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Abstract: We summarize a new synthetic framework for understanding and responding.
to desertification that emerged from the 88th Dahlem workshop on "An Integrated
Assessment of the Ecological, Meteorological and Human Dimensions of Global
Desertification". We refer to this framework as the Dahlem Desertification Paradigm.
This paper then examines one thread through this framework - the chain of logic
that runs from the assertion that simultaneous consideration of both the human
and environmental aspects of desertification if critical for any advances on dealing
with desertification and degradation at all scales; that the coupled human and
environmental parts or the system change over time;' in ways that may be more
or less dysfunctional; to emphasize the critical importance of assisting the rate
of development of appropriate local environmental knowledge (LEK) in minimizing
dysfunction. Given the increasing rates of change being imposed on our worlds,
and the particular difficulties in developing experiential knowledge quickly in variable
arid environments, we conclude that support for better integration of LEK with
the scientific method is one critical pillar in creating a learning society in dry lands.
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The Convention to Combat
Desertification (CCO) (http://www. unccd.
int/main.php, United Nations 1994) defines
land degradation in terms of a number
of ecological factors, e.g., productivity and
erosion. The problem is that humans are
often concerned only with that subset of
this broad definition that affects some human
activity (whether at the local land use level
or through feedbacks at a wider scale).
Consequently, there is disagreement
concerning the causes and processes of
land degradation and its importance. Issues
include the extent to which land changes
are natural (climate-driven) vs.

anthropogenic, the role of 'grass-roots'
abatement efforts vs. scientific I and
technological ones, how to determine the
amount of land affected or at risk, I and
whether or not desertification is reveisible
(Oarkoh, 1998; Reynolds, 200 I). A I new
synthetic framework that encompasses all
these issues is required to resolve the tJngle
of issues, disagreements, and misinter-
pretations surrounding desertification. Ih the

Iabsence of such a framework, the answer
to most questions is: "it depends!" IThis
leads to endless and relatively unproductive
debates, which have been one of the leg~cies
of desertification research, and which have
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resulted in negligible impacts on effective
policy and on the programs intended to
help people living in these lands.

In an effort to address this challenge,
we convened a Dahlem Conference
(http://www.fu-berlin.de/dahlem/) in 200],
which was entitled "The Meteorological,
Ecological, and Human Dimensions of
Global Desertification." The key product
of the meeting was the development of
a new synthetic framework for global
desertification, which we call the Dahlem
Desertification Paradigm (DDP). As is the
case for many paradigms, the constituent
ideas themselves are generally not new,
but bringing them together reveals a fresh
view of an 'old' problem, providing a new
depth of insight. The DDP focuses on the
interrelationships within coupled human-
environment systems that cause
desertification. It draws heavily from the
chapters of the resulting Dahlem book,
Global Desertification. Do Humans Cause
Deserts? (Reynolds and Stafford Smith
2002), and considers a wide variety of
issues, including non-linear processes,
resilience, vulnerability, traditional range
ecology, human perceptions, panarchy
theory, social structures, and economic
factors.

The general model emerging from the
Dahlem workshop is outlined in Stafford
Smith and Reynolds (2002), and we briefly
recapitulate the highlights here. The original
statement (and certainly the recapitulation
here!) was so abbreviated that it is useful
to take some elements of the DDP and
explore them in more detail. Although we
believe that the DDP, as a collective
statement from 40 experts attending the

Dahlem workshop, IS a \laluable step
forward, it is clearly a work-in-progress.
The subsequent sections of this paper aim
to add further to that progress, and we
welcome critical feedback. In fact, our long
term goal is for the international
desertification community to critically
debate the veracity of the DDP (Reynolds
et al., 2003). For example, Lynam and
Stafford Smith (2003) have explored the
implications of the model specifically for
issues to do with monitoring. In this paper
we focus on one of the key assertions:
that it is pointless to look at only the
biophysical or only the socio-economic
aspects of the problem, and expand some
of the implications of this statement.

The Dahlem Desertification
Paradigm in Brief

The Dahlem Desertification Paradigm
(DDP) is composed of 9 assertions (Table
I). The first three relate to the working
framework while the others focus on
implementation, limitations, and potentials
of the paradigm. Details are given in Stafford
Smith and Reynolds (2002), of which the
following is a brief summary, with some
greater detail about the assertions which
we return to in the later sections.

Assertion 1. Desertification always involves
human and environl11efllal drivers

At the core of the DDP is the unequivocal
affirmation that "desertification is a
phenomenon that encompasses both
biophysical and socio-economic dimensions
(Reynolds, 200 I) - neither dimension can
be universally regarded as the sole
predisposing factor (Fig. l). Any effort
to detect a 'decline' in the condition of

http://www.fu-berlin.de/dahlem/
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Table I. The nine assertions of [he Dahlem Desertifica[ion Paradigm, and some of their implications
(after SIafJord Smith and Reynolds (2002), but focused on [he human/environment interabions).
These assertions (Ire IlOt all-encompassing but provide the framework for (I new pai'adigm

I

Assertion Implications

some parcel of land by measuring soil
fertility and grain production, with the intent
of assigning 'risk' or designing an
'intervention' strategy, is meaningless

I. Desertification always involves
human and environmental
dri vel's

2. 'Slow' variables are critical
determinants of system
dynamics

3. Thresholds are crucial. and
may change over time

4. The cost of intervention rises
non-linearly with increasing

degradation

S. Desertification is a regionally
emergent property of local
degradation

6. Coupled human-environment
systems change over time

7. The development of appropriate
local environmental knowledge
(LEK) must be accelerated

8. Systems are hierarchically nested

9. A limited suite of processes and
variables at any scale makes the
problem tractable

Always expect to include both socio-economic and
biophysical variables in any monitoring or intervention I
scheme

Identify and manage for the small set of 'slow' variables
that drive the 'fast' ecological goods and services thatl
matter at any given scale I
Identify thresholds in both biophysical and socio-economic
change variables at which there are significant increases in
the costs of recovery, and quantify these costs, seeking
ways to manage the thresholds to increase resilience I
Intervene early where possible, and invest to reduce the
transaction costs of increasing scales of intervention I

Take care to define precisely the spatial and temporal
extent of and processes resulting in any given measure of
local degradation. But don't try to probe desertificatiorl

I

beyond a measure of generalized impact at higher scales

Recognize the 'co-evolution' of the human and I
environmental sub-systems, and understand and manage I the
circumstances in which their evolutionary paths become
'de-coupled' I
Create better partnerships between LEK development and
conventional scientific research, employing good
experimental design, effective adaptive feedback and
monitoring

Recognize and manage the fact that changes at one level
affect others; create tlexible but linked institutions acrdss
the hierarchical levels, and ensure biophysical and I
socio-economic processes are managed with scale-matched
institutions I

Analyze the types of syndromes at different scales, and
seek the investment levers which will best control their
effects - awareness and regulation where the drivers a~e
natural, changed policy and institutions where the driv~rs
are wci~ I

I . I " I .un ess one IS a so mOnItonng appropnate
socio-economic factors such as householq
debt ratio, local land use goals, and labor
Issues.
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Fig. I. Conceptual representation of degradation framework. Desertification
must simultaneously include both bioph.\'sical and socio-economic
dimensions (x and y-axes respectively here). The various states of
a system are shown as sustainable (green, with boundaries at St
and St), unsustainable (yellow), and permanently-degraded (red);
these boundaries are often fuzzier than shown here. Although a
2-dimensional representation is an oversimplification, there are a
limited number of ways in which local factors interact to create
a 'syndrome of desertification' (Assertion 9). Modifiedfrom Fenuindez
et at. (2002).

Assertion 2. 'Slow' variables are critical
determinants of system dynamics

There is a growing acceptance that a
small number of 'slow' variables act as
the critical determinants in human-
environment systems (Holling et al., 2002).
Hence, the axes in Fig. I should display
'slow' variables, in contrast to 'fast' ones
that are very sensitive to short-term events
and are thus of little value in characterizing
the state of human-environment systems,
particularly in systems subject to high
temporal variability. Of course, the terms

'slow' and 'fast' are relative and depend
upon the scale at which a system is being
studied.

Assertion 3. Thresholds are crucial, and
may change over time

Thresholds (Fig. I) represent critical
points in the slow variables (whether
biophysical or socio-economic), beyond
which the system moves into a new state
or condition. These thresholds, which are
not fixed, are a function of the system's
internal dynamics. For example, from a
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biophysical point of view, thresholds of 2002). By comparison, 'degradation' Just
grain production may be the result of long be assessed at the household to commUliity
cycles of above- and below-average rainfall; social scales and comparably modest spa1tial
from a socio-economical perspective, they scales. This is because degradation (of sJme
may result from changes in the social capital specified aspect of biolo~gical producti~ity
of a community or its taxation environment. under current human use) is the I~cal
Some thresholds are amenable to expression of regional desertification, but
intervention so that they can be deliberately there is no general concept of land
expanded or contracted. It is important that degradation that is uniformly applicable
we focus on efforts to expand the range to all situations. It will always be necessary
of conditions in which people can operate to define what factor is degraded, thereby
before a threshold is reached; in other words, providing guidance as to what to measure,
we should seek to build and maintain the and how to direct management and
adaptive capacity of the human-environment remediation efforts.
system as a whole (Assertion 7).

Assertion 4. The cost of intervention rises
lIOn-linearly with increasing degradation

As the state of the linked human-
environment system described by the slow
variables 'declines,' the cost of intervention
to 'recover' the system increases (e.g.,
Milton et al., 1994). This increase generally
creates another type of threshold, related
to the cost of recovery, because of a
fundamental biophysical (e.g., switch from
overland water flow to gully erosion) or
socio-economic non-linearity in the system.
For example, the latter commonly result
from the necessity to call on resources
from higher (e.g., provincial, state or
international) or broader (e.g., other
households or communities) scales in order
to reverse the change (see examples in
Fernandez et al., 2002; Robbins et al.,
2002).

Assertion 5. Desertification is a regionally
emergent property of local degradation

The CCO definition of desertification
should be applied at a broad, but not local
scale (Chasek and Corell, 2002; Prince,

IAssertion 6. Coupled human-environment
systems change over time

At any particular point in time, a dry land
system is the product of a set of complex
interactions between biophysical factbrs
(biogeochemical cycles, population
dynamics, climate variability, etc.), s06ial
factors (conflict resolution, role of cultGre
in shaping attitudes, etc.), and econofnic
factors (supply-demand, econofnic
stratification, work force, etc.). Hence, thbse
systems are not static, but are constar1tly
changing in response to dynamic dri v~rs,
both external (e.g., climate) and inte~lal
(e.g., soil nutrient-plant growth feedbaJks,
or farmer responses to decl ining Joil

I

nutrients). The implications of this
dynamism are significant. In the past, thbre

Ihas been a tendency for some external
observers to conclude that what 'usedf to
work' in dry lands is necessarily correct
and must therefore be returned to, regardless
of evidence to the contrary (Ellis~ et b/.,

I
2002); the debate about pastoral mobility
is tinged by this view (Batterbury et Lt.,
2002). On the other hand, overly-optimistic
free-marketers tend to overlook the presence
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of natural. internal constraints that limit
the ability of dry land systems to change
in certain directions: for example, while
a donor-supported program to supply a
new drought-resistant strain of millet to
farmers is well-intended, it may be folly
in the face of constraints like low soil
fertility and the lack of an adequate labor
base.

Asserrion 7. The del'elopment ofappropriare
local environmenral knOldedge (LEK) ml/st
be accelerated

The application of knowledge to better
manage arid and semi-arid systems must
ultimately occur by practitioners, whether
these are individual farmers, or policy-
makers (in the broadest sense) who create
the context within which the individual
managers operate. No amount of scientific
knowledge or external hectoring can be
effecti ve lll1less it is put to use by these
practitioners. However. these practitioners
operate on the basis of their own mental
models (Robbins et al.. 2002), which are
modified from a community-level set of
norms generally termed "local environmental
knowledge" (LEK). Traditional ecological
knowledge, defined as knowledge that has
evolved over long periods of time, served
long-persisting nomadic pastoral groups or
aboriginal people (e.g .. in Australia or North
America) well in the past (Mauro and
Hardison. 2000). The ability to develop LEK
depends on feedback from outcomes of
actions coupled with an appropriate
attribution of impacts. and is developed over
generations through trial and error, at a cost
of great individual human suffering. Usually
most LEK is acquired experientially. which
is a double-edged sword: on the one hand
it is the source of the intimate knowledge

that individual farmers have about their own
land, but on the other hand it is often
un-replicated and localized (making its value
for generic use questionable). Some
researchers too readily dismiss its credibility.
whilst others overstate its value. In reality.
the key to successful change in human-
environment systems is an appropriately-
validated body of LEK. where the human
community has some degree of common
vision about how to best interact with its
environment given the constraints of the
social circumstances (Turner et al.. 2000).

Assertion 8. Systems are hierarchically
nested

There are numerous linkages or
connections between the different levels
in the hierarchy (cf Allen and Starr, 1982)
of human-environment systems (the strength
of which may change with time), there
are feedbacks or constraints imposed by
one level on another, and multiple
interactions are constantly occurring within
and between levels. As a result. we will
always have an imperfect and uneven
understanding across the hierarchy.
Differing objectives. perspectives. and
attitudes of various stake-holders inevitably
cause them to focus on different measures:
hence, a useful framework must encompass
all these and enable people to see why
their perception might be at odds with that
of a player acting at a different scale of
concern.

Assertion 9. A limited sl/ite of processes
and variables at Wl\' scale makes the
problem tracrable

The foregoing assertions could sound
terrifyingly complex! Is it possible to
elucidate explanations that are useful. but
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also pragmatic, general and simple? Holling
et al. (2002) argue that to understand the
interactions of ecological, economic, and
social systems we must be able to distinguish
what is understandable or predictable (even
if uncertain) from that which is inherently
unpredictable. In truth, there are a limited
number of ways in which all of these
factors interact; these characteristic
syndromes are discussed further in the
Dahlem volume (Lambin et al., 2002).

Focusing on the Human!
Environment System Linkages

Given the brief summary of the previous
section, we now wish to concentrate on
the assertions which relate most closely
to the importance of considering both human
and environment systems in dealing with
desertification. In doing so, we will draw
on examples, issues and thinking from other
chapters in the Dahlem volume, as well
as developments since that time. Figure
2 is an example of a relatively rare type
of systems diagram. While most disciplinary
diagrams show the environment as a minor
input to or outcome of a social or economic
model, or show all the action in the
environmental side with scant reference to
the effects of the social side (except perhaps
as a minor element of external context),
Fig. 2 emphasises the equal significance
of both subsystems. and highlights the major
linkages between the systems in both
directions, rather than the internal
functioning of either subsystem.

Does Desertification Always Involve
Both Systems?

DDP Assertion I baldly asserts that
one should always consider both biophysical

and social aspects of the system in dealing
with desertification. At one level this is
a truism emerging from the definition of
desertification. It is in fact impossible to
say what degree of local biophysical change
matters (i.e., becomes 'degradation' as
opposed to 'change') unless one is clear
about to whom it matters, and why. This
immediately leads to the need to understand
the values of the social system, althbugh
this is certainly not always done. Equally,
the Convention to Combat Desertification
(UN, 1994) is explicitly about biophysical
change, so one cannot usefully assert that
there is desertification in terms of the social
system alone. Thus we have no hesit~tion
in affirming the basic truth of the AsselJtion!

However, other parts of the DDP imply
a far stronger application of this Assertion.

I
Building on the developing field of
Resilience Theory (Gunderson and Holling,
200 I), Fernandez et al. (2002) proposed
the primacy of the model illustrated in
Fig. I. They argue that the most powerful
cases of interaction occur where crossing
a threshold on either one axis will eventually
result in the threshold on the other laxis
being crossed and the system moving into
the red 'degraded' region. A classic example
provided in the original description has :debt
(or, more precisely, an equity ratio) on
the social axis and longterm grass
productivity on the biophysical axi~ ~Fig.
3). If a pastoralist raises stock numbers
to the point where the perennial grass cover
starts to decline drastically on the
biophysical axis, the declining productivity
places an economic burden on the enterprise
such that debt levels rise. Equally, if I the
pastoralist over"invests in stock or land and
increases debt too far, he may then overgraze
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Fig. 2. Example of a preliminary mechanistic model which emphasizes the
links between. rather than the internal function of the human and
environment sub-systems. for rangelands/human interactions in
subsistence pastoral systems of Africa. Note that this model can
be applied al various scales. Solid lines indicate driving processes,
dashed lines controlling feedbacks, and the heavier arrows (aild
their feedbacks) indicale where there is a close integration of social
and biophysical factors. [Modified from Odada et al. (1996), Reynolds
and Stajford Smith (2002)].

the pasture to attempt to obtain short-term
economic gains to recover the debt. Each
axis thus interacts such that exceeding a
certain point on either can cause a threshold
of economic viabi Iity or sustainable
production to be exceeded on the other.

The model depicted in Figs. I and 3
simplifies reality into a single social axis
and a single biophysical axis. In fact these
two axes are representative of an Il-X-/11

dimensional space with 11 social axes and
/11 biophysical ones, these axes being
circumscribed (Assertion 2) to the key slow
variables. Even though this restricts the
number of axes to a modest number. it
would be unlikely that behaviour Oil every
axis would meet the strict criterion that.
if a threshold is crossed on that axis.
equivalent thresholds will eventually be
crossed on allll+m axes. It remains generally
true that to determine what level of change
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Fig. 3. Case study example from management of a northern Australian
callie-grazing system of the processes represellled in Figure I. The
"Conservative" manager with high equity stocks lightly and is resilient
to shifts in either threshold caused by drought years on the biophysical
axis and rising interest rates on the socio-economic axis. The
"Risk Taker' has poorer pasture condition and greater debt (lower
equity). Increasing stock numbers may give temporary debt relief
bill causes degradation (crossing a critical threshold in the diagram
as shown) which subsequently decreases profits and increases debt
again; allempting to improve pasll/re condition with fewer stock
may also decrease profits to the point where the debt cannot serviced.
Either pathway has a high risk of leading illlo the degraded state.
and the risk is exacerbated by poor rainfall or rising interest rates
(ie. the thresholds move closer to the origin). Simplified from
Figure /7.5 in Fernandez et al. (2002).

matters on the biophysical axes, one must
define them in terms of social goals; and
the. point at which change on the social
axis matters is determined by the response
pattern on the biophysical axes. However
the links are not necessarily subject to
full feedback loops. It is possible to think
of many examples of one-way link~ where
the social elements determine the

significance of a biophysical change, or
cause it; and where biophysical change
causes a social change. For instance, docial
policy instruments (such as tax) can bause
changes in management which le~d to

I

degradation (but there is negligible feedback
to policy makers) (Fig. 4c), or social factors
such as the cost of getting children through
school can trigger short term overstocking
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mw)\' other likely i/lteractillg factors makillg it hard to be SlIre
of causatioll. (c) alld (d) show other types of lillkages betweell
social alld bioph\'sical axes: (c) illustrates a olle way lillk with
poor or 110 feedback (evelltuallv degradatioll ma\' cause mallagers
to stop overgrazillg. but there is oftell little feedback up to the
policy level which is promotillg the degradillg mallagemellt behaviour).
while (d) shows a case where the i/lteractioll maillly relates to
affectillg the threshold at which the state of olle axis (productiFin'!
becomes critical with respect to the other (starvatioll). III all cases
the potelltial slow variables 011 the axes are shOl\'1l ill bold.

leading to longer term environmental
damage beyond the age of schooling:
Equally lost primary production may send
a farmer out of business, but if he sells

up there may be no feedback to the
management of the new owners commg
in with different expectation. A variety
of other examples may be found in Reynolds
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and Stafford Smith (2002), particularly in
Fernandez e! 01. (2002).

A comparison of the above examples
is illuminating. The strong definition of
interaction illustrated in Fig. 3 requires that
there must be a feedback loop between
the two axes (Fig. 4a, b). This feedback
in practice must be quite strong to be
observable and rather simple to be
attributable (ef the much more attenuated
linkages shown in Fig. 2: also compare
Fig. 4a and b). When observed, however,
it provides a very direct link with system
resilience (Fig. 4a essentially represents the
feedback loop 'for Fig. 3). The weaker type
of interaction is widespread and only implies
a one-way causal link (which may itself
be hard enough to determine) (Fig. 4c).
Indeed the linkage may not affect the state
of the system directly, but just alter the
threshold at which the state matters (Fig.
4d). There are other syndromes with equally
important lessons - for example in Fig.
4c there may be feedback to local
management but not across scale from the
bio{1hysical outcomes and policy-making.
There is a valuable task to be undertaken
in collating a wide range of interactions
that specifically relate to systems linkages
between the human and environment
subsystems, and seeking a categorization
of types of linkages that might provide
some predictive power. At a theoretical
level, one could take the basic phase model
and explor~ the different ways one can
actually move around the diagram and see
if each has characteristic failings to look
for. This is beyond the scope of this paper
and we leave it to a reader to pursue,
as we turn to consider why the understanding
of these linkages is so important.

Why Does Understanding the
Linkages Matter?

The discussion of the interactions
between social and biophysical facto\ls so

I

far has implicitly focused on factors w1ithin
a generally defined system. However,
Assertion 6 observes that the whole system

I
may evolve over time: this is essentially
a specific example of the implication of
Assertion 8, in th,at the first set of changes
are embedded with broader hierarchical
levels, and these too may change. While
panarchy theory (Gunderson and Holling,
200 I) tends to address these changes in
relatively catastrophic modes, they can also
be evolutionary.

An excellent example of a coupled and
changing human-environment system is
provided by Jiang (2002). In 40 ~ears,
the population of the Uxin banner in Inner
Mongolia has tripled, the cash incom~ per
capita has risen 50-fold, pasture land has
been privatized to the household, I and
irreversible changes in heusehold
consumption and market-oribnted
aspirations have occurred in the populition.
During that period, one policy aimJd to
make the existing livestock produ1ction
hazard-resistant through forage ~hrub
plantations and irrigated croplping,
succeeding to the extent that the region
is now self-sufficient in winter forag~ and

, stock mortalities have dropped from 8f 17%
to 1.5%. The irrigated cropping now mostly
produces cash crops, but remains often in
close proximity to plantations that help
to protect against sand movements., These
practices originated with immigrating
Chinese Han people, but are spreading to
the indigenous Mongolians also. During
the same period, a second policy aimed
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at stabilizing sand dunes, the mobilization
of which was the main indicator of
desertification in the region. The North
China Revegetation Program sought to plant
trees. shrubs and grasses on the dunes,
with periodic injections of effort from the
central government in Beijing, which is
affected by sandstorms from the region.
However, an unanticipated outcome is that
the irrigation is drawing down the shallow
watertable in the regibn. The landscape
is increasingly polarised and consolidated
into irrigated areas with high cover and
production, and sandy areas with a declining
watertable and worsening sand movement.
Intermediate grasslands are declining in
productivity and extent. There is no question
of the region's human aspirations retreating.
The issue is now whether the local
understanding of the watertable-mediated
connection between higher overall
production and increasing area of mobile
sands will develop to the point where action
'on the trade-off in values can be taken.
Whatever the social and environmental
drivers at the household level, there are
now emergent regional impacts that require
addressing.

This case study illustrates several points.
First, changing land practices apparently
to the better in one area is causing
desertification elsewhere (within the one
heterogeneous land use matrix). Second,
the introduction of agricultural knowledge
with immigrating Han people has caused
the expectations of the human system
(including those of the original Mongolian
inhabitants) to evolve; the simplistic
assessment of moving sand as desertification
is no longer easily related to the regional
aspirations - even if this degradation was

fixed up, the Mongolians do not want to
go back to grazing the sandy areas. In
summary, not only is one person's
improvement often another's problem
(highlighting the need to consider social
values in evaluating biophysical change);
but also the human-environment system
evolves interactively. Indeed, it is no longer
possible to feed the growing regional
population through nomadic herding alone
anyway. In response to this, it is necessary
to look at different slow variables, such
as water table levels ,instead of grass and
tree cover.

In this example, social forces including
the immigration of Han people brought
new practices into the region. These affected
the environmental system, changing the
patterns of land use and affecting the
productivity of- traditional grazing lands.
These changes led to further changes in
the expectations of the original inhabitants,
such that their land use is now changing
too. This 'co-evolutionary' change of human
and environment sub-systems is immensely
important. Formally, dryland systems are
prototypical examples of complex adaptive
systems, in which properties such as plant
cover and capital wealth emerge from the
interactions among the various components
of the entire system and which themselves
feed back to influence the subsequent
development of those interactions, including
thresholds (Levin, 1998). Consequently, the
behavior of coupled human-environment
systems (i) is emergent rather than
predetermined, (ii) can rarely if ever be
reversed to some exact prior state, and
(iii) has a changing path that is often
unpredictable. Both research strategies and
policy decisions in desertification must take
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this into account as a fundamental property
of coupled human-environment systems. It
is particularly important in dry lands because
it can be particularly hard to identify cause
and effect in these variable environments.

Furthermore, the human-environment
system may change in a positive
'co-evolutionary' way, or it may change
in a dysfunctional way such that the human
and environmental sub-systems become
'decoupled' (Robbins et aL., 2002) or out
of balance. We need to understand more
clearly when this decoupling is likely to
occur, and what mechanisms may minimize
the risk of this. One clear approach to
this is the. subject of Assertion 7 (local
environmental knowledge), but there are
undoubtedly others.

Creating a Learning Society in
Arid Regions

The third point that we wish to expand
upon in this paper is the issue of what
mediates coordinated change in human and
environment sub-systems, which may
therefore help to guard against catastrophic
feedback loops of the type described in
Fig. 4a,b. In the Inner Mongolian case
described above, the people of the region
used to require knowledge about how to
graze the environment sustainably; when
'sandification' began due to overgrazing
and a possible shift in climate, they had
to develop new local knowledge about how
to plant and stabilize the sand dunes. All
of this hinged on an understanding of local
effects: grazing destabi lized a particular
dune: planting there (and perhaps across
the immediately surrounding area)
potentially stabilized it agalll. With the

development of irrigation, however, there
was suddenly a 'teleconnection' across the
landscape mediated by changes in the
watertable, such that water use in onJ area
could cause tree deaths on dunes at Isome
distance. It is not clear from the study
to what extent local people have so far
absorbed this change and worked out
systems for engaging with irrigators about
their impacts at a distance, but this is clearly
the type of new local environmental
knowledge (LEK) that is required. In short,
LEK is the key lubricant to make the sq~eaky
wheels of co-evolution turn rapidly and
in a coordinated way. The faster local people
can work out how to manage their
environment as it changes, the less likely
it is that they will cause permanent damage

I

to -the environment or themselves in the
meantime. I

That much is true in any environment.
I

The poignant problem in variable dry land
environments arises from the traditional,
experiential means of obtaining local
knowledge. LEK continually becomes
outdated over time, as the systems in which
it was learned are themselves undeigoing

I
constant change, whether as a result of
environmental drivers such as exotic species
introductions, shifts in climate and changing
farming technologies, or social driver~ such
as population growth, loss of mobilitL and

I
border controls. Worse, today the process
of developing the knowledge is itself failing
as change comes upon many systems far
faster than the experiences can accu~ulate.
Whilst this is a problem for agro-ecolbgical
systems worldwide, it is particularly I acute
in arid and semi-arid systems where
management impacts take time to have
detectable effects over climate-driven noise,
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across vast areas. and often with low
population densities. Where population
densities are low, there are also issues related
to efficient ways of diffusing a common-held
view of LEK among the population to the
point where important components of
knowledge become widely-held paradigms.
Clearly identifying the most critical slow
variables. their critical thresholds and the
reasons why they are important is vital,
as is developing an understanding of the
appropriate social processes in different
circumstances.

Given these problems, the need to be
able to develop appropriate new LEK faster
(and preferably with less social disruption)
becomes more acute (Haney and Power,
1996; Janssen el al., 2000; Tiwari el al.,
1996). It is likely that new and mutually
respectful partnerships between local
knowledge systems and western scientific
methods would provide significant
opportunities for speeding up the
development of LEK. and creating effective,
"learning societies" in drylands. This
highlights the importance of intelligent
monitoring systems which provide feedback
as fast as possible within an experimental
or adaptive management framework (Lynam
and Stafford Smith. 2003). An effective
monitoring system is an essential component
of speeding up the generation of appropriate
and timely LEK. whether this is at the
scale of individual land managers, or the
analogous processes that occur at a policy
level, where policy managers also have
to develop the mental models of how to
obtain the best policy interventions. The
latter is likely to include aspects such as
significant local participation, but will also
depend on feedback from appropriate

monitoring of the outcomes of policy-
induced actions locally. This is particularly
important in rangelands since policy makers
are usually remote from the regions and
have a poor understanding of what is
occurring there.

This all places a strong onus on building
the capacity of our hinterlands and
recognizing when lessons from more highly
settled regions are irrelevant. Viewed in
the context of the adaptive capacity of
humans for change. Berkes and Jolly (200 I)
note that coping mechanisms. which change
rapidly, are more likely to emerge at the
individual and household levels (and at
smaller spatial scales). whereas adaptive
strategies, which are related to variables
such as cultural values that change more
slowly, are more likely to emerge at larger
spatial scales. In short, intervention and
management of particular processes needs
to take place at the appropriate scale for
those processes - setting detailed stocking
rate directives at a national scale usually
fails, for example. In general. national
activities should set the context and leave
the details of management to a local scale.

Implications and Conclusions

The cross-scale conceptual holism of
the Dahlem Desertification Paradigm (DDP)
raises many implications. including:

I. The DDP framework focuses the at-
tention of those concerned with the im-
plementation of the Convention to
Combat Desertification on recognizing
that the problem cannot be framed in
terms of biophysical nor socio-economic
measures alone. let alone any single
measure. Significant research and syn-
thesis is needed to formalize the ideal



HUMAN AND ENVIRONMENTAL DIMENSIONS IN THE DESERTIFICATION 269

measures. However, this should not para-
lyze progress, since the relevant meas-
ures, together with their implications
for action, are determinable, and many
are already apparent.

2. The DDP framework provides guidance
for implementation agencies and for non-
government organizations (NGOs).
Whilst integrating biophysical and socio-
economic activities, they should inter-
vene to increase resilience with respect
to the slow variables of concern, and
should take care with the cross-scale
implications of any interventions.

3. The DDP framework highlights the need
to focus on mechanisms for speeding
up the development of loc,al environ-
mental knowledge to cope with increas-
ing rates of change in the world today,
which are particularly problematic in
dryland regions subject to variable driv-
ers. Any desire to create a learning
society in dry lands demands that we
must continue to move beyond the ap-
plication in isolation of either traditional
experiential modes of learning or the
western scientific method, to creating
new partnerships between these knowl-
edge systems. The DDP framework pro-
vides a basis for understanding what
extrinsic and intrinsic characteristics of
any given system are driving change
and therefore need focus in this effort
to speed up institutional learning.

A major goal for the future must be
for the international desertification
community to critically debate and extend
the veracity of the Dahlem Desertification
Paradigm (Reynolds et al., 2003), through
a coordinated approach to integrated

research studies and syntheses. As indicated
I

in the focus of this paper, a major priority
I

of the required integration is to bring
together the human and environm~ntal
aspects of the problem. I
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