
3TUART 0ARKINSON� 3'2� EXAMINES HOW
TECHNOLOGICAL INNOVATION CONTRIBUTED TO ONE OF
THE MOST DEVASTATING WARS IN HUMAN HISTORY n
ANDASKSWHATLESSONSWESHOULDTAKEFROMTHIS�

����ISTHECENTENARYOFTWOOFTHEBLOODIESTBATTLES
OF7ORLD7AR )�  THE3OMMEAND6ERDUN�!ND77)
ITSELF ISONEOF THEMOSTDESTRUCTIVEWARS INHUMAN
HISTORY�!SANEXAMPLEOFTHECARNAGE�THETOTALDEATH
TOLLOFTHEWARHASBEENESTIMATEDATOVER��MILLION
PEOPLEBETWEEN*ULY����AND.OVEMBER����nAN
AVERAGE OF ABOUT ���M PER YEAR� /NLY THE 2USSIAN
#IVIL7ARAND7ORLD7AR ))HADHIGHERANNUALDEATH
RATES���� 4HE CENTENARY IS THEREFORE AN IMPORTANT
OPPORTUNITY TO REFLECT ON A CONFLICT IN WHICH RAPID
DEVELOPMENTSINTECHNOLOGYLEDTOAHUGEINCREASEIN
THEDEVASTATIONTHATCOULDBECAUSEDBYWAR�

)N THIS ARTICLE� ) EXAMINE WHICH TECHNOLOGICAL
DEVELOPMENTS LED TO THE MOST CASUALTIES AND WHAT
LESSONSWECANDRAWABOUTSCIENCE�TECHNOLOGYAND
THEMILITARYTODAY�

(ARNESSINGTHE)NDUSTRIAL2EVOLUTION
FORWAR
4HE LATE ��TH AND ��TH CENTURIES SAW A RAPID
DEVELOPMENTINTECHNOLOGYWHICHWENOW�OFCOURSE�
REFER TO AS THE )NDUSTRIAL 2EVOLUTION� 3TARTING IN
%UROPE� MAJOR DEVELOPMENTS TRANSFORMED A WIDE
RANGEOFINDUSTRIES�'ROWINGEXPLOITATIONOFMINERALS
LIKECOALANDIRONWEREESPECIALLYIMPORTANT�ASWAS
THEADVENTOFTHESTEAMENGINEnESPECIALLYINSHIPS
ANDTRAINS�

)TWASNOTLONGBEFORETHEMILITARYSTARTEDHARNESSING
SOME OF THESE INVENTIONS� -ASS PRODUCTION IN
FACTORIES CHURNED OUT NOT ONLY LARGE NUMBERS OF
STANDARDISED GUNS AND BULLETS� BUT ALSO BOOTS�
UNIFORMS AND TENTS�� 4HE GUNS WERE MORE RELIABLE
AND HENCE MORE ACCURATE� ! BULLET WAS �� TIMES
MORE LIKELY TO STRIKE ITS TARGET� $EVELOPMENTS IN
TRANSPORT WERE ALSO UTILISED� WITH STEEL BECOMING

STANDARD IN BATTLESHIPS AND TRAINS STARTING TO BE
USEDTOQUICKLYFERRYLARGENUMBERSOFTROOPS

TOWARZONES�!DVANCESINCHEMISTRYLED
TONEWHIGHEXPLOSIVES�

4HE FIRST WARS IN WHICH THESE NEW MILITARY
TECHNOLOGIESWEREUSEDONALARGESCALEINCLUDEDTHE
#RIMEAN7AR�������	ANDTHE!MERICAN#IVIL7AR
�������	� "OTH OF THESE PROVIDED A TASTER FOR THE
CARNAGE OF 77)� BEING CHARACTERISED BY TRENCH
WARFARE IN WHICH FRONTAL ASSAULTS AGAINST WELL
DEFENDED POSITIONS LED TO MASSACRES OF INFANTRY
SOLDIERS�

0RE����ARMSRACES
)NTHEYEARSRUNNINGUPTOTHEOUTBREAKOF77)�THERE
WERE SEVERAL KEY DEVELOPMENTS IN MILITARY
TECHNOLOGIES THAT WOULD LEAD TO HIGH CASUALTIES
DURINGTHEWARITSELF�

!RGUABLY THE MOST IMPORTANT WERE NEW HIGH
EXPLOSIVES� 'UNPOWDER HAD BEEN THE EXPLOSIVE OF
CHOICE IN WAR FOR AROUND ��� YEARS� BUT NEW
DEVELOPMENTS IN ORGANIC CHEMISTRY BY!LFRED .OBEL
AND OTHERS LED TO NEW MATERIALS� INITIALLY USED IN
MINING� &URTHER WORK IN THE LATE ��TH CENTURY
ESPECIALLY IN 0RUSSIA�'ERMANY� "RITAIN AND &RANCE
REFINED THE MATERIALS FOR USE IN HANDGUNS AND
ARTILLERY�-OSTSUCCESSFULWERE0OUDRE"AND#ORDITE
-$ WHICH BURNT IN SUCH A WAY AS TO PROVIDE THE
REQUIRED DIRECTED PRESSURE NEEDED TO PROPEL A
PROJECTILE�WITHOUTBLOWINGUPTHEWEAPON��

$EVELOPMENTS INGUNMANUFACTUREWEREALSOCRUCIAL�
-USKETS WERE BEING REPLACED BY RIFLES� WHICH WERE
MOREACCURATE�-ACHINEGUNSWEREALSOBROUGHTONTO
THESCENE�FIRSTINVENTEDINTHE53!�"Y�����THEMOST
WIDELY USED MACHINE GUN WAS THE "RITISH -AXIM�
CAPABLEOFFIRINGASHOCKING���ROUNDSPERMINUTE��

.EW ARTILLERY WAS ALSO DEVELOPED TO USE THE NEW
EXPLOSIVES� "Y THE OUTBREAK OF 77)� A SINGLE SHELL
WEIGHINGONETONNECOULDBEPROPELLEDMORETHAN��
KILOMETRES�(OWEVER�SMALLERANDMOREMOBILEGUNS
WEREPREFERREDASTHESECOULDACCURATELYFIREASHELL
EVERYTHREESECONDS��

4HEDEVELOPMENTOFWEAPONSUSINGPOISONOUSGASES
WASLIMITEDBYTHE(AGUEPEACECONFERENCEOF�����
(OWEVER� THIS ONLY LIMITED THE DEVELOPMENT OF THE
DELIVERYSYSTEMSRATHERTHANTHEGASESTHEMSELVES�IN
WHICH 'ERMANY� "RITAIN AND &RANCE ALL HAD ACTIVE
RESEARCHPROGRAMMES��

4HEDEVELOPMENTOF THESUBMARINEANDTHETORPEDO
WOULDALSOPROVE TOBECRUCIAL�7ORK IN&RANCEAND
THE 53! LED TO THE FIRST SUCCESSFUL MILITARY
SUBMARINES�WITH"RITAIN�'ERMANY AND )TALY QUICKLY
COMMISSIONING THEIR OWN� !T THE START OF THE ��TH
CENTURY� THERE WERE ABOUT �� MILITARY SUBMARINES�
4HISNUMBERWOULDRAPIDLYGROW�4HEMAINWEAPONOF
THE SUBMARINE IMMEDIATELY BECAME THE TORPEDO�
INVENTED IN "RITAIN� !N EARLY DEMONSTRATION OF THE
EFFECTIVENESS OF THIS WEAPON WAS IN A *APANESE
ATTACK ON THE 2USSIAN FLEET IN ����� )T WAS THEN
RAPIDLYDEPLOYEDBYALLTHEMAJORPOWERS��

4HEOTHERMAJORDEVELOPMENT INMILITARY TECHNOLOGY
THATOCCURRED IN THEYEARS RUNNINGUP TO����WAS

THE STEAMDRIVEN BATTLESHIP� 4HE FIRST WAS THE
$READNOUGHT� LAUNCHED BY THE "RITISH IN �����
(EAVILYARMEDANDFAST�ITHELPEDTOCEMENT"RITAIN�S
NAVAL DOMINANCE� (OWEVER� OTHER NAVAL POWERS�
ESPECIALLY 'ERMANY� DEVELOPED THEIR OWN MORE
POWERFULBATTLESHIPSDURINGARAPIDNAVALARMSRACE
INTHEPREWARYEARS��

(ELPING TO FUEL THESE ARMS RACES WERE NOT JUST
COMPETITION BETWEEN NATIONAL MILITARIES AND
TECHNOLOGICAL INNOVATION� BUT ALSO INTERNATIONAL
COMMERCE� -AJOR PRIVATE CORPORATIONS SUCH AS
6ICKERS AND !RMSTRONG IN THE 5+ AND +RUPP IN
'ERMANY MADE HUGE PROFITS FROM ARMS SALES�
INCLUDING MAJOR CONTRACTS WITH GOVERNMENTS WHICH
WOULDLATERBECOMETHE@ENEMY����

+EYTECHNOLOGICALDEVELOPMENTS
DURINGTHEWAR
!FTER77)BROKEOUT�INSUMMER�����THEPRESSURE
RAPIDLY GREW FOR THE WARRING NATIONS AND THEIR
SCIENTISTS AND ENGINEERS TO TRY TO CREATE @MILITARY
ADVANTAGE�THROUGHINNOVATION�4HEMAINAREASWERE
DIVERSE�INCLUDINGTRENCHCONSTRUCTION�ARTILLERYANDITS
TARGETING� POISONOUS GASES� SUBMARINES� TANKS AND
PLANES�

)N TERMS OF ARTILLERY� PERHAPS THE MOST IMPORTANT
DEVELOPMENT DURING THE WAR WAS THE SCALING UP OF
PRODUCTIONOFTHEHEAVYGUNSWHICHHADBEGUNTOBE
DEPLOYEDBYMILITARIESBEFORE�����-ANYTHOUSANDS
OF THESE WEAPONS� SUCH AS THE "RITISH �� 0OUNDER
AND THE &RENCH ��MM� WERE PRODUCED��� !LSO
IMPORTANTWASTHEDEVELOPMENTOFIMPROVEDTARGETING
nSUCHAS@SOUNDRANGING��4HESEDEVELOPMENTSLED
TO ARTILLERY USE ON AN UNPRECEDENTED SCALE� &OR
EXAMPLE� DURING THE -EUSE!RGONNE CAMPAIGN n
PARTOFTHEFINAL!LLIEDADVANCEIN����n53FORCES
WERE FIRING AN INCREDIBLE ������ TONNES OF SHELLS
EACHDAY���

-ASSPRODUCTIONALSOLEDTOTHEMACHINEGUNBEINGA
WIDELY USED AND DEVASTATING WEAPON� ESPECIALLY IN
DEFENDINGTRENCHES�&OREXAMPLE�THE"RITISHFAVOURED
THE ,EWIS GUN WHOSE NUMBERS INCREASED NINEFOLD
BETWEEN����AND�������

'ERMANRESEARCHRESULTEDINTHEFIRSTUSEOFLETHALGAS
INTHEWARnINTHISCASE�CHLORINEnIN!PRIL�������

&URTHERDEVELOPMENTWORKLEDTO'ERMANYDEPLOYING
PHOSGENEANDMUSTARDGASLATERINTHEWAR�"RITAIN�S
FIRST USE OF LETHAL GAS WAS IN 3EPTEMBER �����
ALTHOUGH ITNEVERUSED ITON THESCALE THAT'ERMANY
DID�(OWEVER�POISONOUSGASESPROVEDTOHAVELIMITED
MILITARYVALUEnDUETOTHEIRDEPENDENCEONWEATHER
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CONDITIONSANDTHEIRCOUNTERINGTHROUGH�FOREXAMPLE�
GASMASKS�'ASESALSOPROVEDTOBESIGNIFICANTLYLESS
LETHALTHANMORECONVENTIONALWEAPONS���

4HERE WAS RAPID DEVELOPMENT OF MILITARY AIRCRAFT
DURING 77)� ALTHOUGH THEIR ROLE IN THE CONFLICT
REMAINED LARGELY MARGINAL��� 0LANES AND AIRSHIPS
WEREADAPTEDTODROPBOMBS�BUTTHEIRMAINROLEWAS
RECONNAISSANCE� ESPECIALLY SPOTTING THE LOCATION OF
ENEMYARTILLERY�

3UBMARINE DEVELOPMENT ALSO PROCEEDED QUICKLY
DURING77)�'ERMANY�INPARTICULAR�FAVOUREDTHISSORT
OF WEAPONS SYSTEM� GIVEN "RITISH SUPERIORITY IN
SURFACE WARSHIPS� "Y THE WAR�S END THEY HAD BUILT
���@5BOATS��ANDUSEDTHEMTODEVASTATINGEFFECT�
ESPECIALLY FROM EARLY ���� ONWARDS WHEN THEY
RESORTEDTO@UNRESTRICTED�SUBMARINEWARFARETOTRYTO
CUT OFF "RITAIN�S MARITIME SUPPLY ROUTES�!BOUT FOUR
MILLION TONNES OF SHIPPING n MUCH OF IT CREWED BY
CIVILIANSnWASSUNKINLITTLEOVERAYEAR���

)N MILITARY TERMS� ARGUABLY THE MOST DECISIVE NEW
TECHNOLOGYOFTHEWARWASTHETANK�&IRSTDEPLOYEDBY
"RITAIN IN����WITHTHEAIMOFOVERRUNNINGTRENCHES
DEFENDEDBYBARBEDWIREANDMACHINEGUNS�ITDIDNOT
INITIALLYPROVEEFFECTIVE�(OWEVER�FURTHERINNOVATIONAND
MASS PRODUCTION LED TO "RITAIN AND &RANCE EACH
DEPLOYINGSEVERALHUNDREDFROMTHESUMMEROF�����
4HEYPROVEDCRITICALINDRIVINGBACK'ERMANFORCES���

7HICHWEAPONSWERETHEBIGGEST
KILLERS�
%STIMATING CASUALTY RATES IN WAR IS A NOTORIOUSLY
DIFFICULT EXERCISE� ESPECIALLY WHEN ANALYSING DATA
FROM A CENTURY AGO� .EVERTHELESS� 7ORLD 7AR )
HISTORIANS AND OTHER RESEARCHERS HAVE UNCOVERED A
RANGEOFINFORMATIONWHICHALLOWSSOMEASSESSMENT
TOBEMADEOFTHEMOSTLETHALTECHNOLOGIES�

/VERALL� BASED ON A RANGE OF SOURCES� RESEARCHER
-ATTHEW7HITEHASESTIMATEDTHATAPPROXIMATELY���
MILLIONMILITARYPERSONNELANDAROUND���MCIVILIANS
DIED IN 7ORLD 7AR )��� 7IKIPEDIA RESEARCHERS HAVE
PROVIDEDCOMPARABLEESTIMATES���

7ITHINTHEMILITARYTOTALS�THEOVERWHELMINGMAJORITYOF
DEATHS�ANDINJURIES	WEREBORNEBYARMIES�WITHNAVAL
DEATHSBEINGONLYAFEWPERCENTOFTHETOTAL��� /FLAND
BASEDDEATHS�THEEVIDENCEPOINTSTOARTILLERYBEINGBY
FARTHELEADINGCAUSE�FOLLOWEDBYMACHINEGUNS�&OR
EXAMPLE� HISTORIANS 3TEPHEN "ULL��� 'ARY 3HEFFIELD���

AND 3TEPHANE !UDOIN2OUZEAU�� QUOTE A RANGE OF
OFFICIALFIGURESTHATINDICATEBETWEEN���AND���OF
CASUALTIESONTHEBATTLEFIELDWEREDUETOARTILLERYFIRE�

#IVILIANDEATHSnWHICHAREMUCHLESSCERTAINnWERE
OVERWHELMINGLYCAUSEDBYMALNUTRITIONANDDISEASE�

AS A RESULT OF SHORTAGES DUE TO THE EFFECT OF
BATTLEFIELDS�BLOCKADESANDDAMAGETOINFRASTRUCTURE
CAUSEDBYTHEWAR�(ENCE�NOSINGLEWEAPONSSYSTEM
CAN BE IDENTIFIED AS THE CAUSE IN THOSE CASES�
.EVERTHELESS� ARTILLERY AND MACHINE GUN FIRE STILL
RESULTEDINLARGENUMBERSOFCIVILIANCASUALTIES�

$RAWING ON SOURCES ALREADY QUOTED� ) ESTIMATE THE
FOLLOWINGOVERALLNUMBERSOFDEATHSDUETODIFFERENT
WEAPONSSYSTEMS�)MUSTEMPHASISETHESEHAVEHIGH
LEVELSOFUNCERTAINTY�
s !RTILLERY��M��MMILITARYAND�MCIVILIAN	
s -ACHINESGUNS��M��MMILITARYAND�MCIVILIAN	
s 3UBMARINES�RIFLES����MEACH
s 4ANKS� CHEMICAL WEAPONS� WARSHIPS� PLANES�

���MEACH
!FURTHER�MCIVILIANSARETHOUGHTTOHAVEDIEDDUETO
MALNUTRITIONANDDISEASE�

3OMELESSONS
,ESSONSFROMTHECARNAGEOFTHE7ORLD7AR)CONTINUE
TO BE HOTLY DEBATED� BUT ) WANT TO OFFER SOME
ESPECIALLYRELATEDTOSCIENCEANDTECHNOLOGY�

(ISTORIAN*OHN+EEGANPOINTSOUTTHATTHEREWASRAPID
TECHNOLOGICAL DEVELOPMENT IN WEAPONS SYSTEMS IN
THE YEARS BEFORE 77)� IN CONTRAST TO THAT IN
COMMUNICATIONS��� !SSUCH�THEMEANSTOWAGEWAR
ONANUNPRECEDENTEDSCALEWASREADILYATHANDWHEN
THE INTERNATIONAL POLITICAL CRISIS STRUCK IN SUMMER
����� WHEREAS TECHNOLOGIES WHICH POLITICAL LEADERS
COULDUSETOCLARIFYANDDEFUSETHESITUATION�E�G�HIGH
QUALITYPERSONTOPERSONPHONES	WERENOT�

4ODAY� THE RAPID PACE OF DEVELOPMENT IN
COMMUNICATIONSTECHNOLOGIESISOUTPACINGMUCHINTHE
MILITARY FIELD n INDICATING THAT PERHAPS SOME LESSONS
HAVE BEEN LEARNED ABOUT THE IMPORTANCE OF
COMMUNICATIONINHELPINGDIFFERENTPEOPLESUNDERSTAND
AND TRUST ONE ANOTHER� (OWEVER� MILITARIES ARE
HARNESSINGSOMEOFTHOSECOMMUNICATIONSTECHNOLOGIES
TOHELPREVOLUTIONISEWARFARE�ANOBVIOUSEXAMPLEBEING
THEREMOTEPILOTINGOF@DRONES��.EWINTERNATIONALARMS
CONTROLSAREURGENTLYNEEDEDINTHISAREA�

4HISBRINGSMETOANOTHERKEYLESSON����YEARSON
FROMTHE"ATTLEOF THE3OMME�ARTILLERY ISSTILLBEING
USEDTODEVASTATINGEFFECTINMANYPARTSOFTHEWORLD
n WITH THE CARNAGE OF THE 3YRIAN WAR BEING AN
OBVIOUSEXAMPLE�#AMPAIGNERSAREATTEMPTINGTOGET
THEIR USE RESTRICTED UNDER EXISTING INTERNATIONAL
DISARMAMENTTREATIES�BUTGOVERNMENTSARECURRENTLY
SHOWINGLITTLEINTEREST���

! FURTHER LESSON CONCERNS THE INTERNATIONAL ARMS
TRADE� ! LACK OF CONTROLS IN THE YEARS BEFORE 77)
ALLOWED PRIVATE CORPORATIONS TO PROFIT FROM ARMING
BOTH SIDES� 7HILE A NEW INTERNATIONAL !RMS 4RADE

4REATY WAS AGREED IN ����� ITS CURRENTLY WEAK
PROVISIONS STILL ALLOW AMAJOR TRADEWHICH FUELSWAR
ANDREPRESSIONACROSSTHEWORLD���

4HEOVERARCHINGCONCLUSIONISTHATALLOWINGMILITARIES
TO PLAY A SIGNIFICANT ROLE IN SCIENTIFIC RESEARCH AND
TECHNOLOGICAL DEVELOPMENT WAS A MAJOR DRIVER OF
WORLDWAR���YEARSAGO� AND IT STILL CREATESMAJOR
DANGERS TODAY�7E NEED TO PRIORITISE USING SCIENCE
AND TECHNOLOGY TO SUPPORT AND STRENGTHEN
DISARMAMENT PROCESSES ACROSS THE WORLD n THAT
WOULDBETHEBESTWAYOFCOMMEMORATINGTHEFALLEN
FROMTHECENTURYPAST�

$R3TUART0ARKINSONIS%XECUTIVE$IRECTOROF
3CIENTISTSFOR'LOBAL2ESPONSIBILITY�ANDHAS

WRITTENWIDELYONTHELINKSBETWEENSCIENCE�
TECHNOLOGYANDMILITARISM�

4HANKSTO$ANIEL#AHNFORVALUABLEHELPWITH
RESEARCHFORTHISARTICLE�
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