Chapter 7
Global Drivers of Land Degradation
and Improvement
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Abstract Identification of factors catalyzing sustainable land management
(SLM) could provide insights for national policies and international efforts to
address land degradation. Building on previous studies, and using novel datasets,
this chapter identifies major drivers of land degradation at global and regional
levels. The findings of this study confirm the earlier insights in the literature on the
context-specific nature of the drivers of land degradation. This context-dependence
explains the previous contradictions in the literature on the effects of various
socio-economic and institutional factors on land degradation. It also calls for the
localized diagnostic of the drivers of land degradation. The drivers of land degra-
dation are predominantly local, so actions to address them should be based on the
understanding of the local interplay of various factors and how they affect land
degradation.
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Introduction

Land degradation has occurred on about 30 % of global land area between 1982 and
2006 (Chap. 4), resulting in substantial economic impacts on agricultural livelihoods
and national economies (Chap. 6), especially in developing lower income countries.
The drivers of land degradation are numerous, complex and interrelated (Nkonya
etal. 2011; von Braun et al. 2013; Pender et al. 2009), with often context-dependent
characteristics. Therefore, identification of the important drivers of land degradation
is crucial for national and international efforts to reduce, and optimally, prevent land
degradation and promote land restoration and improvement. Based on this problem
definition, this chapter seeks to answer the following research question: what are the
major drivers of land degradation at the global and regional levels?

While answering this research question, the present study intends to make the
following contributions. Many previous studies have used raw values of the
Normalized Difference Vegetation Index (NDVI) as a proxy for land degradation
(Nkonya and Anderson 2014; Nkonya et al. 2011). These raw values may be sig-
nificantly biased by such factors as rainfall dynamics (Bai et al. 2008) and atmospheric
or chemical fertilization (Vlek et al. 2010). This chapter uses a new global dataset of
land degradation hotspots (Le et al. 2014, Chap. 4) as its dependent variable, which
corrects for the above mentioned sources of potential biases. Moreover, many pre-
vious studies at the global level (cf. Nkonya et al. 2011 for a review) explore the
drivers of land degradation by grouping countries within geographic regions, i.e.
Sub-Saharan Africa, Asia, etc. However, the same geographic region may contain
countries with very differing conditions. For example, Asia contains both Japan and
North Korea, putting such very different countries together may make the results more
ambiguous. A more theoretically motivated approach would be to run sub-global
regressions for groupings of countries with similar socio-economic, agro-ecological
and institutional features. The study makes use of such a country clustering
(Table 7.8), developed in Nkonya et al. (2013) and Chap. 2, by making the sub-global
regressions more easily interpretable along the major socio-economic and institu-
tional characteristics of the countries. Furthermore, the dependent variable in the
present study includes not only degraded and non-degraded categories, but also a
category designating areas where land improvement has occurred. Most previous
studies confound improved areas with non-degraded areas. To illustrate, land
degradation is often considered under dichotomous representation whether land
degradation has occurred or not (e.g. usually using adummy variable with categories 0
—1land degradation, and 1—no land degradation). However, this ignores the fact that
the “no land degradation” category consists of two distinct groups: one group where
there has been no change in land quality, and the second group where land quality has
improved. The present study disentangles “no land degradation” and “land
improvement” as two distinct categories. Fourthly, we seek to further minimize
potential omitted variable bias by including some relatively new global level datasets,
such as night time lighting intensity series (Elvidge et al. 2001), which were found to
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be good proxies of institutional development and poverty (Ebener et al. 2005; Sutton
et al. 2007; Michalopoulos and Papaioannou 2013). Moreover, the inclusion of
regional, country, and agro-ecological zone fixed effects also minimizes the omitted
variable bias. Finally, previous work is challenged by the endogeneity of some of the
variables in the global models; the present study makes a step forward in addressing
this issue.

Literature Review

The causes of land degradation are numerous and complex (Table 7.1). Quite often,
the same causal factor could lead to diverging consequences in different contexts
because of its varying interactions with other proximate and underlying causes of land
degradation.

The effects of proximate drivers of land degradation—such as topography, cli-
mate, and soil characteristics—are well understood as causes of land degradation
and there is a broad consensus about their causal mechanisms. For example, steeper
slopes are more vulnerable to water-induced soil erosion (Wischmeier 1976;
Voortman et al. 2000) and soils with high silt content are naturally more prone to
degradation (Bonilla and Johnson 2012). There are also a large number of available
SLM technologies developed to address soil and land degradation (Liniger and
Schwilch 2002; Liniger and Critchley 2007). However, there is an on-going debate
on the role of various underlying drivers of land degradation (von Braun et al. 2013;
Nkonya et al. 2011) and why many existing SLM technologies are not adopted by
landusers (for example, Pender et al. 2009, for Central Asia). For instance, as
summarized in Mirzabaev et al. (2015), some well-known points of debate on the
drivers of land degradation include: whether higher population causes land
degradation (Grepperud 1996), or leads to SLM (Tiffen et al. 1994); whether
poverty is a primary driver of land degradation (Way 2006; Cleaver and Schreiber
1994; Scherr 2000) or not (Nkonya et al. 2008); and whether higher market access
leads to SLM (Pender et al. 2006), or to land degradation (Scherr and Hazell 1994).
Table 7.1 elaborates on these underlying drivers and on the theoretical intuitions
behind their cause-and-effect mechanisms.

The conclusions reached have been quite diverse and often contradicting
depending on the datasets used, methodologies applied, timeframes considered, and
locations studied (Mirzabaev et al. 2015). The purpose of the present analysis is not to
give the final word on this debate: the nature of available datasets and of method-
ological challenges would not allow it. However, our objective is to bring the debate a
step forward, both by using more advanced datasets which became available at this
scale relatively recently and through methodological upgrades to the previous studies.

The diversity of the results implies that targeting one underlying factor is not, in
itself, sufficient to address land degradation. Rather, a number of underlying and
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Table 7.1 Proximate and underlying drivers related to land degradation

cause-effect mechanisms (selective)

A. Mirzabaev et al.

and their potential

Drivers Type Examples of causality References
Topography Proximate and Steep slopes are vulnerable | Wischmeier
natural to severe water-induced (1976),
soil erosion Voortman et al.
(2000)
Land cover Proximate and Conversion of rangelands Gao and Liu
change natural/anthropogenic to irrigated farming with (2010), Lu et al.
resulting soil salinity. (2007)
Deforestation
Climate Proximate and Dry, hot areas are prone to | Safriel and Adeel

natural

naturally occurring
wildfires, which, in turn,
lead to soil erosion. Strong
rainstorms lead to flooding
and erosion. Low and
infrequent rainfall and
erratic and erosive rainfall
(monsoon areas) lead to
erosion and salinization

(2005), Barrow
(1991)

Soil erodibility

Proximate and
natural

Some soils, for example
those with high silt
content, could be naturally
more prone to erosion

Bonilla and
Johnson (2012)

Pest and
diseases

Proximate and
natural

Pests and diseases lead to
loss of biodiversity, loss of
crop and livestock
productivity, and other
forms of land degradation

Sternberg (2008)

Unsustainable
land
management

Proximate and
anthropogenic

Land clearing,
overgrazing, cultivation on
steep slopes, bush burning,
pollution of land and water
sources, and soil nutrient
mining are among the
major causes of land
degradation

Nkonya et al.
(2008, 2011),
Pender and Kerr
(1998)

Infrastructure
development

Proximate and
anthropogenic

Transport and earthmoving
techniques, such as trucks
and tractors, as well as
new processing and
storage technologies, could
lead to increased
production and foster land
degradation if not properly
planned

Geist and
Lambin (2004)

(continued)
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Table 7.1 (continued)
Drivers Type Examples of causality References
Population Underlying No definite answer Bai et al. (2008),
density Population density leads to | Tiffen et al.
land improvement (1994), Boserup
(1965),
Population density leads to Grepperud
land degradation (1996)
Market access Underlying No definite answer Pender et al.
Land users in areas with (2006),
good market access have
more incentives to invest
in sustainable land
management
High market access raises Scherr and
opportunity cost of labor, Hazell (1994)
making households less
likely to adopt
labor-intensive sustainable
land management practices
Land tenure Underlying No definite answer Kabubo-Mariara
Insecure land tenure can (2007)
lead to the adoption of
unsustainable land
management practices
Insecure land rights do not | Besley (1995),
deter farmers from making | Brasselle et al.
investments in sustainable (2002)
land management
Poverty Underlying No definite answer Way (20006),
There is a vicious cycle Cleaver and
between poverty and land Schreiber (1994),

degradation. Poverty could
lead to land degradation
while land degradation
could lead to poverty

The poor heavily depend
on the land, and thus, have
a strong incentive to invest
their limited capital into
preventing or mitigating
land degradation if market
conditions allow them to
allocate their resources
efficiently

Scherr (2000),

De Janvry et al.
(1991), Nkonya
et al. (2008)

(continued)
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Table 7.1 (continued)

A. Mirzabaev et al.

Drivers

Type

Examples of causality

References

Access to
agricultural
extension
services

Underlying

No definite answer
Access to agricultural
extension services
enhances the adoption of

Clay et al. (1996)
Paudel and
Thapa (2004)

land management practices

Depending on the capacity | Benin et al.
and orientation of the (2007),
extension providers, access | Nkonya et al.
to extension services could (2010)

also lead to land-degrading
practices

Decentralization | Underlying Strong local institutions FAO (2011)
with a capacity for land
management are likely to
enact bylaws and other
regulations that could
enhance sustainable land

management practices

International
policies

Underlying International policies
through the United Nations
and other organizations
have influenced policy
formulation and land

management

Sanwal (2004)

Non-farm
employment

Underlying Alternative livelihoods Nkonya et al.
could also allow farmers to (2008)

rest their lands or to use
nonfarm income to invest

in land improvement

Proximate drivers are biophysical factors and unsustainable land management practices.
Underlying drivers are social, economic and institutional factors that lead to unsustainable land
management practices. See Chap. 2 for more detailed discussion

Source von Braun et al. (2013)

proximate factors need to be taken into account when designing policies to prevent
or mitigate land degradation (ibid.). For the analysis of land degradation, it is
necessary to explicitly model nonlinearities and interactions between the variables,
and to address potential biases emanating from omitted variables and reverse
causalities. It is likely that such diversity and contradictions will remain in future
studies, since these contradictions may simply be reflecting the diverging and
context-dependent causal interplays of factors affecting land management, i.e. the
same factor (e.g. population pressure) may lead to land degradation or land
improvement depending on its interactions with other factors (such as poverty,
access to markets and extension, etc.) (ibid.).
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Methods and Data

This study is guided by the ELD conceptual framework presented in Chap. 2.
The ELD conceptual framework classifies the drivers of land degradation into two
categories: (1) proximate and (2) underlying (Table 7.2). Biophysical factors, such
as precipitation, agro-ecological zones, land use and land cover, are classified as
proximate drivers. Whereas such socio-economic and institutional factors as rule of
law, land tenure security, GDP per capita, and infant mortality rates, are classified
as underlying drivers of land degradation. The econometric model to identify the
drivers of land degradation is specified as follows:

P(SLM = O|xy,x2,2) = ®[pu; — (B1x1 + Box2 + Bzi)]

P(SLM = 1|x1,x,,2) = q)[ﬂz — (B1x1 + Box2 +ﬁazi)] - (I)[ﬂl — (B1x1 + Brx2 +.B3Zi)]

P(SLM =2|x1,x2,2) = 1 — ®[p, — (Byx1 + Box2 + B3zi)] = ®(B1x1 + Boxa + Bszi — my)
(7.1)

where, of land degradation (e.g. precipitation, length of growing period, land

cover/use); density, GDP per capita, land tenure security, rule of law, etc.);

SLM a categorical variable, where, 0—land degradation, 1—no change, 2—Iland
improvement, with the baseline in 1982-84 and the endline in 2004-06

X1 a vector of proximate drivers of land degradation (e.g. precipitation, length
of growing period, land cover/use);

X5 a vector underlying drivers of land degradation (e.g. population density,
GDP per capita, land tenure security, rule of law, etc.);

Z; vector of fixed effect variables, including administrative divisions (region,
country, etc.);

L1, model constants;

H2

®(.) the standard normal cumulative distribution function.

Taking into account that the dependent variable has three ordered categories, the
present study uses an ordered probit model in the estimation. The ordered probit
model assumes that a latent variable (not explicitly modeled above) underlying the
state of land degradation is normally distributed, while the effects of the indepen-
dent variables on the ordered outcomes are restricted to be monotonous. The
coefficients are then estimated via the maximum likelihood (ML) method. As can be
seen from the model equations, if the independent variables have a positive average
effect on the probability that “land degradation” will be the outcome, they will
unambiguously reduce the probability that “land improvement” will occur.
Formally, it means that if
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Table 7.2 Description of the variables

A. Mirzabaev et al.

Variable name

Description

Source

SLM:
sustainable
land
management

A categorical variable, where,
0O—degraded land, 1—no change,
2—improved land. The baseline
1982-84 and the endline 2004-06

Le et al. (2014), Chap. 4 of this
volume

Precipitation

Total annual precipitation
(mm) during the baseline period of
1982-84

Climate research unit (CRU),
University of East Anglia, through
Nkonya and Anderson (2014)

AEZ

Length of growing period (LGP).
Categorized into six regions: LGP1:
0-59 days, LGP2: 60-119 days,
LGP3: 120-179 days, LGP4:
180-239 days, LGP5: 240-299 days,
and LGP6: more than 300 days

Source: Alexandros (1995), through
Nkonya and Anderson (2014)

Distance to
markets

Travel time to urban areas with
50,000 people or more. Most of the
underlying data layers are from
around baseline period or do not
change over time

Uchida and Nelson (2010), through
Nkonya and Anderson (2014)

Population
density

The data is for 1990. The data is only
for one period because using the
population density data for some later
period as well could have an
endogeneity problem with the
dependent variable

CIESIN (2010)

Infant
mortality rate

Mortality of children below 5 years
per 1000 of live births. Baseline:
1982-82, endline: 2005

Baseline: World development
indicators, World Bank. Endline:
Source: CIESIN
http://sedac.ciesin.columbia.edu/
povmap

GDP per capita | For the baseline period of 1982-1984 | World development indicators,
World Bank

DMSP-OLS Remotely sensed intensity of night Image and data processing by

nighttime time lighting for 1992 (i.e. at the NOAA’s National Geophysical Data

lights time basic level shows the availability of | Center. DMSP data collected by US

series electricity during the night time. Air Force Weather Agency. http://

Should not be confounded with
natural day time brightness). Here
used as a proxy for broad
socio-economic development and
availability of non-farm sector

ngdc.noaa.gov/eog/dmsp/
downloadV4composites.html

Land tenure
security

Global Land Tenure Master
Database. 2007. Has four categories:
good—1, moderate concern over the
security of land tenure—2, severe
concern—3, and extremely severe
concern—4. The database was
developed in 2004-2006, based on
subjective expert evaluations.
Closeness to the endline period and

USAID and ARD, Inc. (2008)

(continued)
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Table 7.2 (continued)
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Variable name

Description

Source

subjective nature of the evaluation
causes potential problems,
specifically, endogeneity through
reverse causality and measurement
error. Though, theoretical reasons for
the reverse causality with the
dependent variable are thin, i.e. land
degradation may not have affected
the way experts evaluate the security
of land tenure in a specific country.
Despite these shortcomings, this is a
very important variable that should
rather be not missed in the model.
Moreover, it is likely that the land
tenure situation changes, in most
cases, gradually, and this dataset also
depicts well the baseline period
(perhaps, except for Eastern Europe
and the former USSR). To check for
sensitivity of the results, we run the
global regression with and without
this variable to see any influence on
other variables

Rule of law

“Perceptions of the extent to which
agents have confidence in and abide
by the rules of society, and in
particular, the quality of contract
enforcement” (Kaufmann et al.
2010), property rights, the police, and
the courts, as well as the likelihood of
crime and violence, baseline of
1996-1998, endline 2002-2004

Worldwide Governance Indicators:
http://info.worldbank.org/
governance/wgi/index.asp, through
Nkonya and Anderson (2014)

Land use/cover

Globcover 2005-2006 data
(interpretation should be only as
association, not causality). The
regressions are run with and without
to see any biasing effects of this
variable

Bicheron et al. (2008)

it follows that

OP(SLM = 0)
an

OP(SLM = 2)

= _ﬁj(b(.ul

= Bip(Xp— ) >0

—XpB)<0 (7.2)
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where ¢ denotes the standard normal density and Xp = f,x; + pox2 + B5z;. In
contrast, it is generally not clear how the independent variables affect the proba-
bility of the “no change” state.

Data

A major shortcoming of many previous global studies is that they do not address the
endogeneity between dependent and explanatory variables. For example, poverty
may lead to land degradation, but at the same time, land degradation may lead to
poverty. If one does not account for such a reverse causality between the dependent
and independent variables the model estimates will be biased. To avoid this
problem, only variables corresponding to the baseline period (1982—-1984) are used
as explanatory variables in the model, i.e. the NDVI changes in the future could not
have any causal effect on the past values of the explanatory variables (Table 7.2).

However, not all variables are available for the period of 1982—-1984, therefore
some variables, such as night-time lighting intensity, are taken for the earliest year
available, 1992 in this case. There is very little theoretical basis for concluding that
land degradation would affect night time lighting intensity, but night time lighting
intensity can serve as a proxy for some variables which affect land degradation
(e.g., availability of non-farm sectors in the area). At the same time, the use of
variables too close to the endline period is minimized, because then the econometric
model would not make much sense, since the future cannot cause past: at best, any
relationship would be associative, not causal (Table 7.2).

NDVI has well-known limitations as a proxy for land degradation (Le et al.
2014, Chap. 4). However, it can be a good estimate of global vegetation change
over a long period of time. Le et al. (2014) address some of the caveats related to
using raw values of NDVI by addressing potential distorting effects of rainfall
dynamics, atmospheric and chemical fertilization (ibid). The comparison of land
degradation results emerging from the work of Le et al. (2014) and the results of
land degradation when raw NDVT values are used directly (Nkonya and Anderson
2014), shows considerable and statistically significant discrepancies (Table 7.3).

Both indicators agree on the land degradation status of 63 % of pixels
(Table 7.3). However, they disagree on the remaining 37 %, especially concerning
the location of degraded areas. The Le et al. (2014) database does not consider a
pixel to be degraded if the NDVI value decreases by less than 10 %, as values less
than 10 % are not distinguishable from expected measurement errors and noise in
the NDVI dataset (Le et al. 2014). In 11 % of areas, the Le et al. (2014) dataset
points at degradation, whereas the raw NDVI values do not show degradation. This
is due to the fact that Le et al. (2014) also accounts for the masking effects of
rainfall, atmospheric and chemical fertilization. For example, the soils may have
been completely degraded, but application of chemical inputs may result in similar
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Table 7.3 Comparison of land degradation by Le et al. (2014) with the one based on raw NDVI
change used by Nkonya and Anderson (2014)

Land degradation categories Nkonya and Anderson (2014)
Degraded (%) Not degraded (%)
Le et al. (2014), Chap. 4 Degraded 8 11
Not degraded 25 55

Note Pearson chi’(1) = 1.5e+04 Pr = 0.000. The correlation coefficient 0.096

levels of NDVI as before degradation. The overall coefficient of correlation between
these two sets of land degradation indicators is 0.096, indicating that these datasets
are very divergent.

The descriptive statistics of the variables in the model are given in Table 7.4. All
of the variables are in the pixel format (8 x 8 km?). Some variables, such as rule of
law, land tenure security, do not vary by pixel but vary by country. So in the case of
these variables, the same value is attached to all the pixels within a single country.

Most of the descriptive statistics in Table 7.4 are self-explanatory. However,
some of the variables warrant more elaboration. Specifically, night time lighting
intensity measures the luminosity of night time lighting emitted from the Earth
surface during the night, i.e. this measures artificial night time lighting, and can
serve as a proxy for the spread and magnitude of electricity use. The potentially
distorting effect of the clouds, sun and moonlight interferences are excluded from
the data.' The higher the number the brighter is the location. Number zero signifies
a dark pixel during the night. The rule of law variable is an index number from the
World Bank’s World Governance Indicators database.” The higher number means a
better rule of law. Land tenure security variable varies between 1 and 4, with 1
indicating good land tenure security and 4-extremely severe concern over land
tenure security.

Results

The results of the analyses are presented in Tables 7.5, 7.6 and 7.7. The theoretical
intuitions behind these findings are discussed on more detail further below after the
presentation of the full results.

Table 7.5 presents the global level findings. The model results are checked for
robustness by testing several model specifications. The first is the full model, in
which all variables described in the data section are included. The second model
excludes the variables that are taken from periods closer to the endline period due to

1http://n gdc.noaa.gov/eog/gcv4_readme.txt.
2http://info.worldbank.org/governance/wgi/index.aspx#doc.
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Table 7.4 Descriptive statistics of the variables used

Variable Mean Standard Median Min Max
deviation

Precipitation, baseline (in mm) 772 660 553 1 6901

Population density, baseline 37 181 2 0 35,662

Distance to market (in 1106 1522 463 0 27,584

minutes)

Night time lighting intensity 1.19 5.35 0 0 63

1992°

GDP per capita (in USD), 9365 10,228 2816 0 55,221

baseline

Rule of law, baseline 0.21 1.11 —-0.24 -2.19 1.93

Rule of law, change to endline -0.06 0.22 -0.07 —1.08 1.08

Infant mortality rate, baseline 41 37 26 6 171

Infant mortality rate, change 9 16 5 -132 146

Land tenure security 1.45 0.92 1 1 4.00

“The urban areas are excluded from the analysis

their unavailability for the baseline period (their interpretation being associative, not
causal). The third model excludes country dummies, the fourth model is without
squared terms, the fifth model is without interaction terms, and the last model is
without change variables (i.e. those variables showing the change between the
baseline and endline periods). The major finding of this sensitivity analysis is that
the same results persist throughout the models, pointing at the robustness of the
findings. This also shows that endogeneity or omitted variables are not likely to be
an issue in the full model. The check for multicollinearity also shows no problem,
with the overall variance inflation factor (VIF) being below 10, and even this is
mostly driven by the presence of both level and squared terms. Since model 4,
where the squared terms are excluded, does not give results different from the full
model, it is concluded that multicollinearity is unlikely to have any tangible effects
on the model results. For these reasons, below the results are interpreted based on
the full model—our preferred specification.

Most of the variables in the model are statistically significant at 1 % and the
overall Pseudo R? of the full model is equal to 28 %. The key variables that
positively influenced sustainable land management are precipitation and longer
distance to markets, including when it interacted with crop production. However,
the relationship between distance to markets and sustainable land management is
concave, meaning that after a certain distance the effect levels out. Moreover, it is
found that higher population density and more intense night-time lighting (a proxy
for higher socio-economic development) is positively associated with higher land
degradation, though in the case of night time lighting intensity the relationship is
convex. However, the interaction of night time lighting intensity and higher
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population density has a positive relationship with sustainable land management.’
Those areas which have both higher population and good socio-economic devel-
opment” are found to be likely to manage their land resources more sustainably.
Better rule of law is significant at 10 % and positively related to SLM in the full
model. Another key variable found to be positively associated with SLM is secure
land tenure. Those areas with serious and severe concerns over land tenure security
are associated with land degradation. Among various land covers and uses, crop-
land was found to be more associated with land degradation. Longer length of the
growing period is found to lead to more land degradation. At the same time, the
results do not find a statistically significant impact of GDP per capita. Of course, a
lack of statistical significance does not mean a lack in significance of GDP per
capita in general. In general, it would mean that lower GDP per capita, and hence,
poverty, does not have to lead to land degradation. This finding is also corroborated
by the fact that those countries with higher infant mortality rates (a classic proxy for
poverty) in 1982-1984 have managed their lands more sustainably than those
countries with lower infant mortality rates. Infant mortality rate is a strong proxy for
poverty. These results signify that poorer locations are not necessarily associated
with land degradation. The causal mechanism driving this could be that since
dependence on agriculture and land is higher in poorer locations, landusers in these
areas are more motivated to manage land sustainably (Nkonya et al. 2011). At the
same time, it should be noted that those countries which made more progress
towards reducing infant mortality during the studied period, also made more pro-
gress in terms of sustainable land management.

Table 7.5 presents the results of the regression run separately for major global
regions. The sub-global regressions are broadly consistent with the global model
results, even though there are some region-specific divergences. Precipitation,
similarly, is positively associated with land improvement in all regions, except
Asia. One potential explanation for this could be that Asia has much higher reliance
on irrigated agriculture, with a lower role for rainfall in crop production. Population
density has negative association with sustainable land management in Asia, Near
East and North Africa (NENA) and Latin America and Caribbean (LAC). However,
in other regions, the regressions do not show statistically significant results for the
effect of population density. The distance to markets has a concave relationship
with SLM in all regions. The night time lighting intensity has convex relationship
with SLM in most regions, except in Asia, where the relationship is concave. GDP
per capita does not show statistical significance, but only in Sub-Saharan Africa
(SSA) where it has a concave relationship with SLM. Similarly, better rule of law is
positively related to SLM in SSA, but not in Europe. Those countries with higher

3Land degradation hotspots database by Le et al. (2014) used here excludes urban areas from its
analysis, so our night time lighting intensity and population density variables are not biased by
urban areas.

“For example, availability of non-farm sector. The night time lighting intensity variable at its
basics also stands for availability of electricity, which may imply having better access to broader
development opportunities.
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infant mortality rates (i.e. here used as a proxy variable for poverty) in Asia and
SSA were associated with less land degradation, whereas in other regions the effect
is non-significant. The reductions in infant mortality rates (a proxy for poverty
reduction) have led to higher land degradation in SSA and NENA, but to lower land
degradation in other regions. As we said earlier, infant mortality rate is taken as a
proxy for poverty. The explanation for this seemingly surprising finding can be that
those areas with higher economic development achieved reductions in infant
mortality rates, but also the opportunity costs of labor might have increased as a
result of economic growth. Consequently, making the application of labor-intensive
SLM measures more costly. Other surprising results from Table 7.5 are that less
secure land tenure does not seem to be associated with higher land degradation in
SSA. In most regions higher levels of land degradation occur in croplands, but not
in Europe, where other land uses, such as shrublands, forests, grasslands, have
experienced more land degradation. In all regions a longer period of growing days
is associated with more land degradation.

The results of the analyses are further nuanced by Table 7.7, where separate
regressions are run for each cluster of countries with similar socio-economic and
institutional conditions. The characteristics of these clusters are explained in detail
in Table 7.8, however, what needs to be borne in mind is that the higher the number
of the cluster, the higher the level of economic, institutional and technological
development of the countries making up that cluster. For example, Cluster 1 is
made up of the least developed countries (so called, “the bottom billion”, Collier
(2007)), whereas cluster 8 is comprised of the most advanced countries, mostly
OECD countries. The major characteristics of the clusters are shown in Table 7.8.
The results presented in Table 7.7 are also broadly consistent with global findings,
but also have their specific insights. The positive association of precipitation with
land improvement is present for the least developed and most developed countries,
but not for those countries in the middle. Population density is negatively related to
SLM in lower income countries, but positively for higher income countries.
Distance to markets seems to lead to more SLM all across the clusters and higher
night time lighting intensity to less SLM.

The results of these three tables are summarized in Table 7.9. The variables
showing a larger consistency across all the regression models are distance to
markets and the interaction of distance to markets with population density. The
longer distance to markets means less land degradation (both in croplands and
non-cropped areas). However, higher population densities combined with longer
distance to markets seem to mean more land degradation. At first sight, it is
understandable that remote areas have lower chances then areas closer to major
urban centers of being deforested, overgrazed, and used in crop production (unless
they are densely populated). For example, in Central Asia, it was found that most of
rangeland degradation happens in areas near population settlements, as the costs of
moving livestock to more remote pastures are high (Pender et al. 2009). However,
as we have seen in the literature review section, higher market access could also
give more incentives for sustainable land management as the opportunity cost of
fertile soil is higher in areas closer to markets (Pender et al. 2006). On the other
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hand, the opportunity cost of labor is also higher in high market access areas, thus,
was suggested to be a barrier for implementing labor-intensive SLM measures in
those areas (Sherr and Hazell 1994). In this regard, even the interaction of distance
to markets with croplands has a negative association with SLM in a majority of the
models used. It means that, in most cases, the areas closer to markets have higher
chances of being degraded. The incentive effect of nearness to markets for SLM
seems to be working only in more advanced economies and not in lower income
countries. The reason for this might be (in addition to physical access to the area)
that in lower income countries the higher opportunity cost of labor in high market
access areas is preventing the application of SLM measures, which are necessarily
labor-intensive as the capital-intensive measures are even less affordable. Whereas
in more advanced economies, the capital may be more affordable than labor, and the
capital is certainly cheaper in areas with higher market access than in remote areas,
so farmers cultivating croplands closer to urban centers in advanced countries are
more able to implement SLM measures through more intensive use of capital
(satellite guided precise fertilization, drip irrigation, etc.).

Another more consistent finding is the lack of significance of GDP per capita in
explaining SLM. As stated earlier, this lack of significance should not be considered

Table 7.9 Summary of findings in global, regional and cluster-based regressions

Variables affecting SLM Global Regional | Cluster Exceptions from the
dominant sign

Precipitation + +/— +/— Asia, Clusters 3 and 6

Population density - - +/— Clusters 4 and 8

Distance to market + + +

Night time lighting intensity - +/— +— Asia, Clusters 2 and 3

GDP per capita . . . SSA(+), Clusters 1 and 3
(+), Cluster 5(—)

Rule of law + +/— +/— Clusters 4, 6, 7, Europe

Change in rule of law . +— +/— Europe

Infant mortality rate + + +/— Clusters 6 and 8

Change in infant mortality rate |+ +/— +/— SSA, NENA, Clusters 1,
2,5and 7

Distance to market with + +/— +/— Europe, Clusters 4, 5, 6

cropland and 8

Night time lighting intensity + + +/— Clusters 2, 4, 7 and 8

with population density

Distance to market with - - -

population density

Land use (most degradation) Cropland | Cropland | Cropland | Europe, Cluster 2 and 4

Land tenure insecurity - +/— +/— SSA, Clusters 1 and 2

Length of growing period - +/— +/— Clusters 1, 2 and 6

Note Plus means positively associated with SLM, minus—negatively, dot—not significant. In
regional and cluster-based regressions, if there are differences between groups, more prevalent sign
is depicted in bold.
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unimportant except in a few isolated cases. For example higher GDP per capita
seems to be positively associated with SLM in SSA, but overall these two variables
are not significant in other regions. The lack of significance of GDP may also hint at
the fact that the impact of GDP is already captured by other variables indicating
economic performance, which are available on a smaller geographic level, such as
night-time light intensity. While night lights per se may represent a cruder measure
of economic development than GDP, they do not ignore its spatial variability.” This
stresses the importance of including the variables in the analysis that contain
information on a more detailed level, since land degradation may also be a highly
dispersed phenomenon not limited to country borders or within-country boundaries.
The conclusion we can draw is that GDP per capita is not a major factor influencing
sustainable land management in many cases. Moreover, higher infant mortality rate,
used as a proxy for poverty, has not prevented SLM in most regions of the world.
Poorer households are expected to have higher reliance on natural resources,
including land, for the livelihoods. Thus, they have more incentives to manage land
sustainably. Moreover, the opportunity cost of labor in poorer locations is lower,
thus allowing for its use in implementing labor-intensive SLM measures. This
finding is also agrees with the results of Nkonya et al. (2008). On the other hand,
those countries which have reduced infant mortality rates more than others seem to
be also making more efforts toward SLM.

Higher population density is also found to be leading to more land degradation,
except in the most advanced countries and some middle income countries (Clusters
4 and 8). Supporting this finding, most estimations show that night time lighting
intensity interacted with population density is leading to SLM. Night-time light
intensity can be used as a proxy for socio-economic development of the area, the
higher prevalence of non-farm sectors, and easier access to capital. More eco-
nomically dynamic areas with larger populations, thus, can provide more incentives
and opportunities for SLM adoptions and innovations (a la Boserup 1965), infor-
mation costs can be assumed to be lower and technology spillover effects are more
likely. However, densely populated, but economically backward areas seem to be
following a more Malthusian scenario, where higher population is translating to
more land degradation. It is also found that in advanced economies with higher
night time lighting intensity, the effect of population density on promoting SLM is
decreasing. This may be due to the overall higher level of night time lighting
intensity in advanced economies, where even relatively less densely populated areas
have high night time lighting intensity (and also high share of non-farm sectors).

Rule of law was found to be positively associated with SLM in most cases,
especially in SSA and other developing lower income countries, but not in Europe,
and the countries of Clusters 4, 6 and 7. First of all, this may be due to nonlin-
earities in the effect of rule of law on SLM outcomes. Any increases from very low

SThis is highlighted by the fact that night lighting and GDP have a moderate correlation on country
level (0.44), but only a weak one on pixel level (0.13), which points at substantial variation of
night lights within countries.
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levels of rule of law to higher levels may have huge positive effects for SLM.
However, further changes in already high levels of rule of law may have a mar-
ginally lower or no effect.

Land tenure, a measure of security, also shows interesting results. Insecure land
tenure seems to be a deterrent for SLM in middle income and advanced economies,
but not for the lowest income countries, especially in Sub-Saharan Africa. Secure
land tenure may provide additional benefits and opportunities with relatively
well-functioning markets, including output, input and financial markets. Credible
land property rights expand the planning horizon of agricultural entrepreneurs and
make costly innovations in SLM with large mid- to long term benefits more
profitable in expectations. Where markets do not function well or are very thin,
secure land tenure may have much less effect on SLM. It should also be noted that a
credible and stable rule of law is a precondition for secure land tenure, so that the
effect of rule of law on SLM supersedes the one of land right security.

Conclusions

There have been numerous studies on the drivers of land degradation in the past
with often contradicting results. It is believed that the contradictions are due to
differences in applied methods and the datasets. Although these differences in
methods and datasets play a crucial role in explaining the diverging findings on the
causal mechanisms of the factors affecting land management, these differences are
also due to context-specific nature of the interactions between various drivers of
land degradation, where socio-economic, institutional and technological particu-
larities of the location shape the nature of the interactions between the drivers of
land degradation. SLM is positively associated with land tenure security, especially
in middle-income and advanced economies. In lower income countries a lack of
secure land tenure is not associated with less SLM. Shortening the time to reach
markets may have many other desirable outcomes but not necessarily a decrease in
land degradation, especially in low income countries. Population pressure may lead
to land degradation unless public policies provide for increases in non-farm jobs.
The findings of this study call for localized diagnostic of the drivers of land
degradation and for elaborating policy actions targeting the local interplay of major
drivers of land degradation.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.
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