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Abstract With empirical probability distribution function, moment, power spectrum and detrended fluctuation anal-
ysis (DFA), the data of National Atmospheric Deposition Program, USA, are analyzed to investigate the character-
istics of self-organized criticality (SOC) of atmospheric acid deposition. It is shown that acid deposition events are a-
nalogous to many other relaxational processes in nature such as earthquakes and avalanches of granular piles, sug-
gesting the existence of SOC in acid deposition. Under a wide variety of circumstances, frequency distributions of
weekly hydrogen deposition (WHD) of precipitation are consistent with double power-law in two different regimes
separated by a characteristic crossover WHD. The double power-law scaling of acid deposition together with its
characteristic size scales characterizes the macroscopic properties of the size of avalanches of acid deposition in vari-
ous atmospheric conditions. WHD series can be depicted as 1/ f* noise with long-range correlations (LRC), impl-
ying that persistence of acid deposition may be one of the important factors inducing ecological changes of nature,
and should be considered in the trend prediction of acid deposition evolutions. DFA shows that the scaling exponent
for small time scale ranges from 0. 64 to 0. 76 (>>0. 5), indicating LLRC in temporal evolutions of acid deposition.
However, the scaling exponent <C0. 5 for low temporal resolution, indicating that LRC does not hold for large time

scale. The switch in the WHD series reflects the different characteristics of correlation structure of WHD fluctua-
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tions for different temporal scales. Nitrate and sulphate depositions fluctuations in precipitation behave similarly to
WHD. 1t is argued that the critical state of atmospheric acid deposition refers to the normal acidity of water in at-
mosphere, or the environmental capacity, which is analogous to the critical angle of repose in a sandpile model. It is
believed, therefore, that acid deposition evolution is consistent with the three criteria of complex SOC systems, and
that acid deposition events, with pollutants being continuously stored in the atmosphere and then suddenly released
by bursts when the vapor condenses to water drops, do not look very different from avalanches from the point of
view of SOC. It is thus suggested that SOC may be a possible mechanism for acid deposition evolution. The frequen-
cy-size power-law scaling and the temporal long-range correlations in acid deposition dynamics are considered to be
indicators of SOC behavior of atmosphere under environmental pollution stress. The changes of crossover and the
variations of power-law slopes of WHD may prove the influence of organization principles which refers to the differ-
ences of regional environmental characteristics of the system on the phenomenon of SOC.

Key words acid deposition, detrended fluctuation analysis, power spectrum analysis, fractal, power-law, self-or-
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