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Abstract

This paper attempts to shift the debate on sustainability indicators from the theoretical to the practical; from simply measuring sustainability to facilitating sustainable practices.  Sustainability indicators provide a fast, cheap and easy way to gather complex information about human-environmental interactions.  Despite the development of numerous indices and classification frameworks, there have been few attempts to develop indicators that can feed practically into sustainable land use management.  To do this, research must focus at scales relevant to land users before considering scaling up to national and international levels.  Local scale sustainability assessments tend to be more accurate and relevant to local circumstances and priorities, which are rarely homogenous within or between nations.  The framework proposed in this paper provides a method for developing sustainability indicators that can be used easily by land users to provide guidance on sustainable land management.  It is tested in the Kalahari, Botswana, where unsustainable land use practices are leading to bush encroachment, which is perceived as a major livelihood constraint by local communities.  Results show that participatory approaches are capable of eliciting a broad range of indicators encompassing both socio-economic and biophysical parameters.  The majority of indicators elicited from land users were validated scientifically, through ecological work.  There is also evidence that land tenure influences indicator use. Advantages of the proposed approach, and scaling issues are discussed, suggesting that a trade-off between comparability and action exists when sustainability indicators are applied at scales relevant to land users.

Introduction

Sustainability indicators provide a fast, cheap and easy way to gather complex information about human-environmental interactions.  As such, they are increasingly being applied by governments and inter-governmental bodies to measure progress towards environmental sustainability.  Although it is vital to measure progress towards environmental sustainability goals, sustainability indicators can also facilitate practical improvements in sustainable land use management.  However, the majority of existing sustainability indicators have been identified, selected, evaluated and applied by researchers.  They often carry little meaning for land users, who require specialist training and equipment to use them.  If indicators are to enhance the sustainability of land management, they must be clearly linked to management objectives, and land users must be capable of using them.  This paper uses a participatory approach to explore this potential: 

· Proposing a methodological framework for developing sustainability indicators that can be applied easily and accurately by land users to enhance sustainable land management

· Testing this framework in the Kalahari, Botswana, where unsustainable land use practices are leading to bush encroachment, which is perceived as a major livelihood constraint by local communities

· Discussing the potential for applying the method at national and international scales

Developing Indicators to Facilitate Sustainable Development

A number of frameworks have been developed to classify or guide the development of indicators by researchers.  The most widely used of these are the Framework for the Evaluation of Sustainable Land Management (FESLM) (Smyth and Dumanski, 1995), Pressure-State-Response (PSR) (OECD, 1993), Driving Force-State-Response (DSR) (UNCSD, 1996) and Driving Force-Pressure-State-Impact-Response (DPSIR) (Jesinghaus, 1998) frameworks.  Operational experience with FESLM has varied from non-participatory use of data on predetermined indicators (Gomez et al., 1996), to close consultation with individual farmers at every level (Gameda and Dumanski, 1995).  The DPSIR framework has recently been implemented with local communities (Woodhouse et al., 2000).

Although not explicitly participatory, classification frameworks like these are more systematic than many previous ad hoc attempts to define indicator evaluation criteria (Table 1).  For example, NRC (2000) selected indicators according to predefined criteria and a list of factors that most strongly influenced ecosystem functioning.  Breckenridge et al. (1995) identified indicators with researchers, who evaluated them according to predefined evaluation criteria and field testing.  Rennie and Singh (1996) used a similar approach, but short-listed indicators with communities that became “community-derived”.  

The majority of sustainability indicators have been developed at national and international scales; few have been targeted at land users or developed at scales relevant to them.  For example, indices such as the Human Development Index (UNDP, 1990) and the Environmental Sustainability Index (WEF, 2002) have been developed to measure international progress towards sustainable development goals.  Indices that use sustainability indicators to rank countries in this way and are not without their critics (e.g. Raghbendra and Bhanu Murthy, 2003; Lobo et al., 2003).  In order to practically enhance the sustainability of land management, research into sustainability indicators must initially focus on local scales.  Application of environmental indicators in diverse natural and socio-economic environments within countries may lead to misleading results, and there is insufficient data (particularly time-series) to apply many national indicators, particularly in the developing world (Mahler, 2002; Niemeijer, 2002).  In order to standardise indicators between countries, international indices such as the Environmental Sustainability Index (WEF, 2002) have simplified indicators to an extent that they cannot usefully inform land management decisions (e.g. “percentage of land area having high anthropogenic impact”).  In contrast, sustainability indicators developed at local scales may not be so comparable between countries but can be easily linked to grass-roots action.  

Reed and Dougill (2002) identified sustainability indicators with land users in Kgalagadi District, Botswana, in the context of a livelihoods analysis.  These were supplemented with indicators from the literature, with evaluation and selection carried out by land user groups.  This paper extends Reed and Dougill’s (2002) framework to incorporate field testing, links to sustainable management options, and the evaluation and optimisation of manuals with rangeland users prior publication to disseminate results effectively.  It is argued that sustainability indicators developed using the proposed framework:

· Can be applied at scales relevant to land users

· Can be applied easily by land users without additional training or equipment

· Are clearly linked to land use management objectives

· Feed into land use decisions, enhancing sustainable management

· Integrate local and scientific knowledge to ensure indicators are both accurate and easy to use

Table 1: Examples of indicator evaluation criteria from a review of 22 publications (in order of frequency cited)

	Indicators should
	Source examples

	Be easily measured
	UNCCD, 1994; Breckenridge et al., 1995; Mitchell and McDonald, 1995; Rennie and Singh, 1996; Abbot and Guijt, 1997; OECD, 1997; Scott-Villiers, 1997; Hamblin, 1998; Rubio and Bochet, 1998; Woodhouse et al., 2000.

	Be rapid to measure
	Ten Brink et al., 1991; Krugmann, 1996; CONCERN, 1996; Rennie and Singh, 1996; Dalal, 1997; Abbot and Guijt, 1997; Scott-Villiers, 1997; Hamblin, 1998.

	Be sensitive to spatio-temporal change


	Breckenridge et al., 1995; Mitchell and McDonald, 1995; Zinck and Farshad, 1995; Abbot and Guijt, 1997; CONCERN, 1996; Dalal, 1997; Rubio and Bochet, 1998.

	Assess trends over time and provide early warning of detrimental change


	Rapport, 1992; Breckenridge et al., 1995; Zinck and Farshad, 1995; Lawrence, 1997; Rubio and Bochet, 1998; Hamblin, 1998.

	Be cost effective
	Breckenridge et al., 1995; CONCERN, 1996; Krugmann, 1996; Rennie and Singh, 1996; Abbot and Guijt, 1997; Rubio and Bochet, 1998;

	Be easy to understand and interpret
	Mitchell and McDonald, 1995; CONCERN, 1996; Abbot and Guijt, 1997; Hamblin, 1998; Rubio and Bochet, 1998.

	Be reliable and robust
	Bellows, 1995; Dalal, 1997; Scott-Villiers, 1997; Hamblin, 1998; Rubio and Bochet, 1998.

	Be representative of system variability and applicable over different regions
	Bellows, 1995; Zinck and Farshad, 1995; Hamblin, 1998; Krugmann, 1996; Breckenridge et al., 1995.

	Be timely
	UNCCD, 1994; Breckenridge et al., 1995; Rennie and Singh, 1996; Abbot and Guijt, 1997; Scott-Villiers, 1997.

	Be scientifically credible
	SCARM, 1996; Dalal, 1997; OECD, 1997; Hamblin, 1998.

	Be verifiable and replicable
	UNCCD, 1994; Bellows, 1995; Abbot and Guijt, 1997; CONCERN, 1996.

	Be consistent over time
	Breckenridge et al., 1995; Bellows, 1995; Rennie and Singh, 1996; Dalal, 1997

	Have social appeal and resonance
	Ten Brink et al., 1991; MacGillivray and Zadek, 1995; Abbot and Guijt, 1997; Rubio and Bochet, 1998.

	Be policy relevant
	Ten Brink et al., 1991; Guijt, 1996 (in Rigby et al., 2000); OECD, 1997; Rubio and Bochet, 1998; Woodhouse et al., 2000.

	Make use of available data
	Breckenridge et al., 1995; Hamblin, 1998; Rubio and Bochet, 1998

	Be locally relevant
	Ten Brink et al., 1991; Mitchell and McDonald, 1995.

	Be accurate
	Ten Brink et al., 1991; Abbot and Guijt, 1997.

	Be free from bias
	Bellows, 1995; Zinck and Farshad, 1995.

	Be derived by the users
	Guijt, 1996; Hamblin, 1998

	Simplify complex phenomena
	Pieri et al., 1995 (in Rigby et al, 2000)

	Quantify information so that its significance is readily apparent
	Pieri et al., 1995

	Facilitate communication of information, particularly between data collectors and users
	Pieri et al., 1995


Framework for Participatory Indicator Development

In the absence of consensus over a precise operational definition and meaning of “sustainability” (e.g. Jacobs, 1995; Pezzey, 1997), eliciting sustainability indicators from local communities is problematic.  This may explain the absence of participation in the development of farm-level sustainability indicators to date (e.g. Taylor et al., 1993; Gomez et al., 1996; Rigby et al., 2001).  However, operational definitions of land degradation are well established (UNEP, 1997), and eliciting degradation indicators from communities is relatively straightforward (Stocking and Murnaghan, 2001; Reed and Dougill, 2002).  As the antithesis of sustainability, degradation indicators elicited from communities may be reversed to derive sustainability indicators.  In this way, it may be possible to better elicit sustainability indicators from land users.  Woodhouse et al., (2000) tackled this problem by asking farmers to identify indicators of "successful" or "failing" farming systems.  Definitions of success and failure may however differ over space and time.  In addition to this, success may or may not equate to sustainability, depending on a variety of factors, such as the time-span over which it is measured.  Wealth was used as a key criterion of success, which may or may not be related to farming practices or environmental sustainability.

Following the proposed framework (Figure 1 – the following numbers in parentheses refer to stages in the framework), pastoralists are asked in semi-structured interviews to determine the objectives they would like sustainability indicators to meet (e.g. improved livestock condition), and the criteria they would use to choose effective indicators (1).  Given the range of criteria perceived by different land users (Reed and Dougill, 2002), their participation in the development of evaluation criteria is essential to select appropriate indicators.  Evaluation criteria directly influence indicator selection, and are themselves influenced by the objectives for which users wish to develop indicators (Krugmann, 1996).  Determining user objectives and evaluation criteria prior to the identification and selection of indicators is therefore a key step, but one that has been rarely addressed in indicator development frameworks.  This was done through a combination of semi-structured interviews and village-level focus groups.

Once evaluation criteria have been defined, components of each pastoralist’s livelihood are assessed to provide information that may explain differences in indicator knowledge and ensure indicators will meet the needs of all sectors in the community (2).  This follows a sustainable livelihoods (SL) approach (Carney, 1998; Scoones, 1998).  Whilst the use of SL approaches to assess environmental sustainability in a clear, quantifiable manner can be questioned (e.g. Warren et al., 2001), they remain accepted as a useful approach to guide research into the multiple dimensions of rural livelihoods (e.g. Rigby et al., 2001).  Consistent with the holistic, people-centred nature of the SL approach, semi-structured interviews, oral histories, rangeland walks/ drives and time-line discussions were all used to examine dynamism in natural resources (e.g. rainfall variability and ecological changes), social systems (e.g. land tenure arrangements), physical infrastructure (e.g. access to markets), labour availability and access to financial capital.  The inclusion of time-lines addresses the perception that such approaches have in the past failed to capture the temporal dynamism of key assets (Ashley, 2000).  It is possible to gain important additional details using the range of participatory techniques used here.  As part of these interviews, pastoralists are asked to identify signs they use to determine changes in the condition of their rangeland (3).
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Figure 1: A framework for participatory environmental monitoring and management
Indicators identified by pastoralists are then combined and compared with sustainability indicators from the literature, developed in comparable environments (reversing degradation indicators where necessary) (4).  A number of researchers have emphasised the need to make use of all available existing data (e.g. Breckenridge et al., 1995; Hamblin, 1998; Rubio and Bochet, 1998).  By systematically evaluating community-based indicators against the literature, it may be possible to determine the reliability of community-based indicators and minimise later degradation assessment requirements (6), thereby improving the efficiency of indicator development. 

The resulting combined indicator list is then evaluated by pastoralists in village-level focus groups, according to their accuracy, relevance and ease of use (5).  These criteria summarise evaluation criteria elicited from Kalahari communities themselves (Reed and Dougill, 2002).  Focus groups also serve to test the consistency of information collected in interviews with different individuals.  Given the number of community-based indicators with no parallel in the literature found, it was necessary to test the reliability and applicability of some indicators scientifically, using ecological and/or soil-based techniques (6).  This was done by assessing the extent to which indicators characterised degraded ecological and soil states.  Indicators were tested along grazing gradients (c.f. Perkins and Thomas, 1993; Dougill et al., 1999) in land with increasing or decreasing secondary production identified from a combination of livestock census records and farmer time-lines.  
The results of empirical work were discussed by communities in key informant interviews and targeted focus groups (7).  The resulting list of indicators can then be integrated with information about management strategies that can prevent or reverse rangeland deterioration to form rangeland assessment manuals (8).  Strategies will be developed from existing literature and local knowledge to provide a range of options to suit land users with differing capital assets.  Manuals will be evaluated by pastoralists to optimise them prior to publication and distribution (9).  Periodic evaluation will be necessary to ensure that manuals remain relevant to dynamic pastoralist needs and resources (10).  

Application of Framework with Land Users in the Kalahari

The proposed framework (Figure 1) was tested with land users in the south Kgalagadi District, Botswana (Figure 2).  Livestock production is the dominant land use in this area.  Unsustainable practices are leading to unpalatable bush encroachment in this area, which is perceived as a major livelihood constraint by local communities (Reed and Dougill, 2002).  Although more work is required to further validate and optimise the approach, this case study illustrates a number of advantages associated with the proposed approach.

It has been suggested that the use of indicators by non-specialists will inevitably involve a trade-off between meaningful participation and scientific rigour (Abbot and Guijt, 1997).  Table 2 compares sustainability indicators developed in the literature for semi-arid ecosystems with those cited by Kalahari communities (Reed and Dougill, 2002).  The considerable overlap between scientific and local knowledge (illustrated graphically in Figure 3) suggests that the majority of community-based indicators have an empirical basis.  This suggests that a trade-off between participation and rigour is by no means inevitable.  

The number of new indicators elicited is a key advantage of the new approach.  A total of eleven indicators elicited from the community had no parallel in the literature from comparable environments (Table 2).  
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Figure 2  Location of study area

In addition to this, the range of indicators elicited was far broader than any of the published indicator lists, encompassing vegetation, soil, livestock, wild animal and socio-economic indicators (Table 2).  The majority of manuals aimed at land users focus entirely on vegetation and/or soil indicators (e.g. Foran et al., 1978; Vorster, 1982; Tongway, 1995; Milton et al., 1998; NRC, 2001), and the majority of other indicators are only found in the peer-reviewed literature, where they are not easily available to most land users.  However, there is evidence that reliance on a narrow range of indicators may produce misleading results for rangeland assessment (Stocking and Murnaghan, 2001).  The breadth of indicators used by communities in the Kalahari matches the call by the UN Convention to Combat Desertification for "integrated sets of physical, biological, social and economic indicators" (UNCCD, 1994).  It should be noted however, that indicators were used differently by different 

Table 2: Soil, vegetation, livestock, wild animal and socio-economic variables suggested as indicators of sustainability in semi-arid environments by scientific literature and Kalahari pastoralists

	Sustainability Indicator
	Cited in literature
	Cited by community 
	Local alternative

	Soil
	
	(no. times cited)
	

	Increased biological crust cover 
	Milton et al., 1998; Eldridge and Greene, 1994
	(
	

	Increased cryptogram cover and crust flexibility, decreased brittleness, brokenness and hardness, and greater coherence of sub-crust soil
	Tongway, 1995
	(
	

	Increased soil surface or aggregate stability (using “slake” test)
	Tongway, 1995; Whitford et al., 1998; Herrick et al., 2001; Seybold and Herrick, 2001.
	(
	

	Decreased soil compaction 
	Reining, 1978; Kassas, 1987; Ottichilo et al., 1990; Weixelman et al., 1997; King et al., 2000; Manzano and Navar, 2000.
	(
	

	Increased soil water
	Reining, 1978; Kassas, 1987; Thomas, 1993
	(
	

	Increased nutrient availability
	Reining, 1978; Kassas, 1987; Thomas, 1993; Bellows, 1995; Brekenridge et al., 1995; Dougill and Cox, 1995; Hamblin, 1998
	(
	

	Increased number and frequency of resource-rich soil zones at a landscape scale
	Tongway, 1995
	(
	

	Increased litter cover
	Tongway, 1995
	(
	

	Increased soil carbon sequestration and storage rates
	Hamblin, 1998 (sequestration); NRC, 2000 (storage)
	(
	

	Decreased spatial and temporal heterogeneity of soil water and nutrients
	Schlesinger et al., 1990; Tanser and Palmer, 1999
	(
	

	Decreased sand encroachment on productive land, settlements or infrastructure
	Reining, 1978; Kassas, 1987; Dregne et al., 1991; Tongway, 1995
	(
	

	Decreased incidence of soil alkinization
	Reining, 1978; Kassas, 1987; Hamblin, 1998; Ottichilo et al., 1990
	(
	

	Increased water infiltration rate
	Bellows, 1995; Tongway, 1995; Weixelman et al., 1997; Sharma, 1998
	(
	

	Decreased water infiltration rate
	(
	((4)
	Water doesn’t disappear into soil so fast

	Decreased area affected by soil erosion features
	FAO/UNEP (1984) cited in Landsberg, 1986; Ottichilo et al., 1990; Tongway, 1995; Krugmann, 1996; Hamblin, 1998.
	((13)
	Particularly non-vegetated dune formation

	Loose soil becomes heavier and more sticky
	Oduol, 1996
	((20)
	Sand becomes less loose, and it becomes possible to drive 2WD vehicles and bicycles

	Increased soil organic matter
	Reining, 1978; Kassas, 1987; Bellows, 1995; Dougill and Cox, 1995; Hamblin, 1998; Hill and Schütt, 2000
	((2)
	Sand becomes dirtier

	Decreased frequency and severity of dust or sand storms
	Reining, 1978; Kassas, 1987; Dregne et al., 1991; Krugmann, 1996
	((3)
	

	Decreased incidence of soil salinization
	Reining, 1978; Kassas, 1987; Hamblin, 1998; Ottichilo et al., 1990
	((3)
	

	Increased incidence of nebkha dunes
	( (refuted by Dougill and Thomas, 2002)
	((4)
	

	Decreased incidence of cattle tracks
	(
	((3)
	

	Vegetation
	
	
	

	Increased primary productivity
	de Ridder and Breman, 1993; NRC, 2000
	(
	

	Increased above-ground and total biomass production
	Keya, 1998 (above-ground); DePietri, 1995 (total); Bellows, 1995 (not specified)
	(
	

	Increased vegetation cover
	FAO/UNEP (1984) cited in Landsberg, 1986; Reining, 1978; Kassas, 1987; Tongway, 1995; Weixelman et al., 1997; Milton et al., 1998; Hamblin, 1998; de Soyza et al., 1998; Whitford et al., 1998; Dahlberg, 2000; de Soyza et al., 2000; King et al., 2000; Manzano and Navar, 2000
	((48)
	

	Decreased unpalatable species abundance and increased forage quality
	Reining, 1978; van Vegten, 1983; Kassas, 1987; Ottichilo et al., 1990; Skarpe, 1990, 1990b; Ringrose et al., 1990; de Queiroz, 1993; Kipuri, 1996; Milton et al., 1998; Whitford et al., 1998; de Soyza et al., 2000
	((51)
	

	Increase in specific palatable species
	Van Zyl, 1986; Krugmann, 1996; Keya, 1997; Weixelman et al., 1997
	((5)
	Increased abundance of medicinal and edible plants

	Increased perennial grass abundance
	Kerley and Whitford, 2000; Whitford et al., 1998; de Soyza et al., 2000
	((16)
	

	Decreased annual grass abundance
	DePietri, 1995
	((17)
	

	Decreased abundance of species with grazing-related functional traits e.g. increased leaf toughness, lateral spread, presence of secondary compounds, hairiness, prickliness, uprooting potential etc.
	McIntyre et al., 1999; Diaz et al., 1999
	((3) 

(lateral spread only)
	

	Increased water use efficiency
	Pickup, 1996; Hamblin, 1998; Pickup et al., 1998; Snyman, 1998
	((4)
	Plants respond to rain with greater growth

	Decreased bush encroachment/ dominance
	Warren and Agnew, 1988; de Ridder and Breman, 1993; Quan et al. 1994; Dean and MacDonald, 1994; Scoones, 1995; Adams, 1996; OwenSmith, 1996; Hamblin, 1998; Kerley and Whitford, 2000.
	((34)
	

	Increased biodiversity
	Dregne, 1976; Barrow, 1991; Bellows, 1995
	((1)
	Greater variety of plants and animals in rangeland

	Greater abundance of fruit and flowers in rangeland
	Reining, 1978; Kassas, 1987
	((3)
	

	Decreased proportion of trees and shrubs dropping branches and leaves or dead
	(
	((12)
	

	Increased abundance of trees
	(
	((9)
	

	Decreased grass greyness/brittleness (less nutritious)
	(
	((5)
	

	Decreased abundance of grasses with hollow tillers
	(
	((4)
	

	Tree growth less stunted
	(
	((3)
	

	Livestock
	
	
	

	Increased range carrying capacity
	Ottichilo et al., 1990
	(
	

	Evidence of decreased grazing intensity 
	Hamblin, 1998; Milton et al., 1998
	(
	

	Enhanced mineral status in cattle, determined from faecal grab and milk samples
	Grant et al., 1996
	(
	

	Increased availability of livestock products
	Reining, 1978; Kassas, 1987; Abel, 1993; Behnke and Scoones, 1993; Kipuri, 1996
	((1)
	Particularly milk

	Improved livestock condition/weight
	Behnke and Scoones, 1993
	((46)
	

	Decreased livestock mortality
	Behnke and Scoones, 1993
	((2)
	

	Increased calving rate
	Behnke and Scoones, 1993
	((2)
	

	Decreased incidence of livestock disease
	(
	((10)
	Particularly 'Long Claw' (a condition where hooves become deformed due to walking on soft sand), Botulism (from eating bones) and Aphosphorosis (from eating poor quality grass)

	Livestock graze closer to boreholes
	(
	((7)
	

	Wild Animal
	
	
	

	Increased soil microarthrapod (mites) abundance
	Kay et al., 1999; Nash et al., 1999; Kinnear and Tongway, 2003
	(
	

	Increased abundance of earthworms
	King et al., 2000
	(
	

	Increased ant species richness and abundance
	Nash et al., 1998; de Bruyn, 1999; Nash et al., 2000; Read and Andersen, 2000; Eccard et al., 2000
	(
	

	Increased abundance of wild animals
	Bellows, 1995
	((2)
	Particularly antelope

	Decreased abundance of Harvester Termites
	(
	((5)
	

	Decreased species richness, diversity and abundance of small mammals
	Whitford, 1996
	(
	

	Increased species richness and abundance of small mammals
	Eccard et al., 2000
	((1)
	Increased abundance of burrowing mammals

	Increased abundance of underground herbivores (Cicadidae)
	Milton and Dean, 1992
	((1)
	As above

	Socio-economic
	
	
	

	Decreased distance to sources of fuel-wood and building material
	Dregne et al., 1991; Ottichilo et al., 1990
	(
	

	Increased livestock production
	Reining, 1978; Kassas, 1987; White, 1993; Kipuri, 1996
	((8)
	Increased herd size and calving rate

	Farm profits meet targets
	Izac and Swift, 1994
	((3)
	Decreased prevalence of bankruptcy

	Decreasing input requirements e.g. supplementary feeds and de-bushing
	(
	((3)
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Figure 3: Sustainability indicators in different categories cited by Kalahari communities (Reed and Dougill, 2002), peer-reviewed literature and by both

social groups.  Communal farmers relied most on livestock and vegetation indicators, while syndicate and land owner farmers relied more on wild animal and soil-based indicators.

The majority of indicators elicited were “state” and “impact” indicators, according to the DPSIR terminology (Jesinghaus, 1998).  However, a number of indicator “experts” cited a range of more process-based indicators that are more linked to “pressure” indicators in the DPSIR terminology.  Wider dissemination of such indicators may facilitate timely adaptation to environmental change and potentially enhance the sustainability of rangeland management.

Although most of the indicators cited by communities are found in the literature, communities can often provide more meaningful interpretations of existing indicators, with non-technical means of measuring complex variables (“community alternatives” in Table 2).   Rain use efficiency is an example of an indicator which would conventionally require too much specialist training and equipment for most pastoralists to use.  However it was used in a simplified form by a number of pastoralists who defined it as "plants responding to rain with greater growth".  Similarly, some pastoralists used the “dirtiness” of the sand as a surrogate for soil organic matter, which would normally require laboratory facilities to measure.  Surrogates such as these are necessarily qualitative, but pastoralist experience shows that the information provided by these surrogates is sufficiently accurate to support management decisions.
Many indicators from the literature were not cited by pastoralists.  Discussions in village focus groups showed that most of these were considered too difficult to measure.  This included soil crusts, which have been used as indicators of rangeland condition in manuals targeted at land users elsewhere in the region (Milton et al., 1998).  Some indicators from the literature were considered irrelevant to the study area, such as the abundance of earthworms and soil compaction.  Compaction is not a problem in Kalahari soils due to their consistently high proportion of fine sands (Dougill et al., 1998). 

In some instances, the communities took issue with indicators from the literature.  For example, in the Kalahari, unsustainable livestock practices are likely to lead to increased fuelwood availability due to bush encroachment (most bush species have relatively short life-spans, producing large amounts of dead wood).  This contrasts with literature based on areas where deforestation is a threat to sustainability (e.g. Ottichilo et al., 1990).  Contrary to evidence in the literature citing increased soil infiltration rate as a sustainability indicator (Bellows, 1995; Tongway, 1995; Weixelman et al., 1997; Sharma, 1998), communities view this as a negative sign, indicative of loose sand with low organic matter content.  This too is probably due to differences in soil type between this study area and those in the literature.  

Preliminary results from ecological testing validate the majority of indicators.  Indicators for which no evidence was found were discussed in focus groups.  Although many of the indicators that were new to science focussed on trees, there was no statistically significant evidence to support tree density or the proportion of dead branches on trees.  Participants in focus groups could give no explanation for this, suggesting that a larger sample size may show a significant relationship.  In addition to this, there was no evidence that rangeland fruits and flowers were less abundant in degraded land.  Focus groups explained that this was because many of the encroaching species flower and fruit prolifically during the wet season when measurements were made, but claimed that fruit and flowers were indeed less prolific in degraded land during the dry season.  

It was not possible to test many of the indicators that were new to science with the available equipment e.g. abundance of Harvester Termites, soil infiltration rate and input requirements.  Veterinary records are currently being analysed to test the validity of livestock disease indicators.  There was sufficient evidence to support some of the indicators that were new to science.  A Paired T-Test showed that the average height of trees was lower in degraded land (P = 0.05), endorsing the suggestion from land users that trees become increasingly stunted in response to unsustainable land practices.  Detrended Correspondence Analysis (Hill, 1979) showed that plant species composition was determined primarily by grazing intensity (distance from borehole and cattle track density were significantly correlated (R2 = 0.48 and 0.14; P <0.01 and 0.03) with the first ordination axis (eigenvalue = 0.77)).  This axis was associated with increased abundance of Bocia albitrunca (R2 = 0.40), an indicator tree identified by local communities.  However, cultural factors may explain this relationship, as it is taboo to cut this tree due to its fodder value during drought.

Scaling Issues

This paper has proposed a methodological framework for the participatory development of sustainability indicators at scales relevant to land managers.  However, policy makers often require information at national and international scales.  Techniques are currently being developed in collaboration with the FAO through their Land Degradation in Drylands (LADA) project to link farm scale sustainability assessments to national and international scales.  In the proposed research, more qualitative, farm scale assessments using participatory indicators will be linked to more quantitative, ecological and soil-based assessments in permanent plots as part of the ILTER international ecological monitoring network.  Plots are selected to represent major land uses in different agro-ecological zones.  Participatory indicators are monitored in addition to more technical indicators.  Assessment outputs from land users are collected through community-based natural resource management committees, where they are compared to and integrated with information from permanent plots in a Participatory Geographical Information System (P-GIS).  Where necessary, satellite imagery will be used to assist extrapolation between assessment sites, and develop a national assessment of the sustainability of land management.  Such an approach is likely to better capture the complexities that so often characterise environmental sustainability debates.  It may also enable policy-makers to better target policy at district levels.  This encourages a targeted response to degradation, rather than broad-brush national solutions that may not be relevant to all districts or sectors of society.
Assessment methods based solely on ecological and remotely sensed data (e.g. Oldeman et al., 1990; UNEP, 1997) rarely integrate different components of sustainability, focussing instead on single issues, potentially leading to biases.  Local communities rarely participate in sustainability assessments at these scales, or derive results that can improve the sustainability of land management.  By involving land managers, it is possible to ensure that sustainability assessments are holistic and integrative.  Given broad-based support, it may be a more cost-effective way to monitor wide tracts of land, building degradation monitoring capacity among local communities and linking to grass-roots strategies for enhancing environmental sustainability.

Conclusion

Application of sustainability indicators at local and national scales involves a trade-off between comparability and action.  It is clearly important to monitor progress towards environmental sustainability goals at national scales.  However, if monitoring exercises are linked more explicitly to grass-roots action to improve the sustainability of land use, resources could be used more efficiently.  There are a number of drawbacks to the approach advocated here, in particular comparability of results across agro-ecological zones and between countries.  However, this paper has demonstrated many advantages associated with participatory indicator development at scales relevant to land users.  Given these benefits, ongoing research is exploring ways to aggregate and upscale information from sustainability indicators developed and applied at local scales. 
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