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• E-b ike s are  incre asing worlwid e .

• Surve ys in De nmark show as that: [1,2] 

– Around  14% of Dane s use d  an e -b ike  in 
2022, incre asing  to  24% in 2025.

– Main re asons for using  an e -b ike  we re :

• More  e xe rcise
• Le ss stre nuous
• Long e r d istance

[1] Det Nationale Videnscenter for Cykelfremmes (2022). Elcyklers udbredelse i Danmark.

[2] Det Nationale Videnscenter for Cykelfremmes (2026). Endnu mere strøm på cykelstien.



• Show who use d  an e -b ike , b ut no t how 
ad op tion d e ve lop s ove r time .

• Conse q ue ntly, it is d ifficult to  id e ntify:

– Which g roup s d rive  ad op tion?
– Which mod e s lose  d e mand  ove r time ?
– Whe the r g rowth come s from more  trave l 

o r mod al sub stitution?
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Using once ≠ Adoption



What d ata can we  use  to  stud y ad op tion ove r 
time ?

• Long itud inal d ata.

– ob se rving  the  same  ind ivid uals ove r time .
– rare ly availab le  at scale .

• Continue  cross-se ctional d ata.

– Danish National Trave l Surve y (TU). [3] 

o O ne -d ay trave l d iarie s since  2006.
o Cond ucte d  with the  same  me thod .
o Disting uishe s e -b ike  trip s since  2014.

Data

2 8 / 0 8 / 2 0 2 6 5IN S IG HTS  F RO M  E-BIKE AD O P TIO N  IN  D EN M ARK:  A 1 0 -YEAR S YN THETIC  P S EUD O -P AN EL AN ALYS IS  |  
TRAF IKD AG E 2 0 2 6

[3] Christiansen, H., & Anderson, M. K. (2025). The Danish National Travel Survey-variables.



How can we  use  continue  cross-se ctional d ata 
to  stud y ad op tion ove r time ?

Me thod
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Ap p roach Limitation
Annual TU 
statistics

Mix b ehavioural chang e  with 
socio-d emog rap hic chang e .

Pseud o-p ane ls 
for seg ments

Ag g reg ation b ias and  
unstab le  e stimate s for small 
g roup s.

Moving  
ave rag es

Red uce  noise  b ut cannot 
contro l p op ulation 
comp osition.

Reg re ssion 
mod e ls

Estimate  e ffects b ut d o  not 
reconstruct ad op tion 
trajectorie s. 



How can we  use  continue  cross-se ctional d ata 
to  stud y ad op tion ove r time ?

Ge ne rative  mod e lling  can ad d re ss the se  
limitations. (Borysov and  Rich, 2021)

• Sep arate  d emog rap hic and  b ehavioural
chang e .

• Reconstruct a stab le  p op ulation.
• Prese rve  he te rog ene ity throug h latent 

variab le s.
• Enab le  ad op tion and  mod e  reallocation 

analysis.

Me thod
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Borysov, S. S., & Rich, J. (2021). Introducing  synthe tic p seudo p ane ls: ap p lication to 
transp ort b ehaviour dynamics. Transp ortation, 48(5), 2493–2520. 



Extract d ata Estimate  
CVAE Ge ne rate  SPP Ad op tion and  

d ecomp osition Reallocation

• Daily trip  re cord s (Y) are  constructe d , i.e . p urp ose , no. trip s and  ave rag e  d istance .

Me thod
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Extract d ata Estimate  
CVAE Ge ne rate  SPP Ad op tion and  

d ecomp osition Reallocation

Me thod
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• A Cond itional Variational Autoe ncod e r (CVAE) is e stimate d  fo r Y.

Encod er
Y

X

Z
^ ^

Decod er Y
^ ^



Extract d ata Estimate  
CVAE Ge ne rate  SPP Ad op tion and  

d ecomp osition Reallocation

Me thod
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• Synthe tic ind ivid uals are  g e ne rate d  across years, i.e . a synthe tic p se ud o-p ane l (SPP).
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e .g . young  females



• Ad op tion is analyse d i.e . mileag e  chang e s b ase d  on numb e r o f trip s and  ave rag e  d istance  
chang e s.

Me thod
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Extract d ata Estimate  
CVAE Ge ne rate  SPP Ad op tion 

Analysis Reallocation
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Extract d ata Estimate  
CVAE Ge ne rate  SPP Ad op tion 

Analysis Reallocation

• Mod e  reallocation is calculate d .

T1, C1

Sz
^

Tn, Cn

^



Re sults | SPP vs TU
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Pe rce ntag e  of e -b ike trip s fo r male s (1), fe male s (2) and  across ag e  q uartile s (Q1-Q4). 



Re sults | SPP vs TU

2 8 / 0 8 / 2 0 2 6 16IN S IG HTS  F RO M  E-BIKE AD O P TIO N  IN  D EN M ARK:  A 1 0 -YEAR S YN THETIC  P S EUD O -P AN EL AN ALYS IS  |  
TRAF IKD AG E 2 0 2 6

Pe rce ntag e  of e -b ike  mile ag e  fo r male s (1), fe male s (2) and  across ag e  q uartile s (Q1-Q4). 



Re sults | SPP for d iffe re nt p op ula tions (2015 vs 2024)
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Pe rce ntag e  of e -b ike mile ag e  fo r male s (1), fe male s (2) and  across ag e  q uartile s (Q1-Q4). 
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Re sults | SPP for d iffe re nt p op ula tions (2015 vs 2024)



Re sults | SPP – E-b ike s vs Bicycle s
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Pe rce ntag e  of mile ag e  fo r male s (1), fe male s (2) and  across ag e  q uartile s (Q1-Q4). 
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• E-b ike  ad op tion.

o Fe male s.
o Eld e rly.
o Lowe r income .
o Hig h acce ssib ility (urb an, sub -urb an).
o No car.

Re sults | SPP 
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Re sults | SPP & Re allocation (2015 to  2024)
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What chang e d  in De nmark's transp ort marke t 
g ive n a fixe d p op ulation ove r the  ye ars?

• E-b ike : incre asing in km/p e rson 
• Car: d e clining in km/p e rson 
• Bicycle : d e clining in km/p e rson  
• PT: incre asing in km/p e rson 
• Walking : incre asing in km/p e rson 

Total numb e r o f trip s are  d rop p ing .
Ave rag e  le ng th chang e s are  re lative ly small.

Re sults | SPP & O ve rall 
marke t
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Sum Up
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• Synthe tic p se ud o-p ane ls o ffe r a te mp oral consiste nt ap p roach for ad op tion analysis.

• He lp s und e rstand  who ad op ts e -b ike s and  contro l fo r p op ulation chang e s.

o Our re sults ind icate  that e -b ike  g rowth re flects a b roade r shift of the  transp ort marke t rathe r 
than only a shift from conventional b icycle s.

• The  frame work could  b e  ad ap te d  to  o the r e me rg ing  te chnolog ie s.
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Thank you!

Insig hts from E-b ike  ad op tion in Denmark: A 10-year synthe tic 
p seud o-p ane l analysis
Arg yros, D., Jensen, A. F., & Rich, J .
Trafikd ag e 2026
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