
http://econ.geo.uu.nl/peeg/peeg.html 
 

 
 
 
 

Papers in Evolutionary Economic Geography 
 

# 11.13 
 
 
 
 
 
 
 
 
 
 
The place of new industries: the case of fuel cell technology and its technological 

relatedness to regional knowledge bases 
 
 

Anne Nygaard Tanner 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

http://econ.geo.uu.nl/peeg/peeg.html


!"
"

#$%&"'()"'*!!"

!"#$%&'(#$)*$+#,$-+./012-#03$1"#$('0#$)*$*/#&$(#&&$1#("+)&)45$'+.$-10$

1#("+)&)4-('&$2#&'1#.+#00$1)$2#4-)+'&$6+),&#.4#$7'0#0$

"
"

Anne Nygaard Tanner 
Technical University of Denmark, Department of Management Engineering,  

Section of Innovation Systems and Foresight, Produktionstorvet building 426,  
DK-2800 Kgs. Lyngby, Denmark E-mail: anny@man.dtu.dk 

"

"

Abstract 

+,&"&-./$01.%234"0$3%"1%"&5.%.615"7&.7328,4",29"83.8.9&:"0,20"3&71.%2/":1-&391;15201.%"19"2"820,<:&8&%:&%0"

83.5&99"=,&3&>4"%&="1%:$9031&9"73.=".$0".;"83&&?1901%7"1%:$90312/"903$50$3&9"0,3.$7,"0&5,%./.7152//4"3&/20&:"

/.52/1@&:"A%.=/&:7&"981//.-&3B"+,19"828&3"&?261%&9"1;"0,19"2/9."288/1&9";.3"1%:$9031&9":&-&/.8&:"23.$%:"

&6&371%7"32:152/"0&5,%./.74B"C":&-&/.8"2"%&="6&29$3&";.3"0&5,%./.7152/"3&/20&:%&99">&0=&&%"0,&"A%.=/&:7&"

>29&".;"0,&"3&71.%"2%:"0,20".;"2"32:152/"0&5,%./.74)"%26&/4)";$&/"5&//9B"C0"19":&6.%90320&:"0,20"&-&%"1%"0,&"529&"

.;"2",17,":&73&&".;"32:152/%&99"2%:":195.%01%$104)"A%.=/&:7&"7&%&3201.%"19"901//"5$6$/201-&"1%"109"982012/"2%:"

5.7%101-&":16&%91.%9)"5.33.>.3201%7"0,&"&-./$01.%234"0,&919B"

!"#$%&'()*"&-./$01.%234"&5.%.615"7&.7328,4)"32:152/"1%%.-201.%)"3&71.%2/">32%5,1%7)"0&5,%./.7152/"

3&/20&:%&99)";$&/"5&//"0&5,%./.74"

+,-$./0))121.031&4)*$D'E)"F!!)"F!')"GHH$



'"
"

"

89 :+12)./(1-)+$

I195$991.%9".%"0,&"&6&37&%5&".;"%&="3&71.%2/"1%:$90312/"820,9",2-&"721%&:"3&%&=&:"1%0&3&90"1%"0,&";1&/:".;"

&5.%.615"7&.7328,4B"J-&3"0,&"/290"5.$8/&".;":&52:&9"0,&";1&/:".;"&5.%.615"7&.7328,4",29"&?8&31&%5&:"=,20"

,29">&&%"52//&:"2%"K&-./$01.%234"0$3%L"MN32>,&3)"'**OP"9&&)"&B7B)"Q.95,62"2%:"R2301%)"'*!*P"S99/&0@>15,/&3"2%:"

F17>4)"'**TP"Q.95,62"2%:"R2301%)"'**TP"R2301%"2%:"U$%/&4)"'**VW"1%9813&:">4"0,&";1&/:".;"&-./$01.%234"

&5.%.6159"MX&/9.%"2%:"Y1%0&3)"!O('P"Z3&&62%)"!OO[WB"+,19"0$3%",29">3.$7,0"2>.$0"2"3&%&=&:"1%0&3&90"1%"0,&"

\$&901.%".;",.="=&"52%"&?8/21%"0,&"&6&37&%5&".;"%&="1%:$9031&9"2%:"0,&13"982012/"62%1;&90201.%"29"2"83.5&99"

.;"3&71.%2/"820,":&8&%:&%54"MR2301%"2%:"U$%/&4)"'**VWB"Q.95,62"2%:"Z3&%A&%"M'*!!W"237$&"0,20"0&5,%./.7152/"

3&/20&:%&99)"$%:&390..:"29"5.7%101-&"83.?16104)"&%,2%5&9"A%.=/&:7&"032%9;&39"2%:"9,231%7";3.6"83&&?1901%7"

3&71.%2/"2501-101&9"0."&6&371%7"1%:$90312/"2501-101&9"=10,1%"3&71.%2/">.3:&39B"+,$9)"0&5,%./.7152/"3&/20&:%&99"

>&5.6&9"2%"168.302%0"&%2>/1%7";250.3";.3"0,&"53&201.%".;"%&="-231&04"2%:";.36201.%".;"%&="3&71.%2/"1%:$90312/"

820,9"MQ.95,62"2%:"Z3&%A&%)"'*!!P"X&;;A&"&0"2/B)"'*!!WB""

+,19"828&3"5.%031>$0&9"0."0,19"95.8&".;"0,&"&5.%.615"7&.7328,4"/10&320$3&"1%"0,3&&"=249B"Z1390/4)"10"19"$%5/&23"0."

=,20":&73&&"/.52/1@201.%".;"32:152//4"%&="1%:$9031&9)">29&:".%"32:152/"0&5,%./.74":&-&/.86&%0)"19"/1A&=19&"

:31-&%">4"0&5,%./.7152//4"3&/20&:"A%.=/&:7&"981//.-&3";3.6"83&&?1901%7"3&71.%2/"&5.%.615"2501-101&9B"U1%5&"

32:152/"0&5,%./.74"19"5,23250&31@&:">4"2",17,":&73&&".;":195.%01%$104"1%"83.:$501.%"2%:"623A&01%7"9490&69"2%:"2"

903.%7":&8&%:&%54".%"A%.=/&:7&"83.:$5&:"1%"F]I":&82306&%09"M9&&"Z3&&62%)"!OO[P"Z3&&62%"2%:"^&3&@)"

!O((W)"9.6&"95,./239"MU0.38&3"2%:"Y2/A&3)"!O(OW",2-&"237$&:"0,20"%&="1%:$9031&9"&?8&31&%5&"3&/201-&"

K;3&&:.6L"0."/.520&"1%"2"/237&"%$6>&3".;"3&71.%9B"_55.3:1%7"0."U0.38&3"2%:"Y2/A&3)"/.5201.%2/";3&&:.6"19"

25,1&-&:">&52$9&"%&="1%:$9031&9"23&"/&99"5.%90321%&:">4"98&51;15"/.5201.%2/"3&9.$35&9"2%:"3&/4"0."2",17,&3"

:&73&&".%"0,&13".=%"53&201-&"2>1/104"0."7&%&320&".3"2003250"2"9$88.301-&"/.52/"&%-13.%6&%0"0,2%"19"0,&"529&";.3"

&902>/19,&:"1%:$9031&9B"_"3&;1%&6&%0".;"0,19"237$6&%0",29">&&%"62:&">4"Q.95,62"2%:"-2%":&3"`%228"M!OOTW"



E"
"

2%:"Q.95,62"2%:"a26>..4"M!OOOW)"=,."237$&"0,20"0,&"982012/"1%:&0&361%254".;"%&="1%:$9031&9"19"/1610&:"0."

3&71.%9"=10,"$9&;$/"2%:">&%&;1512/"7&%&315"3&9.$35&9B"b&%5&)"0,&"62c.3"5.%031>$01.%".;"0,19"828&3"19"0."

1%-&901720&"2%:"5/231;4)"0,3.$7,"2%"&6813152/"2%2/4919".;"0,&"/.52/1@201.%".;"32:152/";$&/"5&//"0&5,%./.74)"=,&0,&3"

.3"%.0"32:152/"0&5,%./.74":&-&/.86&%0"02A&9"8/25&"1%"3&71.%9"=10,"0&5,%./.7152//4"3&/20&:"7&%&315"3&9.$35&9B"

U&5.%:/4)";.//.=1%7"Q.95,62"2%:"-2%":&3"`%228L9"M!OOTW"237$6&%0"0,20"/.52/1@201.%".;"%&="1%:$9031&9"19"

03177&3&:">4"2"9&0".;"/.52/1@&:"7&%&315"3&9.$35&9)"2%"2::101.%2/".>c&501-&".;"0,19"828&3"19"0."&?82%:".$3"

$%:&3902%:1%7".;"0,&"5,23250&3".;"9$5,"3&9.$35&9B"Q.95,62"2%:"-2%":&3"`%228":1901%7$19,">&0=&&%"7&%&32/"

2%:"98&51;15"3&9.$35&9"2%:"5/216"0,20"%&="1%:$9031&9".%/4">&%&;10";3.6"2"5&3021%"5.6>1%201.%".;"7&%&315"

3&9.$35&9)"9$5,"29">2915"A%.=/&:7&"2%:"9A1//9B"^3&-1.$9"3&9&235,",29"9,.=%"0,20"1%"0,&"529&".;"0,&"2$0.6.01-&"

1%:$9034)"0,&"83&9&%5&".;"3&/20&:"1%:$9031&9"1%"5&3021%"3&71.%9"=29"1%";250">&%&;1512/";.3"0,&"&23/4"/.52/1@201.%".;"

0,&"Q31019,"523"1%:$9034"MQ.95,62"2%:"Y&%01%7)"'**TWB"R.3&.-&3)"X&;;A&"&0"2/B"M'*!!W",2-&"9,.=%"0,20"

1%:$9031&9"23&"6.3&"/1A&/4"0."&%0&3"3&71.%9"=10,"0&5,%./.7152//4"3&/20&:"1%:$9031&9"2%:"0,20"&?1901%7"1%:$9031&9"

23&"6.3&"/1A&/4"0."&?10"3&71.%9"=,&3&".0,&3"1%:$9031&9"23&"%.0"0&5,%./.7152//4"3&/20&:B""C%"0,19"828&3"C":."%.0"

;.5$9".%"5/299&9".;"1%:$9031&9">$0"1%-&901720&"0,&"83&9&%5&".;"2"8.30;./1.".;"0&5,%./.7152//4"3&/20&:"A%.=/&:7&"

;1&/:9"0,20"0.7&0,&3"2::"0."0,&"A%.=/&:7&">29&".;";$&/"5&//"0&5,%./.74B"Q4":&5.68.91%7"0,&"2-21/2>1/104".;"

7&%&315"3&9.$35&9"1%0."98&51;15"A%.=/&:7&";1&/:9"3&/&-2%0"0.";$&/"5&//"0&5,%./.74)"0,&"2%2/4919">&5.6&9"6.3&"

:&021/&:"1%"109"6&29$3&".;"0&5,%./.7152/"3&/20&:%&99B"+,19"&%2>/&9"0,&"2%2/4919"0."3&-&2/"0,&"168.302%5&".;"

98&51;15"A%.=/&:7&";1&/:9"M.-&3".0,&39W"2%:"0.":1901%7$19,">&0=&&%":&73&&9".;"0&5,%./.7152/"3&/20&:%&99B""

+,13:/4)"0,19"828&3":&-&/.89"2"%&="=24".;"6&29$31%7"0&5,%./.7152/"3&/20&:%&99">29&:".%"0,&"M&-./-1%7W"

A%.=/&:7&">29&".;"2"%295&%0"0&5,%./.74"23&2B"+,&"621%":2029&0"19"2"3&71.%2/1@&:":202>29&".;"820&%0"

288/15201.%9";1/&:"$%:&3"0,&"^20&%0"D..8&3201.%"+3&204"MJSDI)"#$%&"'*!*W)"=,15,"62A&9"10"8.991>/&"0."6&29$3&"

;$&/"5&//"820&%01%7"2%:";$&/"5&//"0&5,%./.7152//4"3&/20&:"820&%01%7";.3"2"9268/&".;"S$3.8&2%"3&71.%9)"=,&3&"



["
"

820&%0"2501-104"19"9&&%"29"2"83.?4".;"A%.=/&:7&"83.:$501.%"2%:)",&%5&)"=.3A9"29"2"6&29$3&".;"5.68&0&%5&9"2%:"

9A1//9"0,20"23&"83&9&%0"1%"2"71-&%"3&71.%"=10,1%"98&51;15"A%.=/&:7&"23&29B"S17,0"A%.=/&:7&";1&/:9"0,20";.36"8230"

.;"0,&";$&/"5&//"A%.=/&:7&">29&"23&"1:&%01;1&:"29";$&/"5&//d3&/20&:"A%.=/&:7&)"2%:"0,&"926&":202>29&"62A&9"10"

8.991>/&"0."6&29$3&"0,&"/&-&/".;"A%.=/&:7&"83.:$501.%"=10,1%"0,&9&"&17,0"A%.=/&:7&";1&/:9";.3"&25,"3&71.%"

.-&3"2"!H<4&23"8&31.:B"+,19"19"2"6$5,"6.3&"83&519&"=24".;"6&29$31%7"0&5,%./.7152/"3&/20&:%&99"0,2%"1%:$90312/"

5/299&9",2-&"83&-1.$9/4"2//.=&:B"_::101.%2//4)"2/0,.$7,"820&%0":202",2-&">&&%"5310151@&:";.3"0,&13"62%4"

9,.305.61%79)"2%.0,&3"5/&23"2:-2%027&".;"6&29$31%7"A%.=/&:7&";1&/:9"29"2%"2/0&3%201-&"0."1%:$9034"5/299&9"19"

0,&"8.991>1/104"0."2%2/4@&"/.52/1@201.%"8200&3%9".;"&6&371%7"0&5,%./.74)"=,15,".;0&%":3.=%9"1%"1%:$90312/"

5/2991;15201.%"9490&69B"

+,19"828&3";.5$9&9".%"0,&"&6&371%7";$&/"5&//"0&5,%./.74)"=,15,"19"2%"&%-13.%6&%02//4";31&%:/4"&%&374"

0&5,%./.74B"_";$&/"5&//"19"2%"&/&503.<5,&6152/":&-15&"0,20"7&%&320&9"&/&50315104">29&:".%"2"5,&6152/"3&2501.%"

>&0=&&%".?47&%"2%:",4:3.7&%B"Z$&/"5&//"0&5,%./.74"19"32:152/">&52$9&"10",29"0,&"8.0&%012/"0."3&8/25&"1%5$6>&%0"

&%&374"0&5,%./.71&9"2%:"29"9$5,"3&9$/09"1%"0&5,%./.7152/":195.%01%$101&9"MN23512"2%:"D2/2%0.%&)"'**'WB"C0"

;$%501.%9"29"2%"&%013&/4"%&="5,&6152/"83.5&99".;"&%&374"5.%-&391.%"2%:"5.%9&\$&%0/4">$1/:9"$8.%"2"%&="9&0".;"

951&%01;15"2%:"0&5,%152/"831%518/&9)"=,15,"3&\$13&9"0,&">$1/:$8".;"2"%&="A%.=/&:7&">29&"MQ.$37&.19"2%:"R162)"

'**EP"_-2:1A42%"&0"2/B)"'**EWB"U1%5&"0,&"&23/4"!OO*9";$&/"5&//"0&5,%./.74":&-&/.86&%0",29"721%&:"6.6&%0$6"1%"

109"0&5,%152/"25,1&-&6&%09"2%:"19"9&&%"29".%&".;"0,&"83.6191%7"2/0&3%201-&9"0."3&8/25&";.991/";$&/d>29&:"&%&374"

0&5,%./.71&9"1%"0,&"/.%7"0&36B"+,19",29",288&%&:"29"2"3&9$/0".;"2%"1%53&291%7"1%0&3&90"1%"0,&"0&5,%./.74">4"

-231.$9"048&9".;"250.39B"C%"0,&"&23/4"4&239"0,&9&"250.39"5.%9190&:"621%/4".;"$%1-&39101&9"2%:"5.3&":&-&/.8&39".;"

;$&/"5&//"9025A9"2%:";$&/"5&//"9490&69)"9$5,"29"&/&503152/">200&34"62%$;250$3&39".3"%&="98&512/1@&:";1369"

MQ.$37&.19"2%:"R162)"'**EWB"C%"/20&3"4&239";1369";$30,&3":.=%903&26">&5.6&"1%53&291%7/4"1%-./-&:"1%";$&/"5&//"

0&5,%./.74":&-&/.86&%0)"6133.31%7"2":1-&39&"32%7&".;"288/15201.%".88.30$%101&9"2%:"623A&09"=10,1%"90201.%234"

8.=&3)"2$0.6.01-&)"2%:"8.302>/&"&\$186&%0B""



H"
"

+,&"828&3"19"903$50$3&:"29";.//.=9B"+,&"%&?0"9&501.%":&9531>&9"0,&"0,&.3&0152/"5.%5&80$2/1@201.%".%"=,15,"0,&"

828&3">$1/:9B"+,19"9&501.%">&71%9"=10,"2">31&;":1901%501.%">&0=&&%"1%53&6&%02/"2%:"32:152/"1%%.-201.%)"2%:"

:&;1%&9"0,&"5.%5&80".;"K32:152//4"%&="3&71.%2/"1%:$90312/"820,9LB"+,&%"0,&"83.5&99&9".;"&23/4"1%:$90312/"

/.52/1@201.%"23&":195$99&:)":1901%7$19,1%7">&0=&&%"0,&"K=1%:.=".;"/.5201.%2/".88.30$%104L"1%0&383&0201.%"2%:"

0,&"5.%5&80".;"K3&71.%2/">32%5,1%7LB"U&501.%"E":&9531>&9"9.6&"5,23250&3190159".;";$&/"5&//"0&5,%./.74)"2%:"

9&501.%"["1%03.:$5&9"0,&":202)"6&0,.:)"2%:"6.:&/"$9&:)"1%5/$:1%7"2"0,.3.$7,":&9531801.%".;"0,&"6&29$3&".;"

K0&5,%./.7152/"3&/20&:%&99LB"U&501.%"H"83&9&%09"0,&"3&9$/09)"2%:"0,&"5.%5/$:1%7"9&501.%"V"9$69"$8"0,&";1%:1%79"

2%:"8.1%09"0,&":13&501.%";.3";$0$3&"3&9&235,B""

;9 !"#)25$'+.$<)+(#%1/'&-='1-)+$

Radically new regional industrial paths 

Y&";1390":&;1%&"0,&"-&34".>c&50"0,19"828&3";.5$9&9".%e"&6&371%7"3&71.%2/"1%:$90312/"820,9">29&:".%"32:152/"

0&5,%./.74)":&;1%&:",&3&">31&;/4"29"%&="1%:$9031&9"0,20">$1/:"23.$%:"2"32:152/"0&5,%./.74"2%:"&6&37&"=10,1%"

0,&">.3:&39".;"2"71-&%"3&71.%B""

_/0,.$7,"2"8/&0,.32".;":&;1%101.%9".;"1%%.-201.%"048&9"19"$9&:"1%"1%%.-201.%"90$:1&9"MN23512"2%:"D2/2%0.%&)"

'**'W)"2"9168/&":1901%501.%">&0=&&%"1%53&6&%02/"2%:"32:152/"0&5,%./.7152/"5,2%7&"19"=1:&/4"255&80&:"0."5280$3&"

0,&"621%"-231201.%9B"C%53&6&%02/"1%%.-201.%9".55$3"5.%01%$.$9/4"2%:"23&"5$6$/201-&".;"%20$3&"=10,1%"

0&5,%./.7152/"032c&50.31&9"MX&/9.%"2%:"Y1%0&3)"!O('P"Z3&&62%)"!OO[P"I.91"2%:"J39&%17.)"!O((WB"+,&4"02A&"8/25&"

=10,1%";1369".3"=10,1%"5/$90&39".;";1369"0,20"23&"5/.9&/4"/1%A&:"0."&25,".0,&3"2%:)",&%5&)"1%"2"7&.7328,152/"

3&98&50"23&"8&35&1-&:"0.">&"903.%7/4"1%;/$&%5&:">4"83&&?1901%7"8200&3%9".;"&5.%.615"2501-101&9"MQ.95,62"2%:"

-2%":&3"`%228)"!OOTWB"C%".0,&3"=.3:9)"1%53&6&%02/"5,2%7&9"0."83.:$509"2%:"83.5&99&9"02A&"8/25&"=,&3&";1369"

23&"/.520&:"2%:"23&".;0&%":31-&%">4"/&23%1%7">4":.1%7"2%:"/&23%1%7">4"$91%7"6&5,2%1969B""



V"
"

J%"0,&".0,&3",2%:)"32:152/"1%%.-201.%9".;0&%"/24"0,&"73.$%:";.3"0.02//4"%&="83.:$509".3"83.5&99&9)"7&%&3201%7"

8232:1762015"5,2%7&9"MI.91)"!O(')"!O((WB"F2:152/"1%%.-201.%9"23&".;"2":195.%01%$.$9"%20$3&"2%:"23&"237$&:"0."

98$3"0,&"&6&37&%5&".;"%&="1%:$9031&9".3";1369"0,20",2-&"0,&"8.0&%012/"0.":193$80"1%5$6>&%0"1%:$9031&9"2%:"

;1369B"C%"0,20"3&98&50"32:152/"1%%.-201.%"19"$9$2//4"8&35&1-&:"0."52$9&":195.%01%$104"1%"0,&"&5.%.615"9490&6"2%:)"

>4"&-./$01.%234"&5.%.615"7&.7328,&39)"0."52$9&"1%902>1/104"1%"0,&"&5.%.615"/2%:9528&"MQ.95,62"2%:"-2%":&3"

`%228)"!OOTWB"C0"2/9.";.//.=9"0,20"1%"0,&"&23/4"9027&9".;"32:152/"0&5,%./.7152/"1%%.-201.%)"$%5&3021%04"19"-&34",17,"

MZ3&&62%"2%:"^&3&@)"!O((W)"2%:"0,&"0&5,%./.74"3&\$13&9"4&239".;":&-&/.86&%0"2%:"1683.-&6&%09B""

Y,&%"%&="1%:$9031&9"&6&37&">29&:".%"2"32:152/"0&5,%./.74"10";.369"=,20"19",&3&"52//&:"2"32:152//4"%&="

1%:$90312/"820,B"+,19"828&3"19"5.%5&3%&:"=10,"=,&3&"1%"9825&"0,&"%&="1%:$90312/"820,"19"/.520&:)"2%:",&%5&"

0&369"10"2"32:152//4"%&="3&71.%2/"1%:$90312/"820,B"_"%&="1%:$9034"624"&6&37&"1%"2"%$6>&3".;"3&71.%9"20"0,&"

926&"016&".3"9/17,0/4"9&82320&:"1%"016&B"b.=&-&3)"1%".$3":&;1%101.%".;"32:152//4"%&="3&71.%2/"1%:$90312/"820,9"10"19"

168.302%0"0.",17,/17,0"0,20"0,&"%&="1%:$9034">$1/:9".%"32:152/"0&5,%./.74":&-&/.86&%0"2%:"29"9$5,"19"%.0".%/4"

%&="0."0,&"3&71.%">$0"2/9."!"#$%&$%'"$#&()*B"

C%"0,&";.//.=1%7)"2"0,&.3&0152/"5.%5&80$2/1@201.%"2>.$0"0,&"/.52/1@201.%".;"32:152//4"%&="1%:$90312/"820,9"19"

.$0/1%&:)">&71%%1%7"=10,"0,&"%.01.%".;"K=1%:.=9".;"/.5201.%2/".88.30$%104L"MYaJW"MU0.38&3"2%:"Y2/A&3)"!O(OW"

2%:"5.%01%$1%7"=10,"2%"2/0&3%201-&"2883.25,">29&:".%"0,&"0&36"K3&71.%2/">32%5,1%7L"MQ.95,62"2%:"Z3&%A&%)"

'*!!WB"

Early industrial localization through locational freedom 

+,&":195.%01%$.$9"%20$3&".;"32:152/"0&5,%./.74",29"52$9&:"&5.%.615"7&.7328,&39"0."237$&"0,20"0,&"982012/"

;.36201.%".;"%&="1%:$9031&9".55$39"3&/201-&/4"1%:&8&%:&%0/4";3.6"&5.%.615"903$50$3&9"2%:"8325015&9"MU0.38&3"



T"
"

2%:"Y2/A&3)"!O(OWB"U0.38&3"2%:"Y2/A&3"M!O(OW"237$&">29&:".%"0,&"YaJ"5.%5&80!"MU5.00"2%:"U0.38&3)"!O(TW"0,20"

/.52/1@201.%".;"%&="1%:$9031&9"19"320,&3"1%:&8&%:&%0";3.6"83&&?1901%7"1%:$90312/"903$50$3&9B"+,&"83&9$6801.%"19"

0,20"2%"&6&371%7"1%:$9034"0,20">29&9"109":&-&/.86&%0".%"2"32:152/"0&5,%./.74",29"9$5,"$%1\$&"3&\$13&6&%09"

0,20"2%4"83&&?1901%7"/.5201.%2/"5.%:101.%9"=1//",23:/4"6&&0"0,&9&"3&\$13&6&%09"MU0.38&3"2%:"Y2/A&3)"!O(OP"

Q.95,62)"!OOVWB"C%90&2:)"10"19"5/216&:"0,20"=,&%"2"%&="1%:$9034"&6&37&9)";1369"&?8&31&%5&"2"/&-&/".;"K/.5201.%2/"

;3&&:.6L"0."/.520&"1%"2"/237&"%$6>&3".;"8/25&9">&52$9&"0,&13";$0$3&":&8&%:9"0."2",17,&3":&73&&".%"0,&13".=%"

2>1/104"0."9,28&"2"9$88.301-&"&%-13.%6&%0"M&B7B)"/2>.3"9A1//9)"9$88/1&39)">$4&39W"0,2%".%"2"9&0".;"98&51;15"/.52/1@&:"

3&9.$35&9B"_55.3:1%7/4)"/&2:1%7";1369"1%"&6&371%7"1%:$9031&9"23&"0."2"/237&3"&?0&%0":&8&%:&%0".%"0,&13"5282>1/104"

0."53&20&"0,&13".=%";2-.32>/&"/.5201.%2/"5.%:101.%9"0,2%".%"98&51;15"1%1012/"5.%:101.%9"83.-1:&:">4"0,&"&?1901%7"

9&001%79"1%"2"3&71.%B""_/0,.$7,"U0.38&3"2%:"Y2/A&3":."8.1%0".$0"0,20"/.5201.%2/";3&&:.6",29"/16109"2%:"0,20"=&"

=1//"%.0"9&&"%&="1%:$9031&9":&-&/.8"1%"3&/201-&/4"$%1%:$90312/1@&:"3&71.%9"MU0.38&3"2%:"Y2/A&3)"!O(OW)"0,&13"

.-&32//"237$6&%0"19"0.=23:9"2",17,":&73&&".;"982012/"1%:&0&361%254".;"%&="1%:$90312/"/.52/1@201.%B""""

b&%5&)"0,&"621%"9,.305.61%7".;"0,&"YaJ";326&=.3A"19"0,20"10":.&9"%.0"824"6$5,"200&%01.%"0."0,&"8.991>1/104"

0,20"%&="1%:$9031&9"23&"/1%A&:"0."2/3&2:4"&?1901%7"1%:$90312/"903$50$3&9"1%"2"3&71.%"29"2"3&9$/0".;"3&71.%2/"820,"

:&8&%:&%54B"D.%03234"0."0,&"&68,2919".;"0,&"YaJ"2883.25,".%"982012/"1%:&0&361%254)"0,&"/20&3"=.3A".;"

Q.95,62"2%:".0,&39"6.:1;1&9"0,19"$%:&3902%:1%7"2%:"9$77&909"0,20"0,&"982012/"&6&37&%5&".;"%&="1%:$9031&9"19"

%.0"2%"&%013&/4"2551:&%02/"83.5&99"MQ.95,62"2%:"R2301%)"'**TP"Q.95,62"2%:"Z3&%A&%)"'*!!WB"Q.95,62"2%:"-2%"

:&3"`%228"M!OOTW"2%:"Q.95,62"2%:"a26>..4"M!OOOW"\$&901.%"0,&"1%,&3&%0"299$6801.%"1%"0,&"&23/4"YaJ"

5.%5&80"0,20"%&="1%:$9031&9":&-&/.8";3.6"953205,"MQ.95,62)"'**TWB"+,&4"237$&"0,20"%&="1%:$9031&9">$1/:".%"2"

9&0".;"7&%&315)"/.5201.%<98&51;15"3&9.$35&9"0,20",2-&"0,&"8.0&%012/"0."03177&3"%&="1%:$9031&9"0."&6&37&B""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
!"+,&"YaJ";326&=.3A"&6&37&:"1%"0,&"/20&"!O(*9".$0".;"2%"1%0&3&90"1%"&?8/21%1%7"=,4"./:"1%:$90312/"3&71.%9"91%5&"0,&"!OV*9"
2%:".%=23:9"&?8&31&%5&:"9&-&3&"83.>/&69".;":&1%:$90312/1@201.%"2%:"c.>"/.99B"+,19"0,&.3&0152/";326&=.3A"=29"621%/4"$9&:"
0."&?8/21%"0,&"3&/201-&"982012/"1%:&0&361%254".;"%&="1%:$9031&9L"/.52/1@201.%"8200&3%9"2%:";100&:"=&//"=10,"&6813152/"
.>9&3-201.%9".;"%&="1%%.-201-&"3&71.%9".-&302A1%7"0,&"8.9101.%".;"./:)":&5/1%1%7"1%:$90312/"3&71.%9"MU5.00"2%:"U0.38&3)"
!O(TWB"



("
"

+,19"19"6$5,"1%"/1%&"=10,"^&3&@"2%:"U.&0&L9"M!O((W"83.61%&%0"828&3".%":&-&/.81%7"5.$%031&9L"5282>1/104"0."5205,"

$8"1%"0&5,%./.74B"+,&4"237$&"0,20";.$3"5.68.%&%09"1%;/$&%5&"0,&"5.90"2%:"5282>1/104".;";1369"1%"2"71-&%"5.$%034)"

.3"1%"0,19"529&"2"3&71.%)"0."&%0&3"2"0&5,%./.7152/"032c&50.34B"+,&";.$3"5.68.%&%09"5.%9190".;";1?&:"1%-&906&%09"

5.909)"951&%01;15"2%:"0&5,%152/"A%.=/&:7&)"9A1//9"2%:"&?8&31&%5&"M1%"62%27&6&%0)"83.:$501.%)"623A&01%7)"&05BW)"

2%:"2"9&0".;"/.5201.%2/"2:-2%027&9B"+,&9&"5.68.%&%09"23&"/1A&/4"0."-234":&8&%:1%7".%"0,&"%20$3&".;"0,&"

0&5,%./.74"2%:".%"0,&"9027&".;"0&5,%./.7152/"&-./$01.%"$%:&390..:"29"8,29&9"1%"0,&"0&5,%./.74L9"/1;&545/&"

M^&3&@"2%:"U.&0&)"!O((WB"C%"0,&"1%03.:$501.%"8,29&)"=,15,"19"1%";.5$9";.3"0,19"828&3)"0,&"/&-&/".;"951&%01;15"2%:"

0&5,%152/"A%.=/&:7&"2%:"0,&"/&-&/".;"/.5201.%2/"2:-2%027&9"M&?0&3%2/101&9W"23&"3&/201-&/4",17,";.3";1369"0.">&"2>/&"

0."&%0&3"0,&"&6&371%7"0&5,%./.7152/"032c&50.34)"=,&3&29"0,&"1%1012/";1?&:"1%-&906&%0"5.909"2%:"0,&"&?8&31&%5&"

2%:"9A1//9"1%"62%271%7)"83.:$501.%)"623A&01%7)"&05B)"23&"299$6&:"0."1%53&29&"=10,"2",17,&3"/&-&/".;"620$3104".;"

0,&"0&5,%./.74B""^&3&@"2%:"U.&0&"237$&)"c$90"29"Q.95,62"M'**TW)"0,20"10"19"fMgW"2>9$3:"0."299$6&"0,20"2";136"52%"

90230"=10,"@&3."83&-1.$9"A%.=/&:7&h"M^&3&@"2%:"U.&0&)"!O(()"[VVW+"

^&3&@"2%:"U.&0&L9"5.%031>$01.%".%"5.$%031&9L"5282>1/104"0."5205,"$8"1%"0&5,%./.74"52%">&"288/1&:"0."3&71.%2/"

&5.%.61&9"20"0,&"9$><%201.%2/"/&-&/"2%:"0,&13"5282>1/104"0."&%0&3"1%0."2"32:152//4"%&="3&71.%2/"1%:$90312/"820,B"C%"

0,&"&23/4"8,29&".;"32:152/"0&5,%./.74":&-&/.86&%0)"0=."5.68.%&%09"1%"823015$/23"23&".;"73&20"168.302%5&e"2"

61%16$6"/&-&/".;";136<>.$%:"951&%01;15"2%:"0&5,%152/"A%.=/&:7&"=10,1%"0,&"0&5,%./.7152/"A%.=/&:7&">29&)"2%:"

2%"2:-2%027&.$9"/.5201.%"5/.9&"0."$%1-&39104"3&9&235,"2%:"3&9&235,&39"0,20"52%"299190"1%"0,&">$1/:$8".;"2"%&="

A%.=/&:7&">29&B"D.%9&\$&%0/4)"10"52%">&"237$&:"0,20"0,&"0.02/"A%.=/&:7&">29&".;"2"3&71.%)"29"2%"&?83&991.%".;"

;136<>.$%:"A%.=/&:7&"2%:".0,&3"/.52/1@&:"A%.=/&:7&"9.$35&9"M&B7B)"$%1-&39101&9"2%:"3&9&235,"1%9010$0&9W)",29"

73&20"1%;/$&%5&".%"=,15,"32:152//4"%&="3&71.%2/"1%:$90312/"820,9"=1//"&6&37&"=10,1%"2"71-&%"3&71.%B"

D/&23/4)">$1/:1%7"%&="1%:$9031&9"1%"3&71.%2/"&5.%.61&9"19"2"5.68/1520&:"6200&3"2%:"52%%.0">&"29531>&:"0."0,&"

3&71.%2/"5.68.9101.%".;"A%.=/&:7&";1&/:9"2/.%&B"Y&"A%.=";3.6"1%%.-201.%"9490&6"90$:1&9"0,20"0,&"83.5&99".;"



O"
"

>$1/:1%7"%&="1%:$9031&9"3&\$13&9"%.0".%/4"0,&"255$6$/201.%".;"951&%01;15"2%:"0&5,%./.7152/"5.68&0&%5&9">$0"

2/9."0,&"2/0&31%7".;"1%9010$01.%9"2%:"%&0=.3A9"MI2/$6"&0"2/B)"!OOOP"a$%:-2//)"!OO'WB"J0,&3";250.39".;"1%9010$01.%2/)"

5$/0$32/)"8./10152/)"2%:"9.512/"5,23250&3"1%;/$&%5&"0,&":&-&/.86&%0".;"%&="0&5,%./.7152/"032c&50.31&9">4"53&201%7"

;2-.32>/&"5.%:101.%9";.3"0,&"0&5,%./.74)"&B7B)"1%:$51%7"A%.=/&:7&":1;;$91.%"26.%7"250.39"1%"0,&"3&71.%"2%:"

83.-1:1%7"&5.%.615"1%5&%01-&9"0."1%-&90"1%"F]IB"+,19"19"2/9."0,&"529&";.3";$&/"5&//"0&5,%./.74":&-&/.86&%0"

MR2:9&%"2%:"_%:&39&%)"'*!*WB"U$5,";250.39"23&"5/&23/4".;"166&%9&"168.302%5&)"2%:"C"9$77&90">4"%."6&2%9"2%4"

:&0&361%19015"3&/201.%9,18">&0=&&%"0,&"A%.=/&:7&">29&".;"2"71-&%"3&71.%"2%:"0,&"&6&37&%5&".;"2"%&="1%:$9034B"

X&-&30,&/&99)"0,19"828&3"19":&:1520&:"0."&%\$131&9"1%0."0,&"5.7%101-&":16&%91.%".;"0&5,%./.7152/":&-&/.86&%0)"

=,15,"19".>-1.$9/4"2"53$512/"&/&6&%0"1%"0,&"&23/4"4&239".;"2"0&5,%./.74L9"&-./$01.%B"C%";250"10"19"8/2$91>/&"0."237$&"

0,20"98&51;15"/.52/1@&:"A%.=/&:7&"3&\$13&:"0."&%0&3"2"0&5,%./.74"19"2"83&3&\$1910&";.3"2"3&71.%"0."9$55&&:"1%"0,&"

:&-&/.86&%0".;"%&="3&71.%2/"1%:$90312/"820,9">29&:"$8.%"32:152/"0&5,%./.74B""

Regional branching: an evolutionary approach 

Q.95,62"2%:"Z3&%A&%"M'*!!W"&68/.4"0,&"&-./$01.%234"6&028,.3"K3&71.%2/">32%5,1%7L"0."1//$90320&"0,20"%&="

1%:$9034"73.=9".$0".;"0,&"&?1901%7"1%:$90312/"903$50$3&"=10,1%"2"3&71.%B"F&71.%2/">32%5,1%7",288&%9"&10,&3"=,&%"

2"%&="1%:$9034"73.=9".$0".;"2%"&?1901%7"1%:$9034".3"=,&%"A%.=/&:7&"2%:"5.68&0&%5&9";3.6"2"5.6>1%201.%".;"

9&50.39"23&">3.$7,0"0.7&0,&3"0.";.36"0,&":&-&/.86&%0".;"2"%&="1%:$9034B""

+,&"5.%5&80".;"3&71.%2/">32%5,1%7">$1/:9".%"0=."1:&29";3.6"0,&";1&/:".;"&5.%.615"7&.7328,4B"Z1390"2%:"

;.3&6.90"19"0,20"A%.=/&:7&"0&%:9"0."981//".-&3"1%"982012/"83.?16104"320,&3"0,2%"7/.>2//4)"29"9,.=%">4"0,&"

/10&320$3&".%"/.52/1@&:"A%.=/&:7&"981//.-&3"M#2;;&"&0"2/B)"!OOEP"Z&/:62%)"!OOOP"_%9&/1%"&0"2/B)"!OOTP"_$:3&095,"

2%:"Z&/:62%)"!OOVP"R2$39&0,"2%:"i&39827&%)"'**'WB"U&-&32/"/.52/1@&:"6&5,2%1969'"23&"237$&:"0."1%:$5&"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
'"X&;;A&"&0"2/B"M;.30,5.61%7W"8.1%0"0.";.$3"6&5,2%1969"0,20"8/24"0,19"3./&"2%:"20"0,&"926&"016&"0&%:"0.">&"3&71.%2//4"
>.$%:&:"M2/>&10"%.0"&?5/$91-&/4WB"+,&9&"23&";136":1-&391;15201.%)"981%.;;9)"/2>.3"6.>1/104)"2%:"9.512/"%&0=.3A1%7B"+."0,19"/190"
=&"52%"2::"5.//2>.3201-&"F]I"83.c&509"2%:"$%1-&39104"90230$89)"=,15,"9&&6"0."8/24"2%"168.302%0"3./&";.3";$&/"5&//"
0&5,%./.74":&-&/.86&%0B"



!*"
"

A%.=/&:7&"981//.-&3"/.52//4)"/&2:1%7"0."0,&"83.5&99".;"3&71.%2/">32%5,1%7B"+,&"5.66.%"5,23250&319015".;"0,&9&"

6&5,2%1969"19"0,20"0,&4";$%501.%"29"/.52/1@&:"5,2%%&/9";.3"A%.=/&:7&"032%9;&39";3.6"&?1901%7"1%:$9031&9"2%:"

$%1-&39101&9"0."0,&"&6&371%7"1%:$9034B""

U&5.%:/4)"8.9101-&"&?0&3%2/101&9".;"A%.=/&:7&"1%"2"71-&%";1&/:"23&"6.3&"/1A&/4"0."981//".-&3"0."0,13:"82301&9"

=.3A1%7"1%"0,&"926&";1&/:"M_%0.%&//1)"'**!WB""C%".0,&3"=.3:9)"/.52/1@&:"A%.=/&:7&"9,231%7"2%:"032%9;&39"23&"

&%,2%5&:">4"K0&5,%./.7152/"3&/20&:%&99L">&0=&&%"9&50.39"MQ.95,62"2%:"Z3&%A&%)"'*!!P"X&;;A&"2%:"U-&%99.%"

b&%%1%7)"'**(W)"=,&3&"0&5,%./.7152/"3&/20&:%&99"19"$%:&390..:"29"2%"2883.83120&">2/2%5&">&0=&&%"5.7%101-&"

83.?16104"2%:":1902%5&"MX..0&>..6)"!OOOWB""

S6813152//4)"K3&71.%2/">32%5,1%7L",29";.$%:"9$88.30";3.6"2"%$6>&3".;"90$:1&9"=,&%"10"5.6&9"0."&?8/.31%7"0,&"

5.%5&80".;"3&71.%2/"820,":&8&%:&%54"1%"7&%&32/)">$0",29"3&5&1-&:"/&99"200&%01.%"1%"0,&"&;;.30"0."$%:&3902%:"0,&"

K8/25&":&8&%:&%54L"MR2301%"2%:"U$%/&4)"'**VW".;"32:152/"1%:$90312/"820,9B"^3&-1.$9"90$:1&9",2-&"9,.=%",.="

3&71.%9":&-&/.8"2/.%7"5.,&3&%0"1%:$90312/"820,9B"X&;;A&)"b&%%1%7)"2%:"Q.95,62"M'*!!W":&6.%90320&",.="

U=&:19,"3&71.%9":&-&/.8"2/.%7"2"9.6&=,20"5.,&3&%0"1%:$90312/"820,"=,&3&"1%:$9031&9",2-&"2",17,&3"83.>2>1/104"

0."&%0&3"3&71.%9"=,&3&"0,&"3&71.%2/"1%:$90312/"903$50$3&"19"0&5,%./.7152//4"3&/20&:"0."0,20"1%:$9034)"2%:"&?1901%7"

1%:$9031&9"=10,.$0"3&/20&:%&99"0."0,&"3&71.%L9"1%:$9034",2-&",17,&3"83.>2>1/104"0."&?10B"R.3&.-&3)"S99/&0@>15,/&3"

2%:"Y1%0,&3"M!OOOW":&6.%90320&"0,20"I2%19,"3&71.%9":&-&/.8"2/.%7":1;;&3&%0"0&5,%./.7152/"032c&50.31&9"1%"0,&"

;..:"83.5&991%7"1%:$9034B"Y,&%"10"5.6&9"0.",.="32:152//4"%&="1%:$9031&9">$1/:".%"5.68&0&%5&9";3.6"./:"

1%:$9031&9)"`/&88&3"2%:"U16.%9L"90$:4"M'***W":&6.%90320&9"0,20"9$55&99;$/"0&/&-191.%"83.:$5&39"=&3&"

&?8&31&%5&:"32:1."83.:$5&39"831.3"0."&%0&31%7"0,&"0&/&-191.%"1%:$9034)"1%:15201%7"2",17,"/&-&/".;"

5.68/&6&%023104"1%"5.68&0&%5&9"2%:"3.$01%&9">&0=&&%"0,&"0=."1%:$9031&9B"U161/23/4)"0,&"90$:4".;"Q.95,62"

2%:"Y&%01%7"M'**TW"5.%;1369"0,20"0&5,%./.7152/"3&/20&:%&99"0."0,&"3&71.%2/"A%.=/&:7&">29&"8/249"2"/237&"3./&"



!!"
"

1%"0,&"/.52/1@201.%".;"0,&"Q31019,"523"1%:$9034)"2%:"0,20"0,&"83.5&99"1%"823015$/23"=29":31-&%">4"981%.;;9";3.6"

3&/20&:"1%:$9031&9B""

+,&".>c&501-&".;"0,19"828&3"19"0=.;./:B"Z1390)"0,&"828&3"2169"0."0&90"=,&0,&3".3"%.0"3&71.%9">32%5,"29"2"

5.%9&\$&%5&".;"0&5,%./.7152/"3&/20&:%&99">&0=&&%"83&&?1901%7"3&71.%2/"7&%&315"3&9.$35&9"2%:"%&="32:152/"

1%%.-201.%9B"F2:152/"1%%.-201.%9">$1/:".%"2"%&="9&0".;"951&%01;15"2%:"0&5,%152/"831%518/&9"M_30,$3)"'**OW)"=,15,"

>3&2A9"=10,"1%5$6>&%0"0&5,%./.7152/"032c&50.31&9"2%:"/249"0,&"9&&:9";.3"0,&"53&201.%".;"%&="820,9B"b.=&-&3)"

.%5&"0,&"951&%01;15"2%:"0&5,%152/"831%518/&9"23&":195.-&3&:"2%:"0,&"%&="0&5,%./.7152/"032c&50.34"02A&9"9,28&">4"

0,&">$1/:$8".;"2"%&="A%.=/&:7&">29&)"250.39":32=".%"5.68/&6&%0234"A%.=/&:7&"299&09";3.6"3&/20&:"

:19518/1%&9"2%:"2501-101&9"0."1683.-&"0,&";$%501.%2/104".;"0,&"0&5,%./.74B"+,19"828&3"237$&9"0,20)">&52$9&".;"0,&"

/.52/1@&:"5,2%%&/9".;"A%.=/&:7&"032%9;&39)"3&71.%9"=10,"A%.=/&:7&">29&9"0&5,%./.7152//4"3&/20&:"0."0,&"

&6&371%7"A%.=/&:7&">29&".;"2"71-&%"32:152/"0&5,%./.74",2-&"2",17,&3"83.>2>1/104".;">32%5,1%7"1%0."1%:$90312/"

820,9"0,20">$1/:"$8.%"0,20"823015$/23"32:152/"0&5,%./.74B"""

_"9&5.%:".>c&501-&"19"0."&?82%:".$3"$%:&3902%:1%7".;"0,&"5,23250&3".;"9$5,"3&71.%2/"7&%&315"3&9.$35&9B"C0"19"

5/216&:"0,20"%&="1%:$9034":&-&/.86&%0">&%&;109";3.6"2"5&3021%"5.6>1%201.%".;"7&%&315"3&9.$35&9)"9$5,"29">2915"

A%.=/&:7&"2%:"9A1//9"MQ.95,62"2%:"-2%":&3"`%228)"!OOTWB"C%"0,&"2%2/4919"0,20";.//.=9)"0,&"%20$3&".;"0,&9&"

3&9.$35&9"19":&5.68.9&:">&4.%:"1%:$90312/"5/299&9B"b.=&-&3)";$&/"5&//"0&5,%./.74"19";1390":&9531>&:"1%"6.3&"

:&021/"1%"0,&"%&?0"9&501.%B""

>9 !"#$('0#$)*$*/#&$(#&&$1#("+)&)45$

Z$&/"5&//"0&5,%./.71&9"23&"9&&%"29".%&".;"62%4"2/0&3%201-&9"0."3&8/25&"1%5$6>&%0";.991/";$&/d>29&:"&%&374"

0&5,%./.71&9B"Z$&/"5&//9"23&"9.6&=,20"7&%&315"1%"0,&"9&%9&"0,20"0,&3&"19"8.0&%012//4"2"=1:&"32%7&".;"288/15201.%"

.88.30$%101&9"253.99"2"-231&04".;"9&50.39"M&B7B)"-&,15/&9)"5.6>1%&:",&20"2%:"8.=&3"9490&69)">25A<$8"$%109)"

2$?1/1234"8.=&3"$%109)"/280.89)"6.>1/&"8,.%&9)",&231%7"21:9WB"_6.%7"0,&"8.9101-&"&%-13.%6&%02/"&;;&509".;";$&/"



!'"
"

5&//9"23&"0,&13",17,";$&/"&;;151&%54"2%:"0,&13"&?,2$90">&1%7"8$3&"=20&3)"83.-1:1%7">.0,"/.52/"2%:"7/.>2/"

&%-13.%6&%02/">&%&;109"2>.-&"0,&"1%5$6>&%0"0&5,%./.71&9"M83.-1:&:"0,20"0,&";$&/"19"83.:$5&:";3.6"3&%&=2>/&"

&%&374"9.$35&9WB""

C0"19"168.302%0"0.",17,/17,0"0,&";.//.=1%7";1-&"5,23250&3190159".;"0,&";$&/"5&//"0&5,%./.74"=,&%"0341%7"0."

$%:&3902%:"0,&"/.52/1@201.%"8200&3%9".;"0,&"%&="1%:$9034B"Z1390)"109"A%.=/&:7&">29&"19",17,/4"5.68/&?)"9&3-1%7"

0,&3&;.3&"29"2"7..:"&?268/&".;"2"6.:&3%)"&6&371%7"0&5,%./.74B"I1>12771."2%:"X29131423"M'**OW"9,.="0,20"0,&"

;$&/"5&//"A%.=/&:7&">29&">&526&"6.3&"2%:"6.3&"5.68/&?"$8"$%01/"'**'"29"0,&"%$6>&3".;"%&="A%.=/&:7&"

;1&/:9"2%:"%&="5.6>1%201.%9".;"$91%7":1901%501-&"A%.=/&:7&";1&/:9"A&80"3191%7B""

U&5.%:)"0,&3&"23&"0.:24"9&-&32/"048&9".;";$&/"5&//9)"1%:15201%7"0,20"2":.61%2%0":&917%",29"%.0"4&0">&&%"K:&51:&:L"

$8.%B"+,&":1;;&3&%0"048&9".;";$&/"5&//9"-234"1%"0,&13"2:-2%027&9":&8&%:1%7".%"0,&"288/15201.%".801.%P",.=&-&3)"

90$:1&9"MQ3.=%"&0"2/B)"'**TW"1%:1520&"0,20"2%""),-,!.%,&!"83.5&99",29">&7$%)"A&&81%7"0,&"83.0.%"&?5,2%7&"

6&6>32%&";$&/"5&//"M^SRZDW"2%:"0,&"9./1:".?1:";$&/"5&//"MUJZDW"1%"0,&";1&/:".;"1%0&3&90";.3"6.90"5.682%1&9B"C%"

0,19"2%2/4919"0,&":1;;&3&%0"048&9".;";$&/"5&//9"23&"2%2/4@&:"0.7&0,&3)"&-&%"0,.$7,"0,&3&"617,0">&"9/17,0"

:1;;&3&%5&9"1%"0,&"3&98&501-&"A%.=/&:7&">29&9)"621%/4"29"2"3&9$/0".;"0,&"$9&".;":1;;&3&%0"&/&503./40&9)"&B7B)"

A%.=/&:7&"2>.$0"5&326159"8/249"2"/237&3"3./&"1%"UJZD":&-&/.86&%0"=,&3&"8./46&3"5.68.$%:9"23&"168.302%0"

;.3"^SRZD":&-&/.86&%0B"C%"2%4"529&)"0,&"/25A".;"2":.61%2%0":&917%"1%:1520&9"0,20"0,&"0&5,%./.74"19"1%"109"-&34"

&23/4":&-&/.86&%0"9027&B"

_"0,13:"5,23250&319015"19"0,20";$&/"5&//"0&5,%./.74)";.3"9.6&"288/15201.%9)"19"1%;32903$50$3&":&8&%:&%0B"+,19"6&2%9"

0,20"0,&"-2/1:201.%".;"0&5,%./.74"%&&:9"1%;32903$50$3&"9$88.30)";.3"1%902%5&)",4:3.7&%";$&/1%7"90201.%9"2%:"

:19031>$01.%"9490&69B"+,19":&8&%:&%54".%"1%;32903$50$3&":&-&/.86&%0"617,0",2-&"5.%9&\$&%5&9";.3"0,&"

/&23%1%7"83.5&99&9"2%:"0,&13"7&.7328,152/"&6>&::&:%&99B""



!E"
"

+,&"1%;32903$50$3&":&8&%:&%54"8.1%09"0."2";.$30,"5,23250&319015e"0&5,%./.7152/"1%%.-201.%"1%";$&/"5&//9"19"

9490&615B"+,19"168/1&9"0,20"1%%.-201.%",23:/4"02A&9"8/25&"1%"2"91%7/&"5.682%4">$0"1%90&2:"3&\$13&9"5..8&3201.%"

2%:"5..3:1%201.%"2/.%7"0,&"=,./&"-2/$&"5,21%B""

Z1%2//4)"0,&":&62%:"91:&"19"5,23250&31@&:">4"2"903.%7"8./154":31-&"&?83&99&:"1%"-191.%9"9$5,"29"K0,&",4:3.7&%"

&5.%.64L"MF1;A1%)"'**[WB"J%"0,&"8.9101-&"91:&"0,19"168/1&9"2"/.0".;";1%2%512/"9$88.30"0."F]I"83.c&509"2%:"0."

:&6.%90320&"2%:"0&90"0,&"0&5,%./.74"1%"3&2/</1;&"9$33.$%:1%79B"J%"0,&"%&7201-&"91:&"10"53&20&9"166&%9&"

$%5&3021%04">&52$9&"2"0.."903.%7":&8&%:&%54".%"8./10152/"7..:=1//"62A&9"0,&"1%%.-201.%"9490&6"-$/%&32>/&"0."

5,2%7&9".%"0,&"8./10152/"27&%:2B""

?9 @#1").A$.'1'A$'+.$1"#$B).#&$$$

+,&"7&%&32/"1:&2".;"0,19"828&3"19"0."1%-&901720&"0,&"3&/201.%9,18">&0=&&%"0,&"A%.=/&:7&">29&".;"2"71-&%"3&71.%"

2%:"0,&"/.52/1@201.%"8200&3%9".;"0,&"&6&371%7"1%:$9034"0,20"19":&-&/.81%7">29&:".%"32:152/";$&/"5&//"0&5,%./.74B"

+,&"1%02%71>/&"%20$3&".;"A%.=/&:7&"62A&9"10"5/&23/4":1;;15$/0"0."6&29$3&"109"\$2%0104"M.3"\$2/104";.3"0,20"6200&3W"

1%"2%4":13&50"=24"MZ.324"'**[WB"^20&%0"9020190159"19"2"=1:&/4"$9&:"2883.25,"1%"\$2%010201-&"90$:1&9"0."6&29$3&"

/&-&/9".;"5.68&0&%5&9";.3":1;;&3&%0"$%109".;"2%2/4919"M9&&)"&B7B)"^20&/"2%:"^2-100"M!OOTW";.3"/237&";1369)"2%:"

j$5A&3"&0"2/B"M'**TW";.3"3&71.%9WB"+,&"/1610201.%9"1%"$91%7"820&%0":202"0."6&29$3&"A%.=/&:7&"83.:$501.%",2-&"

2/9.">&&%"=1:&/4"5310151@&:)"2/0,.$7,"0,&"53101\$&",29"621%/4"0237&0&:"0,&"$9&".;"820&%09"0."6&29$3&"1%%.-201.%B"

b&3&)"C".%/4":195$99"0,&"/1610201.%9"1%"$91%7"820&%0"288/15201.%9"29"2"9.$35&".;"A%.=/&:7&"83.:$501.%B""

k91%7"820&%0"288/15201.%9"29"2"6&29$3&";.3"A%.=/&:7&"83.:$501.%"=1//"2/=249">&"2%"168&3;&50"6&29$3&";.3"

9&-&32/"3&29.%9B"Z1390)"820&%09"23&"5.:1;1&:"A%.=/&:7&)"=,&3&29"2",17,"83.8.301.%".;"A%.=/&:7&"83.:$5&:"1%"

;1369)"$%1-&39101&9)"2%:"3&9&235,"1%9010$0&9"23&"02510B"Z.//.=1%7"^20&/"2%:"^2-100"M!OOTW)",.=&-&3)"0,&"0=.";.369"

.;"A%.=/&:7&"23&"5.68/&6&%0234"320,&3"0,2%"9$>9010$0&9B"Z.3"&?268/&)"02510"A%.=/&:7&"19"%&&:&:"0."

$%:&3902%:"2%:"2>9.3>"1%;.36201.%";3.6"820&%0"288/15201.%9)"2%:"-15&"-&392B"U&5.%:)"2"/.0".;"A%.=/&:7&"



!["
"

83.:$501.%"=10,"951&%01;15"2%:"0&5,%152/"5.%0&%0"19"%.0"3&5.3:&:">4"820&%0"288/15201.%9B"_%:"0,13:)"$91%7"0,&"

5.$%0".;"820&%0"288/15201.%9"0&%:9"0.".>95$3&"0,&"-231201.%9"1%"0,&"\$2/104".;"A%.=/&:7&"5.-&3&:">4"820&%09"

Mj$5A&3"&0"2/B)"'**TWB"X&-&30,&/&99)";.3"0,&"8$38.9&".;"0,19"90$:4"820&%0"288/15201.%9"23&"5.%91:&3&:"0,&"6.90"

2883.83120&"6&29$3&)"71-&%"0,&13"3&/201-&",.6.7&%.$9)":&021/&:)"2%:"5.%9190&%0"3&5.3:1%7".;"A%.=/&:7&"

83.:$501.%B""

Data 

+,&"JSDI)"FSN^_+":202>29&)"#$%&"'*!*"19"0,&"621%":202"9.$35&"$9&:B"+,19":202>29&"19"2"5.683&,&%91-&"

200&680"0."3&71.%2/1@&"820&%0"288/15201.%9";1/&:"$%:&3"0,&"^20&%0"D..8&3201.%"+3&204"M^D+W"20"1%0&3%201.%2/"

8,29&":&917%20&:"0."0,&"S$3.8&2%"^20&%0"J;;15&B""_"7&%&32/"3&29.%";.3"5,..91%7"^D+"288/15201.%9"19"0,20"0,&4"

23&"5.%91:&3&:"0."5.%021%"0,&"/&290"5.$%034<>29&:">129)">&52$9&"0,&4"3&83&9&%0"1%0&3%201.%2/"820&%0"

288/15201.%9B"

Z.3"0,&"98&51;15"529&".;";$&/"5&//"820&%01%7)"0,&"^D+":2029&0"19"83&;&32>/&";.3"0=."3&29.%9B"Z1390)"29"1%".0,&3";1&/:9"

820&%01%7"19"2",17,/4"$9&:"90320&74";.3";1369"0."83.0&50"0,&13"A%.=/&:7&"299&09"1%"0,&";$&/"5&//";1&/:"M_-2:1A42%"&0"

2/B)"'**EP"_3&5,2-2/2<i23729"&0"2/B)"'**OWB"Q&52$9&".;"0,&"0&5,%./.74"23&2L9"16620$3104"2%:"0,&"166&%9&"

$%5&3021%04"2>.$0"=,20"0,&";$0$3&"624">31%7)";1369"0,20",2-&"1%-&90&:",&2-1/4"1%"0,19"%&="0&5,%./.74"23&"

&?03&6&/4"5.%5&3%&:"2>.$0"83.0&501%7"0,&13"A%.=/&:7&BE"I$&"0."0,&"0&5,%./.74L9"&23/4"9027&".;"&-./$01.%)";1369"

:."%.0".;0&%",2-&"3&2:4"83.:$509"M288/1&:"A%.=/&:7&W".3"9A1//9"1%"62%$;250$31%7P"0&5,%./.7152/"A%.=/&:7&"19"

0,&13"621%"299&0B""

U&5.%:)":$&"0."0,&";250"0,20";1369"=10,1%"0,&";$&/"5&//"1%:$9034"9&&"0,&69&/-&9"29"7/.>2/"8/24&39)[""10"19"

2883.83120&"0."299$6&"0,20"0,&4"62A&"$9&".;"0,&"^D+"9490&6"=,&%"288/41%7";.3"820&%09)">&52$9&"0,19"71-&9"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
E"+,19"5.%5&3%"19"%.0".%/4"2>.$0"0,&"0&5,%./.7152/"A%.=/&:7&)">$0"2/9."2>.$0"1%;.36201.%".%"9$88/1&39"2%:"5.//2>.3201.%"
8230%&39)"=,15,"6.90";$&/"5&//";1369":."%.0"=2%0"0."3&-&2/B"
["+,&"2$0,.3L9".=%"1%0&3-1&=9"=10,";$&/"5&//"9025A"2%:"9490&6":&-&/.8&39"2%:";3.6"_3&5,2-2/2<i23729"&0"2/B"M'**OWB"



!H"
"

0,&6"0,&"8.991>1/104"0."9&&A"820&%0"83.0&501.%";.3"2%"1%-&%01.%"1%"&25,".;"2"/237&"%$6>&3".;"5.$%031&9"20"0,&"

926&"016&"M_3&5,2-2/2<i23729"&0"2/B)"'**OWB""

+,&"JSDI"FSN^_+",29"3&71.%2/1@&:"0,&"2::3&99&9".;">.0,"288/152%09"2%:"1%-&%0.39"1%0."0=.",1&3235,152/"

0&3310.312/"/&-&/9e"0&3310.312/"/&-&/"'"M+a'W"2%:"0&3310.312/"/&-&/"E"M+aEWBH"C%"0,19"90$:4"0,&"9268/&".;"2%2/4919"3&;&39"

0."'H*"Xk+U'"3&71.%9"253.99"S$3.8&)"=,15,"5.33&98.%:"0."+a'BV"_//"820&%0":202"$9&:"23&">29&:".%"0,&"

1%-&%0.3L9"2::3&99)"91%5&"0,19"19"5.%91:&3&:"0.">&"5/.9&90"0."0,&"8/25&".;"1%-&%01.%)"2%:"831.3104"4&23)"91%5&"0,19"19"

5.%91:&3&:"0.">&"5/.9&90"0."0,&"016&".;"1%-&%01.%B""

Identifying the knowledge base of fuel cell technology 

+,&"621%"1%0&3&90"19"0.":&;1%&"2%:"6&29$3&"M!W";$&/"5&//"A%.=/&:7&"83.:$501.%";.3"2"71-&%"3&71.%"1%"2"71-&%"4&23P"

M'W"0,&"A%.=/&:7&">29&".;";$&/"5&//"0&5,%./.74)":&;1%&:"29"2"9&0".;"A%.=/&:7&";1&/:9"1%:15201%7"0&5,%./.7152//4"

3&/20&:"A%.=/&:7&";1&/:9P"2%:"MEW"0,&";3&\$&%54".;"&25,".;"0,&";$&/"5&//d3&/20&:"A%.=/&:7&";1&/:9"1%"2//"%.%d;$&/"

5&//"A%.=/&:7&"83.:$501.%";.3"2"71-&%"3&71.%"1%"2"71-&%"4&23B"Z1390)"0,&"A%.=/&:7&">29&".;";$&/"5&//"0&5,%./.74"

M'W"19":&;1%&:B""

+."1:&%01;4"0,&";$&/"5&//"A%.=/&:7&">29&)"2//"820&%09"5/2991;1&:"1%"255.3:2%5&"=10,"0,&"C%0&3%201.%2/"^20&%0"

D/2991;15201.%"MC^DWT"9490&6"5.-&31%7";$&/"5&//"0&5,%./.74"=&3&"&?03250&:";3.6"0,&":2029&0B"+,19"=29":.%&"320,&3"

83&519&/4">4"$91%7"C^D<621%"73.$89"MT<:17109W)"b*!R**("MfZ$&/"5&//9)"62%$;250$3&9"0,&3&.;hWB"+,&"2%2/4919"

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
H"+a'"19"0,&"6.90"2773&720&:"/&-&/)"2%:"5.%91909".;"EEH"3&71.%9"2%:"5.33&98.%:9";.3"6.90"Sk"5.$%031&9"0."0,&"Xk+U"'"
5/2991;15201.%9B"C%"0,&"529&"=,&3&"+a'":.&9"%.0":13&50/4"5.33&98.%:"=10,"Xk+U')":202",2-&">&&%"9$66231@&:">29&:".%"0,&"
+aE"5/2991;15201.%9B"Z.3"I&%623A)"Xk+U!"=29"$9&:"91%5&"0,&"903$50$32/"3&;.36".;"'**T",29"53&20&:"1%5.%9190&%54"1%"0,&"
5.%01%$104".;"0,&":202"9&31&9B""
V"I$&"0."/25A".;"9.6&"3&71.%2/":202"M621%/4"7.-&3%6&%02/"&?8&%:10$3&9".%"F]I)"$9&:"29"5.%03./"-2312>/&W".%/4"3&71.%9"
;3.6";.//.=1%7"5.$%031&9"23&"1%5/$:&:e"_$90312)"Q&/71$6)"D@&5,"F&8$>/15)"I&%623A)"Z1%/2%:)"Z32%5&)"N&362%4)"N3&&5&)"
b$%7234)"C3&/2%:)"C02/4)"a$?&6>.$37)"0,&"X&0,&3/2%:9)"X.3=24)"^./2%:)"^.30$72/)"U/.-2A"F&8$>/15)"U821%)"U=&:&%)"
U=10@&3/2%:)"2%:"0,&"k%10&:"`1%7:.6B"Z$30,&36.3&)"0=."C02/12%"2$0.%.6.$9"3&71.%9"2%:"Z3&%5,"N$2:2/$8&",2-&">&&%"
:3.88&:B"""
T"+,&"C^D"19"2",1&3235,152/"520&7.34"9490&6":&-&/.8&:">4"0,&"Y.3/:"C%0&//&50$2/"^3.8&304"J372%1@201.%"MYC^JW";.3"
5/2991;41%7"820&%09"2%:"820&%0"288/15201.%9B"^20&%09"5.-&3"2">3.2:"23&2".;"0&5,%./.74";1&/:9)"2%:"&25,";1&/:"52%">&";$30,&3"
:1-1:&:"1%0."9$>0.8159"$%01/"2"3&29.%2>/&"/&-&/".;"98&512/1@201.%"19"3&25,&:B"+,&"5/2991;15201.%"5.%91909".;";1-&",1&3235,152/"
/&-&/9e"9&501.%9"M_"d"bW)"5/299&9"ME":17109W)"9$>5/299&9"M[":17109W)"621%"73.$89"MT":17109W)"2%:"9$>73.$89"MO<:17109WB"



!V"
"

;.5$9&9".%"0,&"8&31.:"!OO'<'**TP"!OO'"19"0,&"4&23"0,&"621%"820&%01%7"M2%:":&-&/.86&%0W"2501-104"1%";$&/"5&//9"

0..A".;;)"2%:"'**T"19"0,&"/20&90"5.68/&0&"4&23"1%"0,&":202>29&B"Z.3"0,19"8&31.:"0,&":2029&0"5.%021%9"()HT'";$&/"

5&//"820&%0"288/15201.%9(":&;1%&:">4"C^D<5.:&"b*!R**(B"+,19"828&3"5.%5&%0320&9".%"0,&"3&71.%2/":4%26159".;"

;$&/"5&//":&-&/.86&%0"1%"S$3.8&"2%:"/16109"0,&3&;.3&"0,&"2%2/4919"0."820&%0"288/15201.%9";1/&:">4"1%-&%0.39"

/.52/1@&:"1%"2"9268/&".;"S$3.8&2%"3&71.%9)"0.02/1%7"')['O"820&%0"288/15201.%9B"

+."6&29$3&"0,&"A%.=/&:7&">29&".;";$&/"5&//"0&5,%./.74"C"1:&%01;4"2"9&0".;"A%.=/&:7&";1&/:9"0,20"0.7&0,&3";.36"

0,&"0&5,%./.7152/"A%.=/&:7&">29&".;";$&/"5&//"0&5,%./.74B"+,&9&"23&"1:&%01;1&:">4"C^D<5.:&9"0,20"23&"5.<

5/2991;1&:"=10,"0,&"S$3.8&2%"9268/&".;";$&/"5&//"820&%0"288/15201.%9B"_"820&%0"288/15201.%"19".;0&%"29917%&:"=10,"

6.3&"0,2%".%&"C^D<5.:&)"3&;/&501%7"&-&34"91%7/&"A%.=/&:7&";1&/:9"0,&"820&%0"5.-&39B"+,&9&"A%.=/&:7&";1&/:9"23&"

9.6&,.="1%-./-&:"1%"0,&"7&%&3201.%".;";$&/"5&//"A%.=/&:7&B"+,&3&;.3&)"0,&3&"19"2"7..:"3&29.%"0."299$6&"0,20"

A%.=/&:7&";1&/:9"MC^D<5.:&9W"0,20"23&"5.<5/2991;1&:"=10,";$&/"5&//"820&%0"288/15201.%9";.36"8230".;"0,&";$&/"5&//"

A%.=/&:7&">29&B"""

+,&"5.<5/2991;1&:"A%.=/&:7&";1&/:9"23&"2773&720&:"20"0,&"/&-&/".;"9$>5/299&9"M[":17109WBO"+,19"9,.=9"0,20"E!'".$0"

.;"V'("8.991>/&"C^D"9$>5/299&9"23&"5.<5/2991;1&:"=10,"0,&"C^D<5.:&";.3";$&/"5&//9B"b.=&-&3)"2"/237&"%$6>&3".;"0,&"

E!'"C^D"9$>5/299&9".55$3".%/4"2";&="016&9".-&3"0,&"=,./&"8&31.:B"+,$9)"0."A&&8"0,&"2%2/4919"3&/201-&/4"9168/&"

.%/4"C^D"9$>5/299&9"=10,"2"9,23&"l!"850B",2-&">&&%"1%5/$:&:"29";.361%7"8230".;"0,&";$&/"5&//"A%.=/&:7&">29&B"

55$607/"$8$07&93$:"'"$55$

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
("+,&"JSDI"FSN^_+":202>29&"5.-&39"['"5.$%031&9)"E*">&1%7"JSDI"6&6>&39e"_$9032/12)"_$90312)"Q&/71$6)"D2%2:2)"D@&5,"
F&8$>/15)"I&%623A)"Z1%/2%:)"Z32%5&)"N&362%4)"N3&&5&)"b$%7234)"C5&/2%:)"C3&/2%:)"C02/4)"#282%)"U.$0,"`.3&2)"a$?&6>.$37)"
R&?15.)"0,&"X&0,&3/2%:9)"X&="j&2/2%:)"X.3=24)"^./2%:)"^.30$72/)"U/.-2A"F&8$>/15)"U=&:&%)"U=10@&3/2%:)"+$3A&4)"0,&"
k%10&:"`1%7:.6)"2%:"0,&"k%10&:"U020&9B""
O"_9"2//"820&%09"2%:"820&%0"288/15201.%9"23&"5/2991;1&:"=10,"C^D<5.:&9"20"0,&"9$>73.$8"/&-&/"MO":17109W"9.6&"5.<5/2991;15201.%9"
;2//"=10,1%"0,&"926&"9$>5/299"M[":17109WB"C;"0,19"19"0,&"529&"0,&"9$>5/299"19".%/4"5.$%0&:".%5&B$"



!T"
"

+2>/&"!"83.-1:&9"2":&9531801.%".;"0,&"&17,0"A%.=/&:7&";1&/:9!*"0,20"0.7&0,&3";.36"8230".;"0,&";$&/"5&//"A%.=/&:7&"

>29&"2%:"0,&13"3&/&-2%5&";.3";$&/"5&//"0&5,%./.74B""

"+,&"5.68.9101.%".;"0,&"A%.=/&:7&";1&/:9"20":1;;&3&%0"016&9"52%">&"9&&%"1%"Z17$3&"!B"+,&";1390"5./$6%"1//$90320&9"

0,&":19031>$01.%";.3"2//"4&239"1%"0,&"8&31.:"!OO'<'**T)"2%:"0,&"3&621%1%7";1-&"5./$6%9"9,.="0,&"-231201.%"1%"

0,3&&<4&23"8&31.:9B"+,&";17$3&"1//$90320&9"0,20"0,&"A%.=/&:7&">29&"19"3&/201-&/4"902>/&";3.6"!OO'"0."'**TB"Y&"

52%"%.0&)",.=&-&3)"0,20"0,&"9,23&".;"K&/&503./4015"83.5&99&9L":&53&29&9".-&3"016&"=,1/&"0,&"9,23&".;"K&/&503152/"

-&,15/&9L"2%:"K5135$10"2332%7&6&%09"2%:"90.327&L"1%53&29&9B"

5 ;1<9'"$8$07&93$:"'"$5$

+,&"1:&%01;15201.%".;"0,&";$&/"5&//"A%.=/&:7&">29&"83.-1:&9"20"0,&"926&"016&"0,&"1:&%01;15201.%".;"A%.=/&:7&"

;1&/:9"0,20"23&"0&5,%./.7152//4"3&/20&:"0."0,&"&6&371%7";$&/"5&//"1%:$9034B"+,&"/&-&/".;"A%.=/&:7&"83.:$501.%"

=10,1%"&25,".;"0,&9&"&17,0"23&29";.3"&25,"71-&%"3&71.%";.3"&25,"4&23"9&3-&9"29"0,&"1%:&8&%:&%0"-2312>/&"2%:"19"

:&9531>&:"1%"6.3&":&021/">&/.=B"Z1390"0,&":&8&%:&%0"-2312>/&)"0,&"/&-&/".;";$&/"5&//"A%.=/&:7&"83.:$501.%"M!W)"19"

:&;1%&:B""

The dependent variable: fuel cell knowledge production 
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Independent variable: technological relatedness  
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