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CHAPTER 4. THE EXTENT AND COST OF LAND DEGRADATION
Quang Bao Le! and Alisher Mirzabaev?, with

Ephraim Nkonya®, and Godert W.J. van Lynden*

4.1. Assessing global land degradation

In any effort to curtail or remedy LD it is of importance that the location and extent of the
problem can be assessed and monitored. Indicators for LD assessment have generally included
soil-based and vegetation-based parameters. The earlier global LD assessments used the soil-
based approach (Dregne, 1977; Oldeman et al., 1990; Eswaran et al., 2001). The Global
Assessment of Soil Degradation (GLASOD) in 1987-1990 (Oldeman, 1990) evaluated the LD
stage using 4 severity classes based on expert opinions on degradation intensity and extent. Land
Degradation Assessment in Dryland (LADA) also evaluated degradation stages based on
indicators such as sightings of soil erosion, which can be observed on the field but are hard to
capture at regional scale (Caspari et al., 2015). Measuring temporal changes in soil properties is
difficult at regional and global scales and the magnitudes of errors of the resulting global soil
degradation maps remain unknown.

Due to these uncertainties and because LD encompasses more than soil degradation alone, the
vegetation-based approach has been increasingly used in recent global LD studies using globally
available remotely sensed data. These vegetation-based LD assessments look at historic loss of
net primary production (NPP) through a proxy parameter (e.g. Normalized Difference
Vegetation Index — NDVI) such as demonstrated by Bai et al. (2008), Vlek et al. (2010), Le et
al. (2016) and Fensholt et al. (2012). Alternatively, NPP is estimated based on ecosystem
production models using global datasets of remote-sensed vegetation, climate and biomes
(Nemani et al., 2005). A more elaborate method relies on this modelling approach but focuses on
the shift from modelled potential to actual NPP or the NPP gap and the degree of human
appropriation of the natural NPP as LD indicators (Sutton et al., 2016; ELD Initiative, 2015).
Both methods have their limitations and drawbacks that can be mitigated but not eliminated
(Pettorelli et al., 2005; Tucker et al., 2005; Le et al., 2016). These limitations need to be
communicated with the assessment results to avoid their over-interpretation (Le et al., 2016).

Land degradation assessment provides information to guide management and policy of land
which may vary in nature dependent on geographic scales. A degradation phenomenon at a
certain scale may be explained by processes operating at the scale immediately below it and
constrained by processes operating at the higher scale. Different data and methodological
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approaches are therefore needed to satisfy management goals at specific scales (Vogt et al.,
2011). Trade-offs often occur in dealing with LD at multiple scales with a variety of
stakeholders. Scale dependency thus will play a role in the selection of assessment instruments.

4.2 Mapping hotspots of land degradation

In a recent comparative review, global LD assessments estimates of total degraded area vary
from less than 1 billion ha to over 6 billion ha, with equally wide disagreement in their spatial
distribution (Gibbs and Salmon, 2015). This large divergence can be related to a wide spectrum
of methodologies in terms of data sources and data versions, types of indicators, temporal and
spatial aggregation of data, calculation metrics and ways of treating confounding factors (Le,
2012). This results in a high degree of uncertainty in the LD maps making it difficult to target
remedial action of degraded areas. The hotspot mapping approach is a way to cope with the
current poor convergence in global LD assessments. The aim of hotspot mapping is different
from efforts that aim to map all degraded areas accurately. The approach aims to delineate only
the degraded areas where there is high confidence in the results using the current methods and
data and focuses on areas where LD is affecting large numbers of people. This will help in better
geographical targeting and resource prioritization in preventing, mitigating and reversing LD.

Procedures used in hotspot mapping can include:

e Factors confounding the relationship between indicators and LD are corrected as much as
possible, i.e. the ‘specific’ criterion in SMAR (Specific-Measurable-Achievable-Relevant)
standard,

o Degraded areas must emerge from different indicators and methods, i.e. convergent validity,

e Degraded areas are those with persistent signals of LD indicators that are stronger than
background noises,

e Hotspot areas are those that affect the livelihoods of sizable human populations, i.e.
‘relevance’ criterion.

Land degradation may indeed be largely driven by a diminishing soil resource base. However,
when other factors are playing a major role in vegetative decline, such as variation in inter-
annual rainfall (Herrmann et al., 2005) or regular irrigation and intensive use of chemical
fertilizers (Potter et al., 2010) or atmospheric fertilization (Boisvenue and Running, 2006; Reay
et al., 2008; Lewis et al., 2009; Buitenwerf et al., 2012; Le et al., 2012), the reliability of NPP-
based indicators are reduced. Maps can be corrected for the effects of these factors (Vlek et al.,
2010; Le et al., 2012, Le et al., 2016).
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Figure 4.1  Areas of human-induced biomass productivity decline over 1982-2006 (red area)
with significant trend (p < 0.1, trend magnitude > 10% of base line year / 25 years),

rainfall and atmospheric effects corrected. Source: Le et al. (2016).

The most recent global LD mapping based on remote sensing was done using the long-term trend
of biomass productivity as a proxy of land degradation (Le et al., 2016). In this study, factors
confounding the relationship between mean annual NDVI and land-based biomass productivity -
such as inter-annual rainfall variation, atmospheric fertilization and intensive use of chemical
fertilizers — were taken into account. Moreover, biomass productivity decline was considered to
indicate LD only if the trend was statistically significant and exceeded 10% compared to NDVI
of the baseline year over the 25 years (i.e. 0.4% annually). The results are presented in Figure
4.1. Over this period, about 29% of global land area (or 3.6 billion ha) has been degraded,
covering all agro-ecologies and land cover types. About 3.2 billion people reside in these
degrading areas. Follow-up analysis shows that > 90% of the total LD area had the annual
reduction rate of NDVI < 1% / year, falling within the noisy zone for NDVI signals. Thus, the
actual hotspots would be a subset of the total degraded area delineated by this method.

Identification of actual hotspot areas is better done on a more local scale where knowledge on
degradation processes and their drivers can help interpret the findings from global analyses. The
contextual geographic setting can be helpful in pinpointing the relevant hotspots such as the
combination of climate zone, general soil and terrain constraints, population density and land use
type (Vlek et al., 2010; Sommer et al., 2011; Vu et al., 20144, b). In a LD assessment across
Vietnam, Vu et al. (2014a) found that such combined contextual settings help understand the
degradation process involved as the drivers of these processes. The authors found, for instance,
that the growth of rural population promotes degradation of forest land with unclear tenure rights
which, in turn, mitigates degradation of agricultural land where long-term land-use rights of
smallholder farmers are clear and secured. In the condition of better tenure security and links to
urban markets and extension services, the high land pressure stimulated lowland Vietnamese
farmers to intensify their farms and adopt relevant technologies leading to increase crop
production. This situation agrees with Boserup’s hypothesis on the population - technology-
resources degradation nexus, or the relationship ‘more people, less soil erosion’ documented in
particular areas in East Africa (Tiffen et al., 1994).
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To the extent that LD is man-made, there are likely remedial interventions in the management of
the land that can mitigate or reverse the process. Deforested land can be afforested but the better
option would be to avoid deforestation by adopting sustainable selective tree- harvesting
techniques. Similarly, salinized irrigated land can be retro-actively equipped with pipe drainage
but it might be better to install these during construction of the perimeter. Mine tailing can be
reclaimed but avoiding their development is environmentally preferable. As long as a land
ecosystem is disturbed or degraded but has not yet crossed the threshold of the system buffering
capacity (tipping point), mitigation is a relevant management strategy. In that situation, current
land use regimes may be retained with improved land management practices including temporary
resting of the land. However, when the land resources are degraded beyond the tipping point,
combatting LD needs a restoration strategy that brings the productivity of the land back to the
earlier stage. Reversing LD (i.e. restoration or reclamation) is usually much costlier in terms of
resources and time needed, than preventing or mitigating LD (Fig. 4.2).
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Figure 4.2  Stages of land degradation (red line) and the relevant management strategies at
the various stages of this process and the associated cost. The reversal (green line) often
takes much longer than the degradation process. Source: modified from Le (2012).

4.3 The costs of land degradation

Quite often, human activities result in a trade-off between the provisioning and non-provisioning
land ESSs, where maximization of a provisioning service, such as food production, could lead to
the reduction in non-provisioning ESSs of land (Figure 2.1). Unfortunately, most non-
provisioning ESSs do not have market values, and thus, are significantly undervalued (von Braun
et al., 2013; ELD Initiative, 2015). Land degradation will reduce the production of both food and
other ecosystem services of land (al shifting to b1 in Figure 4.3), while also putting pressure on
prices of both food and other ecosystem services (shifting a to b).



FOR CITATION: Le, Q.B., Mirzabaev, A., Nkonya, E., Lynden, G.W.J. (2017). The extent and cost of land degradation
(Chapter 4). pp. 40-47. In: Vlek, P.L.G. et al. (Eds.). The Threat of Land Degradation to Realizing the SDGs and Its
Remedies. Book Manuscript. CGIAR Research Program on Dryland Systems and Center for Tropical Agricultural
Research (CIAT). 72 pp.

Food AN Food prices T‘

production

—> >

Prices of other
ecosystem
services

Production of
other
ecosystem
services

Figure 4.3  The impact of land degradation on the prices of food and other ecosystem
Services.

The higher prices of food and other ecosystem services are likely to set back the poorest
households the most as food expenses constitute a larger share of their household budgets. The
increase in food prices, reducing people’s disposable income, would have the effect of lowering
their willingness-to-pay for non-provisioning ESSs, which are primarily global public goods,
thus limiting the funds available to protect the land.

Estimations of the costs of LD thus need to be comprehensive and should include, a) losses in
both provisioning and non-provisioning ecosystem services across various time scales, and b)
direct as well as indirect costs of LD (Nkonya et al., 2016; ELD Initiative, 2015). Direct costs of
LD relate to the diminished provision of ecosystem services by degraded biomes whereas
indirect costs are subsequent economy-wide costs of LD in terms of their impacts on various
sectors of the economy. These would include effects on poverty and other domains of social
wellbeing as well as their feedback loops on sustainable land management. Such complex
interactions between food production, provision of non-food ESSs and social wellbeing need to
be studied through an interdisciplinary systems research.

There have been a number of efforts to estimate the costs of LD at the global level using
different approaches (Mirzabaev et al., 2016). These studies showed that the costs of LD are
substantial and could reach up to US$ 10.6 trillion annually. Dregne and Chou (1992) estimated
that the global cost of degradation in croplands and rangelands was about US$ 43 billion. A
UNCCD (2013) review showed that the global cost of LD could be US$ 450 billion annually.
Trivedi et al. (2008) projected that cutting down of tropical rainforests alone resulted in about
US$ 43-65 billion of losses in ESSs a year. Myers (2000) estimated that annual investments of
up to US$ 300 billion are needed to prevent loss of biodiversity. Basson (2010) estimated that
soil erosion is leading to about US$ 18.5 billion in losses each year due to siltation of water
reservoirs. Costanza et al. (2014) using the total economic value (TEV) approach, including the
value of all terrestrial ecosystem services, estimated the cost of degradation of terrestrial ESSs to
be about US$ 9.4 trillion annually, with the costs of wetland degradation making up an important
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part of these costs. These estimates, high as they are, might still be conservative. The current
TEV methodology is likely to undervalue non-provisional ESSs and annual losses might indeed
exceed 10.6 trillion globally, representing 17% of the world’s GDP. Even then, there are a range
of non-anthropocentric values — defined as biocentric values — that are not necessarily captured
through the TEV analysis (Sagoff, 2008; ELD Initiative, 2015).

Nkonya et al. (2016) found that the annual costs of LD, excluding wetlands, are equal to about
US$ 295 billion. They also found that the global community bears 54% of the LD costs
(corresponding to supporting, regulatory and cultural ecosystem services), whereas the land users
where degrading biomes are located bear the remaining 46% of the costs in the form of losses in
provisioning ecosystem services. This finding emphasizes that land degradation is not just a local
problem, but affect all of us. Moreover, Nkonya et al. (2016) found that globally each dollar
invested into land restoration and SLM will return 5 dollars over 30 years. Several national
studies also find high returns to actions for addressing LD. For instance, the costs of restoring
degraded lands were found to be less than the costs of allowing LD to continue by a factor of
about 4.3 and 3.8 over a 30-year period in Malawi and Tanzania, respectively (Kirui, 2016).
Similarly, each dollar invested in land restoration was found to generate 5 dollars of returns
during a similar period in Central Asia (Mirzabaev et al., 2016). An economic assessment of
Turkmenistan’s desert pastures shows that (i) maintaining pastoral plant communities all year
round (ii) establishing seasonal pastures with planting in gypsum deserts and (iii) improving
forage productivity of the halophytic pastures in clay deserts has increased the economic benefit
to US$ 64 ha’ compared to US$ 29 ha' of the baseline (Nepesov and Mamedov, 2016;
Quillérou et al., 2016). Analyses of global scenarios based on different development pathways
indicate that the adoption of SLM-enabling environments can provide an additional US$ 75.6
trillion annually (ELD Initiative, 2015).

Far fewer studies have included the indirect costs of LD. For example, Kirui (2016) estimated
that LD in Tanzania and Malawi amounts to the equivalent of 15% and 10% of their respective
Gross Domestic Products (GDP). Similarly, Mirzabaev et al. (2016) found that Kyrgyzstan and
Tajikistan are losing the equivalence of about 10% of their GDP annually to LD. Diao and
Sarpong (2011) showed that LD over the last decade increased the national poverty rate by 5.4%
in Ghana.

Because they are based on differing approaches and methodologies, the estimates of costs of LD
vary substantially but are invariably high. What is not disputed is that investing in land
restoration is economically more sensible than inaction (Nkonya et al., 2016; ELD Initiative,
2015). Nevertheless, the levels of investments into restoration and rehabilitation of degraded
lands remain low. To stimulate investments, there is a need to internalize the benefits from SLM
by enabling frameworks that allow for valuation of ecosystem services. Only then will it be
possible to reward SLM through subsidies and payments for ESSs. It would also make it easier
to remove existing barriers to SLM and promote access to markets, agricultural advisory
services, agricultural inputs, and credit.
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4.4 Bright spots of land restoration and rehabilitation

Efforts have been underway around the world to mitigate or reverse LD and some of these efforts
have met with remarkable success. In a review on the extent and cost of LD an assessment of
efforts to combat and prevent degradation should not be missing. In the context of LD “bright
spots”, can be considered as the opposite of LD hot spots, i.e. areas where the land is actually
improving in quality (Bai et al., 2010). Such improvements may occur due to natural
rehabilitation of the land due to abandonment of degrading practices or the land itself, or as a
result of SLM practices (WOCAT, 2016).

The World Overview of Conservation Approaches and Technologies (WOCAT) initiative, in a
reaction to the GLASOD map in 1991, made a first attempt to consider land improvement in a
comprehensive way (WOCAT, 2007). WOCAT developed a method for documentation and
evaluation of SLM “technologies” (what is actually implemented in the field) and “approaches”
(the enabling conditions that allow successful implementation of a technology), as well as a
mapping method quite similar to the one used in GLASOD. Although WOCAT has established
an impressive database with many case studies of SLM from all over the world, it has not yet
succeeded in making a new global map of LD and SLM, which was its original goal.

The WOCAT sites where SLM technologies are documented to have improved the status of the
land are displayed in Figure 4.4, without specification of what these practices entailed or the
extent of their adoption. It is encouraging to see the widespread successful adoption of SLM
practices, but the map does not give any insight into the failure rate of introducing SLM as those
tend to be underreported. Also, very few reports have been provided to WOCAT from North
America or Australia or large parts of Russia. The regional success stories reported may serve as
useful experiences for other areas with similar conditions.
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Figure 4.4  Location of documented sustainable land management (SLM) technologies with
claimed land conservation outcomes in the WOCAT database.

Based on the many years’ experience in documenting a range of SLM case studies worldwide
(see Figure 4.4), WOCAT identified a number of key elements which, if missing or not properly
addressed, will limit the effectiveness of efforts to achieve SLM (Liniger et al., 2004). These
include pre-conceptions, biases and wishful thinking, poor understanding of LD processes, lack
of impact assessment of conservation, lack of a holistic assessment and failure to understand the
context, insufficient use of land users’ own experiences, corruption and greed and the
inflexibility of interventions. Knowledge gaps and fragmented information also proved to be an
obstacle towards successful implementation of SLM. Reij and Steeds (2003) and McDonagh and
Lu (2007) discussed a number of criteria to assess success in an SLM project. However, the
indicators of “success” remain somewhat arbitrary and depend on the envisaged goals.

From an evaluation of many WOCAT case studies, the success stories cannot be considered to
represent blue prints for success elsewhere. It should be recognized that many of the SLM
technologies are site-specific and not amenable to out-scaling. Moreover, many “success stories”
are often partial failures when one considers the original objectives given the overall outcomes
rather than the immediate outputs. After all, it depends on the intended goal of the action
undertaken to determine whether it was a success. If the goal was “only” to reduce erosion by
say 50% in terms of soil loss, the intervention may be considered a success if just that goal was
achieved. But in a broader context it may have been less successful if, for instance, it did not also
lead to better livelihoods of the stakeholders involved or improve food security and enhance
carbon sequestration. The SLM concept aims for more holistic outcomes. A comprehensive
analysis of the factors determining the success rate of SLM was described in “where the land is
greener” (WOCAT, 2016).

Noble et al. (2008) summarized the basic characteristics of LD bright spots. They considered that
the more efficient resource utilization derived from appropriate technologies must lead to
increased income and employment opportunities making better use of local skills and resources,
improve the health of the community and/or environmental quality and build the capacity of
individuals within the community for effective technology transfer. Finally, mechanisms should
be developed that ensure long-term benefits to the community as a whole by ensuring the
community’s involvement. The challenge is to find ways and means to create such bright spots
and scale them up.

Halting or reversing LD is an essential pillar in the quest to reach the SDGs. Various United
Nations agencies have captured this task as attaining land degradation neutrality (LDN). The
arguments presented in this chapter regarding the cost of inaction on LD are convincing support
for this goal. However, it is clear from what was presented above that society is poorly equipped
with the tools to target this issue globally as we have a poor understanding of the location, extent
and rate of LD. Locally, enough knowledge is often available to act on the problem, but due to
contention among stakeholders on the issues proper action may be prevented or sabotaged.
Political support and an enabling institutional environment are keys to accomplishing LDN
without which a host of SDGs will be difficult to reach.
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