
0HILIP #HAPMAN INVESTIGATES THE POTENTIAL
ENVIRONMENTAL IMPACTS SHOULD SPACE TOURISM
RECOVERFROMITSRECENTSETBACKSANDBECOMEA
THRIVINGGLOBALINDUSTRY�

)TISOVERAYEARSINCETHEHIGHALTITUDEDISINTEGRATION
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
BEENESTABLISHEDASPILOTERROR�MADEPOSSIBLEBYTHE
FAILURE OF THE CONTRACTOR RESPONSIBLE TO SAFEGUARD
AGAINST ITSOCCURRENCE�� IMMEDIATEMEDIACOVERAGE
OF THE CRASH DID INCLUDE VOICES CALLING FOR6IRGIN TO
QUIT THE SPACE BUSINESS BECAUSE OF ALLEGED
INCOMPETENCE�� (OWEVER�NONEOF THECOVERAGEHAS
MENTIONED THE IMPACT THAT THE INDUSTRYWOULDHAVE
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
LARGESCALE� WOULD SOON START POLLUTING THE
STRATOSPHEREANDCREATINGALOWDENSITYCLOUDOFSOOT
THATWOULDSPANTHEGLOBE�%STABLISHINGEXACTLYHOW
THIS STRATOSPHERIC @BLACK CARBON� WILL AFFECT THE
CLIMATESYSTEMWILL REQUIREFURTHER INVESTIGATION�BUT
THESOLESCIENTIFICSTUDYTODOSOTHUSFARHASGIVEN
ALARMINGRESULTS�

3PACETOURISMUSINGCONVENTIONAL
ROCKETS
!MERICAN MULTIMILLIONAIRE $ENNIS 4ITO BECAME THE
FIRST SPACE TOURISTWHENHE FLEW TO THE )NTERNATIONAL
3PACE 3TATION �)33	 ABOARD A 2USSIAN 3OYUZ4-
SPACECRAFTIN�����(ISFLIGHTWASORGANISEDTHROUGH
A 53 COMPANY CALLED 3PACE !DVENTURES� THE ONLY
COMPANYTOHAVESENTTOURISTSINTOSPACETHUSFARAND
SENDING ONLY SEVEN IN TOTAL BEFORE THE 2USSIANS
SUSPENDED THE USE OF ITS SPACECRAFT FOR TOURISTS�
3PACE!DVENTURES CONTINUES HOWEVER TO PROMISE A
RETURNOFTOURISTSTOTHE)33USINGANOTHERVARIANTOF
THE3OYUZSPACECRAFTANDUSING"OEING�S#OMMERCIAL
3PACE4RANSPORTATION���CRAFT��

4HISVENTUREREPRESENTSPARTOFTHECONSEQUENCESOF
.!3!�SBOOSTTOTHECOMMERCIALSECTORBYRETIRINGTHE
3PACE 3HUTTLE AND CONCENTRATING ITS VESSEL
DEVELOPMENTONDEEPERSPACE�!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 @ENDTOEND�
CAPABILITIES� I�E� SPACECRAFT� LAUNCH VEHICLES�GROUND
CONTROL� RECOVERY CAPACITY AND ALL THE SERVICES AND
ADDONSNECESSARYFORSENDINGPEOPLEINTOLOWEARTH
ORBIT�!NDJUSTAS"OEINGHASDONE�OTHERCOMMERCIAL
VENTURESSHOULDBEEXPECTEDTOSOLICITPRIVATEASWELL
AS STATE CUSTOMERS IN THE FUTURE� 4HERE ARE ALSO A
NUMBEROFCOMPANIESPROMISINGTOSENDTOURISTSINTO
ORBITINDEPENDENTOFANYFUNDINGFROM.!3!��

3UBORBITALSPACETOURISM
)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�SUCHASTHE)33�INORDERTOOPERATE�

3UBORBITAL FLIGHTS TECHNICALLY ENTER OUTER SPACE
BECAUSE THEY CROSS THE +ÉRMÉN LINE� DEFINED AS
ABOVE ���KM ABOVE THE %ARTH�S SURFACE� )T IS THIS
SECTOROFTHEINDUSTRYTHATHASBEENSETFORIMMINENT
EXPANSION� 4HERE ARE A NUMBER OF COMPANIES
PRESENTLYDEVELOPINGCRAFTCAPABLEOFSUBORBITALFLIGHT
AND PROMISING TO TAKE TOURISTS ON FLIGHTS IN THE
COMING YEARS� /NE OF THESE� 8#/2� BASED IN
#ALIFORNIA� IS DEVELOPING THE ,YNX SUBORBITAL
SPACECRAFTWITHASINGLEPASSENGERSEAT�4HECRAFTWILL
TAKEOFFANDLANDHORIZONTALLY�ANDTHECOMPANYPLANS
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�INCLUDINGTHE3OYUZ�THE,YNXCRAFTWILLBURN
AMIXTUREOFLIQUIDOXYGENANDKEROSENE�

)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
THE6IRGIN BRAND�6IRGIN 'ALACTIC�S 3PACE3HIP4WO IS
EQUIPPED WITH A SINGLE HYBRID ROCKET MOTOR� )N THE
WORLD OF ROCKET ENGINES HOWEVER� @HYBRID� DOES NOT
MEANTHATITSHYDROCARBONFUELLEDPROPULSIONSYSTEM
ISSUPPLEMENTEDBYANELECTRICMOTOR�ASINAHYBRID
CAR�2ATHERHYBRIDHEREDESCRIBES THEUSEOF FUEL IN
DIFFERENTSTATESOFMATTER�5NTILMID����THATMEANT
FOR 33��S ENGINE THE FUEL WAS SOLID SYNTHETIC
HYDROXYLTERMINATEDPOLYBUTADIENEANDLIQUIDNITROUS
OXIDE �BASICALLY� RUBBER AND LAUGHING GAS	� 4HIS
ENGINEHADANUMBEROFPROBLEMSDURING TESTSAND
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
APPARENTLYDETERMINEDTHATITCOULDNOTMAKEMONEY

UNDERSUCHCIRCUMSTANCES�� 4HEYDECIDEDINSTEADTO
USE A DIFFERENT HYBRID ENGINE DEVELOPED BY THE
PRINCIPALCONTRACTOR�3CALED#OMPOSITES�WHICHBURNS
ATHERMOPLASTICRATHERTHANRUBBER�

5NLIKETHE,YNXCRAFT�33�ISAIRLAUNCHED�MEANINGIT
ISDEPENDENTUPONAMOTHERSHIP�INTHISCASEACARGO
VESSEL CALLED7HITE+NIGHT4WO �7+�	� 33� LAUNCHES
FROM 7+� AT ����KM BEFORE FIRING ITS ENGINE FOR
APPROXIMATELY �� SECONDS AND ATTAINING SPEEDS OF
CLOSETO�����KM�H�4HEPLANISTHATITWILLTHENCOAST
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
MESOSPHEREANDWILLJUSTCROSSTHE+ÉRMÉNLINEINTO
OUTERSPACE�)TSENGINEWILLTHEREFOREBURNWITHINTHE
STRATOSPHEREANDITISHERETHATITSEMISSIONOFBLACK
CARBON WILL PROVIDE THE MOST ATMOSPHERIC ALTERING
EFFECTSOFTHEENTIREENDEAVOUR�

)MPACTSONTHEATMOSPHEREAND
CLIMATE
4HE STRATOSPHERE IS THE SECTION OF THE ATMOSPHERE
WHERETHEOZONELAYERRESIDESANDITISTHISLAYERTHAT
CAUSES THE EFFECTS THAT CREATES THE ZONE�7HEREAS
BELOWTHETROPOPAUSE�FROMTHE%ARTH�SSURFACEUPTO
THEBOTTOMOFTHESTRATOSPHERE	TEMPERATUREFALLSWITH
INCREASINGALTITUDE�ABOVEITTHEREISANINVERSION�IN
THESTRATOSPHERETEMPERATUREINCREASESWITHALTITUDE
BECAUSEOZONEABSORBSSHORTWAVERADIATIONFROMTHE
SUN� 4HE TEMPERATURE INVERSION CREATES A STABLE
DENSITY STRUCTURE IN THE STRATOSPHERE AND THE
OVERTURNINGCIRCULATION THATOCCURSHERE IS THEREFORE
SLOW �SEE &IGURE �	� #OUPLED WITH LOW MOISTURE
CONTENTTHISMEANSTHATNOCLOUDSFORMANDTHEREIS
THEREFORENO RAIN�4HESE FACTORS�ALONGWITH THE LOW
DENSITYTHATREDUCESCOAGULATION�MEANTHATPARTICLES
EMITTEDHEREHAVEARESIDENCETIMEOFYEARS�RATHER
THAN THE WEEKS THEY WOULD HAVE IN THE
TROPOSPHERE��

4HIS IN LARGE PART IS WHY $ARIN 4OOHEY�
PROFESSOROFATMOSPHERICANDOCEANSCIENCESATTHE
5NIVERSITY OF #OLORADO� SAYShTHERE�S ONE ISSUE AND
IT�SSIMPLE�YOUDON�TWANTTOPUTBLACKCARBONINTHE
STRATOSPHERE�0ERIOD�v�

4HERESULTSOFTHE����MODELLINGSTUDYTHAT4OOHEY
COAUTHORED SHOWED A NONUNIFORM EFFECT OVER THE
GLOBE OF SUSTAINED REGULAR LAUNCHES OF THESE
SPACECRAFT��� !SSUMINGALAUNCHSITEATALATITUDEOF

��

&LIGHTSFROMSENSE�HOWSPACETOURISMCOULDALTER
THECLIMATE

&EATURE!RTICLES

3'2.EWSLETTERs7INTER����s )SSUE��



ABOUT ��ª. �IN LINE WITH WHERE 6IRGIN 'ALACTIC�S
3PACEPORT!MERICAHASBEENBUILT	�THEMAJORITYOFTHE
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
MODELLEDDECREASEOFOZONEATTHETROPICSANDSUB
TROPICS BUT AN INCREASE AT THE POLES� 4HIS ALTERED
DISTRIBUTION OF OZONEHASBEENATTRIBUTED 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 INCREASEDBYAPPROXIMATELY
���ª#WHEREAS�BECAUSEVERYLITTLE"#WENTINTOTHE
SOUTHERN HEMISPHERE� THERE WAS NO HEATING THERE�
4HISSUGGESTSTHATTHELATITUDEOFTHELAUNCHSITEMAY
PLAY AN IMPORTANT ROLE IN THE EFFECT ON OZONE
DISTRIBUTION�WHICHWASFOUNDTOREDUCEOZONEINTHE

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

CIRCULATION CAUSED BY THE "# LOAD IS
FOUNDTOBEROUGHLYEQUIVALENTTOTHECHANGES

INDUCED IN THIS CIRCULATION DUE TO MODELLED
GREENHOUSEGASEMISSIONS�

-ODELLED TEMPERATURE CHANGES AT THE SURFACE ALSO
DIFFERED REGIONALLYANDSEASONALLY�WITHUP TOA�ª#
INCREASEATTHEPOLES��� BUTTAKENTOGETHERSHOW"#
FROM�����LAUNCHESPERYEARWOULDINFLUENCEGLOBAL
CLIMATE BY ABOUT THE SAME AMOUNT AS THE ENTIRE
CURRENT GLOBAL AVIATION INDUSTRY� WITH A RADIATIVE

FORCINGEFFECTOF��M7�M��!LSOOFNOTE IS THAT THE
CLIMATECHANGEEFFECTOFTHEEMITTED"#EXCEEDSTHE
CLIMATECHANGEEFFECTOF THEEMITTEDCARBONDIOXIDE
BYA FACTOROFABOUT��������7HEN6IRGIN'ALACTIC
BOAST ABOUT THE LOW #/� EMISSIONS FROM 33� IN
COMPARISONTOOTHERAIRTRAVEL��� THEYAREMISSINGTHE
MOST SIGNIFICANT CLIMATE IMPACT THEIR NEW FLEET OF
MACHINESISLIKELYTOHAVE�

4HE5NIVERSITYOF#OLORADOSTUDYWASTHEFIRSTTOMODEL
THEGLOBALCLIMATEIMPACTSOFTHEPARTICLEEMISSIONSBY
ROCKETSANDASASINGLESTUDYWITHMANYPARAMETERS
ONLYLOOSELYCONSTRAINEDITISFARFROMTHEFINALWORDON
THESUBJECT�(OWEVER�DESPITETHEMONEYBEINGPOURED
INTO THESEHIGHPROFILE VENTURESAND THE SCALEOF THE
IMPACTTHEYCOULDHAVEONTHEATMOSPHERE�THECALLSOF
THE AUTHORS FOR THEIR WORK TO BE BUILT UPON AND
EXTENDEDREMAINLARGELYUNANSWERED�

4IMEFORMORECAUTION
#URRENTKNOWLEDGEOFTHEATMOSPHERE�COUPLEDWITH
THE 5NIVERSITY OF #OLORADO�S RECENT MODELLING WORK�
SHOULDBECONSIDEREDSUFFICIENTTOSUGGESTACOURSE
OFCONSIDERABLECAUTIONFORSPACETOURISM�ESPECIALLY
CONSIDERING THE HUGE GREENHOUSE GAS FORCING THAT
HUMANSAREALREADYRESPONSIBLEFOR�)TISONLYWITHTHE
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 FREEFORALL IN THE
STRATOSPHERE� 4HE CURRENT PLANS FOR SPACE TOURISM

LOOK MUCH MORE LIKE A DEMONSTRATION OF RECKLESS
DISREGARDFORTHEFUTURE�

0HILIP#HAPMANSTUDIEDMARINEBIOLOGYAND
OCEANOGRAPHYAT3OUTHAMPTON5NIVERSITY�AND

HASRECENTLYBEENINVESTIGATINGCOASTAL
ADAPTATIONTORISINGSEALEVELSINTHEGLOBAL

SOUTHINCOLLABORATIONWITH9ALE5NIVERSITY�(E
ALSOHASALONGSTANDINGINTERESTISSPACE

TECHNOLOGYISSUES�
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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�
THERENEVERTHELESSREMAINSAQUESTIONOVERTHEIR
ENVIRONMENTALCREDENTIALS�


