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PREFACE 

This book is a natural extension of the SCOPE (Scientific Committee of Problems on 
the Environment) volumes on the carbon (C), nitrogen (N), phosphorus (P) and sulfur (S) 
biogeochemical cycles and their interactions (Likens, 1981; Bolin and Cook, 1983). 
Substantial progress in the knowledge of these cycles has been made since publication of 
those volumes. In particular, the nature and extent of biological and inorganic interactions 
between these cycles have been identified, positive and negative feedbacks recognized and 
the relationship between the cycles and global environmental change preliminarily elucidated. 
In March 1991, a NATO Advanced Research Workshop was held for one week in Melreux, 
Belgium to reexamine the biogeochemical cycles of C, N, P and S on a variety of time and 
space scales from a holistic point of view. This book is the result of that workshop. 

The biogeochemical cycles of C, N, P and S are intimately tied to each other through 
biological productivity and subsequently to problems of global environmental change. These 
problems may be the most challenging facing humanity in the 21 st century. In the broadest 
sense, "global change" encompasses both changes to the status of the large, globally­
connected atmospheric, oceanic and terrestrial environments (e.g. tropospheric temperature 
increase) and change occurring as the result of nearly simultaneous local changes in many 
regions of the world (e.g. eutrophication). Equally important, global change may be natural, 
part of the constant disturbance and variablility so evident in the past history of the earth, or 
human-induced, novel changes in the state of the earth that are directly attributable to the 
activities of the expanding population of humans. Both natural changes in the cycles of C, 
N, P and S (e.g. atmospheric composition, temperature and sea level changes of the 
Pleistocene glacial-interglacial stages) and interference and distortion of these cycles by 
human activities (e.g. fossil fuel burning and accompanying problems of climate change and 
acid precipitation) will have impacts on ecosystems and human society. 

The natural global earth-surface system -- the atmosphere, hydrosphere, biosphere, 
and the shallow crust -- and the coupled cycles of C, N, P and S are in a continuous state 
of disturbance and fluctuation; change and turmoil are more the rule than constancy and 
equilibrium. These natural fluctuations of the system typically vary within some limits. 
Each disturbance changes the future course of the system. Constant changes in external 
forcing functions, such as solar luminosity and orbital parameters, and in the internal forcing 
of plate tectonics, rarely, if ever, give the system a chance to settle into a stable state for 
long. There is no "perfect" state of total equilibrium to which the earth-surface system 
returns. This is true at many scales of time and space, from the epochal to the seasonal and 
from the global to the local. However, there are processes in the system that act as positive 
or negative feedbacks in a perturbed system. The latter feedbacks are of particular 
importance, because they prevent the system from going completely awry. This book 
considers the natural system of the coupled biogeochemical cycles of C, N, P and S at 
various time and space scales and discusses relevant feedback mechanisms. 

Human activities are interferring in the "workings" of the global earth-surface system 
and the functioning of the C, N, P and S biogeochemical cycles. Agricultural, industrial and 
urbanization activities are adding new distrubances to the system, changing the rates at which 
C, N, P, S and other natural materials circulate in the environment, and are resulting in 
additions of new and synthetic chemicals. Some of the waste products of human society, 
such as carbon dioxide, nitrogen oxides, sulfur dioxide and chlorofluorocarbons, are 
modifying the chemical processes and composition of the atmosphere. Some substances, like 
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nitrogen and phosphorus compounds, organic carbon, and other organic compounds like 
pesticides, and trace metals (often conncected to the cycles of C, N, P and S because of their 
bioessential nature) like Co, V, and Zn, are modifying the chemistry of aquatic systems. 
Human activities, themselves, such as deforestation and urbanization, are leading to 
degradation of ecosystems, loss of forests, habitats, species diversity and arable land, and 
increased erosion rates and ultimately desertification. These latter activities modify the 
biogeochemical cycles of C, N, P and S, and in tum, these modifications affect other cycles 
and the environment as a whole. This book discusses how the interactive web of C, N, P and 
S biogeochemical cycling has been affected by human activities. 

The book is arranged starting with a general paper dealing with the global 
biogeochemical cycles of C, N, P and S and geochemical modeling of these cycles 
(Mackenzie, Ver, Sabine, Lane and Lerman). The arrangement, thereafter, follows a pattern 
whereby individual and coupled cycles are considered first in the terrestrial realm (Ulrich and 
Bredemeier; Isermann) and then linked to the ocean reservoir via the rivers (Richey and 
Victoria; Billen; Meybeck). Processes and fluxes internal to the coastal (Wollast) and open 
(Knauer) ocean involving C and N are then discussed. This section is followed by one 
dealing with the exchange of C, N, and S gases between the sea surface and atmosphere 
(Frankignoulle and Gattuso; Watson, Robertson and Ling; Liss and Galloway) and the 
chemical reactions involving transformations of compounds of these elements in the 
atmosphere (Gammon and Charlson; Lelieveld). Besides the atmosphere and land linkages, 
the ocean is also coupled to the sediment reservoir by processes of sedimentation, 
accumulation and diagenesis. Biogeochemical transformations and recycling of C, N, P and 
S compounds involved with these processes are the principal subject of the section on 
sediments (Canfield; Berner, Ruttenberg, Ingall and Rao; Martens; Van Cappellen, Gaillard 
and Rabouille). Finally, the coupling of the C-P (F611mi, Weissert and Lini) and the C-S 
(Kump) biogeochemical cycles over geological time and implications for global change are 
explored. 

A perusal of the chapters in this book will inform the reader of the status of 
knowledge concerning the C-N-P-S global biogeochemical cycles, their degree of coupling 
and their relationship to global change. Global environmental change is a subject that is 
discussed today by scientists, policy makers and lay-people. It has even reached the ultimate 
of expression, the comic pages. All of this discussion gives the subject of global change a 
sense of respectability, a sense we know what it is all about and can even make predictions 
of the future state of the global environment. The reader of this book, however, will 
probably come away with a different feeling of how far we have come, but how little we 
know, and how far we have to go in obtaining a realistic understanding of the cycling 
behavior of four major elements involved with global change. This understanding is 
necessary for any future scenario of global change. The editors of this book hope that it 
provides at least a basis for understanding the global biogeochemical cycles of C, N, P and 
S and their relationship to global change and that it acts as a framework for future studies. 

The book concludes with statements of the three working groups established at the 
Melreux meeting. The statements emphasize problems related to lack of knowledge of the 
interactive behavior of the biogeochemical cycles of C, N, P and S and point out potential 
research directions. Three time scales are considered: the long-time, geologic scale; the 
recent past (Quaternary) and present; and the future. 
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