
0HILIP฀ #HAPMAN฀ INVESTIGATES฀ THE฀ POTENTIAL
ENVIRONMENTAL฀ IMPACTS฀ SHOULD฀ SPACE฀ TOURISM
RECOVER฀FROM฀ITS฀RECENT฀SETBACKS฀AND฀BECOME฀A
THRIVING฀GLOBAL฀INDUSTRY�

)T฀IS฀OVER฀A฀YEAR฀SINCE฀THE฀HIGH฀ALTITUDE฀DISINTEGRATION
OF฀ 6IRGIN฀ 'ALACTIC�S฀ 3PACE3HIP4WO฀ �33�	฀ n฀ WHICH
CAUSED฀ THE฀ TRAGIC฀ DEATH฀ OF฀ PILOT฀ -IKE฀ !LSBURY�฀ 4HE
MISSION฀ HAD฀ BEEN฀ A฀ TEST฀ FLIGHT฀ OF฀ WHAT฀ 6IRGIN฀ STILL
HOPES฀ WILL฀ BECOME฀ REGULARLY฀ SCHEDULED฀ TOURIST฀ TRIPS
INTO฀ SPACE�฀7HILE฀ THE฀ CAUSE฀ OF฀ THE฀ CRASH฀ HAS฀ NOW
BEEN฀ESTABLISHED฀AS฀PILOT฀ERROR�฀MADE฀POSSIBLE฀BY฀THE
FAILURE฀ OF฀ THE฀ CONTRACTOR฀ RESPONSIBLE฀ TO฀ SAFEGUARD
AGAINST฀ ITS฀OCCURRENCE�� IMMEDIATE฀MEDIA฀COVERAGE
OF฀ THE฀ CRASH฀ DID฀ INCLUDE฀ VOICES฀ CALLING฀ FOR฀6IRGIN฀ TO
QUIT฀ THE฀ SPACE฀ BUSINESS฀ BECAUSE฀ OF฀ ALLEGED
INCOMPETENCE�� (OWEVER�฀NONE฀OF฀ THE฀COVERAGE฀HAS
MENTIONED฀ THE฀ IMPACT฀ THAT฀ THE฀ INDUSTRY฀WOULD฀HAVE
ON฀ THE฀ GLOBAL฀ CLIMATE฀ WERE฀ THIS฀ TYPE฀ OF฀ SPACECRAFT
EVER฀ TO฀ MAKE฀ FREQUENT฀ SPACE฀ TOURISM฀ A฀ REALITY�฀4HE
PARTICULAR฀ CONCERN฀ IS฀ DUE฀ TO฀ A฀ NEW฀ DIRTIER฀ TYPE฀ OF
ROCKET฀ ENGINE�฀ THE฀@HYBRID��฀WHICH�฀ IF฀ DEPLOYED฀ ON฀ A
LARGE
SCALE�฀ WOULD฀ SOON฀ START฀ POLLUTING฀ THE
STRATOSPHERE฀AND฀CREATING฀A฀LOW฀DENSITY฀CLOUD฀OF฀SOOT
THAT฀WOULD฀SPAN฀THE฀GLOBE�฀%STABLISHING฀EXACTLY฀HOW
THIS฀ STRATOSPHERIC฀ @BLACK฀ CARBON�฀ WILL฀ AFFECT฀ THE
CLIMATE฀SYSTEM฀WILL฀ REQUIRE฀FURTHER฀ INVESTIGATION�฀BUT
THE฀SOLE฀SCIENTIFIC฀STUDY฀TO฀DO฀SO฀THUS฀FAR฀HAS฀GIVEN
ALARMING฀RESULTS�

3PACE฀TOURISM฀USING฀CONVENTIONAL
ROCKETS
!MERICAN฀ MULTI
MILLIONAIRE฀ $ENNIS฀ 4ITO฀ BECAME฀ THE
FIRST฀ SPACE฀ TOURIST฀WHEN฀HE฀ FLEW฀ TO฀ THE฀ )NTERNATIONAL
3PACE฀ 3TATION฀ �)33	฀ ABOARD฀ A฀ 2USSIAN฀ 3OYUZ
4-
SPACECRAFT฀IN฀�����฀(IS฀FLIGHT฀WAS฀ORGANISED฀THROUGH
A฀ 53฀ COMPANY฀ CALLED฀ 3PACE฀ !DVENTURES�฀ THE฀ ONLY
COMPANY฀TO฀HAVE฀SENT฀TOURISTS฀INTO฀SPACE฀THUS฀FAR฀AND
SENDING฀ ONLY฀ SEVEN฀ IN฀ TOTAL฀ BEFORE฀ THE฀ 2USSIANS
SUSPENDED฀ THE฀ USE฀ OF฀ ITS฀ SPACECRAFT฀ FOR฀ TOURISTS�
3PACE฀!DVENTURES฀ CONTINUES฀ HOWEVER฀ TO฀ PROMISE฀ A
RETURN฀OF฀TOURISTS฀TO฀THE฀)33฀USING฀ANOTHER฀VARIANT฀OF
THE฀3OYUZ฀SPACECRAFT฀AND฀USING฀"OEING�S฀#OMMERCIAL
3PACE฀4RANSPORTATION
���฀CRAFT��

4HIS฀VENTURE฀REPRESENTS฀PART฀OF฀THE฀CONSEQUENCES฀OF
.!3!�S฀BOOST฀TO฀THE฀COMMERCIAL฀SECTOR฀BY฀RETIRING฀THE
3PACE฀ 3HUTTLE฀ AND฀ CONCENTRATING฀ ITS฀ VESSEL
DEVELOPMENT฀ON฀DEEPER฀SPACE�฀!CCORDINGLY�฀THE฀.!3!
!UTHORIZATION฀!CT฀ OF฀ ����฀ PROVIDED฀ ����฀ BILLION฀ FOR
PRIVATE฀ COMPANIES฀ TO฀ DEVELOP฀ HUMAN฀ SPACEFLIGHT
CAPABILITIES�฀ UNDER฀ WHICH฀ .!3!฀ HAS฀ DRAWN฀ UP฀ AN
@)NTEGRATED฀ $ESIGN฀ #ONTRACT�฀ �)$#	�฀4HIS฀ MEANS฀ THAT

MULTIPLE฀ COMPANIES฀ WILL฀ BE฀ DEVELOPING฀ @END
TO
END�
CAPABILITIES�฀ I�E�฀ SPACECRAFT�฀ LAUNCH฀ VEHICLES�฀GROUND
CONTROL�฀ RECOVERY฀ CAPACITY฀ AND฀ ALL฀ THE฀ SERVICES฀ AND
ADD
ONS฀NECESSARY฀FOR฀SENDING฀PEOPLE฀INTO฀LOW฀EARTH
ORBIT�฀!ND฀JUST฀AS฀"OEING฀HAS฀DONE�฀OTHER฀COMMERCIAL
VENTURES฀SHOULD฀BE฀EXPECTED฀TO฀SOLICIT฀PRIVATE฀AS฀WELL
AS฀ STATE฀ CUSTOMERS฀ IN฀ THE฀ FUTURE�฀ 4HERE฀ ARE฀ ALSO฀ A
NUMBER฀OF฀COMPANIES฀PROMISING฀TO฀SEND฀TOURISTS฀INTO
ORBIT฀INDEPENDENT฀OF฀ANY฀FUNDING฀FROM฀.!3!��

3UB
ORBITAL฀SPACE฀TOURISM
)T฀ IS฀ OTHER฀ TYPES฀ OF฀ SPACE฀ TOURISM฀ HOWEVER฀ THAT฀ �AT
LEAST฀ UNTIL฀ THE฀ RECENT฀ CRASH	฀ HAVE฀ HAD฀ A฀ GREATER
IMMEDIATE฀ PROSPECT฀ OF฀ EXPANDING฀ RAPIDLY�฀ LARGELY
BECAUSE฀ THEY฀ DO฀ NOT฀ DEPEND฀ UPON฀ LOW฀ EARTH฀ ORBIT
INFRASTRUCTURE�฀SUCH฀AS฀THE฀)33�฀IN฀ORDER฀TO฀OPERATE�

3UBORBITAL฀ FLIGHTS฀ TECHNICALLY฀ ENTER฀ OUTER฀ SPACE
BECAUSE฀ THEY฀ CROSS฀ THE฀ +ÉRMÉN฀ LINE�฀ DEFINED฀ AS
ABOVE฀ ���KM฀ ABOVE฀ THE฀ %ARTH�S฀ SURFACE�฀ )T฀ IS฀ THIS
SECTOR฀OF฀THE฀INDUSTRY฀THAT฀HAS฀BEEN฀SET฀FOR฀IMMINENT
EXPANSION�฀ 4HERE฀ ARE฀ A฀ NUMBER฀ OF฀ COMPANIES
PRESENTLY฀DEVELOPING฀CRAFT฀CAPABLE฀OF฀SUBORBITAL฀FLIGHT
AND฀ PROMISING฀ TO฀ TAKE฀ TOURISTS฀ ON฀ FLIGHTS฀ IN฀ THE
COMING฀ YEARS�฀ /NE฀ OF฀ THESE�฀ 8#/2�฀ BASED฀ IN
#ALIFORNIA�฀ IS฀ DEVELOPING฀ THE฀ ,YNX฀ SUBORBITAL
SPACECRAFT฀WITH฀A฀SINGLE฀PASSENGER฀SEAT�฀4HE฀CRAFT฀WILL
TAKE฀OFF฀AND฀LAND฀HORIZONTALLY�฀AND฀THE฀COMPANY฀PLANS
THAT฀ IT฀ WOULD฀ EVENTUALLY฀ MAKE฀ SEVERAL฀ SUBORBITAL
FLIGHTS฀ PER฀ DAY�� %NABLING฀ THIS฀ RELATIVE฀ SIMPLICITY฀ IN
TURNAROUND฀ IS฀ THE฀ FACT฀ THAT�฀ LIKE฀ MOST฀ OTHER฀ ROCKET
ENGINES�฀INCLUDING฀THE฀3OYUZ�฀THE฀,YNX฀CRAFT฀WILL฀BURN
A฀MIXTURE฀OF฀LIQUID฀OXYGEN฀AND฀KEROSENE�

)N฀ CONTRAST฀ TO฀ THIS฀ @TYPICAL�฀ ENGINE฀ IS฀ THAT฀ OF฀ THE
SPACECRAFT฀ BELONGING฀ TO฀ THE฀ MOST฀ WIDELY฀ PUBLICISED
SPACE฀ TOURISM฀ VENTURE฀ n฀ THE฀ ONE฀ EMBLAZONED฀ WITH
THE฀6IRGIN฀ BRAND�฀6IRGIN฀ 'ALACTIC�S฀ 3PACE3HIP4WO฀ IS
EQUIPPED฀ WITH฀ A฀ SINGLE฀ HYBRID฀ ROCKET฀ MOTOR�฀ )N฀ THE
WORLD฀ OF฀ ROCKET฀ ENGINES฀ HOWEVER�฀ @HYBRID�฀ DOES฀ NOT
MEAN฀THAT฀ITS฀HYDROCARBON
FUELLED฀PROPULSION฀SYSTEM
IS฀SUPPLEMENTED฀BY฀AN฀ELECTRIC฀MOTOR�฀AS฀IN฀A฀HYBRID
CAR�฀2ATHER฀HYBRID฀HERE฀DESCRIBES฀ THE฀USE฀OF฀ FUEL฀ IN
DIFFERENT฀STATES฀OF฀MATTER�฀5NTIL฀MID
����฀THAT฀MEANT
FOR฀ 33��S฀ ENGINE฀ THE฀ FUEL฀ WAS฀ SOLID฀ SYNTHETIC
HYDROXYL
TERMINATED฀POLYBUTADIENE฀AND฀LIQUID฀NITROUS
OXIDE฀ �BASICALLY�฀ RUBBER฀ AND฀ LAUGHING฀ GAS	�฀ 4HIS
ENGINE฀HAD฀A฀NUMBER฀OF฀PROBLEMS฀DURING฀ TESTS฀AND
WAS฀ DEEMED฀ UNABLE฀ TO฀ PROVIDE฀ SUFFICIENT฀ POWER฀ TO
TAKE฀ THE฀ CRAFT฀ TO฀ THE฀ DESIRED฀ HEIGHT�฀ 4HE
SUBCONTRACTOR฀ RESPONSIBLE฀ SUGGESTED฀ REDUCING฀ THE
NUMBER฀ OF฀ PASSENGERS฀ ON฀ 33�฀ TO฀ FOUR�฀ BUT฀ 6IRGIN
APPARENTLY฀DETERMINED฀THAT฀IT฀COULD฀NOT฀MAKE฀MONEY

UNDER฀SUCH฀CIRCUMSTANCES�� 4HEY฀DECIDED฀INSTEAD฀TO
USE฀ A฀ DIFFERENT฀ HYBRID฀ ENGINE฀ DEVELOPED฀ BY฀ THE
PRINCIPAL฀CONTRACTOR�฀3CALED฀#OMPOSITES�฀WHICH฀BURNS
A฀THERMOPLASTIC฀RATHER฀THAN฀RUBBER�฀

5NLIKE฀THE฀,YNX฀CRAFT�฀33�฀IS฀AIR
LAUNCHED�฀MEANING฀IT
IS฀DEPENDENT฀UPON฀A฀MOTHERSHIP�฀IN฀THIS฀CASE฀A฀CARGO
VESSEL฀ CALLED฀7HITE+NIGHT4WO฀ �7+�	�฀ 33�฀ LAUNCHES
FROM฀ 7+�฀ AT฀ ����KM฀ BEFORE฀ FIRING฀ ITS฀ ENGINE฀ FOR
APPROXIMATELY฀ ��฀ SECONDS฀ AND฀ ATTAINING฀ SPEEDS฀ OF
CLOSE฀TO฀�����KM�H�฀4HE฀PLAN฀IS฀THAT฀IT฀WILL฀THEN฀COAST
UP฀ TO฀ ���KM฀ WHERE฀ IT฀ WILL฀ SPEND฀ �฀ MINUTES฀ IN฀ THE
WEIGHTLESSNESS฀ OF฀ SPACE฀ BEFORE฀ BEGINNING฀ TO
DESCEND�฀ 33�฀ THUS฀ LAUNCHES฀ FROM฀ ITS฀ MOTHERSHIP
CLOSE฀ TO฀ THE฀ TROPOPAUSE฀ �THE฀ TOP฀ OF฀ THE฀ TROPOSHERE	
BEFORE฀ FLYING฀ THROUGH฀ THE฀ STRATOSPHERE฀ AND
MESOSPHERE฀AND฀WILL฀JUST฀CROSS฀THE฀+ÉRMÉN฀LINE฀INTO
OUTER฀SPACE�฀)TS฀ENGINE฀WILL฀THEREFORE฀BURN฀WITHIN฀THE
STRATOSPHERE฀AND฀IT฀IS฀HERE฀THAT฀ITS฀EMISSION฀OF฀BLACK
CARBON฀ WILL฀ PROVIDE฀ THE฀ MOST฀ ATMOSPHERIC฀ ALTERING
EFFECTS฀OF฀THE฀ENTIRE฀ENDEAVOUR�

)MPACTS฀ON฀THE฀ATMOSPHERE฀AND
CLIMATE
4HE฀ STRATOSPHERE฀ IS฀ THE฀ SECTION฀ OF฀ THE฀ ATMOSPHERE
WHERE฀THE฀OZONE฀LAYER฀RESIDES฀AND฀IT฀IS฀THIS฀LAYER฀THAT
CAUSES฀ THE฀ EFFECTS฀ THAT฀ CREATES฀ THE฀ ZONE�฀7HEREAS
BELOW฀THE฀TROPOPAUSE฀�FROM฀THE฀%ARTH�S฀SURFACE฀UP฀TO
THE฀BOTTOM฀OF฀THE฀STRATOSPHERE	฀TEMPERATURE฀FALLS฀WITH
INCREASING฀ALTITUDE�฀ABOVE฀IT฀THERE฀IS฀AN฀INVERSION�฀IN
THE฀STRATOSPHERE฀TEMPERATURE฀INCREASES฀WITH฀ALTITUDE
BECAUSE฀OZONE฀ABSORBS฀SHORTWAVE฀RADIATION฀FROM฀THE
SUN�฀ 4HE฀ TEMPERATURE฀ INVERSION฀ CREATES฀ A฀ STABLE
DENSITY฀ STRUCTURE฀ IN฀ THE฀ STRATOSPHERE฀ AND฀ THE
OVERTURNING฀CIRCULATION฀ THAT฀OCCURS฀HERE฀ IS฀ THEREFORE
SLOW฀ �SEE฀ &IGURE฀ �	�฀ #OUPLED฀ WITH฀ LOW฀ MOISTURE
CONTENT฀THIS฀MEANS฀THAT฀NO฀CLOUDS฀FORM฀AND฀THERE฀IS
THEREFORE฀NO฀ RAIN�฀4HESE฀ FACTORS�฀ALONG฀WITH฀ THE฀ LOW
DENSITY฀THAT฀REDUCES฀COAGULATION�฀MEAN฀THAT฀PARTICLES
EMITTED฀HERE฀HAVE฀A฀RESIDENCE฀TIME฀OF฀YEARS�฀RATHER
THAN฀ THE฀ WEEKS฀ THEY฀ WOULD฀ HAVE฀ IN฀ THE
TROPOSPHERE��

4HIS฀ IN฀ LARGE฀ PART฀ IS฀ WHY฀ $ARIN฀ 4OOHEY�
PROFESSOR฀OF฀ATMOSPHERIC฀AND฀OCEAN฀SCIENCES฀AT฀THE
5NIVERSITY฀ OF฀ #OLORADO�฀ SAYS฀hTHERE�S฀ ONE฀ ISSUE฀ AND
IT�S฀SIMPLE�฀YOU฀DON�T฀WANT฀TO฀PUT฀BLACK฀CARBON฀IN฀THE
STRATOSPHERE�฀0ERIOD�v�

4HE฀RESULTS฀OF฀THE฀����฀MODELLING฀STUDY฀THAT฀4OOHEY
CO
AUTHORED฀ SHOWED฀ A฀ NON
UNIFORM฀ EFFECT฀ OVER฀ THE
GLOBE฀ OF฀ SUSTAINED฀ REGULAR฀ LAUNCHES฀ OF฀ THESE
SPACECRAFT��� !SSUMING฀A฀LAUNCH฀SITE฀AT฀A฀LATITUDE฀OF

��

&LIGHTS฀FROM฀SENSE�฀HOW฀SPACE฀TOURISM฀COULD฀ALTER
THE฀CLIMATE
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ABOUT฀ ��ª.฀ �IN฀ LINE฀ WITH฀ WHERE฀ 6IRGIN฀ 'ALACTIC�S
3PACEPORT฀!MERICA฀HAS฀BEEN฀BUILT	�฀THE฀MAJORITY฀OF฀THE
BLACK฀ CARBON฀ �"#	฀ WAS฀ CONSTRAINED฀ BETWEEN฀ ��ª.
AND฀ ��ª.฀ AND฀ ONLY฀ ABOUT฀ ���฀ OF฀ THE฀ POLLUTANT
TRAVELLED฀ INTO฀ THE฀ SOUTHERN฀ HEMISPHERE�฀ 4HIS
ASYMMETRY฀ COULD฀ BE฀ THE฀ DRIVER฀ OF฀ THE฀ RESULTANT
MODELLED฀DECREASE฀OF฀OZONE฀AT฀THE฀TROPICS฀AND฀SUB

TROPICS฀ BUT฀ AN฀ INCREASE฀ AT฀ THE฀ POLES�฀ 4HIS฀ ALTERED
DISTRIBUTION฀ OF฀ OZONE฀HAS฀BEEN฀ATTRIBUTED฀ TO฀ GREATER
STRATOSPHERIC฀ OVERTURNING฀ CIRCULATION฀ IN฀ PREVIOUS
STUDIES�฀ WHICH฀ HAS฀ BEEN฀ SHOWN฀ TO฀ BE฀ PRODUCED฀ BY
RELATIVELY฀ SMALL฀ DIFFERENTIAL฀ HEATING฀ EFFECTS฀ IN฀ THE
STRATOSPHERE�฀ 7ITHIN฀ THE฀ NORTHERN฀ HEMISPHERE
STRATOSPHERIC฀ ZONE�฀ WHERE฀ MOST฀ OF฀ THE฀ "#฀ WAS
DISTRIBUTED�฀ TEMPERATURE฀ INCREASED฀BY฀APPROXIMATELY
���ª#฀WHEREAS�฀BECAUSE฀VERY฀LITTLE฀"#฀WENT฀INTO฀THE
SOUTHERN฀ HEMISPHERE�฀ THERE฀ WAS฀ NO฀ HEATING฀ THERE�
4HIS฀SUGGESTS฀THAT฀THE฀LATITUDE฀OF฀THE฀LAUNCH฀SITE฀MAY
PLAY฀ AN฀ IMPORTANT฀ ROLE฀ IN฀ THE฀ EFFECT฀ ON฀ OZONE
DISTRIBUTION�฀WHICH฀WAS฀FOUND฀TO฀REDUCE฀OZONE฀IN฀THE

TROPICS฀ BY฀ THE฀ SAME฀ AMOUNT฀ AS฀ #&#S฀ HAVE
CAUSED�฀ 4HE฀ INCREASE฀ IN฀ THE฀ STRATOSPHERIC

CIRCULATION฀ CAUSED฀ BY฀ THE฀ "#฀ LOAD฀ IS
FOUND฀TO฀BE฀ROUGHLY฀EQUIVALENT฀TO฀THE฀CHANGES

INDUCED฀ IN฀ THIS฀ CIRCULATION฀ DUE฀ TO฀ MODELLED
GREENHOUSE฀GAS฀EMISSIONS�

-ODELLED฀ TEMPERATURE฀ CHANGES฀ AT฀ THE฀ SURFACE฀ ALSO
DIFFERED฀ REGIONALLY฀AND฀SEASONALLY�฀WITH฀UP฀ TO฀A฀�ª#
INCREASE฀AT฀THE฀POLES��� BUT฀TAKEN฀TOGETHER฀SHOW฀"#
FROM฀�����฀LAUNCHES฀PER฀YEAR฀WOULD฀INFLUENCE฀GLOBAL
CLIMATE฀ BY฀ ABOUT฀ THE฀ SAME฀ AMOUNT฀ AS฀ THE฀ ENTIRE
CURRENT฀ GLOBAL฀ AVIATION฀ INDUSTRY�฀ WITH฀ A฀ RADIATIVE

FORCING฀EFFECT฀OF฀��M7�M��฀!LSO฀OF฀NOTE฀ IS฀ THAT฀ THE
CLIMATE฀CHANGE฀EFFECT฀OF฀THE฀EMITTED฀"#฀EXCEEDS฀THE
CLIMATE฀CHANGE฀EFFECT฀OF฀ THE฀EMITTED฀CARBON฀DIOXIDE
BY฀A฀ FACTOR฀OF฀ABOUT฀��������฀7HEN฀6IRGIN฀'ALACTIC
BOAST฀ ABOUT฀ THE฀ LOW฀ #/� EMISSIONS฀ FROM฀ 33�฀ IN
COMPARISON฀TO฀OTHER฀AIR฀TRAVEL��� THEY฀ARE฀MISSING฀THE
MOST฀ SIGNIFICANT฀ CLIMATE฀ IMPACT฀ THEIR฀ NEW฀ FLEET฀ OF
MACHINES฀IS฀LIKELY฀TO฀HAVE�

4HE฀5NIVERSITY฀OF฀#OLORADO฀STUDY฀WAS฀THE฀FIRST฀TO฀MODEL
THE฀GLOBAL฀CLIMATE฀IMPACTS฀OF฀THE฀PARTICLE฀EMISSIONS฀BY
ROCKETS฀AND฀AS฀A฀SINGLE฀STUDY฀WITH฀MANY฀PARAMETERS
ONLY฀LOOSELY฀CONSTRAINED฀IT฀IS฀FAR฀FROM฀THE฀FINAL฀WORD฀ON
THE฀SUBJECT�฀(OWEVER�฀DESPITE฀THE฀MONEY฀BEING฀POURED
INTO฀ THESE฀HIGH฀PROFILE฀ VENTURES฀AND฀ THE฀ SCALE฀OF฀ THE
IMPACT฀THEY฀COULD฀HAVE฀ON฀THE฀ATMOSPHERE�฀THE฀CALLS฀OF
THE฀ AUTHORS฀ FOR฀ THEIR฀ WORK฀ TO฀ BE฀ BUILT฀ UPON฀ AND
EXTENDED฀REMAIN฀LARGELY฀UNANSWERED�

4IME฀FOR฀MORE฀CAUTION
#URRENT฀KNOWLEDGE฀OF฀THE฀ATMOSPHERE�฀COUPLED฀WITH
THE฀ 5NIVERSITY฀ OF฀ #OLORADO�S฀ RECENT฀ MODELLING฀ WORK�
SHOULD฀BE฀CONSIDERED฀SUFFICIENT฀TO฀SUGGEST฀A฀COURSE
OF฀CONSIDERABLE฀CAUTION฀FOR฀SPACE฀TOURISM�฀ESPECIALLY
CONSIDERING฀ THE฀ HUGE฀ GREENHOUSE฀ GAS฀ FORCING฀ THAT
HUMANS฀ARE฀ALREADY฀RESPONSIBLE฀FOR�฀)T฀IS฀ONLY฀WITH฀THE
BENEFIT฀ OF฀ HINDSIGHT฀ THAT฀ THE฀ OTHER฀ GLOBAL
ENVIRONMENTAL฀ IMPACTS฀ OF฀ MANY฀ APPLICATIONS฀ OF฀ THE
TECHNOLOGICAL฀ INNOVATIONS฀ OF฀ THE฀ INDUSTRIAL฀ AGE฀ ARE
NOW฀ KNOWN�฀ "UT฀ WE฀ CAN฀ NO฀ LONGER฀ CLAIM฀ TO฀ BE
IGNORANT฀ OF฀ THE฀ RISKS฀ OF฀ A฀ FREE
FOR
ALL฀ IN฀ THE
STRATOSPHERE�฀ 4HE฀ CURRENT฀ PLANS฀ FOR฀ SPACE฀ TOURISM

LOOK฀ MUCH฀ MORE฀ LIKE฀ A฀ DEMONSTRATION฀ OF฀ RECKLESS
DISREGARD฀FOR฀THE฀FUTURE�

0HILIP฀#HAPMAN฀STUDIED฀MARINE฀BIOLOGY฀AND
OCEANOGRAPHY฀AT฀3OUTHAMPTON฀5NIVERSITY�฀AND

HAS฀RECENTLY฀BEEN฀INVESTIGATING฀COASTAL
ADAPTATION฀TO฀RISING฀SEA฀LEVELS฀IN฀THE฀GLOBAL

SOUTH฀IN฀COLLABORATION฀WITH฀9ALE฀5NIVERSITY�฀(E
ALSO฀HAS฀A฀LONG
STANDING฀INTEREST฀IS฀SPACE

TECHNOLOGY฀ISSUES�

2EFERENCES

�� 3PACE�COM฀�����	�฀$EADLY฀3PACE3HIP4WO฀#RASH฀#AUSED฀BY

#O
0ILOT฀%RROR�฀.43"�฀WWW�SPACE�COM������
VIRGIN
GALACTIC


SPACESHIPTWO
CRASH
PILOT
ERROR�HTML

�� $AILY฀4ELEGRAPH฀�����	�฀6IRGIN฀'ALACTIC฀CRASH�฀"RANSON฀@SHOULD

STICK฀TO฀MOBILE฀PHONES�฀SAYS฀EXPERT�

WWW�TELEGRAPH�CO�UK�NEWS�WORLDNEWS�NORTHAMERICA�USA�����

�����6IRGIN
'ALACTIC
CRASH
"RANSON
SHOULD
STICK
TO
MOBILE


PHONES
SAYS
EXPERT�HTML

�� 3PACE.EWS฀�����	�฀"OEING฀0ARTNERS฀WITH฀3PACE฀!DVENTURES฀TO

-ARKET฀#34
���฀&LIGHTS�฀฀WWW�SPACENEWS�COM�ARTICLE�BOEING


PARTNERS
SPACE
ADVENTURES
MARKET
CST
���
FLIGHTS

�� 3EEDHOUSE฀%฀�����	�฀4OURISTS฀IN฀3PACE�฀!฀0RACTICAL฀'UIDE�

3PRINGER�

�� .EW฀3CIENTIST฀�����	�฀2OCKET฀COMPANY฀OFFERS฀�������฀TRIPS฀TO

SPACE�฀฀WWW�NEWSCIENTIST�COM�ARTICLE�DN�����
ROCKET


COMPANY
OFFERS
�����
TRIPS
TO
SPACE�HTML฀7IKIPEDIA฀�����	�

8#/2฀,YNX�฀EN�WIKIPEDIA�ORG�WIKI�8#/2?,YNX฀

�� 7ALL฀3TREET฀*OURNAL฀�����	�฀0ROBLEMS฀0LAGUED฀6IRGIN฀'ALACTIC

2OCKET฀3HIP฀,ONG฀"EFORE฀#RASH�

ONLINE�WSJ�COM�ARTICLES�PROBLEMS
PLAGUED
VIRGIN
GALACTIC


ROCKET
SHIP
LONG
BEFORE
CRASH
����������

�� (INDS฀7฀�����	�฀!EROSOL฀4ECHNOLOGY�฀0ROPERTIES�฀"EHAVIOR�฀AND

-EASUREMENT฀OF฀!IRBORNE฀0ARTICLES�฀*OHN฀7ILEY฀�฀3ONS�

�� 0OPE฀&฀ET฀AL฀�����	�฀3TRATOSPHERIC฀AEROSOL฀PARTICLES฀AND฀SOLAR


RADIATION฀MANAGEMENT�฀.ATURE฀#LIMATE฀#HANGE�฀VOL���

PP����n����

�� 0OPULAR฀3CIENCE฀�����	�฀3PACE฀4OURISM�S฀"LACK฀#ARBON

0ROBLEM�฀฀WWW�POPSCI�COM�SCIENCE�ARTICLE�����
���SPACE


TOURISM
EXPERIMENT
GEO
ENGINEERING

��� 2OSS฀-�฀-ILLS฀-�฀4OOHEY฀$฀�����	�฀0OTENTIAL฀CLIMATE฀IMPACT฀OF

BLACK฀CARBON฀EMITTED฀BY฀ROCKETS�฀'EOPHYSICAL฀2ESEARCH฀,ETTERS�

VOL����฀NO����฀$/)�฀������������',������

��� .ATURE฀.EWS฀�����	�฀3PACE฀TOURISM฀TO฀ACCELERATE฀CLIMATE

CHANGE�฀DOI���������NEWS���������

��� 3CIENTIFIC฀!MERICAN฀�����	�฀#AN฀3PACE฀4RAVEL฀"E

%NVIRONMENTALLY฀&RIENDLY�

WWW�SCIENTIFICAMERICAN�COM�ARTICLE�SPACE
TRAVEL


ENVIRONMENTALLY
FRIENDLY
BRANSON
VIRGIN
GALACTIC

3'2฀.EWSLETTER฀฀s฀฀7INTER฀����฀฀s฀฀ )SSUE฀��

&EATURE฀!RTICLES

��

&IGURE฀��฀4HE฀SLOW฀OVERTURNING฀CIRCULATION฀IN฀THE฀STRATOSPHERE฀THAT฀COVERS฀THE฀GLOBE��

5PDATE
3INCE฀ THIS฀ ARTICLE฀ WAS฀ WRITTEN�฀ THERE฀ HAVE฀ BEEN
SIGNIFICANT฀ TEST฀ FLIGHTS฀ OF฀ "LUE฀ /RIGINgS฀ .EW
3HEPARD฀ ROCKET฀ AND฀ 3PACE8gS฀ &ALCON฀ ROCKET�
WHICH฀ INDICATE฀ THAT฀ THESE฀ CORPORATIONS฀ MAY฀ BE
GAINING฀ THE฀ UPPER฀ HAND฀ IN฀ THE฀ SPACE฀ TOURISM
INDUSTRY�฀ !LTHOUGH฀ THEY฀ DO฀ NOT฀ USE฀ THE฀ MORE
POLLUTING฀ ENGINES฀ FAVOURED฀ BY฀ 6IRGIN฀ 'ALACTIC�
THERE฀NEVERTHELESS฀REMAINS฀A฀QUESTION฀OVER฀THEIR
ENVIRONMENTAL฀CREDENTIALS�


