


back from the ocean. The repeated pattern
of a 100-80 ppmv decline in atmospheric
CO, from an interglacial value of 280-300
ppmv to a 180 ppmv floor and then the
rapid recovery as the planet exits glacia-
tion suggests a tightly governed control
system with firm stops at 280-300 and 180

pmv. There is a similar CH, cycle be-
tween 320-350 ppbv (parts-per billion by
volume} and 650-770 (ppbv). Whatbeg ex-
planation are not just the linked periodic-
ity of carbon and glaciation, but also the
apparent hard stops in the carbon system.
What were the controls, and why are there
the apparently “hard stops™?

Today's atmosphere, imprinted with
the fossil fuel CO, signal, stands at nearly
80-100 ppmv above the previous “hard
stop” of 280-300 ppmv. The current meth-
ane value is even further (percentage-
wise) from its previous interglacial high
values. Inessence, carbon has beenmoved
from a relatively immobile pool (in fossil
fuel reserves) in the slow carbon cycle to
the relatively mobile pool (the atmos-
phere) in the fast carbon cycle, and the
ocean, terrestrial vegetation and soils have
yet to equilibrate with this "rapidly”
changing concentration of carbon dioxide
in the atmosphere.

Given this remarkable {and unprec-
edented in the period that hurmans have
been on the planet) event one cannothelp
but wonder about the characteristics of the
carbon cycle in the future regardless of
possible changes in climate.

And yet, we know that the planet’s
biogeochemical system is intimately
linked with the physical-climate system.
Carbon dioxide and methane are but two
of the biogenic greenhouse gases. But this,
that CO, and CH, are greenhouse gases,
is a narrow view of the biogeochemistry-
climate linkage.

The marine carben cycle plays an im-
portant role in the partitioning of carbon
dioxide between the atmosphere and the
ocean. The primary controls are the circu-
lation of the ocean, a function of the cli-
mate system, and two important
biogeochemical processes: the solubility
pump and the biological pump, both of
whichact to create a globalmean increase
of dissolved inorganic carbon with depth,
and therefore to maintain atmospheric
CO, at alevel considerably lower—about
a factor of three—than it would be other-
wise.

The interplay between the circulation
of the oceans and the biogeochemical
“pumps”, which are themselves depend-
ent on ocean circulation, determine the sea
surface pCO, and hence are the primary
determinants (with atmospheric pCO, and
sea surface winds) of the air-sea exchange
rates of carbon dioxide. Advances in this
understanding have been important, and
these advances are directly tied to the
World Oceans Circulation Experiment
(WOCE) of the World Climate Research
Programme (WCRP) and the Joint Global
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Ocean Flux Study (JGOFS) of IGBP. These
ocean surveys are now being exploited
(and thereby even further linked) by ocean
carbon cycle modellers. The Ocean Car-
bon Cycle Model Inter-comparison Project
{OCMIP') was initiated in 1995 by the
IGBI” Task Force on Global Analysis, In-
terpretation, and Modelling (GAIM) toin-
vestigate to what extent predictions from
3D ocean carbon cycle models vary and
to understand why. These models are es-
sentially extensions of ocean circulation
models used in climate models (general
circulation models or GCMs), and in this
sense, they are a clear expression of the
coupling between the climate systerm and
the biogeochemical system

A similar case of coupling cccurs on
land. The metabolic processes, which are
responsible for plant growth and mainte-
nance, and the microbial turnover, which
is associated with dead organic matter de-
composition, cycle carbon, nutrients, and
water through plants and soil on both
rapid and intermediate time scales.
Moreover, these cycles affect the energy
balance and provide key controls overbio-
genic trace gas production (i.e., both are
climate couplings}. Looking at the carbon
fixation-organic material decomposition
as a linked process, one sees that some of
the carbon fixed by photosynthesis and in-
corporated into plant tissue is perhaps sig-
nificantly delayed from returning to the
atmosphere until it is oxidized by decom-
position or fire. This slower carbon loop
through the terrestrial component of the
carbon cycle affects the rate of growth of
atmospheric CO, concentration and, in its
shorter term expression, imposes a sea-
sonal cycle on that trend.

The structure of terrestrial ecosystems,
which respond on even longer time scales,
is the infegrated response to changes in
climate and to the infermediate time scale
carbon-nutrient machinery. The loop is
closed back to the climate system, since it
is the structure of ecosystems, including
species composition, that largely sets the
terrestrial boundary condition on the cli-
mate system in terms of surface rough-
ness, albedo, and latent heat exchange.

Ateachstep toward longer time scales,
the climate system integrates the more
fine-scaled processes and applies
feedbacks onto the terrestrial biome. At the
finest time scales, the influence of tempera-
ture, radiation, humidity and winds has a
dramatic effect on the ability of plants to
transpire. On longer time scales, inte-
grated weather patterns regulate biologi-
cal processes such as timing of leaf emer-
gence or excision, uptake of nitrogen by
autotrophs, rates of organic scil decay and
turnover of inorganic nitrogen. The effect
of climate at the annual or interannual
scale defines the net gain or loss of carbon
by the biota, its water status for the subse-
quent growing season, and even ifs abil-
ity to survive, As the temporal scale is ex-
tended, the development of dynamic veg-

etation models, which respond to climate
and human land use as well as other
changes, is a central issue. These models
must not only treat successional dynam-
ics, but also ecosystem redistribution.

Modelling interactions between terres-
trial and atmospheric systems requires
coupling successional models to
biogeochemical models to physiological
maodels that describe the exchange of wa-
ter and energy between vegetation and
atmosphere at fine time scales. In the IGBF,
thisis a central area for Global Change and
Terrestrial Ecosystems (GCTE), Biological
Agpects of the Hydrological Cycle
{BAHC), and, again, GAIM. It is impor-
tant to acknowledge that this coupling
across time scales represents a significant
challenge.

Water further couples the terresirial
biogeochemical system to the climate sys-
tem. The availability of water is, obviously,
an important regulator of plant produc-
tivity and sustainability of natural ecosys-
tems. In turn terrestrial ecosystems recy-
cle water vapor at the land-surface /atmos-
phere boundary, exchange numerous im-
portant trace gases with the troposphere,
a central concern of the International Glo-
bal Atmospheric Chemistry Project
(IGAC) and, in turn, the Stratospheric
Processes and their Role in Climate
{SPARC) project of the WCRE. Moreover,
s0il moisture is a key component in the
land surface schemes in GCMSs, since it is
closely related to evaporation and thus to
the apportioning of sensible and latent
heat fhuxes. Scientists working through the
Global Energy-Water Experiment
(GEWEX) of the WCRP and BAHC have
significantly extended our understanding
of this coupling over the past ten years of
worlk.

Soil moisture is pivotal in the forma-
tion of runoff and hence riverine flows.
Further, soil moisture is an important de-
terminant of ecosystem structure and
hence a primary means by which climate
regulates (and is partially regulated by)
ecosystem distribution. Finally, adequate
soil moisture is an essential resource for
human activity. Consequently, accurate
prediction of soil moisture is crucial for
simulation of the hydrological cycle, of soil
and vegetation biochemistry (including
the cycling of carbon and nutrients), of
ecosystem structure and distribution, and
of climate.

River systems are linked to regional
and continental-scale hydrology through
interactions among soil watet,
evapotranspiration, and runoff in terres-
trial ecosystems. River systems, and more
generally the entire global water cycle,
control the movement of constituents over
vast distances from the continental land-
masses to the world’s oceans and to the
atmosphere. Rivers are a central feature
of human settlement and- development.
Rivers begin with soil mojsture and Tun-
off; each of these is linked directly to land-




use and land-cover, which is the focus of
Land-Use/Cover Change (LUCC), a joint
project of the International Human Di-
mensions Programme on Global Environ-
mental Change (THDP) and the IGBP. Riv-
ers end in and are key features of the
coastal zone and hence of central consid-
eration of Land-Ocean Interactions in the
Coastal Zone (LOCIZ) project. Finally, riv-
ers deliver more than water to the ocean;
rivers contribute significant quantities of
nutrients to coastal oceans and hence are
linked to coastal fisheries. The climate-
fishery-human dynamics link is just now
being fully appreciated because of the
work of the Global Ocean Ecosystem Dy-
namics (GLOBEC) Core Project with
LOCIZ and JGOFS. Such studies will
clearly play an increasingly important part
in the future of the multi-faceted Global
Change System for Analysis, Research,
and Training (START). Finally, each of the
Core Projects as well as the cross cutting
efforts are data and information depend-
ent (e.g.., in part on the IGBP-DIS).

Thus understanding the hydrological
cycle and water resources is bound up
with understanding the human system as
well as understanding the biogeochemical
and climate systems. Hence two, studies
of the global carbon and water cycles, of
the three new “overarching” activities of
the IGBI are themselves linked. The third
activity of Food and Fiber is obviously
strongly linked across the IGBI” and out
to WCRP and THDP.

When the IGBP was first established,
it was recognized that the achievement of
its science goal and objectives required an
unprecedented degree of international co-
operation and interdisciplinary. Much ef-
fort has been expended on the develop-
ment of an organizational structure and
activities which promote the formation of
research networks transcending national
and disciplinary boundaries. This “carbon
story” reveals just how important such
“transcending is”. These networks have
not only allowed the identification of the
key scientific priorities based on a global
consensus view, but they also allow the
closely coordinated development and ex-
ecution of nationally funded research ef-
forts, maximizing the scientific progress
achievable. This is especially the case
when results are pooled and outcomes
and conclusions synthesized, both at the
Programme Element and Programme
level.

The first Five year Implementation
Plan, “IGBP in Action” (Report #28), pro-
vided an overview of the research activi-
ties planned for the period 1994-1998. Dur-
ing the implementation period, substan-
tial scientific progress has been made. As
the lighted sign on the Eiffel Tower tells
us, we are now about to enter the next mil-
lennium. The beginning of the new mil-
lennium js a good target date for the pro-
duction of an IGBP synthesis. No doubt it
will be a time when humanity takes stock
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of where it has come and where it is go-
ing. Similarly, it is appropriate for the IGBP
to pull together and synthesize what we
have learned. How much more do we
know about the Earth system, and how
humans are affecting it, than we did in
19907 How much of this new understand-
ing has IGBP contributed?

During the past year, the IGBP has
made extraordinary progress toward the
fivst Programme-wide synthesis. Wehave
achieved increased coordination between
IGBP, WCRP, and IHDP. Within the IGBP,
there is the sense of a common challenge,
and a shared desire to make the whole
more than the sum of the individual parts.

In the last 14 months, the IGBP con-
ducted two very important Programme-
wide meetings. First, The Fifth Science Ad-
visory Committee (SAC-V) in September
1998 in Kenya contributed to clarifying the
IGBP approach to regional studies, and in
May 1999, we hosted a remarkably suc-
cessful IGBP Congress in Japan. The or-
ganization is well positioned for the im-
portant decisions that will set the direc-
tion for IGBP in the next decade.

In looking to the future, we ask natu-
rally what should be the guiding princi-
ples that could serve as beacons for the
evolution of the IGBP. Amongst these
beacons are those ideas and tenets which
have served the IGBP so well over the
past decade. Amongst these are that the
IGBP should focus on the important sci-
entific questions of global environmen-
tal change recognizing that, by definition,
this implies that the IGBP will be address-
ing issues of societal and, hence, politi-
cal relevance. Within the context of glo-
bal environmental changes, the primary
niche for the IGBP is the chemical and
biological processes and the associated
biogeochemical subsystem and the inter-
play with the physical-climate subsys-
tem. This implies, in part, that we must
seek to understand global environmen-
tal change in the context of the Earth sys-
tem. This focus has been central to the
IGBP since its foundation. Coming out of
the SAC-V meeting in Nairobi is the rec-
ognition that this global focus should be
complemented by a set of regional strat-
egies and foct.

This capacity of the IGBP to change
and evolve while preserving its core
strengths and focus is central to the long-
term sustainability of the IGBP and to its
ability to remain effective, This is impor-
tant to bear in mind as we go through this
phase of synthesis and transition. Itisalso
important to remember always that the
IGBP’s most important resources are peo-
ple and their scientific credibility and
insights. This implies strongly that any
evolution must always proceed with care
and with attention to the human aspects
of the organization,

At the recent IGBP Congress at
Shonan Village in Japan and again in a
recent IGBI Newsletter, I discussed what

might be some of the characteristics of the
future structure of the IGBP. Amongst the
elements that I see in the future IGBP are
a core Earth system science activity and
crucial focussed programs. These
focussed programs will tend, in the fu-
ture, to be concentrated at important in-
terfaces in the Earth system, but these “in-
terface efforts will be buttressed by can-
tinuing certain “within component” ac-
tivities. Complementing these Earth sys-
tem component and interface investiga-
tions, the future IGBP will include pro-
gram-wide, crosscutting studies along
key thematic lines such as the carbon sys-
tem, the global water cycle, and food and
fiber.

Regional themes will expand slowly
and carefully. Such regional studies will
allow specific linkage to societal issues;
moreover, regional studies will allow
“full” system studies. Finally and impor-
tantly, regional studies will allow a con-
necting of the global with the local while
avoiding confronting directly internal na-
tional issues and the associate political
questions.

For the IGBE, there are several important
“next steps™:

» complete the core project syntheses

s develop the cross-cutting themes
(i. e., carbon, water, food and fiber)

o clarify the outstanding new
scientific challenges, and

s host an open science meeting in July
2001

And as we look further to the future, I be-
lieve that the IGBP ten years hence will be
perhaps Jarger and definitely even more
international; hopefully it will be younger
and more reflective of the world; almost
certainly, it will have closer working rela-
tionships with WCRP and the IHDP; it will
be more capable and braver, and finally
and in some ways unfortunately, the IGBP
will be even more necessary.

Berrien Moore lll

institute of the Study of Earth,
Oceans and Space (EOS),
University of New Hampshire,

39 College Road, 305 Morse Hall,
Durham, NH 03824-3524, USA
E-mail: b.moore@unh.edu

1 OCMIP has been led since inception
by the Institut Pierre Simon Laplace
(IPSL). R
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Climate Change Impact Studies

"Linear, Pollution-pipe” Models

The old “pollution pipe” approach to climate change impact studies (L. Kohin,

J

tiple, interacting drivers. The subsistence
rangelands project in southern Africa,
which contributes to GCTE and LUCC, is
a good example of this approach (see Fig-
ures 2 and 3).

Although progress has been impres-
sive over the past 10 years, there are nu-
merous challenges facing IGBP Phase II
over the next decade, and I'll conclude by
focusing on three of them.

The first is a somewhat practical issue
yet is more profound than most people
realise. Despite much progress in the glo-
bal change research community towards
making its work truly global, it is still far
too dominated by the North America-
Western Europe axis. This has become ex-

that the Stone Age did not end because of
a global shortage of stones.
Nevertheless, the current range of glo-
bal environmental problems are unprec-
edented in their complexity and extent,
and to deal with them will require the full
range of both cleverness and wisdom that
humans can muster. This raises the third
challenge to the scientific community —we
must effectively integrate the social and
natural sciences, and this requires, most
of all, mutual respect and an ability to look
beyond one’s own paradigms and world
views. Iknow that this has by now become
somewhat of a mantra and that we are be-
ginning to develop ways of working

across the natural and social sciences, but
itis very much still a beginning. Too often
the social sciences are viewed as an “add-
o’ at the end of a project. Effective inte-
gration must start at the design itself of
the work, with some fundamental issues:
whose questions? whose agenda? whose
paradigms? whose approaches?

As Berrien noted in his article, the IGBP
{and WCRP and THDP) of the next dec-
ade will need to tackle questions of ma-
jor societal importance, and hence intrin-
sically of a policy and political nature.
Perhaps IGBP's overarching goal, set out
clearly in IGBP Report No. 12, needs now
to broaden, perhaps to be common across
all of the global environmental change
programmes, and to move the next step
from description and understanding to
proactively providing the knowledge
base needed to help societies live with
global change:

“How can the increasing ‘"human en-
terprise’ be adapted or managed to de-
velop in synchrony with the dynamics of
the Earth system?”

Wili Steffen

IGBP Secretariat, The Royal Swedish
Academy of Sciences, 5104 05
Stockholm,

Sweden

E-mail: will @igbp.kva.se

ceedingly obvious to me, having
shifted rmy working base and resi-
denice from Australia to Sweden.
How often have you heard the
timing of a future activity de-
scribed as being in spring, sum-
mer, autumn or fall, without the
preface ‘northern hemisphere’
being used? This is more than a
simple oversight; it represents a
deeper cultural and geographical
bias that pervades IGBI” and its
partner global change pro-
grammes. We all know inteflectu-
ally that planetary dynamics
must be understood beyond the
North Atlantic axis, but there is
still a very long way to go to in-
ternalise this message across the
entire range of global change peo-
ple and organisations.

Second, the global environ-
mental change research commu-
nity must be careful in develop-
ing its scenarios of the future
never to forget or underestimate
the ingenuity of humans and their
societies to adapt to change, a
point made frequently to me by
the new Executive Director of
ICSU, Lagry Kohler. For example,
according to some earlier sce-
narios of environmental degrada-
tion, London should now be
about five metres deep in horse
manure, And we must not forget

-
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must not be restricted to the Eurccentric
view of human resources, institutions and
infrastructure. Water resources in the de-
veloped world are managed within or-
ganisational and legal framewarks thatare
very different from those usually encoun-
tered in Africa, and a more Africentric
approach should be developed. Freshwa-
ter resource experts should be frained, not
just in scientific and technological meth-
ods, but also in institutional management,
the appropriate legal frameworks, and in
the skills of community involvement.

Issues

The workshop identified six constraints or
deficiencies, which must, and can be, ad-
dressed by the scientific community.

s Deficiency of information and
understanding. These include
recognizing that water has value,
and what the value of that water is,
and using that value in project
planning and evaluation. It also
includes collation and assessment
of the information from data and
the mechanisms for disseminating
that data and information. Much
information has been collected in
the past to support disciplinary
sclence and knowledge. One of the
recomunendations of the workshop
was to revisit that information and
knowledge in the context of an
integrated system.

o Deficiencies of governments. How
strong are our institutions? Do we
need new institutions? How aware
is the public of water issues? Do we
have adequate and appropriate
networks of institutions, policy
makers, managers, stakeholders
and scientists? Are the national and
international and regional policies
and legal mechanisms consistent
and appropriate?

s Deficiencies in capacity. Do we have
the appropriate technical skills to
address water resource issues? Do
we have the mechanisms to pass on
skills, knowledge and information
to the public? Do networks and
extension services exist to promote
information sharing?

» Deficiencies in land management
options. How do we develop coping
and adaptation mechanisms, and
share this information? How do we
identify trade offs? How do we
create stakeholder buy in?

o Deficiencies in water management
aptions. What are the optimal

This article continues on
page 15.
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