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Impacts of land cover changes
degradation on ecosystem service
values

The magnitude of the global economic value of
ecosystem services dwarfs the value of the global
market economy'. Changes to land cover in the past
twenty years have reduced the value of the annual
flow of ecosystem services by USD 4-20 trillion/yr?.
However, these losses do not account for reduced
ecosystem function and its impact on the value of
ecosystem services. Here, human appropriation
of net primary productivity (HANPP)? was used as
a proxy of land degradation to estimate losses of
ecosystem services due to land degradation. Two
proxy measures of land degradation were used as
a measure of impact on ecosystem function; the
first is a representation of HANPP derived from
population distributions and aggregate national
statistics. The second is theoretically derived



from biophysical models and is the ratio of actual
net primary productivity (NPP) to potential NPP.
Juxtaposition of these measures of land degradation
with a map of ecosystem service values (ESV) allows
for spatially explicit representation of those lost
values that result from land degradation. Resulting
estimates of lost ecosystem services is USD 6.3
and 10.6 trillion/yr, using these two approaches
respectively. With global gross domestic product
(GDP) standing at roughly USD 63 trillion in 2010,
all of agriculture represents roughly USD 1.7 trillion
(2.8 per cent) of the world’s GDP. These estimates
of lost ecosystem services represent significantly
larger fractions (10-17 per cent) of global GDP. These
results demonstrate why the economics of land
degradation is more critical than the market value
of agricultural products alone.

Introduction

It is becoming increasingly evident that land
degradation is expensive, both to local owners and
to society in general over multiple time and space
scales 2456 The UNCCD recognises this, and at
Rio+20 set a target of zero net land degradation’,
now referred to as land degradation neutrality
(LDN, see Box 1.2). The need to restore degraded
lands and prevent further degradation is especially
important now as the demand for accessible
productive land is increasing. These changes are
projected to affect mainly tropical regions that are
already vulnerable to other stresses, including the
increasing unpredictability of rainfall patterns and
extreme events as a result of climate change®?.

Land degradation, amongst other drivers, is a
consequence of poor management of natural
capital (soils, water, vegetation, etc.). Better
frameworks are needed to: (1) quantify the scale
of the problem globally; (2) calculate the cost of
‘business as usual’”?, and; (3) assess the benefits of
restoration. Visionary farmers and business leaders
are becoming aware that ecosystem degradation
may affect their bottom line and future
prosperity'®, however, they lack the decision-
making tools to develop robust and effective
solutions. In addition, the prevailing political
economy encourages rent-seeking activities in
which short-term individual gains are more valued
than long societal benefits. Nonetheless, modeling
and simulation techniques enable the creation and
evaluation of scenarios of alternative futures and

other decision-making tools to address these gaps
in data and knowledge"12.13.14,

In this section, methods to assess the degree of
land degradation are investigated, based on its
effects on NPP globally. Estimates are then used to
derive assessments of the loss of ecosystem service
values from land degradation.

Data and methods

Land degradation is a complex phenomenon that
manifests in many ways. There have been numerous
efforts using a variety of approaches to characterise
various facets of land degradation over the last
few decades. A recent review of various datasets
and the approaches to their development (e.g.,
expert opinion, satellite derived NPP, biophysical
models, and abandoned cropland) has been
conducted by Gibbs and Salmon'. The GLASOD
project (1987-1990) was a global assessment of
human-induced soil degradation based primarily
on expert opinion'. The GLASOD effort separately
characterised chemical deterioration, wind erosion
susceptibility and damage, physical deterioration,
and water erosion severity into categories of low,
medium, high, and very high. An influential 1986
study estimated that humans were directly and
indirectly appropriating 31 per cent of the earth’s
NPP'6. A subsequent 2001 study arrived at a similar
figure of 32 per cent'”.

The Food and Agriculture Organization of the
United Nations (FAO) has developed a map of
land degradation represented by a loss of NPP.
NPP is measured using a Rainfall Use Efficiency
(RUE) adjusted Normalized Difference Vegetation
Index (NDVI) derived from MODIS satellites as a
proxy of measure land degradation’"'8. There are
many challenges associated with using satellite
observations of NDVI as a proxy of NPP because
of variability of rainfall and spatially varying
agricultural and pastoral practices.

Much of the net primary productivity research seeks
to determine the human appropriation of such.
Imhoff et al. made estimates of HANPP using models
derived from empirical satellite observations
and related statistical data'®2%2'. Imhoff’s
representation spatially allocates the HANPP to the
location of its consumption. Haberl et al. made a
similar assessment of HANPP using process models

I Global Assessment of
Human-induced Soil
Degradation (GLASOD):
www.isric.org/data/
global-assessment-
human-induced-soil-
degradation-glasod

it Global NPP Loss In
The Degrading Areas
(1981-2003): www.fao.
org/geonetwork/srv/en/
metadata.show?id=
37055
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il Haberl database:
www.uni-klu.ac.at/
socec/inhalt/1191.htm
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and agricultural statistics that were consistent
with the estimates of Imhoff et al.3 The Haberl
representation spatially allocated the degradation
primarily to the agricultural and grazing areas
where the land degradation is actually taking place.
In some respects, the Haberl representation of land
degradation spatially allocates degradation to its
actual production location, whereas the Imhoff
representation allocates degradation to the spatial
location of the consumption of the products that
caused the degradation.

Spatially explicit global datasets were sought, that
could provide simple and general measures of
land degradation to be used as a factor to adjust
ESVs on a pixel by pixel basis. The Imhoff data??
was chosen as a demand-based proxy measure
and the Haberl data as a supply-based measure
informed by agricultural statistics. The Imhoff
data were partially derived from empirical satellite
observations of NPP using a time series of Advanced
Very High Resolution Radiometer (AVHRR) data.

The Haberl et al. databases also lent themselves
to this purpose and were easy to access''. These
theoretically derived datasets were also used to
assess HANPP. They consisted of several datasets
including the following:

1) NPP: Adynamic global vegetation model which
is used to represent potential NPP in terms of
gC/mZ/yr 23,24;

2) NPPact: an actual NPP layer calculated from
harvest statistics in agricultural areas and
livestock statistics that are used in grazing
areas;

3) NPPh: the NPP destroyed during harvest;

4) NPPt: the NPP remaining on the land surface
after harvest, and;

5) ANPPIc: the impact of human-induced land
conversions such as land cover change, land
use change, and soil degradation.

Two representations of land degradation were
created that varied in value from 0-100 in which
a zero corresponded to 100 per cent degradation
and 100 corresponded to no degradation at all.
With the Imhoff data, the representation of land
degradation was simply 100 - %HANPP (Figure 3a.1).
The Haberl representation was created using data
available at their website (www.uni-klu.ac.at/socec/
inhalt/1191.htm). A percentage ratio of the data was
created and named as NPPactual (tnap_all_gcm)
and NPPo (tn0O_all_gsm) (Figure 3a.2). Note this is
not identical to the measure of HANPP. Perusal of
these data show significant differences in that India
and China are much more degraded in the Imhoff
representation than in the Haberl representation.
In addition, the mid-west of the USA and central
Canada are much more significantly degraded
in the Haberl representation. It should be noted
that these differences do not suggest inaccuracy
on the part of either dataset. These datasets are
representative of two correlated but distinct
phenomena (e.g., ¥)HANPP and per cent of potential
NPP). Both were chosen because their juxtaposition
is an interesting exploration of the separation of
production and consumption as it manifests as
land degradation.

The third dataset used in this analysis was a
representation of ESV based on USD/ha/yr for each
type of land cover? (Figure 3a.3). For this study,
only terrestrial values were used, because the
representations of land degradation did not include
coastal estuaries, coral reefs, and ocean areas.
These figures present the data products as they
were obtained (i.e., in an unprojected geographic
or platte carre equi-rectangular projection). These
calculations assume ESVs are a function of areal
extent and consequently the analyses have all
been converted to their corresponding area. Two
representations of the ESV of degraded lands were
created via the very simple process of multiplying
three raster representations as follows:

ESV_Imhoff_degradation = ESV(Figure 3a.3 * Imhoff Degradation (Figure 3a.1) * Area in Hectares

ESV_Haberl_degradation = ESV(Figure 3a.3 * Haberl Degradation (Figure 3a.2) * Area in Hectares



FIGURE 3A.1

A representation of land degradation derived from Imhoff data

FIGURE 3A.2

A representation of land degradation derived from Haberl data
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FIGURE 3A.

Ecosystem service values
(adapted from Costanza et al., 2014?)
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This results in two new spatially explicit
representations of ecosystem service values as
‘degraded’ by the ‘Imhoff proxy’ and ‘Haberl proxy’
respectively. The global and national aggregations
of these are presented asresults. See Table4.1 and 4.2,
as well as Figure 4.1 in Chapter 4 for similar regional
analyses, as well as for per capita and per square
kilometre values. The Imhoff representation differs
markedly from the Haberl representation. The
Imhoff version is really more a map of the location
of the driving forces of land degradation, which
are a function of population and consumption. The
Haberl representation is a more spatially accurate
measure of actual land degradation where it
takes place; however, it captures agricultural land
degradation more effectively than degradation of
non-agricultural lands.

Results
The impacts on ecosystem service monetary

values that results if proxy measures are linearly
proportional to degradation of ecosystem function

are found in Appendix 3. Globally, the Haberl and
Imhoff proxies produce a 9.2 and 15.2 per cent
decrease respectively in the global annual value of
ecosystem services. Spatial variation between these
representations results in some stark differences in
their respective impacts on the value of ecosystem
services at national levels. In India, the theoretical
Haberl derived representation produces an impact
that is a 20.3 per cent loss of ESV, whereas with
the Imhoff derived representation produces a
72.8 per cent loss. With China, these differences
are 6.6 and 45.2 per cent. In the United States, the
differences are not as marked, at 8.0 and 16.0 per
cent degraded.

At the national level, the spatial patterns of land
degradation and their impacts on the loss of ESVs
can be similar or dramatically different between
the two approaches.

The island continent of Australia provides an
example of striking differences. The total value
of terrestrial ecosystem services in Australia
is roughly USD 3.2 trillion/yr?. The Haberl



representation of land degradation for Australia
includes most of Australia’s agricultural areas
and even some of the central scrublands whereas
the Imhoff representation is much more focused
on areas of intense human settlement in and
around the capital cities (Figure 3a.4). The loss of
ESV from the Imhoff and Haberl representations
are USD 79 and 224 billion/yr respectively. These
values differ by roughly a factor of three. The
overall losses presented here represent 2 per cent
(Imhoff) and 7 per cent (Haberl) annual loss of
ESV. These results are a consequence of the highly
urbanised and spatially concentrated population
of Australia and the fact that they are a net exporter
of food and ecosystem service values. The Haberl
representation is likely the best actual measure
of actual land degradation whereas the Imhoff
representation measures the land degradation

FIGURE

associated with the behaviour of the population of
Australia.

Nations in and around the Mekong Delta in
Southeast Asia diverge from the findings for
Australia. The total annual value of ecosystem
services for this region is roughly USD 1 trillion/
yr2. The overall spatial patterns of degradation
for the Haberl and Imhoff representations in the
Mekong Delta are more similar because these
countries have significant rural populations;
however, the Imhoff values tend to show higher
levels of degradation than the Haberl values. Here,
the Imhoff representation produces a much larger
loss of ESV (USD 275 billion/yr) than the Haberl
representation (USD 100 billion/yr) (Figure 3a.5). In
fact, the Imhoff representation produces a larger
loss of ecosystem services for all of these nations
except for Laos, in which the two numbers are USD

3A .4

Representations of land degradation and land cover for Australia
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FI1GURE

3A.5

Representations of land degradation and land cover for South-east Asia

11 and 9 billion/yr respectively. The overall values
presented here respectively represent a 27 per cent
(Imhoff) and 10 per cent (Haberl) annual loss of
ESV. This suggests that this region of the world is
in some sort of ecological deficit?5:26,

Germany also provides a striking contrast to
the patterns of degradation seen in Australia.
In Germany, the Imhoff representation shows
land degradation as widespread throughout the
nation, while the Haberl representation shows
degradation as much more concentrated in and
around the urban centers (Figure 3a.6). The annual
value of ecosystem services from German lands is
estimated to be USD 179 billion?. Here the empirical
Imhoff representation of degradation produces a

much larger percentage loss in annual ecosystem
service value (64 per cent or USD 114 billion) than
the Haberl representation (3 per cent or USD 4.8
billion). Here, the degradation represented in the
Imhoff representation is a result of the high levels
of consumption characteristic of the population
of a western European nation. The Haberl
representation is much less extensive and severe
likely as a result of significant soil inputs and a
highly regulated agricultural industry.

Bolivia is a nation that appears to have navigated
the challenges of land degradation fairly well so far.
The annual value of ecosystem services in Bolivia
was estimated at USD 1.27 trillion?. Here, the Haberl
and Imhoff representations of land degradation



FI1GURE

3A.6

Representations of land degradation and land cover for Germany

look much the way they did in Australia, in that
the degraded areas in the population based
Imhoff measure are concentrated in and around
human settlements, whereas the agricultural
representation derived from Haberl data is more
widespread throughout the agricultural areas. The
percentage loss of annual ESVs for Bolivia are 4 per
cent (USD 53 billion) and 2 per cent (USD 21 billion)
from the Imhoff and Haberl versions respectively.

The aforementioned variation between these
proxy measures of land degradation warrant some
exploration and characterisation. Nations vary
significantly in areal extent and human impacts
which can distort interpretation of scatterplots in
which a point for the small island nation of Samoa

has the same influence as the point for China. To
test for a measure of consilience between these
measures, authors looked at a Log — Log scatterplot
of the ‘effective area of degraded land’ for both the
Haberl and Imhoff proxy measures (Figure 3a.8).

‘Effective area of degraded land’ was calculated by
simply multiplying the percent degraded layer for
each proxy measure (i.e., the Haberl and Imhoff)
by the area layer and summing up for each nation
or territory. A simple linear scatterplot does show
increasing variance with much fewer points at
higher values. The essence of this exercise is to
simply demonstrate that these two approaches
show consilience with one another. Nonetheless,
it was expected to see significant differences
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FI1GURE

3A.7

Representations of land degradation and land cover for Bolivia

between these measures of land degradation
because one is spatially allocated to, and based
primarily on, agricultural practices and yields
(Haberl); whereas, the other is spatially allocated
to, and based on, the number and behaviour of the
population of the country (Imhoff).

It should also be noted that the differences between
these two approaches result in profoundly different
measures of ‘percentage of land degraded’ for
the nations of the world. The ‘percentage of land
degraded’ is simply calculated as ‘effective area of
degraded land’ divided by ‘total area of land’ for
each country. This does not adjust or account for
the value of the ecosystem services of those lands
(e.g., a 50 per cent degraded grassland will count
the same as a 50 per cent degraded wetland, etc.)
(Figure 3a.9).

Discussion and conclusion

Characterising, measuring, and mapping land
degradation has long been recognised as a
challenging task. Here, authors have presented a
simplifying approach to collapse the multivariate
phenomena of land degradation into a single
spatially varying number. Just as an SAT score
and an IQ test both measure intelligence, they
do not perfectly correlate nor do they capture
all the complexity of what is generally regarded
as intelligence. This simplification of land
degradation was used to estimate the impact
on ecosystem function and convert it into loss of
ecosystem service value.

The Haberl and Imhoff datasets were both
originally used to estimate HANPP in terms of Pg
Clyr (Haberl 15.6 Pg or 24 per cent of NPP, vs. Imhoff



FIGURE 3 A.8

Log-log scatterplot of national effective degraded land area

FIGURE 3A.9

Scatterplot of percentage of land degraded for 208 nations
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11.5 Pg or 20 per cent of NPP). The Haberl estimate
is significantly higher than the Imhoff estimate3,
yet when incorporated into these proxy measures
of land degradation, the Haberl representation
resulted in a lower global degradation rate of 10
per cent, whereas the Imhoff representation was
higher at 20 per cent.

Although they are both a reasonable and
useful measure of land degradation, these
representations of land degradation do not
measure the same thing. The Haberl measure
is simply the percentage of potential NPP that is
actually taking place (e.g., Actual NPP/Potential
NPP), which is representative of the fundamental
efficiency of an ecosystem from the perspective
of energy transformation via photosynthesis. The
Imhoff representation is derived from an allocation
of harvest processing and efficiency multipliers
applied to national level FAO data from seven
categories (vegetal foods, meat, milk, eggs, wood,
paper, and fibre) and spatially allocated to a global
representation of the population distribution.
The Haberl representation is the most valid ‘map’
of land degradation in terms of spatial patterns;
however, the Imhoff representation augments this
assessment from the perspective of separating
production from consumption. A country that
imports food is contributing to land degradation
in the agricultural areas of the countries it imports
food from.

These representations of land degradation are
nonetheless relevant to our understanding of
the economics of land degradation. Agricultural
lands provide a significant output of ecosystem
services not accounted for if only dollar values of
agricultural products are included (roughly USD
1.7 trillion/yr, or 2.8 per cent of the global annual
GDP). The simplifying assumption was made here
that these representations of land degradation can
be used as linear factors that reduce ecosystem
function and consequently the dollar value of
the ecosystem services provided that are not part
of agricultural product markets. This approach
produces an estimate of lost ecosystem services
that result from land degradation of USD 6.3 trillion/
yT (Haberl representation) and USD 15.2 trillion/yr
(Imhoff representation). The spatial patterns of the
Haberl representation are most characteristic of
actual land degradation resulting from agriculture
and forestry. However, the magnitude of this

damage may be better represented by the Imhoff
data for several reasons:

1) theImbhoff estimates are likely low because they
do not include components of NPP lost due to
land transformation;

2) the Imhoff measures are closer to other
estimates of HANPP produced by Vitousek et al.
(1986)' and Rojstaczer et al. (2001)"7;

3) neither approach captures aspects of land
degradation associated with climate change
(e.g. melting glaciers that might ultimately
disappear and impact land productivity in their
watershed), and;

4) other ongoing forms of land degradation are
not being accounted for (e.g., the potential
extinction of pollinating species that are
another serious manifestation of land
degradation).

How species extinction interacts with land
degradation, which in turn interacts with
biogeochemical cycles, are questions raised with
respect to ‘planetary boundaries’?”.

The earth is a beautiful, complex, and awe-
inspiring chunk of natural (and other types of)
capital that annually generates ecosystem services
valued at more than twice the size of the world’s
global GDP. In 1997, authors estimated the value of
these ecosystem services to be USD 33 trillion/year”.
This estimate of the global value of the world’s
ecosystem services was updated to a value of USD
145 trillion/yr in 20142 based on the assumption
that the world’s land surfaces and associated
ecosystems were all functioning at 100 per cent,
given the land cover distribution of the earth in
1997. Sadly, the world’s land surfaces and associated
ecosystems do not have the same distribution they
had in 1997 (e.g., roughly half the world’s coral reefs
are gone) nor are all these ecosystems functioning
at 100 per cent. Changes in land cover that have
occurred in the last 15 years have resulted in a
reduced estimate of the total value of the world’s
ecosystem services to USD 125 trillion/yr. This
represents a loss of roughly USD 20 trillion annually
due to land cover change alone. ESV has also been
lost as a function of reduced or impaired ecological
function. In this chapter, authors prepared a
simplified representation of land degradation as a
proxy measure of impaired or reduced ecological
function to make an estimate of the reduced value
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of ecosystem services caused by land degradation
using a very simplified average benefits transfer
approach. Resulting estimates based on two
proxy measures of land degradation are USD 6.3
and 10.6 trillion annually. This suggests that the
dollar value of ESV losses from land degradation
is roughly 50 to 75 per cent of the dollar value of
losses from land cover changes over the last 15
years. These measures of land degradation are
mostly associated with changes to agricultural
lands around the world. The lower estimate of lost
ESV of USD 6.3 trillion/yr is more than five times
larger than the entire value of agriculture in the
market economy. The ecological economics of land
degradation thus indicates that the economics
of land degradation is about a lot more than
agriculture, and supports the emphasis of the ELD
Initiative on total economic valuation inclusive of
all land and land-based ecosystem services.
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