
Abstract
This article discusses some of the similarities between work being done by economists and by

physicists seeking to contribute to economics. We also mention some of the differences in the

approaches taken and seek to justify these different approaches by developing the argument that by

approaching the same problem from different points of view, new results might emerge. In

particular, we review two newly discovered scaling results that appear to be universal, in the sense

that they hold for widely different economies as well as for different time periods: (i) the fluctuation

of price changes of any stock market is characterized by a probability density function, which is a

simple power law with exponent −4 extending over 10  SDs (a factor of 10  on the y axis); this result

is analogous to the Gutenberg–Richter power law describing the histogram of earthquakes of a given

strength; and (ii) for a wide range of economic organizations, the histogram shows how size of

organization is inversely correlated to fluctuations in size with an exponent ≈0.2. Neither of these

two new empirical laws has a firm theoretical foundation. We also discuss results that are

reminiscent of phase transitions in spin systems, where the divergent behavior of the response

function at the critical point (zero magnetic field) leads to large fluctuations.

Continue Reading

VIEW PDF FULL TEXT

2 8

Acknowledgments
This work on which this invited talk is based is supported by the National Science Foundation and British
Petroleum and was carried out in collaboration with D. Canning, A. Chessa, P. Cizeau, X. Gabaix, S.
Goodwin, T. Guhr, S. Havlin, P. Ivanov, T. A. Keitt, Y. Lee, Y. Liu, P. Maass, R. N. Mantegna, M. Meyer, C.-K.
Peng, B. Podobnik, B. Rosenow, and M. H. R. Stanley.

References
1
Stanley H. E., (1971) Introduction to Phase Transitions and Critical Phenomena (Oxford Univ. Press, Oxford).

Google Scholar

2
Mantegna R. N. & Stanley, H. E., (2000) An Introduction to Econophysics: Correlations and Complexity in
Finance (Cambridge Univ. Press, Cambridge, U.K.).

Google Scholar

3
Bouchaud J. P. & Potters, M., (2000) Theory of Financial Risk (Cambridge Univ. Press, Cambridge, U.K.).

Google Scholar

        



Self-organized complexity in economics
and finance
H. E. Stanley, L. A. N. Amaral, S. V. Buldyrev, +2  , and M. A. Salinger Authors Info & Affiliations

   󩤲 PDF

SEARCH ARTICLE |

February 19, 2002 99 (suppl_1) 2561-2565 https://doi.org/10.1073/pnas.022582899

We use cookies on this site to enhance your user experience. By using this website, you are giving your consent for us to set cookies. Find out more CONTINUE

NOW READING: 

https://www.pnas.org/doi/reader/10.1073/pnas.022582899
https://www.pnas.org/doi/full/10.1073/pnas.022582899
https://scholar.google.com/scholar_lookup?title=Introduction+to+Phase+Transitions+and+Critical+Phenomena&publication_year=1971
https://scholar.google.com/scholar_lookup?title=An+Introduction+to+Econophysics%3A+Correlations+and+Complexity+in+Finance&publication_year=2000
https://scholar.google.com/scholar_lookup?title=Theory+of+Financial+Risk&publication_year=2000
https://www.pnas.org/#facebook
https://www.pnas.org/#x
https://www.pnas.org/#bluesky
https://www.pnas.org/#linkedin
https://www.pnas.org/#email
https://www.pnas.org/action/addCitationAlert?doi=10.1073%2Fpnas.022582899
https://www.pnas.org/personalize/addFavoritePublication?doi=10.1073%2Fpnas.022582899
https://www.pnas.org/doi/epdf/10.1073/pnas.022582899
https://www.pnas.org/topic/type/research-article
https://doi.org/10.1073/pnas.022582899
https://www.pnas.org/help/cookie-policy
https://www.pnas.org/help/cookie-policy


4
Levy H., Levy, M. & Solomon, S., (2000) Microscopic Simulation of Financial Markets (Academic, New York).

Google Scholar

5
Takayasu H., (2002) Empiral Science of Financial Fluctuations: The Advent of Econophysics (Springer, Berlin).

Google Scholar

6
Paul W. & Baschnagel, A., (1999) Stochastic Processes From Physics to Finance (Springer, Berlin).

Google Scholar

7
Voit J., (2001) The Statistical Mechanics of Financial Markets (Springer, Berlin).

Google Scholar

8
Bachelier L. (1900) Annales Scientifiques de l'Ecole Normale Supérieure III 17, 21-28.

Crossref | Google Scholar

9
Ghashgaie S., Breymann, W., Peinke, J., Talkner, P. & Dodge, Y. (1996) Nature (London) 381, 767-770.

Crossref | Google Scholar

10
Mantegna R. N. & Stanley, H. E. (1996) Nature (London) 383, 587-588.

Crossref | Google Scholar

11
Mantegna R. N. & Stanley, H. E. (1997) Phys. A 239, 255-266.

Crossref | Google Scholar

12
Stanley H. E. (1999) Rev. Mod. Phys. 71, S358-S366.

Crossref | Google Scholar

13
Mandelbrot B. B. (1963) J. Business 36, 394-419.

Crossref | Google Scholar

14
Mantegna R. N. & Stanley, H. E. (1995) Nature (London) 376, 46-49.

Crossref | Google Scholar

15
Liu Y., Gopikrishnan, P., Cizeau, P., Meyer, M., Peng, C.-K. & Stanley, H. E. (1999) Phys. Rev. E Stat. Phys.
Plasmas Fluids Relat. Interdiscip. Top. 60, 1390-1400.

PubMed | Google Scholar

16
Ding Z., Granger, C. W. J. & Engle, R. F. (1993) J. Empirical Finance 1, 83-105.

Crossref | Google Scholar

17
Mantegna R. N. & Stanley, H. E. (1994) Phys. Rev. Lett. 73, 2946-2949.

Crossref | PubMed | Google Scholar

18
Podobnik B., Ivanov, P. C., Lee, Y., Chessa, A. & Stanley, H. E. (2000) Europhys. Lett. 50, 711-717.

Crossref | Google Scholar

19
Mantegna R. N. & Stanley, H. E. (1995) in Lévy Flights and Related Topics in Physics, eds. Shlesinger, M. F.,
Zaslavsky, G. M. & Frisch, U. (Springer, Berlin), pp. 300–312.

Google Scholar

20
Mantegna R. N. & Stanley, H. E. (1998) Phys. A 254, 77-84.

Crossref | Google Scholar

21
Podobnik B., Ivanov, P. C., Lee, Y. & Stanley, H. E. (2000) Europhys. Lett. 52, 491-497.

Crossref | Google Scholar

22 NOW READING: 

https://scholar.google.com/scholar_lookup?title=Microscopic+Simulation+of+Financial+Markets&publication_year=2000
https://scholar.google.com/scholar_lookup?title=Empiral+Science+of+Financial+Fluctuations%3A+The+Advent+of+Econophysics&publication_year=2002
https://scholar.google.com/scholar_lookup?title=Stochastic+Processes+From+Physics+to+Finance&publication_year=1999
https://scholar.google.com/scholar_lookup?title=The+Statistical+Mechanics+of+Financial+Markets&publication_year=2001
https://doi.org/10.24033/asens.476
https://scholar.google.com/scholar_lookup?publication_year=1900&journal=Annales+Scientifiques+de+l%27Ecole+Normale+Sup%C3%A9rieure+III&pages=21&doi=10.24033%2Fasens.476
https://doi.org/10.1038/381767a0
https://scholar.google.com/scholar_lookup?publication_year=1996&journal=Nature+%28London%29&pages=767&doi=10.1038%2F381767a0
https://doi.org/10.1038/383587a0
https://scholar.google.com/scholar_lookup?publication_year=1996&journal=Nature+%28London%29&pages=587&doi=10.1038%2F383587a0
https://doi.org/10.1016/S0378-4371(96)00484-0
https://scholar.google.com/scholar_lookup?publication_year=1997&journal=Phys.+A&pages=255&doi=10.1016%2FS0378-4371%2896%2900484-0
https://doi.org/10.1103/RevModPhys.71.S358
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Rev.+Mod.+Phys.&pages=S358&doi=10.1103%2FRevModPhys.71.S358
https://doi.org/10.1086/294632
https://scholar.google.com/scholar_lookup?publication_year=1963&journal=J.+Business&pages=394&doi=10.1086%2F294632
https://doi.org/10.1038/376046a0
https://scholar.google.com/scholar_lookup?publication_year=1995&journal=Nature+%28London%29&pages=46&doi=10.1038%2F376046a0
https://pubmed.ncbi.nlm.nih.gov/11969899/
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=1390&pmid=11969899
https://doi.org/10.1016/0927-5398(93)90006-D
https://scholar.google.com/scholar_lookup?publication_year=1993&journal=J.+Empirical+Finance&pages=83&doi=10.1016%2F0927-5398%2893%2990006-D
https://doi.org/10.1103/PhysRevLett.73.2946
https://pubmed.ncbi.nlm.nih.gov/10057243/
https://scholar.google.com/scholar_lookup?publication_year=1994&journal=Phys.+Rev.+Lett.&pages=2946&doi=10.1103%2FPhysRevLett.73.2946&pmid=10057243
https://doi.org/10.1209/epl/i2000-00540-7
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Europhys.+Lett.&pages=711&doi=10.1209%2Fepl%2Fi2000-00540-7
https://scholar.google.com/scholar_lookup?title=L%C3%A9vy+Flights+and+Related+Topics+in+Physics&publication_year=1995&pages=300
https://doi.org/10.1016/S0378-4371(98)00020-X
https://scholar.google.com/scholar_lookup?publication_year=1998&journal=Phys.+A&pages=77&doi=10.1016%2FS0378-4371%2898%2900020-X
https://doi.org/10.1209/epl/i2000-00464-8
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Europhys.+Lett.&pages=491&doi=10.1209%2Fepl%2Fi2000-00464-8


Ivanov P. C., Podobnik, B., Lee, Y. & Stanley, H. E. (2001) Phys. A 299, 154-160.

Crossref | Google Scholar

23
Skjeltorp J. A. (2000) Phys. A 283, 486-528.

Crossref | Google Scholar

24
Stanley H. E., Gopikrishnan, P., Plerou, V. & Amaral, L. A. N. (2000) Physica A 287, 339-361.

Crossref | Google Scholar

25
Gopikrishnan P., Meyer, M., Amaral, L. A. N. & Stanley, H. E. (1998) Eur. Phys. J. B 3, 139-140.

Crossref | Google Scholar

26
Plerou V., Gopikrishnan, P., Amaral, L. A. N., Meyer, M. & Stanley, H. E. (1999) Phys. Rev. E Stat. Phys.
Plasmas Fluids Relat. Interdiscip. Top. 60, 6519-6529.

PubMed | Google Scholar

27
Gopikrishnan P., Plerou, V., Amaral, L. A. N., Meyer, M. & Stanley, H. E. (1999) Phys. Rev. E Stat. Phys.
Plasmas Fluids Relat. Interdiscip. Top. 60, 5305-5316.

PubMed | Google Scholar

28
Gutenberg B. & Richter, C. F., (1954) Seismicity of the Earth and Associated Phenomenon (Princeton Univ.
Press, Princeton).

Google Scholar

29
Turcotte D. L., (1992) Fractals and Chaos in Geology and Geophysics (Cambridge Univ. Press, Cambridge,
U.K.).

Google Scholar

30
Rundle J. B., Turcotte, D. L. & Klein, W., (1996) Reduction and Predictability of Natural Disasters (Addison–
Wesley, Reading, MA).

Google Scholar

31
Matia, K., Amaral, L.A.N., Goodwin, S. & Stanley, H. E. (2002) Phys. Rev. E Stat. Phys. Plasmas Fluids Relat.
Interdiscip. Top., in press.

Google Scholar

32
Plerou V., Gopikrishnan, P., Amaral, L. A. N., Gabaix, X. & Stanley, H. E. (2000) Phys. Rev. E Stat. Phys.
Plasmas Fluids Relat. Interdiscip. Top. 62, 3023-3026.

Google Scholar

33
Gopikrishnan P., Plerou, V., Gabaix, X. & Stanley, H. E. (2000) Phys. Rev. E Stat. Phys. Plasmas Fluids Relat.
Interdiscip. Top. 62, 4493-4496.

Google Scholar

34
Plerou, V., Gopikrishnan, P., Gabaix, X. & Stanley, H. E. (2001) e-Print Archive, http://xxx.lanl.gov/abs/cond-m
at/0106657.

Google Scholar

35
Plerou, V., Gopikrishnan, P. & Stanley, H. E. (2001) e-Print Archive, http://xxx.lanl.gov/abs/cond-mat/011134
9.

Google Scholar

36
Mehta M. L., (1991) Random Matrices (Academic, Boston).

Google Scholar

37
Guhr T., Müller-Groeling, A. & Weidenmüller, H. A. (1998) Phys. Rep. 299, 189-425.

Crossref | Google Scholar

38
Wigner E. P. (1951) Ann. Math. 53, 36-65. NOW READING: 

https://doi.org/10.1016/S0378-4371(01)00290-4
https://scholar.google.com/scholar_lookup?publication_year=2001&journal=Phys.+A&pages=154&doi=10.1016%2FS0378-4371%2801%2900290-4
https://doi.org/10.1016/S0378-4371(00)00212-0
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Phys.+A&pages=486&doi=10.1016%2FS0378-4371%2800%2900212-0
https://doi.org/10.1016/S0378-4371(00)00473-8
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Physica+A&pages=339&doi=10.1016%2FS0378-4371%2800%2900473-8
https://doi.org/10.1007/s100510050292
https://scholar.google.com/scholar_lookup?publication_year=1998&journal=Eur.+Phys.+J.+B&pages=139&doi=10.1007%2Fs100510050292
https://pubmed.ncbi.nlm.nih.gov/11970569/
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=6519&pmid=11970569
https://pubmed.ncbi.nlm.nih.gov/11970400/
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=5305&pmid=11970400
https://scholar.google.com/scholar_lookup?title=Seismicity+of+the+Earth+and+Associated+Phenomenon&publication_year=1954
https://scholar.google.com/scholar_lookup?title=Fractals+and+Chaos+in+Geology+and+Geophysics&publication_year=1992
https://scholar.google.com/scholar_lookup?title=Reduction+and+Predictability+of+Natural+Disasters&publication_year=1996
https://scholar.google.com/scholar?q=Matia%2C+K.%2C+Amaral%2C+L.A.N.%2C+Goodwin%2C+S.+%26+Stanley%2C+H.+E.+%282002%29+Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.%2C+in+press.
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=3023
https://scholar.google.com/scholar_lookup?publication_year=2000&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=4493
http://xxx.lanl.gov/abs/cond-mat/0106657
https://scholar.google.com/scholar?q=Plerou%2C+V.%2C+Gopikrishnan%2C+P.%2C+Gabaix%2C+X.+%26+Stanley%2C+H.+E.+%282001%29+e-Print+Archive%2C+http%3A%2F%2Fxxx.lanl.gov%2Fabs%2Fcond-mat%2F0106657.
http://xxx.lanl.gov/abs/cond-mat/0111349
https://scholar.google.com/scholar?q=Plerou%2C+V.%2C+Gopikrishnan%2C+P.+%26+Stanley%2C+H.+E.+%282001%29+e-Print+Archive%2C+http%3A%2F%2Fxxx.lanl.gov%2Fabs%2Fcond-mat%2F0111349.
https://scholar.google.com/scholar_lookup?title=Random+Matrices&publication_year=1991
https://doi.org/10.1016/S0370-1573(97)00088-4
https://scholar.google.com/scholar_lookup?publication_year=1998&journal=Phys.+Rep.&pages=189&doi=10.1016%2FS0370-1573%2897%2900088-4


Crossref | Google Scholar

39
Wigner E. P. (1951) Proc. Cambridge Philos. Soc. 47, 790-798.

Crossref | Google Scholar

40
Dyson F. J. & Mehta, M. L. (1963) J. Math. Phys. 4, 701-712.

Crossref | Google Scholar

41
Mehta M. L. & Dyson, F. J. (1963) J. Math. Phys. 4, 713-719.

Crossref | Google Scholar

42
Dyson F. J. (1971) Revista Mexicana de Física 20, 231-239.

Google Scholar

43
Sengupta A. M. & Mitra, P. P. (1999) Phys. Rev. E Stat. Phys. Plasmas Fluids Relat. Interdiscip. Top. 60, 3389-
3392.

Crossref | PubMed | Google Scholar

44
Laloux L., Cizeau, P., Bouchaud, J.-P. & Potters, M. (1999) Phys. Rev. Lett. 83, 1469-1482.

Crossref | Google Scholar

45
Plerou V., Gopikrishnan, P., Rosenow, B., Amaral, L. A. N. & Stanley, H. E. (1999) Phys. Rev. Lett. 83, 1471-
1475.

Crossref | Google Scholar

46
Gopikrishnan P., Rosenow, B., Plerou, V. & Stanley, H. E. (2001) Phys. Rev. E Stat. Phys. Plasmas Fluids Relat.
Interdiscip. Top. 64, 035106-1.–035106-4.

Google Scholar

47
Rosenow, B., Plerou, V., Gopikrishnan, P. & Stanley, H. E. (2001) e-Print Archive, http://xxx.lanl.gov/abs/cond
-mat/0111537.

Google Scholar

48
Plerou, V., Gopikrishnan, P., Rosenow, B., Amaral, L. A. N., Guhr, T. & Stanley, H. E. (2001) e-Print Archive, htt
p://xxx.lanl.gov/abs/cond-mat/0108023.

Google Scholar

49
Stanley M. H. R., Buldyrev, S. V., Havlin, S., Mantegna, R., Salinger, M. A. & Stanley, H. E. (1995) Econ. Lett. 49,
453-457.

Crossref | Google Scholar

50
Stanley M. H. R., Amaral, L. A. N., Buldyrev, S. V., Havlin, S., Leschhorn, H., Maass, P., Salinger, M. A. &
Stanley, H. E. (1996) Nature (London) 379, 804-806.

Crossref | Google Scholar

51
Amaral L. A. N., Buldyrev, S. V., Havlin, S., Leschhorn, H., Maass, P., Salinger, M. A., Stanley, H. E. & Stanley,
M. H. R. (1997) J. Phys. I [French] 7, 621-633.

Google Scholar

52
Buldyrev S. V., Amaral, L. A. N., Havlin, S., Leschhorn, H., Maass, P., Salinger, M. A., Stanley, H. E. & Stanley,
M. H. R. (1997) J. Phys. I [French] 7, 635-650.

Google Scholar

53
Sutton J., (2000) The Variance of Firm Growth Rates: The Scaling Puzzle (London School of Economics,
London).

Google Scholar

54
Takayasu H. & Okuyama, K. (1998) Fractals 6, 67-79.

Crossref | Google Scholar

NOW READING: 

https://doi.org/10.2307/1969342
https://scholar.google.com/scholar_lookup?publication_year=1951&journal=Ann.+Math.&pages=36&doi=10.2307%2F1969342
https://doi.org/10.1017/S0305004100027237
https://scholar.google.com/scholar_lookup?publication_year=1951&journal=Proc.+Cambridge+Philos.+Soc.&pages=790&doi=10.1017%2FS0305004100027237
https://doi.org/10.1063/1.1704008
https://scholar.google.com/scholar_lookup?publication_year=1963&journal=J.+Math.+Phys.&pages=701&doi=10.1063%2F1.1704008
https://doi.org/10.1063/1.1704009
https://scholar.google.com/scholar_lookup?publication_year=1963&journal=J.+Math.+Phys.&pages=713&doi=10.1063%2F1.1704009
https://scholar.google.com/scholar_lookup?publication_year=1971&journal=Revista+Mexicana+de+F%C3%ADsica&pages=231
https://doi.org/10.1103/PhysRevE.60.3389
https://pubmed.ncbi.nlm.nih.gov/11970154/
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=3389&doi=10.1103%2FPhysRevE.60.3389&pmid=11970154
https://doi.org/10.1103/PhysRevLett.83.1467
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+Lett.&pages=1469&doi=10.1103%2FPhysRevLett.83.1467
https://doi.org/10.1103/PhysRevLett.83.1471
https://scholar.google.com/scholar_lookup?publication_year=1999&journal=Phys.+Rev.+Lett.&pages=1471&doi=10.1103%2FPhysRevLett.83.1471
https://scholar.google.com/scholar_lookup?publication_year=2001&journal=Phys.+Rev.+E+Stat.+Phys.+Plasmas+Fluids+Relat.+Interdiscip.+Top.&pages=035106
http://xxx.lanl.gov/abs/cond-mat/0111537
https://scholar.google.com/scholar?q=Rosenow%2C+B.%2C+Plerou%2C+V.%2C+Gopikrishnan%2C+P.+%26+Stanley%2C+H.+E.+%282001%29+e-Print+Archive%2C+http%3A%2F%2Fxxx.lanl.gov%2Fabs%2Fcond-mat%2F0111537.
http://xxx.lanl.gov/abs/cond-mat/0108023
https://scholar.google.com/scholar?q=Plerou%2C+V.%2C+Gopikrishnan%2C+P.%2C+Rosenow%2C+B.%2C+Amaral%2C+L.+A.+N.%2C+Guhr%2C+T.+%26+Stanley%2C+H.+E.+%282001%29+e-Print+Archive%2C+http%3A%2F%2Fxxx.lanl.gov%2Fabs%2Fcond-mat%2F0108023.
https://doi.org/10.1016/0165-1765(95)00696-D
https://scholar.google.com/scholar_lookup?publication_year=1995&journal=Econ.+Lett.&pages=453&doi=10.1016%2F0165-1765%2895%2900696-D
https://doi.org/10.1038/379804a0
https://scholar.google.com/scholar_lookup?publication_year=1996&journal=Nature+%28London%29&pages=804&doi=10.1038%2F379804a0
https://scholar.google.com/scholar_lookup?publication_year=1997&journal=J.+Phys.+I+%5BFrench%5D&pages=621
https://scholar.google.com/scholar_lookup?publication_year=1997&journal=J.+Phys.+I+%5BFrench%5D&pages=635
https://scholar.google.com/scholar_lookup?title=The+Variance+of+Firm+Growth+Rates%3A+The+Scaling+Puzzle&publication_year=2000
https://doi.org/10.1142/S0218348X98000080
https://scholar.google.com/scholar_lookup?publication_year=1998&journal=Fractals&pages=67&doi=10.1142%2FS0218348X98000080


VIEW FULL TEXT | DOWNLOAD PDF

C oss e | Google Scholar

55
Lee Y., Amaral, L. A. N., Canning, D., Meyer, M. & Stanley, H. E. (1998) Phys. Rev. Lett. 81, 3275-3278.

Crossref | Google Scholar

56
Plerou V., Amaral, L. A. N., Gopikrishnan, P., Meyer, M. & Stanley, H. E. (1999) Nature (London) 400, 433-437.

Crossref | Google Scholar

57
Keitt T. & Stanley, H. E. (1998) Nature (London) 393, 257-259.

Crossref | Google Scholar

58
Le Baron B. (2001) Quantitative Finance 1, 621-631.

Crossref | Google Scholar

59
Mandelbrot B. B. (2001) Quantitative Finance 1, 558-559.

Crossref | Google Scholar

60
Stanley H. E. & Plerou, V. (2001) Quantitative Finance 1, 563-567.

Crossref | Google Scholar

INTRODUCTION FEBRUARY 19, 2002

Self-organized complexity in the physical,
biological, and social sciences

Donald L. Turcotte and John B. Rundle 

 RESEARCH ARTICLE FEBRUARY 19, 2002

Fractal dynamics in physiology: Alterations
with disease and aging

Ary L. Goldberger, Luis A. N. Amaral, [...] H. Eugene Stanley 



RESEARCH ARTICLE FEBRUARY 19, 2002

Allometric scaling of metabolic rate from
molecules and mitochondria to cells and
mammals

Geoffrey B. West, William H. Woodruff, and James H. Brown 



RESEARCH ARTICLE JANUARY 26, 2026

Intercalated bacterial biofilms are intrinsic
internal components of calcium-based kidney
stones

Bacteria are traditionally believed to contribute only to struvite

kidney stone formation. In contrast, most types of kidney ston…
William C. Schmidt, Ava Mousavi, [...] Kymora B. Scotland 

 RESEARCH ARTICLE FEBRUARY 23, 2026

Humans 40,000 y ago developed a system of
conventional signs

Humans have carved visual signs into the surfaces of mobile

artifacts and cave walls since several hundred thousand years.…
Christian Bentz and Ewa Dutkiewicz 
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Why Biden-era clean energy investment
policies had limited political returns

The Biden Administration enacted over $198 billion in clean

energy and manufacturing incentives, with the expectation tha…
Alexander F. Gazmararian, Nathan M. Jensen, and Dustin Tingley 
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