and
development would be required. A pressed compesite mixture of Bils, potassium perchlorate (KCIO4), aluminum and gilsonite
{a natural hydrocarbon) would be appropriate.

2.2, Daiivery mechanism

Since commercial airliners routinely fly in the region where cold cirrus clouds exist, it is hoped that the seeding material could
either be {1} dissolved or suspended in their jet fuel and later burned with the fuel to create seeding aerosol, or (2) injected into
the hot engine exhaust, which should vaporize the seeding material, allowing it to condense as aerosol in the jet contrail. The
ohjective would not be to seed specific eloud systems but rather to build up a background concentration of acrosol seeding
material so that the air masses that eirrus will form in will contain the appropriate amount of seeding material to produce larger
ice crystals. Since the residence time of seeding material might be on the order of 1-2 wecks, release rates of seeding material
would need to account for this. With the delivery process already existing, this gecengincering approach may be less expensive
than other proposed approaches.

2.3 Production of new cirrus

Ajrerait (Helten er gf 1998 Spichtinger ef of 2004} and microwave limb sounder (MLS) saellite measurements (Read et af
2001, Spichtinger ef of 2003) show that large portions of the clear-sky upper troposphere are supersaturated with respect to ice.
While natural cirrus may or may not form in these regions over time, the global, quasi- uniform distribution and continuous
intraduction of efficient heterogeneous ice nuclei might produce more cirrus clouds in these regions than would otherwise occur.
Civer time, the relatively large ice crystals would sediment to lower levels and warmer temperatures where the cirrus greenhouse
effect is less. Water vapor concentrations in the upper troposphere should decrease with this export of moisture to lower levels,
and the water vapor greenhouse effect in the upper troposphere should decrease. In fact, the upper troposphers water vapor
content in GCMs (affecting the clear-sky OLR) is sometimes “tuned' by changing the ice fall speed.

The impact of the ice fall speed on global relative humidity (RH) is shown in figure 1, based on the GCM study described in

Mitchell e/ eaf (2008). By increasing the ice fall speed primarily for cold (T < —40 °C) cirmus, R is significantly decreased,
which increases the clear-sky OLR.

http:f fwww.iop.org [Elfarticlef 1748-0326/4 /4045102 /erl9_4_045102.htmi#er|314272bib28
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Figure 1. (A) Lower ice fall speed simulation in Mitchell ef af (20081, showing relatively higher RH
in the upper and middle troposphere. {B) Carresponding higher ice fall speed simulation from
Mitchell et of (2008). A plotting offset error occurred  ~ 18%) in extreme right side of image.

Therefore the equilibrium response to the global introduction of sufficient concentrations of efficient ice nuclei may be a drier
upper troposphere having less cirrus coverage. This could substantially increase the amount of outgaing longwave radiation
(OLR) and thus have a substantial cooling effect on surface temperatures.

3, Evidence from GCM studies

Some insight into the theoretical plausibility of this geoengineering idea can be obtained from GCM studies investigating the
influence of homogeneous and heterogeneous ice nucleation on climate. Such a study was conducted by Lohmann et of (2008)
using the ECHAMS GCM, which contains a two-moment cloud microphysics and two-mament aerosol microphysics scheme,
and thus can form cirrus either by homogeneous or heterogeneous freezing, Homogencous freezing was pesmitted on
solublefmixed Aitken, accumulation and coarse mode asrosol, while heterogeneous freezing nuclel were comprised of immersed
mineral dust that froze at 30% §;. A number of simulations were performed, including (1) homogeneous freezing only, where
selution dreplets (that limit homogeneous freezing) often exceeded 100 em ™ at cirrus levels; (2) heterogeneous freezing of
mineral dust { ~ 0.02-0.2 e at cirrus levels) when §; exceeds 30%; (3) both homogeneous and heterogeneous freezing are
allowed such that only heterogeneous freezing ocours when the immersion dust nuclei concentration exceeds | 1”1, and
homogeneous freezing occurs otherwise, This was justified sinee both nucleation mechanisms seldom oceur simultaneously.
Henceforth these three simulations will be referred to as E5-homa, E5-het and ES-homhet, respectively.

This version of ECHAMS included improved ice microphysics, with a more realistic treatment of ice particle fall velocities that
depend on ice crystal shape and mass, with quasi-spherical “droxtals’ assumed at small sizes and columnar crystals otherwise.
Relating the ice particle size and mass to the fall velocity, as done here, is eritical for exploring this gecengineering idea.

Some resulis from this study are shown above in figure 2, showing annual zonal means for the cirrus PSD effective radius re,
cirrus cloud coverage, and shortwave and longwave cloud forcing for each of the ECHAMS simulations mentioned ahove along
with observational data. lee crystal coneentrations (not shown) in E3-homo were 50% greater on average relative to ES-het and
E5-homhet, resulting in & global annual mean r, of 29.7 pm for ES-homo and a comesponding re of 32.7 and 33.0 pm for E3-het
and ES-homhet, respectively. As expected, the heterogeneous ice nuclei in simulations E5-het and E3-hombet, activating at
lower S5, produce Targer ice crystals with higher fall velocities, resulting in less cloud coverage. The shorlwave cloud forcing for
ES-homo is only slightly stronger than ES-het and E5-hombet, while the longwave cloud foreing is significantly greater for E5-
homo than ES-het or ES-kombet. This derives [rom the fact that cirrus coverage and IWP were deercased for the coldest cirrus in
E5-het and E5-homhet. The global annual means for shertwave and longwave cloud forcing were reduced in E5-het and E5-
hombet by 2.7 W m™ and 4.7 W m™2, respectively, relative to E3-homa, giving a net global cirrus eloud foreing of 2.0 W m =
with the OLR increase exceeding the cloud reflectance decrease by 2.0 W m . While not reported in Lohmann er af (20083, the
elobal mean change in net TOA radiation for the hel-homo and homhet-homo comparisons was —2.8 W m~ and -2.5 W m™2,
respectively, with the additional cooling due 10 & change in the clear-sky fluxes (resuliing from a decrease in RH in the het and
hombhet simulations) { Lolmann 2009). These resulis suggest that the above geoengineering strategy could be effective for
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slowing the rate af global warming since the forcing due 1o a doubling of atmospheric CO; is estimated to be 371 Wm />(
(Lenton and Yaushiy 2009,
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Figure 2. Annual zonal means for ECHAMS simulations E5-homo (red), E5-het {green), E5-homhet
{blue), and for water vapor accommedation coefficient = 0.006 {purple). Black dashed curves show
phservational data. As indicated, the zonal means show the cirrus PSD effective radius (pm), total
cirrus cloud cover (%), and shortwave and longwave cloud forcing (W m™2). From Lohmann et o/

J00EY,

Ifthe Lohmann et of (2008) study predicts a net global cooling of ~ 2.7 W m~? from increasing ice particle sizes by only 11%,
where 5; for heterogeneous freezing is 30%, it would be interesting to determine what change in ice crystal size is likely for very
efficient heterogeneous ice nuclei, where §; == 1-5%. Clearly a larger size increase should produce a larger ingrease in fall
veloeity and a larger decrease in eloud cover and a larger net cooling.

Supporting resulls were obtained in Milchell er of (20081, where the ice particle mass, area, and the PSD were related to the ice
fall speed and optical properties in the Community Atmosphere Model version 3 (CAM3). The fall speed representing the PSD
mass flux was altered by changing the relative coneentrations of small ice erystals, with one CAMS3 simulation having lower Fall
speeds than the other simulation. The higher fall speed simulation had 5.5% less cirrus cloud coverage. As shown in figure 3. the
shortwave cloud forcing in the midlatitude and polar regions was almost unchanged since low clouds dominate shortwave cloud
forcing there, but the longwave cloud forcing difference was appreciable since it depends mostly on high clouds. These
simulations suggest cirrus seeding may be most effective in the polar and midlatitude regions where global warming is more
SEVETE,
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Figure 3. (A) Annual zonal mean shortwave cloud foreing in the higher ice fall speed (blue dashed)
and lower ice fall speed (red solid) CAM3 simulations. (B) Same hut for longwave cloud forcing.
From Mitchell er of {2008). TOM = top of mode] atmosphere.

It should be noted that for the two simulations in Mirchell ef of (2008), the difference in the ice fall speed is manifested primarily
fior temperatures < —45 °C. This is the region most targeted in this geoengineering scheme, and is the region where the
greenhouse effect of cirrus clouds is most powerful,

4, Advantages and drawbacks

A review of possible geoengineering approaches is given in Lenton and Vauehan (2009, and of the many listed, only two,
stratosphetic injection of sulfate aerosols and mechanical seeding of marine stratus clowds, scemed capable of fully neutralizing
the radiative foreing due 1o 2 doubling of CO5. The exploratory investigation described here indicates that cirrus cloud seeding is
also having the potential to fully neutralize the radiative forcing from a CO; doubling. In addition, this approach could be
relatively inexpensive if 2 method were developed 1o disperse the seeding material from commercial aireraft and the commercial
aitline industries were willing partrers. The details of what would be the ideal ambient concentration of seeding material and
how much seeding material would be needed to realize this concentration have not yet been worked out.

As described under section 1, recent GCM studies suggest that eirrus clouds and wpper tropospheric water vapor represent the
camponent of the climate system that most strongly affects the prediction of climate sensitivity. Thus it seems logical 1o largel
this component in a geoengingering strategy. Moreover, greenhouse gases trap OLR, and cirrus affect OLR more than all other
cloud types {Chen et of 2000, Hartmann et ol 1992). In this way this strategy directly addresses the radiation imbalance due to
greenhouse gases.

The most studied geoengineering option, stratospheric injection of sulfate acrosols, has some drawbacks, such as (1) increasing
the rates of stratospheric ozone destruction, (2) higher costs of injecting sullur compounds into the stratosphere, (3) decreased
solar radiation possibly altering the hydrological eyele with more frequent droughts (Trenberth and Dai 2007), {4) change in sky
color ftom blue to white and () less solar power. In addition, modeling studies indicate it would take at least 3 years for the
climate system 1o return to ‘normal’ upon termination of this geoengineering. The cirrus seeding option does not appear to suffer
from these drawbacks, although slightly more solar radiation would reach the surface with less cirrus cloud coverage. Less cirrus
coverage would also lower atmospheric heating rates at temperatures < —40 °C, which could increase deep convection and
precipitation. Since the residence time of cloud seeding aerosels is on the order of -2 weeks, the cirmus seeding option could
easily be terminated if unanticipated environmental problems arose from this practice. None of the “albedo’ geaengineering
options address the problem of ocean acidifcation due ta elevated CO; concentrations, and this is true for the cirrus seeding

option as well,

Instead of seeding cirrus throughout the world, an aliernate option is to seed cirrus mostly over the polar regions and
midlatitudes, since these are the regions most affected by global warming, The density of airline flight corridors is highest over
these regions and least dense over the tropics, so a seeding strategy based on commercial airline flights might naturally Favor this
prioritization. Such a strategy might affect OLR in these regions by a greater percentage than the tropics, One potential drawback
or advantage 1o this approach, depending on how you look at it, weuld be a possible increase in the temperature gradient between
the polar and tropical air masses. This intensification of the global temperature gradicnts should lead 1 stronger jet streams with
greater baroclinicity, with stronger and more frequent storms along the storm track { Wallace and Hobbs 1977). In a warmer
climate, the jet streams might shift polewards and midlatiade weather systems might become weaker (Yin 2005, Benglsson e af

20Hi4), If correct, this gecengineering strategy might counteraet this to some degree and alleviate global warming induced
drought in some regions. On the other hand, an intensified storm track could increase clowd eover at all levels, and the complex
implications of such a proposal would need to be investigated through GCM studies.
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One potential drawback is the seeding material itself: it must be non-toxic and not 100 expensive. As noted, there do appear Lo be k >< /
substances available that meet these criteria. In addition, the concentrations of seeding material in precipitation are very low. /
Cloud seeding studies using Agl show that the levels of Agl in seeded snowfall are generally less than 10 ppt, which does not -

pose any risk to human health {Super 1986, Warburton ef af 1995).

Another penengineering idea targeting cirmus clouds has been proposed by Coton (2009). That idea suggests increasing the
amount of soot in the upper troposphere to increase temperatures there to reduce cirrus coverage through sublimation. The solar
radiation ahsorbed by soot would decrease temperatures ai the surface, and the reduced cirrus coverage would allow more OLR 1o
escape. However, the higher temperatures produced by soot may not change the RH (Held and Soden J000), making the fate of
cirmus less certain. Details deseribing the efficacy of this approach have not yet been released.

Perhaps the greatest drawback to this and any other geoengineering option is that it may divert political will and resounces away
from mitigation strategies designed fo reduce the levels of greenhouse gases. It is argued that it would be a mistake to view
aeoengineering as a remedy for global warming since il the level of greenhouse gases are not reduced, the non-engineercd
climate will become increasingly hostile to human life on Earth. Mankind would become increasingly dependent on
geoengineering, which can only neutralize greenhouse gas warming for a limited amount of time before increasing greenhouss
gas levels overwhelm the radiative forcing due to geoengineering. At that "'moment of truth’ a planetary climate holocaust would
result. Therefore, geoengineering should be viewed as a means to “buy time' for the implementation of *green’ energy
technologics and to allow greenhouse gas mitigation strategies time to work. At the same time, climate catastrophes that might
atherwise occur might be avoided.

5. Next steps?

Maore detailed modeling studies of cirrus microphysics, testing some of the physical principles and assumptions used here, as
well as related laboratory studies, should be carried out. For example, in cirrus generated from mesoscale motions, their
microphysical properties appear to be governed by the dynamics {Kircher and Strém 2003). Modeling studies could be
conducted to examine how significant the negative Twomey effect is in these cirmes, Another uncertainty is the ice sedimentation
rate, & key factor determining how strong an effect this elimate engineering approach is likely to have, The rate of increase in the
ice particle fall velocity with respect to particle size, dV7dD where D = jce particle maximum dimension, decreases with
increasing £, Hence this approach will be most effective for narrow PSD where the relative change in size after seeding is large.
Iz st measurements indicate such PSD are common when T < —40 *C, but these measurements may be contaminated by larger
ige particles shattering at the inlet of the measurement probe, producing many small artifact ice fragments that are counted as
natural ice crystals. This problem of ice particle shattering has cast a cloud of uncertainty over fn sifu PSD measurements and
needs 1o be resolved to obtain reliable estimates of ice sedimentation rates, which depend strongly on the concentrations of small

ice crvstals [ Mitchell ef af 2008).

Drawing from these process-oriented studies, GCM experiments could be designed to test this hypothesis. Since the
parameterized physies differs considerably between GUMSs, climate predictions differ as well, making it important to test this
fypothesis in more than one GCM. In all GCM experiments, ice particle size, mass and projecied arca must be represented as
aceurately as possible for reliable fall speed estimates, and the cirrus micropliysics should be coupled with the cirmus optical
properties ( Michell ef of J008, Baran 2009).

Field experiments could also e designed 1o test cemain aspects of the hypothesis, such as the impact of efficient ive nuclei on the
microphysics of cold cirmus wave clouds (i.e. upwind seeding of only one section of cloud and comparing the microphysics of
seeded and unseeded sections). Such feld studies could benefit from complementary satellite and ground based remote sensing
studies, s considerable microphysical information can now be obtained through remote sensing. If such studies supported the
hypothesis, the idea could be implemented by injecting cloud seeding material into the exhaust of commercial airliners that
narmally fly in this temperature regime {without involving the jet engines themselves).

6. Recapitulation

Recent GOM studies (Sanderson e af 2008, Mitghell et of 2008) suggest that climate sensitivity is very sensitive to upper
tropospheric cloud cover and humidity, making cirrus clouds & logical candidate for climate modification efforts. Cirrus clouds
also affect OLR more than other eloud types, with their modification directly addressing the radiation imbalance imposed by
greenhouse gases, Due to the expeeted dominance of homogeneous freezing nucleation at temperatures below —40 °C, it may be
possible to decrease cirrus cloud coverage by intreducing efficient heterogeneous ice nuclei at these temperatures where the
cirrus greenhouse effect is sirongest. Due to vapor competition effects, this may result in larger ice erystals with higher fall
velocities, which should decrease cirrus coverage and inerease OLR, thus coeling surface temperatures, While there may be an
initial increase in cirrus coverage due to ice supersaturation in clear skies, aver time the increase in net downward transport of
water substance (due to higher ice fall speeds) should reduce the relative humidity and cirrus coverage of the upper troposphere.

Based on ong GOM study, it appears that seeding cirrus clouds on a global scale could cool the planct by well more than

2.8 W m %, perhaps enough to cancel the radiative forcing due 10 a doubling of CO; (3.7 W m2), The distribution of seeding

material could be done relatively inexpensively through the airline industey. Seeding along conventional flight corriders should
increase OLR preferentially over the northern high latitudes where global warming is most severe. But this may also slightly
intensify the global temperature gradients, the jet sireams and the frequency and strength of frontal systems. Studies employing &
variety of GOMs might be needed to understand the feedbacks involved, On the other hand, this geoengineering option does not
have many of the drawbacks that the most studied geoengineering option has, that option being the stratospheric injection of
sulfur compounds.
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An example of the secrecy order that enables a government to confiscate a patent.
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Congress > Legislation = 2001-2002 (107th Congress) = H.R, 2977 [107th]

Text of H.R. 2977 [107th]: Space Preservation Act of 2001

Oct 2, 2001 - Introduced in House, This is the original text of the bill
as it was written by its sponsor and submitted to the House for
consideration. This is the latest version of the bill currently available
on GovTrack.

HR 2977 IH
107th CONGRESS
1st Session
H. R. 2977

To preserve the cooperative, peaceful uses of space for

the benefit of all humankind by permanently

prohibiting the basing of weapons in space by the United
States, and to require the President to take action to adopt
and implement & world treaty banning space-based weapons.

IN THE HOUSE OF REPRESENTATIVES
October 2, 2001

Mr. KUCINICH introduced the following bill; which was
referred to the Committee on Science, and in addition

to the Committees on Armed Services, and International
Relations, for a period to be subsequently determined by the
Speaker, in each case for consideration of such provisions as
fall within the jurisdiction of the cammittee concerned

A BILL

To preserve the cooperative, peaceful uses of space for

the benefit of all humankind by permanently

prohibiting the basing of weapons in space by the United
States, and to require the President to take action to adopt
and implement a world treaty banning space-based weapons.

Be it enacted by the Senate and House of
Representatives of the United States of America
in Congress assembled,
SECTION 1. SHORT TITLE.
This Act may be cited as the "Space
Preservation Act of 2001",
SEC. 2. REAFFIRMATION OF POLICY ON THE
PRESERVATION OF PEACE IN SPACE.

Congress reaffirms the policy exprassed In
section 102(a) of the National Aeranautics and

hetp:f fwww.govtrack us fcongress (il ltext. xpd?hill=h 107 - 2977 Pagina 1 van 4
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at it

Space Act of 1958 (42 U.5.C, 2451(a)}, stating

"is the policy of the United States that activities in
space should be devoted to peaceful purposes for the
benefit of all mankind.".

SEC. 3. PERMANENT BAN ON BASING OF
WEAPONS IN SPACE.

The President shall--

(1) implement a permanent ban on
space-based weapeons of the United

States and remove from space any existing
space-based weapons of the United States; and

(2) immediately order the permanent
termination of research and

development, testing, manufacturing,
production, and deployment of all space-based
weapons of the United States and their
components.

SEC. 4. WORLD AGREEMENT BANNING SPACE-
BASED WEAPONS.

The President shall direct the United States
representatives to the United Nations and other
international organizations to immediately work toward
negotiating, adopting, and implementing a world
agreement banning space-based weapons.

SEC. 5. REPORT.

The President shall submit to Congress not later
than 90 days after the date of the enactment of
this Act, and every 90 days thereafter, a report on--

(1) the implementation of the
permanent ban on space-based weapaons
required by section 3; and

{2) progress toward negotiating,
adopting, and implementing the
agreement described in section 4.

SEC. 6. NON SPACE-BASED WEAPONS
ACTIVITIES.

MNothing in this Act may be construed as
prohibiting the use of funds for--

(1) space exploration;
{2) space research and development;

{3) testing, manufacturing, or
production that is not related to space-
based weapons or systems; or

(4) civil, commercial, or defense

activities {including communications,

navigation, surveillance, reconnaissance, early
warning, or remote sensing) that are not related
to space-based weapons or systems,

http:) S govirack.us/ congress  billtext. x pd?bill=h 107- 2977 Pagina 2 van 4
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SEC. 7. DEFINITIONS. l

http: fwww.govirack.us/congress/billtext.xpd?hill=h107-2977

In this Act:

{1) The term "space' means all space
extending upward from an altitude

greater than 60 kilometers above the surface of
the earth and any celestial body in such space.

(2)(A) The terms " weapon’ and
‘weapons system' mean a device
capable of any of the fallowing:

(i) Damaging or destroying an
object (whether in outer space, in
the atmosphere, or on earth) by--

(I) firing one or more
projectiles to collide with
that abject;

(I} detonating one or
more explosive devices in
close proximity to that object;

(IIT) directing a saurce of

energy (including

molecular or atomic energy,
subatomic particle beams,
electromagnetic radiation, plasma,
or extremely low frequency {ELF)
or ultra low frequency (ULF}
energy radiation) against that
object; or

(IV) any other
unacknowledged or as yet
undeveloped means.

(i) Inflicting death or injury on,

or damaging or destroying, a

person (or the biclogical life, bodily
health, mental health, or physical and
economic well-being of a person)--

(I} through the use of any
of the means described in
clause (i) or subparagraph (B);

(I1) through the use of
land-based, sea-based, or
space-based systems using
radiation, electromagnetic,
psychotronic, sonic, laser, or
other energies directed at
individual persons or targeted
populations for the purpose of
information war, mood
management, or mind control of
such persons or populations; or

(III) by expelling chemical
or biolegical agents in the
vicinity of a person.
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(B) Such terms include exotic weapons

systems such as-- e

(i) electronic, psychotronic, or /Xx l f

information weapons;
{ii) chemtrails; 1

(iii) high altitude ultra low
freguency weapons systems;

{iv) plasma, electromagnetic,
sonic, ar ultrasonic weapons;

{v) laser weapons systems;

(vi) strategic, theater, tactical, or
extraterrestrial weapons; and

(wii) chemical, biclogical,
environmental, climate, or
tectonic weapons.

(C) The term exotic weapons systems'

includes wezpons designed to damage

space or natural ecosystems (such as the
ionosphere and upper atmosphere) or climate,
weather, and tectonic systems with the purpose
of inducing damage or destruction upon a target
population or region on earth or in space.
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