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a b s t r a c t

Land use change can reduce the wealth and wellbeing of a nation by modifying its biodiversity. We used
value transfer methodology to estimate changes in the value of ecosystem services provided by natural
ecosystems in El Salvador, a country particularly impacted by natural disasters. Ecosystem services
(1998–2011) provided annually only by natural ecosystems declined by 2.6%, and are equal to 44% of El
Salvador’s GDP in 2011. Changes in services provided by tropical forests account for 90% of those losses,
followed by 9% for coastal wetlands. However, sensitivity analysis of changes per biome revealed that
changes for coastal wetlands are much more elastic than for tropical forests, emphasizing the severity
that further losses in coastal wetlands may incur. Forests reduce soil erosion and landslides while coastal
wetlands reduce hurricane damages. Focusing conservation efforts towards these ecosystems could re-
duce the occurrence of natural disasters, but their services should be complemented by those generated
in the agricultural matrix during forest and mangrove resurgence.

& 2015 Elsevier B.V. All rights reserved.
1. Introduction

Loss and modification of natural habitats brought about by land
use activities are one of the leading threats to biodiversity (Foley
et al., 2005). These changes reduce the provision of ecosystem
services that benefit human society. Because the value of goods
and services provided by ecosystems is rarely given weight in
driving policy decisions (Daily et al., 2000; Balmford et al., 2002;
NRC, 2005), neglecting society’s dependence on these provisions
and ignoring their importance effectively means ignoring society's
life support system. However, the value of this life support system
can be economically assessed, which allows a direct comparison to
other components normally included in decision making (i.e.
economic services, manufactured goods), and enables appropriate
assignment of priorities (Daily et al., 2009).

Policy decisions often do not consider natural capital. The stock
of materials at a given point in time and the manpower capable of
functioning as cogs in national policy systems have historically
taken precedence over natural capital (Costanza and Daly, 1992).
Failure to include natural capital in policy-making is exemplified
by the collapse of major global fisheries, where despite declining
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catch since 1989, it is still a heavily subsidized activity leading to
overfishing and further depletion of the stock upon which marine
fisheries depend upon (Myers and Kent, 2001; Robin et al., 2003).

Ecosystem services are the benefits that arise from ecological
processes resulting from the interactions among the components
of natural capital stocks that combine with manufactured and
human capital to produce human welfare (Constanza et al., 1997).
Decreases in the flow of natural goods and services resulting from
anthropogenic impacts on ecosystems by economic activities may
incur externalities. Ignoring the biophysical basis of ecological
systems undermines the importance of natural capital and will
likely reduce the wellbeing and possible survival of the human
species in the biosphere (Constanza et al., 1997). Therefore, ex-
ternal effects, such as changes in the flow of ecosystem services,
should be accounted for in economic analyses of national incomes
and promote polices that support sustainability and future human
wellbeing.

The Republic of El Salvador is the smallest nation (21,000 km2)
in Central America (Fig. 1), yet holds its highest population density
(294 p/km2) (UNSD, 2014). Like many other long-inhabited sub-
regions of Mesoamerica, El Salvador has a history of ecological
disturbance of over 4000 years by pre-Columbian farming leading
into modern agricultural practices (Dull, 2008). As a consequence,
presently less than 1% of land surface remains as old-growth forest
(Kernan and Serrano, 2010). However, forest resurgence that oc-
curred during the civil war that El Salvador suffered from 1980 to
1992 increased total forest cover to 14% until 2001 (UNSD, 2014),
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Fig. 1. Location of study area, the Republic of El Salvador.
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due to a retraction of the agricultural frontier stemming from in-
ternational migration (Hecht and Saatchi, 2007). El Salvador also
stands out as particularly impacted by natural disasters, such as
floods, tsunamis and landslides (Rose et al., 2004), potentially re-
lated to the fact that all but one of El Salvador’s ecosystems are
threatened by a high risk of collapse (Crespin and Simonetti, 2015).
These attributes establish El Salvador as a nation whose govern-
ment and policy-makers would benefit from having an estimated
value of the nation’s natural capital.

Change in land use has brought about changes in the flow of
ecosystem services through habitat loss. Estimating the economic
impact of this change allows us to ascertain if the increase of other
kinds of capital in national incomes compensates for the loss of natural
capital. Our aim was to determine how changes in land use have al-
tered the value of ecosystem services solely provided by the remaining
natural ecosystems of El Salvador, and to identify the importance that
natural capital holds in a nation’s income, measured as GDP. This as-
sessment could support future Salvadoran policy making and deci-
sions by granting an estimate of the services lost when converting
natural ecosystems to productive or urban land uses.

2. Materials and methods

Ecosystem services can be mapped using Troy and Wilson’s
(2006) spatially explicit unit value transfer method. Changes in the
provision of ecosystem services can be inferred from changes in
the surface area of ecosystems, as assessed in Kreuter et al. (2001),
Zhao et al. (2004), and Liu et al. (2012). A loss in the surface area of
ecosystems can translate into monetary losses through the use of
ecosystem service estimates of production per unit of area. This
requires land cover data spanning at least two time periods to
determine land use change, ecosystem service values per unit of
area for each biome type, and a test of elasticity to determine the
robustness of the estimated values.

2.1. Data collection

To estimate changes in the surface area of ecosystems in El Sal-
vador, we used data from the Ministry of Environment and Natural
Resources (MARN) consisting of two polygonal maps of El Salvador’s
ecosystems in 1998 and 2011 (Vreugdenhil et al., 2012). Remote sen-
sing data for 1998 were derived from Landsat 7 bands 4, 5 and 3 at a
30�30m resolution by a combination of paths 18 and 19 with rows
50 and 51 while data for 2011 were generated at a 15�15m re-
solution from multiple ASTER tiles. Vegetation fieldwork was done to
ground truth the data during 2011. We considered changes in the 25
land categories identified in the shapefiles, which consist of 23 ter-
restrial ecosystems that El Salvador hosts as well as the two major
recognized land use categories: agro-productive systems and urban
areas (Vreugdenhil et al., 2012).
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2.2. Ecosystem classification and biome assignment

The ecosystem shapefiles (Vreugdenhil et al., 2012) use the
UNESCO (1973) classification system which heavily relies on ve-
getation structure and physiognomy, elevation, and hydric regime.
We used de Groot et al.’s (2012) ecosystem service valuation that
classifies land cover according to biomes, a higher level of orga-
nization than ecosystems, and assigns a corresponding ecosystem
service value per ha per year ($/ha/year) to each biome. In order to
estimate ecosystem service values in El Salvador, we first assigned
each of El Salvador’s ecosystems to one of de Groot et al.’s (2012)
8 recognized terrestrial biomes with the corresponding ecosystem
service value ($/ha/year, 2007 price levels) (Supplementary Table
S1.1). We also included cultivated land, urban areas, desert, and
ice/rock/polar biomes which do not receive any value, since ac-
cording to de Groot et al.’s (2012) valuation, these biomes have
insufficient data for meaningful analysis. Assignment of ecosys-
tems was done using the most representative biome as proxy of
land cover (see de Groot et al., 2012, online supporting information).
All 11 tropical forest ecosystems were grouped into the tropical
forests biome, the mangrove forest ecosystem was regarded as the
coastal wetlands biome, while savannahs and paramo ecosystems
were grouped into the grasslands biome, and bodies of inland water
were grouped into the rivers and lakes biome (see Supplementary
Table S1.1). Only ecosystems that we designated to the desert biome
(scarcely vegetated tropical dune and beaches, and tropical coastal
vegetation in successional transition on very recent sediments) are
not explicit in de Groot et al.’s (2012) biome definitions, but most
closely meet the definition of barren lands for deserts even if not
arid. We included cultivated land and urban areas in the land-use
change analysis but excluded them from the ecosystem service
evaluation. Although the contribution of urban areas and cultivated
lands to ecosystem services has been valued (Constanza et al., 1997),
we exclude them from the value transfer as our interest lies ex-
plicitly in the decapitalization of the value of ecosystem services
provided by natural ecosystems in El Salvador.

2.3. ESV calculation

The total ecosystem service value provided by each biome was
estimated using Troy and Wilson’s (2006) formalized value
transfer method introduced by Kreuter et al. (2001), which con-
sists of using biome type as a proxy for ecosystem services and
multiplying the area of each biome by the service value of one unit
of area for each land use category, which we obtained from the de
Groot et al. (2012) supplementary material, as:

( )∑= × ( )AESV VC 1y k k

where ESVy is the total estimated ecosystem service value for a
single year in the sum of biome surface, Ak the area (ha) and VCk
the value coefficient ($/ha/year) for “k” biome. The change in ESV
was estimated as the difference between the estimated values for
each biome in 1998 and 2011. Although most studies upon which
de Groot et al. (2012) base their values do not originate from Latin
America, they represent a global average that grants them ap-
plicability while sacrificing precision.

We also calculated the change in ESV for each individual ser-
vice after Kreuter et al. (2001), multiplying the area where that
service is provided by the service value of each ecosystem service
for each biome:

( )∑= × ( )AESV VC 2y k sk

where Ak is the area of “k” biome (ha) and VCsk the value
coefficient of “s” service for “k” biome ($/ha/year). This allowed us
to explore the effect of land use change on each service by itself.
Due to any uncertainty regarding the precision of de Groot et
al.’s (2012) biomes as representations of El Salvador’s grouped
ecosystems, we determined how dependent our estimates are if
the value coefficients change, and tested the robustness of the
analysis by calculating elasticity; that is the percentage change in
the output for a given percentage change in an input (Mansfield,
1985). Elasticity was assessed as:

CS¼ ( − )
( − )
ESV ESV / ESV

VC VC / VC
j i i

jk ik ik
(3)

where CS is the coefficient of sensitivity, ESV is the estimated
ecosystem service value, VC is the value coefficient ($/ha/year), ‘i’
and ‘j’ are the initial and adjusted values, respectively, and ‘k’ re-
presents the land use category.

To be robust, we would expect the estimated ESVs to remain
invariant when other variables change. When CS is greater than
one, then the estimated value is elastic with respect to the changed
coefficient, changing when other variables change. But if the ratio is
less than one, then the estimated ecosystem value is considered to
be inelastic, with smaller ratios implying values more resistant to
change. We adjusted a change in magnitude of 50% for each coef-
ficient, in case large enough shifts up to that magnitude occur that
could affect the global average values for ecosystem services that de
Groot et al. (2012) provide. Hence, if our ESVs are inelastic with
respect to a variation of 50% we conclude the analysis to be robust.
Using the minimum and maximum values of ecosystem services
reported by de Groot et al. (2012) as VCjk does not change the CS
values. Also, using the same percent change as in other studies
enables comparisons to be made (e.g. Kreuter et al., 2001).

2.4. Comparison to national income

Changes in land use in El Salvador have altered natural capital,
here valued as economic changes in the provision of ecosystem
services supplied by natural ecosystems at the national level. This
in turn allows for a comparison between the value of services
provided by natural capital and national economic indicators of
production from manufactured and human capital, such as GDP. In
order to render comparisons of El Salvador’s GDP with the ESVs for
both 1998 and 2011, we standardized currency to 2007 interna-
tional dollars used by de Groot et al. (2012). We converted all data
for GDP and all other values cited in this study from their original
source in U.S. dollars to a constant 2007 price value using the
Oregon State University inflation convertor (Sahr, 2015). We chose
to standardize the common metric to 2007 U.S. dollars so that our
values could be compared to any other study utilizing the database
provided by de Groot et al. (2012).

2.5. Caveats and limitations

During our ESV estimation, we assumed that urban areas and
cultivated lands do not contribute to the production of natural
ecosystem services. This assumption conveys an underestimation
of the total value of services provided by biodiversity, be it native
or domesticated (Haase et al., 2014). The provision of food is a
service, so the transformation of natural areas into cultivated land
does not necessarily imply a net decline in ecosystem services.
While we agree that urban areas and cultivated lands offer eco-
system services, we aim to highlight the loss of services provided
by natural ecosystems as a way to stress the decapitalization
processes facing El Salvador. We also emphasize that the entire
Mesoamerican landscape is a human-modified environment with
over 10,000 years of management (DeClerck et al., 2010); therefore
to enable meaningful analysis, our definition of what is “natural”
encompasses only native and nonurban or cultivated ecosystems.
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Another caveat is in place. The dearth of local economic va-
luations for El Salvador forces us the use of generalized values,
such as de Groot et al.’s (2012) valuation database: the TEEB Va-
luation Database (Van der Ploeg and de Groot, 2010). This work
compiles ecosystem service values from different biogeographical
regions and valuation methods from many case study locations
each with individual societal needs, including entries from three
different references in El Salvador and only for coastal wetlands.
Widening the search to Central America, we find entries only for
tropical forest and coastal wetlands biomes. Following Richardson
et al. (2014) unit value transfer guidelines “ …if there are no stu-
dies that meet all the criteria for an ideal benefit transfer, an
average value may better reflect the criteria by at least partially
canceling out biases in individual studies”, the lack of local data
pushes us to use the world values despite low precision.

Almost all of El Salvador's 19 terrestrial ecosystems qualify as
threatened, 6 are endangered, 11 critically endangered, and 1 has
already collapsed, placing the nation in dire straits with regard to
the status of its environment (Crespin and Simonetti, 2015).
Therefore, despite the drawbacks of a full value transfer, urgency
warrants us to rely on available generalizations as the best alter-
native until local data is generated. The buildup of in situ ESV data
would further delay the message. Beyond precision, we seek to
stress the state of decapitalization of nature in El Salvador.
3. Results

3.1. Land use change

Cultivated land is the most common landscape category (82% of
El Salvador´s total area), whose 2% increase alone from 1998 to 2011
is equal to nine times the remaining land area of grasslands and is
nearly equal to the current extent of coastal wetlands (Table 1). In
total, by 2011, 12% of terrestrial natural biome surface had been
substituted by cultivated land and urban areas since 1998. Seven
out of ten biomes exhibited changes in land use from 1998 to 2011.
Tropical forests, grasslands and coastal wetlands decreased and
respectively represent 93.5%, 6.2% and 0.3% of total biome reduc-
tion, while cultivated land, urban areas, inland wetlands and rivers
and lakes respectively represent 74.4%, 25.0%, 0.5% and 0.1% of total
biome increase. With regards to their initial surface area in 1998, in
2011 grasslands lost 42.7%, tropical forest suffered a 16.2% loss, and
lastly coastal wetlands had a small decrease of 0.3%. In contrast,
from 1998 to 2011, urban areas increased by 40.9%, while inland
wetlands, cultivated land as well as rivers and lakes increased
4.06%, 2.07% and 0.16%, respectively. Ice/rock/polar, desert and
coastal systems did not present detectable changes.
Table 1
Estimated areas and land use change in El Salvador from 1998 to 2011. Columns corresp
difference in absolute and relative area.

1998

Biome ha %

Urban areas 28751.54 1.36 4
Cultivated land 1694643.22 80.24 172
Tropical forest 272049.00 12.88 22
Grasslands 6882.06 0.33
Inland wetlands 5326.82 0.25
Coastal wetlands 38565.69 1.83 3
Rivers and lakes 38302.38 1.81 3
Ice/rock/polar 6323.08 0.30
Desert 2432.21 0.12
Coastal systems 18568.90 0.88 1
Total 2111844.89 100.00 211
3.2. Ecosystem service sensitivity analysis

Adjusting coefficients used to estimate ESV by 50% produced
generally low CS values, suggesting robustness (Supplementary
Table S1.2). Changing the coefficient for coastal wetlands by 50%
caused the highest change in value, followed by tropical forests,
accounting for 38.3% and 7.3% of the applied 50% change (CS of
0.15 and 0.77, respectively) in 1998, and 39.2% and 6.3% of the
applied 50% change (CS of 0.13 and 0.78, respectively) in 2011.
Tropical forests comprise the largest extension of natural land-
scapes (66.7%), while coastal wetlands, formed mainly from
mangrove forests, represent a much smaller extension (11.3%).
However, coastal wetlands hold the largest ecosystem service
coefficient, and any change in coastal wetlands will have a greater
impact on ESV than other biomes.
3.3. Changes in ecosystem service value

Based on the de Groot et al. ecosystem service value coeffi-
cients, during the 1998 – 2011 period, ESV in El Salvador from
natural ecosystems decreased by 2.6% from $9764.4 million per
year to $9505.9 million per year (Table 2). Assuming a linear loss,
this extends to an accumulative net loss of $1,809.35 million in
ecosystem services between 1998 and 2011. Using maximum es-
timates of the value coefficients for each ecosystem service in all
biomes decreased ESV by 2.5%, while minimum estimates trigger a
decrease of 7% in ESV. The discrepancy between the decrease of
ESV when employing maximum and minimum estimates is due to
the fact that the minimum inland wetlands coefficient is so low
that it fails to compensate for ESV lost from the other biomes at
the same magnitude it does when using average or maximum
estimates. These changes in magnitude of the decrease are a result
of differences in the highly skewed distributions in de Groot et al.’s
(2012) coefficients when using the registered maximum or mini-
mum values.

Most individual ecosystem services tend to decline: 77% of the
22 service types present negative changes (Table 3). The three
highest drops in value occurred in pollination and air quality
regulation, both decreasing by 16.2%, and in climate regulation,
declining 15.8%. As a whole, the greatest changes in magnitude
occur in provisioning services (�11.27%), followed by cultural
(�8.79%), regulating (�1.64%) and lastly habitat services
(�0.98%). Changes in tropical forests are largely responsible for
the loss of ecosystem service value, accounting for 90% of total ESV
loss. For each biome’s contribution to individual ecosystem ser-
vices, refer to Supplementary information 2.
ond to the absolute (ha) and relative (%) areas of each biome in 1998, 2011 and the

2011 1998–2011

ha % ha %

0531.62 1.92 11780.07 40.97
9742.41 81.91 35099.19 2.07
7955.06 10.79 �44093.94 �16.21
3942.58 0.19 �2939.48 �42.71
5542.88 0.26 216.06 4.06
8443.00 1.82 �122.69 �0.32
8363.17 1.82 60.79 0.16
6323.08 0.30 0.00 0.00
2432.20 0.12 0.00 0.00
8568.90 0.88 0.00 0.00
1844.89 100.00



Table 2
Total ecosystem service value (ESV in US$/yr, 2007 price levels) estimated for each biome in El Salvador using de Groot et al. coefficients, and the overall change and rate of
change between 1998 and 2011.

1998 2011 1998–2011

Biome ESV ($/ha/year) $/year % $/year % $/year % %/year

Urban areas 0 0 0.00 0 0.00 0 0.00 0.00
Cultivated land 0 0 0.00 0 0.00 0 0.00 0.00
Tropical forest 5263 1,431,793,881 14.66 1,199,727,460 12.62 � 232,066,421 �16.21 �1.25
Grasslands 2872 19,765,273 0.20 11,323,096 0.12 � 8,442,178 �42.71 �3.29
Inland wetlands 25,681 136,798,130 1.40 142,346,676 1.50 5,548,546 4.06 0.31
Coastal wetlands 193,843 7,475,688,863 76.56 7,451,906,837 78.39 � 23,782,026 �0.32 �0.02
Rivers and lakes 4267 163,436,252 1.67 163,695,634 1.72 259,382 0.16 0.01
Ice/rock/polar 0 0 0.00 0 0.00 0 0.00 0.00
Desert 0 0 0.00 0 0.00 0 0.00 0.00
Coastal systems 28,916 536,938,190 5.50 536,938,168 5.65 �22 0.00 0.00
Total 9,764,420,588 100.00 9,505,937,869 100.00 � 258,482,719 �2.65 �0.20

Table 3
Total ecosystem service value in El Salvador (ESV in US$/yr, 2007 price levels) estimated for each service, overall change between 1998 and 2011, and tendency to increase or
decrease.

1998 2011 1998–2011

Service type $/year $/year $/year %

Provisioning services 748,519,262 664,183,885 � 84,335,378 �11.27
Food provisioning 157,058,663 144,738,813 � 12,319,850 �7.84
Water supply 126,116,735 124,798,575 � 1,318,160 �1.05
Raw materials 39,510,108 35,698,327 � 3,811,781 �9.65
Genetic resources 3,922,294 3,347,846 � 574,448 �14.65
Medicinal resources 421,304,204 354,968,435 � 66,335,769 �15.75
Ornamental resources 607,258 631,888 24,630 4.06
Regulating services 7,883,302,736 7,754,041,845 � 129,260,892 �1.64
Air quality regulation 3,264,588 2,735,461 � 529,127 �16.21
Climate regulation 570,344,196 480,196,059 � 90,148,138 �15.81
Disturbance moderation 240,226,128 237,304,574 � 2,921,554 �1.22
Regulation of water flows 122,902,925 109,034,009 � 13,868,916 �11.28
Waste treatment/water purification 6,277,833,700 6,258,120,816 � 19,712,885 �0.31
Erosion prevention 640,850,912 640,141,368 � 709,544 �0.11
Nutrient cycling/soil fertility 11,676,450 11,908,752 232,302 1.99
Pollination 8,161,470 6,838,652 � 1,322,818 �16.21
Biological control 8,042,367 7,762,155 � 280,212 �3.48
Habitat services 699,925,626 693,065,245 � 6,860,381 �0.98
Lifecycle maintenance 425,458,227 423,724,417 � 1,733,810 �0.41
Genetic diversity 274,467,398 269,340,828 � 5,126,571 �1.87
Cultural services 432,672,964 394,646,895 � 38,026,068 �8.79
Esthetic information 8,031,559 7,819,811 � 211,748 �2.64
Recreation 420,114,167 382,148,606 � 37,965,560 �9.04
Inspiration 3,728,776 3,880,015 151,240 4.06
Spiritual experience 389,947 389,947 0 0.00
Cognitive development 408,516 408,516 0 0.00
Total 9,764,420,588 9,505,937,869 � 258,482,719 �2.65
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3.4. National economic importance of ecosystem services

The value of ecosystem services in 1998 ( 9764�106 $) is
equivalent to 63% of the GDP (15,277�106 $), decreasing to 44% (
9505�106 $) of the GDP (21,606�106 $) in 2011. Note that during
this period, ESV declined by 2.6% and GDP increased by 41%
(Supplementary Table S1.3).
4. Discussion

4.1. Limitations of value transfer

There is a difference between the biome classification analyzed
by de Groot et al. (2012) and the classification used in El Salvador.
Because El Salvador's classification included more categories, we
aggregated them in de Groot et al.'s (2012) 8 terrestrial biomes.
This aggregation immediately assumes uniformity among and
within the aggregated categories (Eigenbrod et al., 2010). For ex-
ample, we assigned the paramo to the grassland category follow-
ing de Groot et al. (2012), however tropical grasslands and paramo
systems carry inherently different values of ecosystem services,
such as the regulation of water flows and water supply provided
by paramos and minimally by grasslands. Accordingly, the results
can present a subvaluation of ecosystem services of the paramos in
El Salvador.

We warn that due to the ambiguity of the methodology used,
all the estimated values should only be understood for academic,
educational, or conservation purposes. We insist that in the event
an accurate monetary value of natural capital for compensation



Fig. 2. Natural landscapes remaining in El Salvador c. 1998 (A) and 2011 (B). Green represents remaining natural landscape, blue areas represent water, orange and black
represent cultivated land and urban areas, respectively.
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purposes or for any purpose that has economic impacts is re-
quired, a specific study in the area of interest must be done.

4.2. Loss of ecosystem services and attendant economic and societal
losses

Worldwide, avoiding depletion of natural capital is a priority
(Millennium Ecosystem Assessment, 2005), while land use change
is the major driver of changes in biodiversity (Sala et al., 2000). In
El Salvador, the current trend in land use change is associated with
a decrease in natural landscapes, accompanied with an increasing
emphasis on urban area expansion (Fig. 2), evinced by the increase
in population from 5.895 to 6.218 million in 1998 and 2010, re-
spectively (United Nations, 2013), even when faced with massive
international and urban migration (Hecht et al., 2006). Salvadoran
population was evenly distributed between urban and rural areas
in 1990 when the civil war was nearing its end (49.7% urban po-
pulation), but by 2010 the population had shifted toward urban
zones (60.2% urban population) (CELADE, 2012). In the span of 13
years, the decrease in the value of ecosystem services provided by
natural ecosystems in El Salvador has translated to a loss of 2.6% in
the yearly provision of services through the process of replacing
12% of natural landscapes with agro-productive systems and urban
areas. This difference in value is not trivial; it represents 1.7% of El
Salvador's GDP in 1998. While the decline in ESV per year for El
Salvador is not high when compared to ecosystem service losses in
the US, Laos and China (Table 4), for El Salvador the decline in the
value of ecosystem services between 1998 and 2011 represents a
loss equal to nearly 14% of the country’s public debt of $12,951
million (BCR, 2012). This is a conservative estimate, for if we were
to employ the maximum values for the ecosystem service coeffi-
cients reported by de Groot et al. (2012), then the loss of ESV
would ascend to 11% of the GDP in 2011, while ESV increases to
more than twice the GDP in 1998. Even using minimum coefficient
values yield ESV equaling 6.5% and 4.3% of the GDP in 1998 and
2011, respectively, still a considerable amount of a nation’s capital.

Among all values for the estimated ecosystem services, polli-
nation is the most affected, critical when 11.6% of El Salvador's GDP
comes from the agricultural sector (BCR, 2012), and 20.9% of El
Salvador’s employed population depends on agriculture as a way
of life (World Bank, 2015). Although globally frequent pollinators
consist of introduced species, in the tropics visits from stingless
native bees produce significant increases in crop yield (Heard,
1999). If pollination services continue to drop, the agro-productive
sector might need to compensate to pollinate crops (such as hiring
beekeepers), and prices may increase in order to maintain rev-
enue. Decrease in air quality regulation is also problematic, since
annual particulate matter with diameter of 10 μm (PM10) in El
Salvador is 52 mg/m3, which exceeds the World Health Organiza-
tion upper limit guideline of 20 mg/m3 (World Health Organization,



Table 4
Previous ecosystem service valuations of land use change and percentage of decline reported in ESV.

Location Study period ΔESV % ΔESV %/yr References

Zoige Plateu, China 1975–2005 �4.6 �0.15 Li et al., 2010
NW Guangxi, China 1985–2005 �3.1 �0.15 Zhang et al., 2011
Taiyuan City, China 1990–2005 �2.7 �0.18 Liu et al., 2012
El Salvador 1998–2011 �2.6 �0.20 This study
San Antonio, Texas, USA 1976–1991 �3.6 �0.24 Kreuter et al., 2001
Northern Part of Lao PDR 1992–2002 �16.2 �1.62 Yoshida et al., 2010
Sanjiang Plain, Heilongjiang Province, China 1980–2000 �41.5 �2.08 Wang et al., 2006
HaDaQi industrial corridor, Heilongjiang Province, China 1990–2005 �29.0 �2.26 Zang et al., 2011
Chongming Island, China 1990–2000 �62.0 �6.20 Zhao et al., 2004
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2011). This exemplifies that loss of natural capital is not only tied
to the economy, but as it wanes, so does the life support system
that we depend upon.

The consequences of other declining services such as climate
regulation and water flow regulation may have already been felt:
expenditures of up to $ 2715 million (EM-DAT, 2012) or �1.1% of
the GDP in damage costs from floods and hurricanes and a sub-
stantial amount of casualties during this same period (1998–2011).
Considering costs per event, each disaster represents 3.6% of an-
nual GDP, while the agricultural sector, which has eliminated na-
tive forests (Vreugdenhil et al., 2012), amounts to an average of
10% of a year's GDP during the same period. The fact that lakes
increased 61 ha is possibly related to an increased rainfall from
2105 ml in 1998 to 2428 ml in 2011, the year with the second
largest volume of rainfall registered in El Salvador (CEPAL, 2011).
This illustrates that by losing ecosystem services there is not only a
decline in environmental benefits but also the manifestation of
adverse effects of increasing compensations for the aforemen-
tioned losses. Preventing further loss of ecosystem service provi-
sion then becomes a priority.

This loss of ecosystem service value is mostly attributable to a
decreasing area of tropical forest, where a loss of 16% of its area is
responsible for 90% of the total observed loss in ESV. Coastal
wetlands account for 9% of the loss, even when only having de-
creased 0.3% in size. This result emphasizes the severity of impacts
that further losses in coastal wetlands may incur. El Salvador's
coastal wetlands, represented by mangrove forests, are the first
barrier against flooding and tsunamis, preventing erosion and
natural disasters, and maintaining lifecycles and nursery of stock
upon which much of El Salvador's local and commercial fisheries
sustain themselves. Had the mangrove forests lost the same per-
centage of area as tropical forests, the total loss of ecosystem
services in El Salvador would have risen to 4.7 times its current
amount. While woodland resurgence occurred from 1992 to 2001,
mainly due to the lasting effects of the Salvadoran Civil War, such
as the resulting international migration, the associated re-
mittances and concomitant retraction of agricultural frontier
(Hecht and Saatchi, 2007), the last decade (1998–2011) has see-
mingly reversed the trend.

Therefore, we suggest focusing funds in conservation towards
tropical forests and coastal wetlands. Because tropical forests and
coastal wetlands are the prime contributors towards ESV in El
Salvador, protection of these biomes should now be a conservation
priority. Whereas tropical forests have lost significant surface and
coastal wetlands have not, they are both endangered (Crespin and
Simonetti, 2015) and essential in slowing down the rate of decline
in the provision of ecosystem services, therefore the former re-
quire reactive strategies to recuperate area while the latter need
proactive strategies to prevent loss of area. However, public
spending on protected areas in El Salvador in 2008 amounts to
$395,404 (Bovarnick et al., 2010), equal to 0.004% of the ESV for
2011. In the 13 years since El Salvador first established its
environmental law in 1998 (Diario Oficial, 1998), it has increased
its protected area system from 0.4 to 0.8% of its land area, leaving
94% of natural land biomes susceptible to threats from land use
change (IUCN and UNEP-WCMC, 2013).

The methodology of value transfer carries the typical uni-
formity error, the assumption that the values of ecosystem services
are constant throughout the entire biome, however some places
are more important in the provision of services than others (Ei-
genbrod et al., 2010). Consequently, prioritizing regions within
tropical forests and coastal wetlands in decision making will re-
quire a localized study. Though if natural biomes are as limited as
in El Salvador, where they represent 16% of land area, it should be
an imperative that all natural area be protected.

Averting further loss of natural capital now becomes a question
of not only how to prevent further shifts from natural to anthropic
landscapes, but also of how to gain back lost ground. It is the agro-
productive systems, whose increase of 2.1% is three times the ex-
pansion of urban areas in absolute terms, which represent the
greatest threat to the biodiversity and natural landscapes of El
Salvador, as they threaten 44.2% of El Salvador's threatened species
(IUCN, 2015). However, cultivated land is not barren, since native
species are known to use it (Vandermeer and Perfecto, 2007). Al-
though it may not be the most suitable habitat, agro-productive
systems can still be of use for biodiversity, and therefore, may have
some ecosystem service value. In this context, a strategy that
minimizes the contrast between the agricultural matrix and tro-
pical forests should have the highest probability of succeeding in
minimizing loss of service provision.

4.3. El Salvador and the forest transition model

The dominant narrative in the literature of Latin America re-
garding forest dynamics presents a “green revolution” based on
increasing forest cover called the forest transition model (Hecht,
2014). Hecht and Saatchi (2007) show increasing tree cover taking
place in El Salvador during the 1990s without discriminating be-
tween native forests and shaded coffee plantations. Shaded coffee
certainly has potential for land-sharing conservation strategies
such as increasing surface for canopy tree species and offering
substitute habitat for animals, however caution must be taken
when affirming forest transition has taken place when coupling
native forests and exotic plantations. During the 2000s native
forest ecosystems have become more endangered than ever
(Crespin and Simonetti, 2015), and conflicting evidence for the
1990s report the clearing of 13% of shaded coffee areas (Blackman
et al., 2007). Perhaps El Salvador did undergo forest transition
during the 1990s, but uncoupling native forest and plantations
during the 2000s reveals a different story. Our present work does
not support the forest transition model in El Salvador for native
forests during the 2000s and instead shows a decline in surface
area that has consequences for society in the form of devalued
natural capital.
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5. Concluding remarks

To avoid further depletion of natural capital, both reactive and
proactive strategies should be implemented. While protection of
all natural biomes is certainly a necessary commitment, it would
not be enough. A complementary strategy would require taking
advantage of the dominant land use in El Salvador: the agro-pro-
ductive systems. Payments for environmental services (PES), such
as environmental certifications, can be extended as subsidies for
maintaining current natural extensions, maintaining current
agricultural frontiers or incentivizing crops that form an agri-
cultural matrix that offers the least amount of contrast with native
forests, such as the aforementioned shaded coffee plantations.
Such agroforestry systems supported by PES might already have a
niche within the existing Mesoamerican Biological Corridor,
complementing the scarce protected areas in El Salvador (Crespin
and García-Villalta, 2014). Implementation of PES will need iden-
tification and quantification of services present (Herrador and
Dimas, 2000). Ready-to-use mechanisms for PES include the
World Bank’s BioCarbon Fund (http://wbcarbonfinance.org/BioCF;
McDowell, 2002) and the newly designed REDDþ (http://www.
un-redd.org; Groom and Palmer, 2012; Kettle, 2012) to stop de-
forestation, addressing the need felt for regulation of water flows
during floods and hurricanes. The creation of markets for other
environmental services may increase the viability of ecological
restoration efforts. To achieve this, it is imperative for policy to not
only consider effectively slowing down the rate of loss of natural
landscapes, but to consider generating ecosystem services outside
protected areas, through conservation strategies employing the
agricultural matrix. Doing so will enable El Salvador to prevent
further loss of natural capital and incorporate it into its
development.
Acknowledgments

S.J.C. is a fellow of the Chilean International Cooperation
Agency (AGCI), as well as fellow of the Faculty of Science, Uni-
versity of Chile. Their support is appreciated. We thank two
anonymous reviewers for improving the quality of the manuscript.
Appendix A. Supplementary material

Supplementary data associated with this article can be found in
the online version at http://dx.doi.org/10.1016/j.ecoser.2015.10.
020.
References

Balmford, A., Bruner, A., Cooper, P., Costanza, R., Farber, S., Green, R.E., Jenkins, M.,
Jefferiss, P., Jessamy, V., Madden, J., Munro, K., Myers, N., Naeem, S., Paavola, J.,
Rayment, M., Rosendo, S., Roughgarden, J., Trumper, K., Turner, K., 2002. Eco-
nomic reasons for conserving wild nature. Science 297, 950–953. http://dx.doi.
org/10.1126/science.1073947.

BCR (Banco Central de Reserva de El Salvador), 2012. Base de datos económica-
financiera. 〈http://www.bcr.gob.sv/〉 (accessed 13.03.15).

Blackman, A., Ávalos-Sarotorio, B., Chow, J., 2007. Tree Cover Loss in El Salvador's
Shade Coffee Areas. Resources for the Future, Washington, DC. 〈http://www.rff.
org/rff/events/upload/23548_1.pdf〉 (accessed 13.03.15).

Bovarnick, A., Fernandez Baca, J., Galindo, J., Negret, H., 2010. Financial Sustain-
ability of Protected Areas in Latin America and the Caribbean: Investment
Policy Guidance. United Nations Development Programme (UNDP) and The
Nature Conservancy (TNC), New York.

CELADE (Latin American and Caribbean Demographic Centre – Population Division
of ECLAC), 2012. Long term population estimates and projections 1950–2100,
the 2012 revision. Santiago, Chile, Economic Commission for Latin America and
the Caribbean (ECLAC). 〈http://www.eclac.cl/celade/〉 (accessed 21 November
2014).
CEPAL, 2011. Evaluación de Daños y Pérdidas en El Salvador Ocasionados por la
Depresión Tropical 12E. Presidencia de la República de El Salvador, San Salva-
dor, El Salvador.

Constanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K.,
Naeem, S., O’Neil, R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M., 1997.
The value of the world's ecosystem services and natural capital. Nature 387,
253–260. http://dx.doi.org/10.1038/387253a0.

Costanza, R., Daly, H.E., 1992. Natural capital and sustainable development. Conserv.
Biol. 6, 37–46. http://dx.doi.org/10.1046/j.1523-1739.1992.610037.x.

Crespin, S.J., García-Villalta, J.E., 2014. Integration of land-sharing and land-sparing
conservation strategies through regional networking: the Mesoamerican Bio-
logical Corridor as a lifeline for carnivores in El Salvador. AMBIO 43, 820–824.
http://dx.doi.org/10.1007/s13280-013-0470-y.

Crespin, S.J., Simonetti, J.A., 2015. Predicting ecosystem risk of collapse: spatial
factors that influence risks to tropical ecosystems. Austral Ecol. 40, 492–501.
http://dx.doi.org/10.1111/aec.12209.

Daily, G.C., Söderqvist, T., Aniyar, S., Arrow, K., Dasgupta, P., Ehrlich, P.R., Folke, C.,
Jansson, A., Jansson, B.-O., Kautsky, N., Levin, S., Lubchenco, J., Mäler, K.-G.,
Simpson, D., Starrett, D., Tilman, D., Walker, B., 2000. The value of nature and
the nature of value. Science 289, 395–396. http://dx.doi.org/10.1126/
science.289.5478.395.

Daily, G.C., Polasky, S., Goldstein, J., Kareiva, P.M., Mooney, H.A., Pejchar, L., Ricketts,
T.H., Salzman, J., Shallenberger, R., 2009. Ecosystem services in decision mak-
ing: time to deliver. Front. Ecol. Environ. 7, 21–28. http://dx.doi.org/10.1890/
080025.

de Groot, R., Brander, L., van der Ploeg, S., Costanza, R., Bernard, F., Braat, L., Christie,
M., Crossman, N., Ghermandi, A., Hein, L., Hussain, S., Kumar, P., McVittie, A.,
Portela, R., Rodriguez, L.C., ten Brink, P., van Beukering, P., 2012. Global esti-
mates of the value of ecosystems and their services in monetary units. Ecosyst.
Serv. 1, 50–61. http://dx.doi.org/10.1016/j.ecoser.2012.07.005.

DeClerck, F.A.J., Chazdon, R., Holl, K.D., Milder, J.C., Finegan, B., Martinez-Salinas, A.,
Imbach, P., Canet, L., Ramos, Z., 2010. Biodiversity conservation in human-
modified landscapes of Mesoamerica: past, present and future. Biol. Conserv.
143, 2301–2313. http://dx.doi.org/10.1016/j.biocon.2010.03.026.

Diario Oficial, 1998. Ley del Medio Ambiente. Decreto legislativo No.233. El Salva-
dor, San Salvador.

Dull, R.A., 2008. Unpacking El Salvador’s ecological predicament: theoretical tem-
plates and ‘‘long-view’’ ecologies. Glob. Environ. Chang. 18, 319–329. http://dx.
doi.org/10.1016/j.gloenvcha.2008.03.002.

Eigenbrod, F., Armsworth, P.R., Anderson, B.J., Heinemeyer, A., Gillings, S., Roy, D.B.,
Thomas, C.D., Gaston, K.J., 2010. Error propagation associated with benefits
transfer-based mapping of ecosystem services. Biol. Conserv. 143, 2487–2493.
http://dx.doi.org/10.1016/j.biocon.2010.06.015.

EM-DAT, 2012. The OFDA/CRED International Disaster Database. Université Cath-
olique de Louvain, Brussels. 〈http://www.emdat.be/〉 (accessed 11.07.14).

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.H., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,
Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N., Snyder, P.K.,
2005. Global consequences of land use. Science 390, 570–574. http://dx.doi.org/
10.1126/science.1111772.

Groom, B., Palmer, C., 2012. REDDþ and rural livelihoods. Biol. Conserv. 154, 42–52.
http://dx.doi.org/10.1016/j.biocon.2012.03.002.

Haase, D., Larondelle, N., Andersson, E., Artmann, M., Borgström, S., Breuste, J.,
Gomez-Baggethun, E., Gren, Å., Hamstead, Z., Hansen, R., Kabisch, N., Kremer, P.,
Langemeyer, J., Rall, E.L., McPhearson, T., Pauleit, S., Qureshi, S., Schwarz, N.,
Voigt, A., Wurster, D., Elmquist, T., 2014. A quantitative review of urban eco-
system service assessments: concepts, models, and implementation. AMBIO 43,
413–433. http://dx.doi.org/10.1007/s13280-014-0504-0.

Heard, T.A., 1999. The Role of stingless bees in crop pollination. Annu. Rev. Entomol.
44, 183–206. http://dx.doi.org/10.1146/annurev.ento.44.1.183.

Hecht, S.B., Kandel, S., Gomes, I., Cuellar, N., Rosa, H., 2006. Globalization, forest
resurgence, and environmental politics in El Salvador. World Dev. 34, 308–323.
http://dx.doi.org/10.1016/j.worlddev.2005.09.005.

Hecht, S., Saatchi, S., 2007. Globalization and forest resurgence: changes in forest
cover in El Salvador. Bioscience 57, 663–672. http://dx.doi.org/10.1641/
B570806.

Hecht, S.B., 2014. Forests lost and found in tropical Latin America: the woodland
‘green revolution’. J. Peasant. Stud. 41, 877–909. http://dx.doi.org/10.1080/
03066150.2014.917371.

Herrador, D., Dimas, L., 2000. Payment for environmental services in El Salvador.
Mt. Res. Dev. 20, 306–309. http://dx.doi.org/10.1659/0276-4741(2000)020
[0306:PFESIE]2.0.CO;2.

IUCN, 2015. The IUCN Red List of Threatened Species. Version 2015-3 〈http://www.
iucnredlist.org〉. (accessed 09.09.15).

IUCN, UNEP-WCMC, 2013. The World Database on Protected Areas: January 2013.
UNEP-WCMC, Cambridge. 〈http://www.wdpa.org〉 (accessed 9.09.14).

Kernan, B.S., Serrano, F., 2010. Report on Biodiversity and Tropical Forests in El
Salvador. USAID, San Salvador, El Salvador.

Kettle, C.J., 2012. Seeding ecological restoration of tropical forests: priority setting
under REDDþ . Biol. Conserv. 154, 34–41. http://dx.doi.org/10.1016/j.
biocon.2012.03.016.

Kreuter, U.P., Harris, H.G., Matlock, M.D., Lacey, R.E., 2001. Change in ecosystem
service values in the San Antonio area, Texas. Ecol. Econ. 39, 333–346. http://dx.
doi.org/10.1016/S0921-8009(01)00250-6.

Li, J., Wang, W., Hu, G., Wei, Z., 2010. Changes in ecosystem service values in Zoige
Plateau, China. Agric. Ecosyst. Environ. 139, 766–770. http://dx.doi.org/10.1016/

http://www.un-redd.org
http://www.un-redd.org
http://dx.doi.org/10.1016/j.ecoser.2015.10.020
http://dx.doi.org/10.1016/j.ecoser.2015.10.020
http://dx.doi.org/10.1126/science.1073947
http://dx.doi.org/10.1126/science.1073947
http://dx.doi.org/10.1126/science.1073947
http://dx.doi.org/10.1126/science.1073947
http://www.bcr.gob.sv/
http://www.rff.org/rff/events/upload/23548_1.pdf
http://www.rff.org/rff/events/upload/23548_1.pdf
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref2
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref2
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref2
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref2
http://www.eclac.cl/celade/
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref3
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref3
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref3
http://dx.doi.org/10.1038/387253a0
http://dx.doi.org/10.1038/387253a0
http://dx.doi.org/10.1038/387253a0
http://dx.doi.org/10.1046/j.1523-1739.1992.610037.x
http://dx.doi.org/10.1046/j.1523-1739.1992.610037.x
http://dx.doi.org/10.1046/j.1523-1739.1992.610037.x
http://dx.doi.org/10.1007/s13280-013-0470-y
http://dx.doi.org/10.1007/s13280-013-0470-y
http://dx.doi.org/10.1007/s13280-013-0470-y
http://dx.doi.org/10.1111/aec.12209
http://dx.doi.org/10.1111/aec.12209
http://dx.doi.org/10.1111/aec.12209
http://dx.doi.org/10.1126/science.289.5478.395
http://dx.doi.org/10.1126/science.289.5478.395
http://dx.doi.org/10.1126/science.289.5478.395
http://dx.doi.org/10.1126/science.289.5478.395
http://dx.doi.org/10.1890/080025
http://dx.doi.org/10.1890/080025
http://dx.doi.org/10.1890/080025
http://dx.doi.org/10.1890/080025
http://dx.doi.org/10.1016/j.ecoser.2012.07.005
http://dx.doi.org/10.1016/j.ecoser.2012.07.005
http://dx.doi.org/10.1016/j.ecoser.2012.07.005
http://dx.doi.org/10.1016/j.biocon.2010.03.026
http://dx.doi.org/10.1016/j.biocon.2010.03.026
http://dx.doi.org/10.1016/j.biocon.2010.03.026
http://dx.doi.org/10.1016/j.gloenvcha.2008.03.002
http://dx.doi.org/10.1016/j.gloenvcha.2008.03.002
http://dx.doi.org/10.1016/j.gloenvcha.2008.03.002
http://dx.doi.org/10.1016/j.gloenvcha.2008.03.002
http://dx.doi.org/10.1016/j.biocon.2010.06.015
http://dx.doi.org/10.1016/j.biocon.2010.06.015
http://dx.doi.org/10.1016/j.biocon.2010.06.015
http://www.emdat.be/
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1126/science.1111772
http://dx.doi.org/10.1016/j.biocon.2012.03.002
http://dx.doi.org/10.1016/j.biocon.2012.03.002
http://dx.doi.org/10.1016/j.biocon.2012.03.002
http://dx.doi.org/10.�1007/�s13280-014-0504-0
http://dx.doi.org/10.�1007/�s13280-014-0504-0
http://dx.doi.org/10.�1007/�s13280-014-0504-0
http://dx.doi.org/10.1146/annurev.ento.44.1.183
http://dx.doi.org/10.1146/annurev.ento.44.1.183
http://dx.doi.org/10.1146/annurev.ento.44.1.183
http://dx.doi.org/10.1016/j.worlddev.2005.09.005
http://dx.doi.org/10.1016/j.worlddev.2005.09.005
http://dx.doi.org/10.1016/j.worlddev.2005.09.005
http://dx.doi.org/10.1641/B570806
http://dx.doi.org/10.1641/B570806
http://dx.doi.org/10.1641/B570806
http://dx.doi.org/10.1641/B570806
http://dx.doi.org/10.1080/03066150.2014.917371
http://dx.doi.org/10.1080/03066150.2014.917371
http://dx.doi.org/10.1080/03066150.2014.917371
http://dx.doi.org/10.1080/03066150.2014.917371
http://dx.doi.org/10.1659/0276-4741(2000)020[0306:PFESIE]2.0.CO;2
http://dx.doi.org/10.1659/0276-4741(2000)020[0306:PFESIE]2.0.CO;2
http://dx.doi.org/10.1659/0276-4741(2000)020[0306:PFESIE]2.0.CO;2
http://dx.doi.org/10.1659/0276-4741(2000)020[0306:PFESIE]2.0.CO;2
http://www.iucnredlist.org
http://www.iucnredlist.org
http://www.wdpa.org
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref22
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref22
http://dx.doi.org/10.1016/j.biocon.2012.03.016
http://dx.doi.org/10.1016/j.biocon.2012.03.016
http://dx.doi.org/10.1016/j.biocon.2012.03.016
http://dx.doi.org/10.1016/j.biocon.2012.03.016
http://dx.doi.org/10.1016/S0921-8009(01)00250-6
http://dx.doi.org/10.1016/S0921-8009(01)00250-6
http://dx.doi.org/10.1016/S0921-8009(01)00250-6
http://dx.doi.org/10.1016/S0921-8009(01)00250-6
http://dx.doi.org/10.1016/j.agee.2010.10.019
http://dx.doi.org/10.1016/j.agee.2010.10.019
http://dx.doi.org/10.1016/j.agee.2010.10.019


S.J. Crespin, J.A. Simonetti / Ecosystem Services 17 (2016) 5–13 13
j.agee.2010.10.019.
Liu, Y., Li, J., Zhang, H., 2012. An ecosystem service valuation of land use change in

Taiyuan City, China. Ecol. Model. 225, 127–132. http://dx.doi.org/10.1016/j.
ecolmodel.2011.11.017.

Mansfield, E., 1985. Microeconomics: Theory and Applications, fifth ed. W.W.
Norton and Company, New York.

McDowell, N., 2002. Developing countries to gain from carbon-trading fund. Nature
420, 4. http://dx.doi.org/10.1038/420004a.

Millennium Ecosystem Assessment, 2005. Ecosystems and Human Wellbeing:
Synthesis. Island Press, Washington D.C.

Myers, N., Kent, J., 2001. Perverse Subsidies: How Misused Tax Dollars Harm the
Environment and the Economy. Island Press, Washington, DC.

NRC (National Research Council), 2005. Valuing Ecosystem Services: Toward Better
Environmental Decision Making. National Academies Press, Washington, DC.

Richardson, L., Loomis, J., Kroeger, T., Casey, F., 2014. The role of benefit transfer in
ecosystem service valuation. Ecol. Econ. 115, 51–58. http://dx.doi.org/10.1016/j.
ecolecon.2014.02.018.

Robin, S., Wolcott, R., Quintela, C.E., 2003. Perverse subsidies and the implications
for biodiversity: a review of recent findings and the status of policy reforms.
Vth World Parks Congress: Sustainable Finance Stream, Durban, South Africa.

Rose, W., Bommer, J., Lopez, D., Carr, M., Major, J. (Eds.), 2004. Natural Hazards in El
Salvador Vol. 375. Geological Society of America USGS, Boulder, Colorado, USA.

Sahr, R., 2015. Inflation conversion factor revision. Oregon State University. Corvallis
OR. 〈http://liberalarts.oregonstate.edu/spp/polisci/research/inflation-conver
sion-factors-convert-dollars-1774-estimated-2024-dollars-recent-year〉 (ac-
cessed 23.10.15).

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, R., Bloomfield, J., Dirzo, R., Huber-
Sanwald, E., Huenneke, L.F., Jackson, R.B., Kinzig, A., Leemans, R., Lodge, D.,
Mooney, H.A., Oesterheld, M., Poff, N.L., Sykes, M.T., Walker, B.H., Walker, M.,
Wall, D.H., 2000. Global biodiversity scenarios for the year 2100. Science 287,
1770–1774. http://dx.doi.org/10.1126/science.287.5459.1770.

Troy, A., Wilson, M.A., 2006. Mapping ecosystem services: practical challenges and
opportunities in linking GIS and value transfer. Ecol. Econ. 60, 435–449. http:
//dx.doi.org/10.1016/j.ecolecon.2006.04.007.

UNESCO, 1973. International Classification and Mapping of Vegetation. Imprimeries
Populaires de Genève, Paris.
United Nations, 2013. World Population Prospects: the 2012 Revision. United Na-
tions, Department of Economic and Social Affairs, Population Division, New
York.

UNSD, 2014. UNdata. New York. 〈http://data.un.org〉 (accessed 14.01.15).
Van der Ploeg, S., de Groot, R.S., 2010. The TEEB Valuation Database – a Searchable

Database of 1310 Estimates of Monetary Values of Ecosystem Services. Foun-
dation for Sustainable Development, Wageningen, The Netherlands.

Vandermeer, J., Perfecto, I., 2007. The agricultural matrix and a future paradigm for
conservation. Conserv. Biol. 21, 274–277. http://dx.doi.org/10.1111/
j.1523-1739.2006.00582.x.

Vreugdenhil, D., Linares, J., Komar, O., Henríquez, V.E., Barraza, J.E., Machado, M.,
2012. Mapa de los ecosistemas de El Salvador, actualización 2012 con detección
de cambios 1999 – 2011. World Institute for Conservation and Environment,
Shepherdstown.

Wang, Z., Zhang, B., Zhang, S., Li, X., Liu, D., Song, K., Li, J., Li, F., Duan, H., 2006.
Changes of Land Use and of Ecosystem Service Values in Sanjiang Plain,
Northeast China. Environ. Monit. Assess. 112, 69–91. http://dx.doi.org/10.1007/
s10661-006-0312-5.

World Bank, World Development Indicators, 2015. Employment in agriculture (% of
total employment) [Data file]. /http://data.worldbank.org/indicator/SL.AGR.
EMPL.ZSS (accessed 09.09.2015).

World Health Organization, 2011. Urban outdoor air pollution database. 〈http://
www.who.int/phe〉. (accessed 7.11.14).

Yoshida, A., Chanhda, H., Ye, Y.M., Liang, Y.R., 2010. Ecosystem service values and
land use change in the opium poppy cultivation region in Northern Part of Lao
PDR. Acta Ecol. Sin. 30, 56–61. http://dx.doi.org/10.1016/j.chnaes.2010.03.002.

Zang, S., Wu, C., Liu, H., Na., X., 2011. Impact of urbanization on natural ecosystem
service values: a comparative study. Environ. Monit. Assess. 179, 575–588. http:
//dx.doi.org/10.1007/s10661-010-1764-1.

Zhang, M., Zhang, C., Wang, K., Yue, Y., Qi, X., Fan, F., 2011. spatiotemporal variation
of karst ecosystem service values and its correlationwith environmental factors
in Northwest Guangxi, China. Environ. Manag. 48, 933–944. http://dx.doi.org/
10.1007/s00267-011-9735-z.

Zhao, B., Kreuter, U., Li, B., Ma, Z.J., Chen, J.K., Nakagoshi, N., 2004. An ecosystem
service value assessment of land-use change on Chongming Island, China. Land
Use Policy 21, 139–148. http://dx.doi.org/10.1016/j.landusepol.2003.10.003.

http://dx.doi.org/10.1016/j.agee.2010.10.019
http://dx.doi.org/10.1016/j.ecolmodel.2011.11.017
http://dx.doi.org/10.1016/j.ecolmodel.2011.11.017
http://dx.doi.org/10.1016/j.ecolmodel.2011.11.017
http://dx.doi.org/10.1016/j.ecolmodel.2011.11.017
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref27
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref27
http://dx.doi.org/10.1038/420004a
http://dx.doi.org/10.1038/420004a
http://dx.doi.org/10.1038/420004a
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref29
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref29
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref30
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref30
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref31
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref31
http://dx.doi.org/10.1016/j.ecolecon.2014.02.018
http://dx.doi.org/10.1016/j.ecolecon.2014.02.018
http://dx.doi.org/10.1016/j.ecolecon.2014.02.018
http://dx.doi.org/10.1016/j.ecolecon.2014.02.018
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref33
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref33
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref33
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref34
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref34
http://liberalarts.oregonstate.edu/spp/polisci/research/inflation-conversion-factors-convert-dollars-1774-estimated-2024-dollars-recent-year
http://liberalarts.oregonstate.edu/spp/polisci/research/inflation-conversion-factors-convert-dollars-1774-estimated-2024-dollars-recent-year
http://dx.doi.org/10.1126/science.287.5459.1770
http://dx.doi.org/10.1126/science.287.5459.1770
http://dx.doi.org/10.1126/science.287.5459.1770
http://dx.doi.org/10.1016/j.ecolecon.2006.04.007
http://dx.doi.org/10.1016/j.ecolecon.2006.04.007
http://dx.doi.org/10.1016/j.ecolecon.2006.04.007
http://dx.doi.org/10.1016/j.ecolecon.2006.04.007
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref37
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref37
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref38
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref38
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref38
http://data.un.org
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref39
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref39
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref39
http://dx.doi.org/10.1111/j.1523-1739.2006.00582.x
http://dx.doi.org/10.1111/j.1523-1739.2006.00582.x
http://dx.doi.org/10.1111/j.1523-1739.2006.00582.x
http://dx.doi.org/10.1111/j.1523-1739.2006.00582.x
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref41
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref41
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref41
http://refhub.elsevier.com/S2212-0416(15)30047-4/sbref41
http://dx.doi.org/10.1007/s10661-006-0312-5
http://dx.doi.org/10.1007/s10661-006-0312-5
http://dx.doi.org/10.1007/s10661-006-0312-5
http://dx.doi.org/10.1007/s10661-006-0312-5
http://data.worldbank.org/indicator/SL.AGR.EMPL.ZS
http://data.worldbank.org/indicator/SL.AGR.EMPL.ZS
http://www.who.int/phe
http://www.who.int/phe
http://dx.doi.org/10.1016/j.chnaes.2010.03.002
http://dx.doi.org/10.1016/j.chnaes.2010.03.002
http://dx.doi.org/10.1016/j.chnaes.2010.03.002
http://dx.doi.org/10.1007/s10661-010-1764-1
http://dx.doi.org/10.1007/s10661-010-1764-1
http://dx.doi.org/10.1007/s10661-010-1764-1
http://dx.doi.org/10.1007/s10661-010-1764-1
http://dx.doi.org/10.1007/s00267-011-9735-z
http://dx.doi.org/10.1007/s00267-011-9735-z
http://dx.doi.org/10.1007/s00267-011-9735-z
http://dx.doi.org/10.1007/s00267-011-9735-z
http://dx.doi.org/10.1016/j.landusepol.2003.10.003
http://dx.doi.org/10.1016/j.landusepol.2003.10.003
http://dx.doi.org/10.1016/j.landusepol.2003.10.003

	Loss of ecosystem services and the decapitalization of nature in El Salvador
	Introduction
	Materials and methods
	Data collection
	Ecosystem classification and biome assignment
	ESV calculation
	Comparison to national income
	Caveats and limitations

	Results
	Land use change
	Ecosystem service sensitivity analysis
	Changes in ecosystem service value
	National economic importance of ecosystem services

	Discussion
	Limitations of value transfer
	Loss of ecosystem services and attendant economic and societal losses
	El Salvador and the forest transition model

	Concluding remarks
	Acknowledgments
	Supplementary material
	References




