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ABSTRACT

Based on different definitions, deserts may constitute 13% to 33% of the global terrestrial surface. This is larger
than the area of tropical forests and all types of wetlands combined. However, desert ecosystems are among the
least studied in terms of their ecosystem services (ES), especially those that arise from species and processes
unique to deserts. There are numerous research gaps that need to be filled including: (1) ignorance of unique
desert ES, as well as deserts’ special effects on ES; (2) limited application of sophisticated approaches for eco-
nomic valuation of desert ES; and (3) lack of diverse approaches to values and valuation. Moreover, payment for
ecosystem services (PES) schemes are often used to combat desertification rather than for conserving well-
functioning deserts. Valuation of desert ES is crucial to implementation of PES through raising awareness of
overlooked deserts, motivating investment, designing payment amounts, and estimating the social benefit-cost
ratios of payments. In addition to market-based voluntary PES, common asset trusts (CATs) following
Ostrom’s eight core design principles may also contribute to sustainable management of desert ecosystems.
Future research should explore unique desert ES, investigate the relationships between desert ES and geosystem
services, improve accuracy of economic valuation of desert ES, and integrate diverse perspectives of values. The

research results may potentially aid in both combatting desertification and conserving important deserts.

1. Introduction

The main types of deserts include warm and dry deserts, semi-arid
deserts, coastal deserts, and cold deserts (Fig. 1). The variations in
climate, geography, and ecosystems of deserts can result in different
perceptions and interpretations of deserts, making deserts a relatively
difficult biome to define precisely (Cioruta and Coman, 2020). However,
deserts typically “consist of arid landscapes with a sparse plant cover,
except in depressions where water accumulates. The sandy, stony or
rocky substrate contributes more to the appearance of the landscape
than does the vegetation” (IUCN, 2012).

Depending on how land areas are classified into deserts, deserts may
cover 13 % (Costanza et al., 2014), 20 % (National Geographic, 2023a),
or 33 % (Alsharif et al., 2020) of the global terrestrial surface. The major
deserts are distributed across the Sahara, the Arabian Peninsula, West-
ern Asia, Southwestern Africa, Central and Southern Australia,
Argentina, the Southwestern United States, and Northern Mexico (Keith
et al., 2020). See Fig. 2 for their locations. Deserts not only contain
important biodiversity (including some of the most endangered species),
geodiversity, and ecosystem services (ES), but are also home to 6 % of
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the global population, including some of the poorest and most margin-
alised people (Durant et al., 2012; Lortie et al., 2020; United Nations,
2010). It is critical to understand their functions, global roles, and
values, and to manage them sustainably.

ES are the benefits humans receive from ecosystems (Costanza et al.,
1997b; Millennium Ecosystem Assessment, 2005). Of note is that this
concept makes the wellbeing of humans and other species and ecosys-
tems interconnected and reframes the relationships between humans
and the rest of nature (Costanza et al., 2014). ES valuation, the activities
of assessing ES values, has also been widely used to assist with ecosystem
management, including raising awareness of nature conservation,
assessing benefits and costs of different resource use approaches, inte-
grating environmental value into socioeconomic decision-making, and
measuring management effectiveness (Chen et al., 2023; Costanza et al.,
2014; Hernandez-Blanco et al., 2022; United Nations SEEA-EA, 2021).

A better understanding of the functions and values of desert ES can
benefit management of land uses and resources in deserts and ultimately
contribute to the sustainable wellbeing of humans and other species.
However, deserts are often overlooked compared to other types of
ecosystems, in terms of their biodiversity, ecological importance, and
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Characteristics

Temperature: ~22-40°C
Precipitations: ~150-300 mm/an

In the upper layer the sand dunes predominate,
which were born through the eresion due to the
wind. In these arid regions (with extremely
torrid and long summers) live plants and
animals adapted to the lack of water: plants
crassulaceae, xerophytes, and reptiles, insects,
arthropods, dromedaries, etc.

Semi-arid desert

Temperature: ~5-15°C
Precipitations: ~200-450 mm/an

The superficial layer is made up of rocks, the
result of the disaggregation and the large
temperature differences. Summers are
moderately long and dry, wirters usually bring
rain. In these regions, more sporadic and
discontinuous vegetation appear, compared to
the dry deserts.

Coastal desert

Temperature: ~15-22°C
Precipitations: ~200-450 mm/an

The superficial layer is made of salt, and
appear through the processes of erosion and
deposit of the material brought by glaciers or as
a result of the evaporation of the water, in
which the salt was dissolved. The soil is sandy,
having good drainage.

Temperature: ~0-5°C
Precipitations: ~200-450 mm/an

The superficial layer is in the form of ice
deserts, which appear in areas where the low
temperature has prevented the vegetation
development. In some areas, rainfall may be
heavy in specific season. Thz soil is hard,
clayey and, at times, very salty.

Fig. 1. Desert categories (Cioruta and Coman, 2020).

contributions to socioeconomic development (UNEP, 2021a). To
address this gap, we reviewed studies associated with desert ES and their
valuation.

2. Methods

To find literature for our review, we used Scopus to search for terms
in the title, abstract, and keywords without setting a time frame. Spe-
cifically, we searched for "“desert” AND “ecosystem service” AND
“valuation™ (these terms are directly linked with the research topic)
and found only 29 results, all of which were reviewed. To assess whether
valuation is commonly integrated into desert ES studies, we expanded
the search by searching for ““desert” AND “ecosystem service™ and
found 530 results. We also searched for ES valuation studies related to
other types of ecosystems using the terms in Table 1 to compare deserts
with other types of ecosystems. However, ES studies specific to other
types of ecosystems were not reviewed here. Then, we analyzed what
issues existing desert ES valuation studies have addressed, identified
what gaps remain in research, and explored how ES valuation can be
applied to manage deserts.

3. Spatial distribution of studies associated with desert
ecosystem services

Fig. 3 and Fig. 4 display the numbers of desert ES studies and desert
ES valuation studies conducted by different countries or regions,
respectively. Please note that in this context, “desert ES studies” or
“desert ES valuation studies™ are associated with, rather than necessarily
specialized in, desert ES. Many of these studies only involve general
discussions of desert ES without a specific study area or a geographical
location of deserts. Therefore, Fig. 3 and Fig. 4 do not necessarily reflect
which countries’ deserts have been studied the most frequently, but
rather which countries exhibit research interest in desert ES. Moreover,
the numbers in Fig. 3 and Fig. 4 count studies co-authored by multiple
countries for multiple times. For example, a study involving coauthors
from China and the United States contributes to the numbers for both
countries.

3.1. A highlight of China

It is noteworthy that that China has contributed the largest number
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Fig. 2. Locations of major global deserts. The map is adapted by Alsharif et al. (2020) from an earlier version of the World Atlas of Desertification (Cherlet

et al., 2018).

of studies in the field of desert ES especially desert ES valuation. Spe-
cifically, China has contributed to nearly 50% of the desert ES studies we
have identified and over 70% of the desert ES valuation studies. This
indicates that China stands as a frontrunner among nations, paying more
attention to desert ES in its decision-making and incorporating ES
valuation into its desert management strategies. China has also devel-
oped several guidelines on accounting for ES values, and of note is the
Assessment Standards of Desert Ecosystem Services (Chinese Academy of
Forestry, 2012), which is specific to desert ES. This guideline may be a
potential reference for other countries to value desert ES, hence we
highlight it below.

The guideline suggests assessing several desert ES in both biophysi-
cal (e.g., volume of water/ha/yr) and monetary units. These ES included
soil conservation, wind breaks and sand fixation, water regulation,
carbon fixation, biodiversity conservation, and tourism. Associated
monetary valuation techniques are also suggested, including the market
price method, the alternative cost method, and the avoided social cost
method. This guidance can be useful in many situations but also contains
the following limitations:

(1) Soil conservation may overlap with sand fixation (Chen, 2020a).

(2) Value of biodiversity conservation is to some extent already
included in the values of provisioning, regulating and cultural
services (Costanza et al., 2017). This makes valuing biodiversity
conservation more complex.

(3) Water regulation contains a set of more specific ES, including at
least water retention, flood control, and water purification, hence
it may not always be proper to assess water regulation as a single
service.

(4) Deserts may contain areas of grasslands, woodlands, wetlands,
and farmlands (UNEP, 2015), hence more ES may be
incorporated.

The reasons behind China’s relatively large number of desert ES
valuation studies may include the following. (1) China has committed to
achieve an ecological civilization initiative, which is a vision of society
with integrated development of both humans and the rest of nature,

long-term prosperity, and environmentally conscious citizens. This
initiative recognizes that nature provides essential benefits to humans
and emphasizes that all types of ecosystems are interconnected (Chinese
Ministry of Ecology and Environment, 2020; Hansen et al., 2018). (2) An
important approach to realize this initiative is the comprehensive
assessment of ES values across the entire country. In China, these values
are often referred to as the Gross Ecosystem Product (GEP) and have
been applied in some pilot regions, such as Shenzhen City and Lishui
City, serving as a complementary indicator to Gross Domestic Product
(GDP) for measuring development, government performance, and land-
use quality (Chen et al., 2022; Ouyang et al., 2020; Zou et al., 2020). (3)
Covering roughly 1.65 million km?, deserts are approximately 17% of
China’s land area and represent a crucial component of China’s eco-
systems (Cheng et al., 2020). (4) The Chinese government has recog-
nized desert management as a pivotal approach to improve living
standards, environmental quality, and economic performance, espe-
cially since ratifying the United Nations Convention on Combating
Desertification in 1997 (Chinese Central Government, 2023; Kong et al.,
2021; UNEP, 2015).

Why desert ES valuation studies in the rest of world appear to be
quite limited requires further investigation, and several potential factors
may contribute to this phenomenon. (1) Numerous countries lack sig-
nificant desert areas (Fig. 2), leading to a diminished policy need or
research interest in desert ES. (2) Deserts may be perceived as lifeless
and marginalized regions, because of their sparse vegetation, water
deficit (hot deserts typically lose more moisture through evaporation
than they receive from precipitation), limited nutrients for many species
to live, and unpleasant temperatures for humans (e.g., substantial tem-
perature change from the day to the night, high temperature that can
reach 50 °C in hot deserts, and temperature lower than 0 °C in cold
deserts) (National Geographic, 2023b). This further diminishes their
attractiveness for study. (3) In many regions, the shortage of financial
and technological resources, as well as the absence of robust and reliable
valuation methods, hinders research efforts (Pascual et al., 2023). This
limitation can extend to desert ES research. (5) The delay in delivering
valuation results in relation to decision timeframes, as well as failure of
valuation results to meet the needs of policymakers, administrators, and
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Table 1

Number of results based on the search on 24 October 2023 using SCOPUS.

Ecosystem Search terms Number Number of results after
types of results adding “AND
“valuation™ to the
previous search terms
Desert “Desert” AND “ecosystem 524 29
service”
“Gobi” AND “ecosystem 15 0
service”
(“Desert” OR “gobi”) AND 531 29
“ecosystem service”
Farmland “Farmland” AND 1,330 105
“ecosystem service”
“Paddy field” AND 176 22
“ecosystem service”
“Cropland” AND 1,228 106
“ecosystem service”
“Orchard” AND 475 25
“ecosystem service”
“Cultivated land” AND 1,224 101
“ecosystem service”
(“Farmland” OR “paddy 3,537 312
field” OR “cropland” OR
“orchard” OR “cultivated
land™) AND “ecosystem
service”
Grassland “Grassland” AND 3,538 238
“ecosystem service”
“Rangeland” AND 616 35
“ecosystem service”
“Pasture” AND “ecosystem 1,115 45
service”
“Grazing land” AND 126 16
“ecosystem service”
“Savanna” AND 444 10
“ecosystem service”
“Meadow” AND 798 38
“ecosystem service”
(“Grassland” OR 5,657 356
“rangeland” OR “pasture”
OR “grazing land” OR
“savanna” OR “meadow™)
AND “ecosystem service”
Marine “Marine” AND “ecosystem 3,212 319
service”
“Coastal” AND “ecosystem 4,733 499
service”
“Estuary” AND “ecosystem 833 62
service”
“Coral reef” AND 670 62
“ecosystem service”
(“Marine” OR “coastal”’OR 6,913 666
“estuary” OR “coral reef™)
AND “ecosystem service”
Urban “Urban” AND “ecosystem 8,537 633
service”
“City” AND “ecosystem 5,336 423
service”
(“Urban” OR “city”) AND 9,640 801
“ecosystem service”
Freshwater “Freshwater” AND 1,961 116
“ecosystem service”
“Lake” AND “ecosystem 2,083 201
service”
“River” AND “ecosystem 5,432 536
service”
(“Freshwater” OR “lake” 7,880 752
OR “river”) AND
“ecosystem service”
Wetland “Wetland” AND 4,246 464
“ecosystem service”
“Floodplain” AND 614 37
“ecosystem service”
(“Wetland” OR 4,608 481

“floodplain”) AND
“ecosystem service”

Ecosystem Services 66 (2024) 101607

Table 1 (continued)

Ecosystem Search terms Number Number of results after
types of results adding “AND
“valuation™ to the
previous search terms
Forest “Forest” AND “ecosystem 13,392 1,075
service”
“Woodland” AND 1,028 71
“ecosystem service”
“Shrub” AND “ecosystem 1,018 50
service”
“Bush” AND “ecosystem 103 6
service”
(“Forest” OR “woodland” 14,469 1,136

OR “shrub” OR “bush™)
AND “ecosystem service”

Note: We classified ecosystem types according to Costanza et al. (2014) and
Keith et al. (2020).

stakeholders, can serve as additional barriers to further research (IPBES,
2022).

4. Gaps in valuation of desert ecosystem services

Overall, there are a limited number of desert ES valuation studies
with several gaps. These gaps include a restricted acknowledgment of
the unique and distinct contributions of deserts to ES, a disregard for
option and non-use values associated with ES, a lack of diverse valuation
perspectives and wunits, and a lack of sophisticated valuation
methodologies.

4.1. Limited number of studies valuing desert ES

We observed the emergence of desert ES studies in 1998, with a
gradual increase over time, particularly since 2012. Desert ES valuation
studies started in 2008 and have been growing with a slow rate (Fig. 5).
However, deserts are still among the least intensively studied ecosys-
tems in terms of their biodiversity, ES, and especially ES values (Cheng
et al., 2013; Durant et al., 2012; Murdoch et al., 2017; Taylor et al.,
2017). ES studies of other ecosystem types are at least 6 times that of
deserts (Table 1). Among the 29 studies related to desert ES valuation we
found, 20 of them assessed desert ES values and are summarized in
Table 2.

4.2. Limited incorporation of deserts’ unique contributions to ES

As shown in Table 2, the existing desert ES valuation studies often
only consider the most frequently estimated ES that are commonly in-
tegrated into all ES valuation studies regardless of ecosystem types.
These ES include provisioning of food, raw materials, and medicine re-
sources, climate regulation, carbon sequestration, water regulation and
retention, soil retention and formation, waste treatment, air quality
regulation, recreation, tourism, and aesthetics.

However, while the concept of ES covers ecosystem’s contributions
to human health (World Health Organization, 2015), we did not find any
studies that assessed the impacts of desert health on zoonotic diseases or
human health. Evidence has shown that desert health affects human
health by affecting water, food and natural medicine provisioning,
quality of air, natural disaster occurrence (especially sandstorms), and
risk of zoonotic disease (Hernandez-Blanco et al., 2022; UNEP, 2006,
2015). In particular, the Covid-19 pandemic highlighted the connection
between zoonotic diseases and ecosystem health. Desert-related zoo-
notic diseases include epidemics and loss of nutrition sources caused by
outbreaks of desert locusts, the desert sub-type of zoonotic visceral
leishmaniasis, and zoonotic pathogens in camels’ tissues and blood
(Bahari et al., 2021; Kassegn and Endris, 2021; Wang et al., 2010; Xu
et al., 2021).
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Fig. 3. Number of desert ES studies conducted by researchers from different countries/regions (due to limited space, this map does not fully show all the numbers).

Fig. 4. Number of desert valuation ES studies conducted by researchers from different countries/regions.

We did not find any assessments of the values of diverse genetic re-
sources in deserts, such as the scientific values of drought and salt-
tolerant species. While deserts in the popular mind are often thought
to be lifeless, deserts in fact play an important role in biodiversity
conservation. For example, according to UNEP (2021a), the Sahara is
the home for 500 plant species, 70 known mammalian species, 100
reptilian species, 90 avian species, and several arthropods (e.g., spiders
and scorpion). Many of them are unique to desert ecosystems with
special scientific values and at risk of extinction.

Moreover, we did not find any value assessments of the following
special contributions of deserts to ES. These contributions may also be
classified as geosystem services and include (1) water condensed in soil
and sand, which is not only about water provisioning but also crucial to

the stability of sand dunes and maintenance of food chains in deserts. (2)
Global biogeochemical cycles involve desert sand (e.g., iron-rich nano-
particles in aeolian mineral dust can fertilize marine water and promote
phytoplankton blooms, which in turn influences carbon sequestration,
oxygen production, and marine productivity). (3) Seed banks in deserts
are important since sand contains and disperses seeds, influencing
persistence and abundance in the gap phase or metapopulation dy-
namics, rates of invasion and colonization, and biodiversity. Finally, (4)
deserts are important in neutralization of rain acidity that affects species
health (Aragon-Gastélum et al., 2018; Baddock et al., 2013; Cheng et al.,
2013; Cheng et al., 2020; Haight et al., 2019; Taylor et al., 2017; Terada
et al., 2002; Venable et al., 2008; Yao, 2020). Ignorance of these con-
tributions may lead to an underestimate of deserts’ importance and
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Fig. 5. Number of relevant publications since 1998.

irreplaceability and a biased perception of deserts’ roles in global
ecosystems.

These issues are, of course, not unique to deserts. As we learn more
about ecosystems and their complex interconnections with human
wellbeing, we are constantly discovering unique ecosystem functions
and features that increase their values. Therefore, we may consider
many valuations of ES to be conservative underestimates (Costanza
et al., 1997a; Costanza et al., 2014) and employ precautionary policies
to acknowledge our continuing limited knowledge. Nevertheless, deserts
may suffer most from these limitations given their relative lack of
attention. Decision-making based on these limitations runs the risk of
sacrificing deserts’ contributions to ES and wellbeing of humans and
other species.

4.3. Limited application of sophisticated economic valuation methods

All valuation methods make simplifying assumptions and there is a
trade-off between the degree of precision of the valuation and the cost
involved in making the assessment (Kubiszewski et al., 2022). Economic
valuation methods in the exiting desert ES literature (Cheng et al., 2013;
Jordaan et al., 2021; Mamat et al., 2021; Peng et al., 2010; Sawut et al.,
2013; Taylor et al., 2017) tend to assume a constant unit value of ES that
is independent from ES quantity. This assumption is popular because it
makes valuation more practical and less costly than more sophisticated
methods (Kubiszewski et al., 2022; Ouyang et al., 2020; Turner and
Daily, 2008), or methods that account for the fairness and sustainability
of the ES (Costanza, 2020). However, this assumption may ignore:

(1) ES synergies (the simultaneous increment or diminishment of
biophysical supply of multiple ES, especially regulating ES) and
trade-offs (increasing the biophysical supply of one ES is at the
expense of reducing another, especially among regulating and
provisioning ES) (Bennett et al., 2009; Chen, 2020b; Fu et al.,
2018; Stosch et al., 2019),

non-linearity between the quantity and value of ES, as the mar-
ginal value of an ES may be diminishing when the quantity of the
ES is abundant, or increasing when the ES quantity is approach-
ing a threshold (Farley, 2012; Liu et al., 2007),

non-constant physical, chemical and ecological status of deserts
under climate change, such as population growth rate of desert

(2

(3)

plants affected by variable precipitation, seed germination
affected by soil warming, decline of some desert animals’ pop-
ulations, and spatial shifting of deserts (Aragon-Gastélum et al.,
2018; Dagvadorj et al., 2009; Iknayan and Beissinger, 2018;
Salguero-Gomez et al., 2012; Taylor et al., 2017),

(4) consideration of species identities and traits.

In particular, the constant-unit-value assumption is often integrated
into benefit transfer methods. Such benefit transfer methods multiply a
constant unit value/ha/yr (Table 3) of a type of ecosystem estimated
previously by the total area of the ecosystem to aggregate the total value
of a subset of ES in a certain year (Costanza et al., 1997b; Costanza et al.,
2014). However, as benefit transfer methods are based on existing value
estimates of ES and hence may not be applicable deserts’ unique ES or
special contributions to ES (e.g., those mentioned in Section 4.2) that
have not been studied before. Cultural ES have especially lower trans-
ferability than provisioning and regulating ES (Farber et al., 2006), as
the cultural characteristics of deserts may not be replaced by other types
of ecosystems (Yao, 2020).

4.4. Lack of diverse views of desert values

Different perspectives exist regarding how we value the rest of na-
ture. These perspectives may focus on human wellbeing, which is the
essence of the definition of ES, or they may emphasize that all living
organisms have a right to exist — representing an intrinsic value. These
perspectives are not mutually exclusive and we need plurality (Pascual
et al., 2023). From an ES perspective, the rest of nature is essential to
support sustainable human wellbeing. Humans are interdependent with
the rest of nature. From a rights perspective, nature possesses intrinsic
value and must be protected for its own sake. Relational values express
the significance of relationships between people and the rest of nature or
among people through the rest of nature, and hence can embody both
ES- and rights-based perspectives (IPBES, 2022). There is also a
distinction between use values focusing on utilizing something and non-
use values attributed to the mere existence of something, bequest (for
future generations), or for altruistic purposes (Marre et al., 2015; United
Nations SEEA-EA, 2021). Option values refer to the values of preserving
something for future benefits (de Groot et al., 2010), and hence can be
viewed as instrumental when emphasizing the future use of something
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Table 2

Summary of desert ES valuation studies.

Studies

Study area

Valuation units

ES valuation results (the
ES assessed are
underlined in this
column)

(Zhao
et al.,
2023)

(Yan and
Li,
2023)

(Wei
et al.,
2022)

(Zhang
and
Chen,
2022)

(Addas,
2022)

(Zhai
et al.,
2022)

(Zhu
et al.,
2021)

(Aziz,
2021)

Tibetan Plateau, China

Central Asia, including
Kazakhstan,
Uzbekistan,
Turkmenistan,
Kyrgyzstan, and
Tajikistan

Jiziwan that overlaps
with four deserts:
Tengger, Ulan Buh,
Kubugqi, and Mu Us,
China

The Tarim River Basin
that consist of nine
water systems and the
Taklimakan Desert,
China

Urban parks in Jeddah,
a desert megacity of
Saudi Arabia

A polluted desert site
in Gansu, China

Arid region in
northwestern China

Nationwide terrestrial
ecosystems of Pakistan

Biophysical
unit (tonne)

Biophysical
unit (tonne)

Biophysical
unit (land area)

Biophysical
unit (habitat
quality index)

Time spent

Monetary unit
(CNY)

Biophysical
unit (tonne)

Monetary unit
(USD)

During 2000-2020, the
desert shrub and non-
vegetation area
expanded by 63.21%
and 13.35%,
respectively, while the
deciduous scrub, mixed
forest, and low-
coverage grassland
decreased accordingly.
The carbon storage of
the Tibetan Plateau
showed a decreasing
trend by 370,000
tonnes.

104.46 mm/km2 of
water yield and 60.09
tonnes of soil retention
in desert steppe region;
49.48 mm/km2 of
water yield and 34.75
tonnes of soil retention
in desert region.

From 2000 to 2020, the
rates of change in areas
of poor, bad, moderate,
good, and excellent
habitat quality were
—10.53%, 6.18%,
1.78%, —55.66%, and
54.22%, respectively,
due to land use change.
Since 2000, the Tarim
River Basin has
experienced a declining
trend in habitat quality
index from 0.449 to
0.444 due to agriculture
expansion that has
exacerbated
desertification

Urban parks were
mostly used for
spending time with
relatives and friends
(21.26%), followed by
mental rejuvenation

and relaxation (13%),

physical activity
(11.82%),
accompanying children

(9.58%), experiencing
nature and its aesthetic

beauty (7.36%), and
picnics (6.06%)
Pollution caused value
loss of climate
regulation and soil
conservation by
405,049 CNY in total.
The desert areas had the
lowest capacity to
sequester and store
carbon compared to
other types of lands.
The unit value of desert
ES was $525/ha/year in
total (this value
considers water

provisioning, water
regulation, and climate

Ecosystem Services 66 (2024) 101607

Table 2 (continued)

Studies Study area Valuation units

ES valuation results (the
ES assessed are
underlined in this
column)

A mountain-oasis-
desert ecosystem of the
Kaidu-Kongque River
Basin, China

(Mamat
etal.,
2021)

Monetary unit
(USD)

(Zhou
etal.,
2020)

The Shiyang River
Basin that includes
several deserts in
Northwest China

Biophysical
unit (tonne)

Nationwide deserts in
China

(Cheng
etal.,
2020)

Monetary unit
(CNY)

(Schild
et al.,
2018)

Review of multiple
studies worldwide

Monetary units
(USD)

Nationwide deserts in
China

(Ma et al.,
2017)

Monetary units
(CNY)

regulation) and lower
than that of other types
of ecosystems.
Expansion of desert
areas can lead to a
decline in the value of
total ES.

The unit values/ha/yr
of Gobi ES included
water supply at $5,
waste treatment at $17,
climate regulation at
$9, biodiversity
protection at $26,
recreation at $16, soil
formation at $11, gas
regulation at $4, food
production at $1, and
raw material at $3. The
value of the total Gobi
ES declined from $328
million in 1978 to $323
million in 2018 due to
loss of Gibi area.
Restoration of desert
vegetation, grasslands,
and woodlands together
increased carbon
storage by 14 million
tonnes from 2000 to
2016

The value of China’s
desert ES in 2014 was
4227.9 billion CNY (in
2014 prices), of which,
wind break and sand
fixation, hydrological
conservation, and
carbon sequestration
consisted of 40.1 %,
24.2 %, 18.1 % and
17.0 %, respectively,

and biodiversity
conservation and

landscape recreation
together accounted for
less than 1 %.

The unit values/ha/yr
of desert ES included
raw material
provisioning at $15,
water regulation at
$232, biological
regulation at $1, and
cultural benefits
(recreation, tourism,
hunting, aesthetic and

inspirational service) at
$24.

The ES values of 2.1
million km? of deserts
in China included
carbon sequestration

and oxygen production
at 117,830 million CNY,

soil retention at
104,230 million CNY,
wind break and sand
fixation at 135,070
million CNY, and air

purification at 4380
million CNY in 2015.

(continued on next page)
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Table 2 (continued)

Studies Study area Valuation units ~ ES valuation results (the Studies Study area Valuation units ~ ES valuation results (the
ES assessed are ES assessed are
underlined in this underlined in this
column) column)

(Jiang The Three-river Biophysical Overall, water purification at 9 CNY,

et al,, Headwater Region, unit (tonne and  retention, soil biodiversity protection

2017) which contains desert habitat quality retention, wind break at 301 CNY, culture and

areas, China index) and sand fixation, and entertainment at 9 CNY,

habitat quality of the soil formation and
whole study region conservation at 18 CNY,
improved from 2000 to and organic products at
2010, but the results 9 CNY. Areas with
specific to deserts were larger deserts tended to
not provided. have lower ES values.

(Cuni- Mt Nyiro, Mt Kulal, Importance Water provisioning was (Dodds North American Monetary unit The unit values/ha/yr
Sanchez  and Mt Marsabit ranking always ranked at the etal, deserts (USD) of desert ES were
et al., located in desert area most valuable by all 2008) estimated to consist of
2016) of northern Kenya groups. Provisions of disturbance regulation

firewood, medicine at $2, water supply at

resources, and fodder $85, nutrient cycling at

were also highly $60, recreation at $16,

ranked; Aesthetic and soil erosion control

values and air at $237.

purification were the

least recognised. The ES

ranked in the middle or intrinsic or rights-based when highlighting its significance as a legacy

included provisioning to be passed on for its own sake.

of food, shade, shelter . . . .

i However, in the non-economic studies shown in Table 2, most of the

during conflicts, soil R R )

formation, and focus is on the instrumental values of deserts. Only Sagie et al. (2013)

microclimate and Cuni-Sanchez et al. (2016) assessed the relational values of deserts,
_ o ) ) regulation. such as traditional and spiritual connections with deserts. The economic

(lietal,  Qinghai-Tibetan Biophysical Alpine meadows studies on desert valuation have primarily concentrated on the use

2015a) Plateau, China unit (tonne) provided a larger . K
amount of water values, although a few studies, such as Richardson (2005) and Kroeger
provision, carbon and Manalo (2007), explored the non-use values or option values of
storage, and better deserts. The focus on use values is common across ES studies, regardless
hlatfﬂ—(;“mx than of the type of ecosystem (Pascual et al., 2023). In economic valuation,
alpine eserts. . .

(Sagie The Arava valley on Perception of The residents felt that non-use and .optlon valu?s are .often assessed using .stated-preference
et al., the southern border ES their environment is surveys that infer people’s willingness to pay by asking people to ex-
2013) between Israel and abundant in ESs, press preferences in hypothetical scenarios (Johnston et al., 2017).

Jordan especially cultural ES Conducting such surveys may be time-consuming and expensive, and
%gﬁalé :{Zg;:on’ the survey results are not always realistic (Bishop et al., 1997; Chan
W g, . . .
education/research, et al., 2011; Chen et al., 2022). When assessing desert ES, option and
recreation/sports, non-use values may be further ignored. This may be because of a biased
tourism, aesthetics, and image that deserts are less important than other ecosystems and a
sense of place). misconception that combating desertification means converting all de-
Provisioning ES (food, . o .
— serts into green lands. In addition, non-use and option values are not
energy, raw material, " X R
water, and natural always positively correlated with use values. For example, tourism re-
pharmaceuticals/ quires access (e.g., roads) to natural areas and may change landscapes
cosmetics) were also and reduce vegetation biomass (Chen, 2020a; de Groot et al., 2010).
1:5;;6;:53%‘::?635 Therefore, merely focusing on use value may compromise non-use and
regulating ES were options values in the long term.
rarely recognized. The lack of diverse views of values is also reflected by the limited

(Sawut The Ugan-Kuqa River Monetary unit The unit values/ha/yr valuation units in existing desert ES valuation literature. Although value

Zto;l:s Delta Oasis, China (cNY) of Gobi ES lmduzd;(éNY has many meanings and can be expressed in various units, monetary
ater supply at , . . . .

) xaste treatment at 9 units are the most commonly used in the field of ES valuation (Costanza,
CNY, biodiversity 2020). It is also true for desert ES valuation. Nine studies in Table 2 used
protection at 301 CNY, monetary units, followed by seven studies using biophysical units. Only
recreation at 9 CNY, soil three studies utilized other types of valuation ways. Monetary units have
formation at 18 CNY, several strengths, including convenience for communication with a wide
and food production at . . . . . .

9 CNY. The value of the audience, allowing for comparison of environmental and financial
total Gobi ES declined benefits and costs in the same unit, assistance to trading off natural and
from 68 million CNY in other capital, and raising awareness of ES (Costanza et al., 1997a;
2002 to 67 million CNY Costanza et al., 2014; de Groot et al., 2012). However, monetary units
in 2008 due to loss of . . . .

Gibi area. alone are not sufficient to shape a comprehensive view of desert ES

(Niuetal,  Gansu Province, China ~ Monetary unit The unit values/ha/yr especially in a complex and multi-dimensional human-nature system.
2009) (CNY) of desert ES included For instance, in many regions in the world, such as Uluru-Kata Tjuta

water retention at 27
CNY, environmental

National Park in Australia, the Negev Desert in Israel, and the Thar
Desert in India, indigenous people, seekers, thinkers, explorers, poets,
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Table 3
Unit values (US$2020/ha/yr) of desert ES compiled from the Ecosystem Services Valuation Database (https://www.esvd.info/).

ES Minimum values Maximum values Mean values Median values Standard deviations Number of value estimates
Raw material provisioning 6 139 37 26 33 23

Surface water for drinking 23 3,542 563 265 890 21

Maintenance of soil fertility 1 1241 621 621 877 2

Maintenance of genetic diversity 36 36 363 36 NA 1

Existence and bequest 0.03 85 15 0.305 34 6

Note: There are other potential services (e.g., air purification), but they are not included in the table above due to the lack of existing value estimates.

artists, prophets, and tourists may not only obtain benefits from deserts
but also build sacred relationships with these areas (Gehlot et al., 2014;
Jasper, 2008; Sinamai, 2017). These spiritual and cultural values might
not be best expressed in monetary units, even if some estimates in
monetary units are possible.

Acknowledging that desert ES have spiritual and religious values
does not mean that they lack use and non-use values that can be
expressed in monetary units, and vice versa. Given the complexity of
social, economic and ecological contexts and the diverse ways people
perceive, experience, and interact with the rest of nature, including
deserts, there is no one-size-fits-all value unit or universally right way to
value ES. However, there is a wrong way — not to value them at all.
Different value units and approaches are not mutually exclusive, but
rather complementary to make a wider diversity of values visible and
enhance the quality of the valuation results to support decisions about
deserts. The recently adopted Kunming-Montreal Global Biodiversity
Framework emphasizes the necessity of integrating diverse values into
policies, regulations, planning, and development at all levels and sectors
for a shared, healthy, and sustainable future for life on Earth (CBD,
2022b). This integration is inclusive of desert management, as discussed
below.

5. Desert management and application of ecosystem service
valuation

The research gaps in desert ES valuation leave a biased view of de-
serts’ roles in interaction with global ecosystems and an underestimate
of deserts’ contributions to the wellbeing of people and the planet.
However, these gaps should not preclude movement to better study and
management of desert ecosystems to protect and enhance their ES. Many
environmental issues are the by-products of socioeconomic develop-
ment (Chen, 2020b), which may underestimate or ignore the contribu-
tions of life-supporting ecosystems, especially those that are indirect and
invisible to people. Therefore, ES valuation that visualizes ecosystems’
hidden benefits, links ecosystems with human wellbeing, and connects
ecosystem management with socioeconomic development is essential to
desert management strategies.

We classify desert management strategies into two main categories:
combating desertification and conserving deserts. This classification is
based on whether the strategies address issues related to the contraction
or expansion of desert areas and whether they aim to maintain or reduce
the extent of deserts. Section 5 describes some major global initiatives
and strategies associated with combatting desertification and desert
conservation. It also discusses how ES valuation can be applied to the
strategies.

5.1. Combatting desertification and conserving deserts

Desertification is increasing in many parts of the world, producing
negative impacts on the livelihoods of 1.3 billion people globally
(UNCCD, 2017a). These include poverty, health risks, food insecurity,
water scarcity, forced migration, declined resilience to climate change,
and conflict over diminishing resources (UNCCD, 2017c). Since 1994,
197 parties have signed the United Nations Convention on Combatting
Desertification, the sole legally binding international agreement

specifically addressing desertification (UNCCD, 2021). As part of the
Sustainable Development Agenda, the world is also committed to
“combat desertification, restore degraded land and soil” by 2030. The
more recent UNCCD 2018-2030 Strategic Framework further demon-
strates a global commitment to building “a future that avoids, mini-
mizes, and reverses desertification/land degradation and mitigates the
effects of drought” (UNCCD, 2017c).

A famous regional initiative is the “Great Green Wall” in sub-Saharan
Africa. It aims to restore 100 million hectares of currently degraded
land, sequester 250 million tons of carbon, and create 10 million green
jobs by 2030 in an 8,000 km long strip (the world largest living struc-
ture) along the southern border of the Sahara Desert (UNCCD, 2020).
While it is uncertain whether the GGW initiative will fully achieve its
objectives, it has led to increased interest and research on large-scale
land restoration in desert ecosystems.

The Central Asian Countries Initiative for Land Management, a
collaborative effort involving central Asian countries and development
partners (e.g., Asian Development Bank, Unted Nations), is also a
noteworthy regional initiative dedicated to improving soil productivity
and ES on 2.6 million hectares of drought-prone and salt-affected agri-
cultural landscapes (ADB, 2005; UNCCD, 2017b). While it has not fully
achieved its mission, it has made considerable advancements, such as
greater accessibility to new agricultural technologies, reduced manual
labour in farming, strengthened farming knowledge, and improved rural
livelihoods (e.g., income from cultivation of new plants) (CACILM,
2016).

The highly drought-susceptible Latin American and the Caribbean
region has developed regional drought-combatting collaboration, such
as (1) the approval of the Declaration of Santa Cruz at the 2017 Regional
Conference on Drought Management, urging Latin American countries
to adopt proactive drought policies; and (2) the establishment of a
regional flood and drought monitoring and warning system (Magalhaes,
2017). Moreover, countries in this region, including Argentina, Brazil,
Chile, and Mexico, have developed national civil defence systems
responsible for providing relief and requesting assistance or humani-
tarian aid (e.g., through declaring a state of emergency or public ca-
lamity) in case of a drought (Magalhaes, 2017).

A noteworthy country case is the Desert Green Economy Pilot
Initiative in the Kubuqi Desert, China. This initiative has led to (1)
ecological benefits: an area of more than 5,000 km? has been afforested,
reducing dust storms, salinization of soil, and biodiversity loss; (2)
economic growth of ecotourism, green agriculture, new building mate-
rials from sand, renewable energy (e.g., solar power), and pharmaceu-
tical industry that processes desert medical herbs (e.g., licorice); (3)
social benefits from new homes and schools; and (4) scientific progress
in irrigation, plant species selection for desert greening, and breeding
technology (UNEP, 2015). These achievements were attributed to
technological and financial support, conformity to local geographic
conditions (e.g., replanting drought-enduring vegetation), and engage-
ment of governments, enterprises, research institutes, and communities
(UNEP, 2015).

The rights, knowledge, and participation of indigenous people also
play a crucial role in combating desertification. The Desert Aboriginal
Land Management initiative empowers and engages aboriginal Austra-
lians in desert management and desert-based enterprises. This initiative
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| Valuation and management of desert ecosystem services (ES) may aid in enhancing deserts’ contributions to humans and other species.

| owsmdserEsmdes

Research suggestions
|

Deserts are among the least studied
ecosystems in terms of their ES, due to
the lack of a large desert area in many
countries; a biased perception of deserts
as lifeless and marginalized regions; a
shortage of funding, technological
resources, or reliable valuation methods;
or the failure of valuation results to meet
the needs of policy- or decision-making.

=

Further research on desert ES is needed.
especially in countries with desert regions.
To achieve this, we need a more holistic

view of deserts’ impacts on humans and |__

other species; collaboration among various

Combatting desertification:

There have been initiatives to
combat desertification at
various levels: global (e.g..

ES valuation research can benefit desert management

Desert conservation:

While there is no widely
joined global or regional
initiative specific to desert

stakellpldexs and - sectors - fo enha.nce the United Nations conservation, the Convention

financial, human. and technological . . . S
di d i b'l'tk ¢ Convention to  Combat on Biological Diversity

resources; and Improvec applicadbiliity o Desertification), regional recognizes the conservation

research findings in real-world situations.

Sophisticated ~ economic  valuation
methods for desert ES are scarcely used.
The most used method is the basic
benefit transfer approach that assumes a
constant unit value/ha/yr of desert ES.

=

Future valuation methods should consider
non-linearity between ES quantities and ES
values; ES synergies and trade-offs; species
identities and traits; fairess and collective
knowledge of ES: and potential shifts in ES.

(e.g.. the Great Green Wall),
and national.

of species, genetic sources,
and ecosystems of deserts.

|| Land restoration  should Desert protected areas have
focus on  human-driven been  established across
desertification rather than continents but are less

Existing research has overlooked unique
desert ES (e.g.. those from unique desert
species) and deserts’ special effects on
ES. including the contributions of desert
geosystem services to ES (e.g.. the roles
of sand in supporting ecosystem health
and ecological processes).

=

converting all natural deserts
into different ecosystems.

common than protected areas
in other ecosystem types.

Potential research may explore the

connections between desert health and X . N
human health and imvestigate various ES valuation has been used  ES \fal}latloll may vnsu.allze
functions of sand, including water [ to assess the benefits and deserts’ values and motivate

condensation, biogeochemical cycles, rain
acidity neutralization, seed banks, and
cultural significance.

costs ofland use changes.

investment in conservation.

ES valuation can be used to determine payment amounts or

Studies often focus on instrumental or
use values, with monetary units being
the most used valuation units. Diversity
in value perspectives is lacking.

P

Future research may consider biocentric,
anthropocentric, and plural perspectives of
values and integrate various quantitative and
qualitative value units or descriptors.

the benefit-cost ratios of PES schemes, supporting the

dual goals of combating desertification and conserving deserts
(though PES schemes for the latter are rare). Besides market-
based voluntary PES schemes, common asset trusts following
Ostrom’s 8 principles may also enhance desert management.

Fig. 6. Summary of this study.

has promoted desert ES conservation and economic development. It has
also improved the wellbeing of aboriginal people, including their ma-
terial livelihoods, mental health (e.g., maintenance of their sense of
control over the lands), social equity between aboriginal and immigrant
Australians, and protection of traditional knowledge and customs
(Davies et al., 2011).

While combatting desertification has raised global awareness, it
should not ignore the significant roles that natural deserts play in global
ecosystems. We need to highlight the distinction between “natural de-
serts” and “human-driven desertification”. Attempting to green entire
natural deserts may not be ecologically, economically, or culturally
desirable or sustainable for several reasons: (1) land greening that
contributes to biodiversity is typically applied to degraded lands, rather
than replacing natural ecosystems that serve as habitats for indigenous
fauna and flora (Bremer and Farley, 2010); (2) natural deserts are
inherently characterised by severe water limitation and low productivity
(Martinez-Valderrama et al., 2020), making land greening and main-
taining human-planted vegetation in these areas costly and challenging;
(3) there are concerns about exacerbating water scarcity resulting from
extensive greening projects in arid regions (Zastrow, 2019); (4) given
the limited global funding available for combating desertification
(UNCCD, 2023), funding can only be allocated to selective deserts; (5)
special cultural significance of deserts needs to be acknowledged; and
(6) deserts have important roles in global material, energy, and water
cycles that need to be better understood before massive alterations are
implemented. In short, desertification control should prioritize
addressing human-induced desertification rather than attempting to
convert all natural deserts into different ecosystems. Desert conservation
is also essential to sustainable desert management.

Desert conservation and combatting desertification are not mutually
exclusive but complementary to each other. For example, combatting
desertification may involve restoration of native desert-adaptive species,
benefiting conservation of desert biodiversity. However, desert conser-
vation is less frequently advocated than desertification control. This
might be because deserts are often perceived as having limited land

10

productivity, biomass, and human liveability, which can lead to a view
that deserts are less important than other types of ecosystems. While
there is no widely joined global or regional initiative specific to desert
conservation, the Convention on Biological Diversity (CBD), the most
influential international convention for nature conservation involving
196 parties, recognizes the significance of diversity of species, genetic
sources, and ecosystems, including those associated with deserts (CBD,
2023).

Building protected areas has been a major strategy for conserving
nature (CBD, 2020; Hummel et al., 2019), including deserts. Desert
protected areas have been established across continents, such as Joshua
Tree National Park in the United States, Atacama Desert National Park in
Chile, Namib-Naukluft National Park in Namibia, Uluru-Kata Tjuta
National Park in Australia, the Lut Desert in Iran, the protected zone of
the Tabernas Desert in Spain, and the Antarctic desert regions protected
by the Antarctic Treaty. However, desert protected areas are not as
common as protected areas for other types of ecosystems (UNEP-WCMC,
2023), although the specific number of global desert protected areas
does not have available data. Taking the example of China, the country
with the most desert ES valuation studies, only 31 out of its total 2,750
nature reserves are specific for desert conservation (Chinese Ministry of
Ecology and Environment, 2018). The Kunming-Montreal Global
Biodiversity Framework has committed to improve the coverage of
global terrestrial protected areas to 30% (CBD, 2022a) from the current
16.64% (UNEP, 2021b). This creates an opportunity for decision-makers
to consider potential expansion and more sustainable management of
desert protected areas. This consideration can integrate valuation of
desert ES.

5.2. Application of ES valuation for desert management

As exiting desert ES valuation studies are very limited, application of
ES valuation for desert management is also limited. In the context of
combatting desertification, ES valuation studies have looked at the
interaction between changes in ES values and land use changes,
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including expansion of desertification and converting deserts into other
types of lands, such as farmlands and power plants (Fu et al., 2018; Liang
and Liu, 2017; Mamat et al., 2021; Peng et al., 2010; Sawut et al., 2013;
Taylor et al., 2017). These studies can inform decision-makers about the
ES values of alternative land use scenarios and restoration options. They
may also inform decision makers about managing desert ecosystems to
prevent desert-related natural disasters, especially sandstorms.

In the context of desert conservation, valuing desert ES can highlight
the importance of desert landscapes and resources, thereby motivating
conservation and arguing for addressing negative environmental im-
pacts from human activities, such as mining and power plant construc-
tion that may damage habitats, geodiversity, biodiversity, and
landscapes (Jordaan et al., 2021; Murdoch et al., 2017).

Payment for ecosystem services (PES) schemes have been developed
worldwide to pay for conserving and enhancing target ES and can be a
crucial approach to both combatting desertification and conserving
deserts. ES valuation is crucial to implement PES schemes for desert
management because ES valuation can raise awareness of both over-
looked important deserts and impacts of human-induced desertification,
motivate investment for both desert conservation and combatting
desertification, and assist with designing payment amounts. Payment
amount in theory can be the value of additional ES or the cost of taking
actions to maintain or provide target ES (Chen, 2020b). Value-based
payment obviously requires ES valuation. While opportunity cost-
based payment is more common in practice (Liu et al., 2010) and does
not need ES valuation to determine payment amounts, ES valuation still
enables researchers to conduct cost-benefit analysis (to determine if the
benefits from a PES project outweigh the payment) or cost-effectiveness
assessment (that seeks the intervention with the minimum relative costs
of achieving per unit of outcomes from multiple alternative in-
terventions) (Chen et al., 2023; UNEP, 2019).

Existing PES projects for desert management focus on paying (or
making compensation) for restoring degraded lands or converting de-
serts into green ecosystems (Huang et al., 2018; Li et al., 2015b; Wang
et al., 2023). While evidence shows some people are willing to pay for
conservation of deserts (Taylor et al., 2017), PES projects for this pur-
pose was not found in existing studies. This may be due to the ignorance
or underestimate of deserts’ contributions to people and the planet. For
future desert management, PES projects may not only need to cover
conservation of a larger area of important deserts, but also can be
extended to common asset trusts (CATs) as explained below.

5.3. Extending payment for ecosystem services to common asset trusts

PES is often considered as a voluntary transaction where well-
defined ES (or a land use likely to secure the ES) are being ‘bought’ by
a (minimum one) service buyer from a (minimum one) service provider
if and only if the service provider secures ES provision (conditionality)
(Wunder, 2005). However, Wunder’s criteria may be inappropriate
because: (1) while private goods may be amenable to voluntary pay-
ments, many ES are public or common goods. Few economists call for
voluntary payments for public good services (e.g., fire departments, and
national defence) (Koellner et al., 2010; Pagiola et al., 2007). Instead,
PES may also need government-led approaches. (2) Measuring the
benefits of common and public ES to individuals is difficult and costly.
(3) As ES may be too complex to be defined precisely, paying for more
explicitly defined ES may have higher transaction costs (Rgrstad et al.,
2007). (4) Schemes that pay for a set of loosely defined ES may still
improve social benefits (Porras et al., 2008). (5) Strict conditionality (e.
g., monitoring conservation activities) may increase transaction costs
substantially and reduce intrinsic motivation to do the right thing for
societal wellbeing (Falk and Kosfeld, 2006; Vatn, 2010).

This does not mean that financial incentives are not effective, but
they must be used in an institutional and cultural framework based on
the goal of managing natural capital for the benefit of all, rather than
merely maximizing the value of market exchanges. Economic
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institutions can be changed but the complex biophysical characteristics
of ES cannot (Farley and Costanza, 2010). Therefore, the definition of
PES has been extended to be “a transfer of resources between social
actors, which aims to create incentives to align individual and/or col-
lective land use decisions with the social interest in the management of
natural resources” (Muradian et al., 2010). PES in this broader sense
includes most of the influential payment schemes worldwide, including
Costa Rica’s pathbreaking scheme and China’s eco-compensation
scheme. China’s scheme may involve government-led payments from
a higher level of government to a lower level of government to protect
ES (without necessarily defining ES explicitly) and to compensate in-
dividuals whose livelihoods are impacted by ES conservation (e.g.,
restricted farming) (General Office of the CCP Central Office and Gen-
eral Office of the State Council of China, 2021). CATs also fall into the
broader sense of PES and seek to provide a more participatory, co-
produced framework for providing economic incentives for the conser-
vation of natural capital.

Trusts denote legal mechanisms designed to protect and manage
assets on behalf of specific beneficiaries and have been used widely
across the world. Trusts for ecosystem management integrate the public
trust doctrine, community property rights, and a shared purpose (Cos-
tanza et al., 2021). CATs in essence are a collection of agreements and
polycentrically governed institutions that extend the idea of trusts to the
sustainable management and protection of public goods and natural
capital, such as the atmosphere, oceans, and ecosystems more broadly.
Effective CATs should follow Elinore Ostrom’s eight core design prin-
ciples for sustainable management of common resources. Although
CATs and Ostrom’s principles are not specific to desert management,
they are potentially applicable to deserts.

We did not find any real-world CATs managing desert ES, but ex-
amples of a few existing institutions at various scales around the world
that are similar to CATSs, incorporate at least some of Ostrom’s 8 design
principles, and manage ES of other types of ecosystems can be found in
Costanza et al. (2021). Under a desert CAT, the trustees (e.g., govern-
ments, delegated authorities of the governments, or authorized organi-
zations), based on agreements with appointors (desert ES investors, who
can be the same as or different from the beneficiaries), have clear legal
obligations to manage an asset (including management of land uses,
conservation of natural resources and biodiversity, and maintenance of
ES of deserts in this context) on behalf of the beneficiaries (e.g., com-
munities living in deserts or the public who hold a stake of deserts) and
to distribute benefits (e.g., desert ES) to the beneficiaries as dividends.
Moreover, CATs should include conflict resolution procedures, manda-
tory rules, clear objectives, permission, flexibility for voluntary in-
vestments (e.g., in one or multiple ES), and economic mechanisms for
promoting sustainable land and resource uses (Canning et al. 2021).

New methods for modelling, measuring, and valuing ES make ap-
plications of CATs feasible and also facilitate better public-private
partnerships (Costanza et al., 2021). A more nuanced balance of private,
public, and community property rights and responsibilities is crucial to
ES management. CATs based on Ostrom’s 8 core principles can help
design and implement this more balanced approach at a range of spatial
scales.

6. Suggestions and conclusion

Further research on desert ES is needed, given the notable scarcity of
literature, particularly in terms of valuation studies, across the globe.
This gap must be addressed, especially in countries with extensive desert
regions. Boosting such research is not only vital due to the irreplaceable
roles deserts play in global ecosystems, but it is also feasible through a
combination of the following approaches. These approaches encompass
(1) raising awareness and fostering a more comprehensive view of
biodiversity, ES, geodiversity, and values of deserts. This helps to
generate interest across a broader scientific community and mobilize
support from a diverse array of stakeholders, including the general
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public, desert managers, decision-makers, and corporate entities; (2)
enhancing funding for desert research through mobilizing financial re-
sources from governments, multilateral institutions, and private sectors,
as well as through redirecting financial flows away from activities that
exacerbate land degradation or harm desert resources towards initia-
tives that promote sustainable desert management; (3) enhancing other
research resources, such as human resources, research equipment, and
especially specialized knowledge and tools tailored to adapt the unique
issues and characteristics of deserts, through collaborative efforts among
stakeholders; and (4) directing valuation research towards policy-
making, administrative requirements, and stakeholder preferences to
enhance the practical application of research findings in real-world
situations.

A more comprehensive understanding of how deserts interact with
both people and the planet necessitates further research into the unique
species, the special ecological and geological functions of deserts, and
their effects on global ES. Potential research may explore the connec-
tions between desert health and human health and investigate several
functions of sands, including water condensation, biogeochemical cy-
cles, rain acidity neutralization, seed banks, and cultural significance, all
of which can impact the wellbeing of humans and other species. Results
from these studies are crucial information for sustainable decision-
making regarding land and resource management in desert regions,
helping to balance desert conservation with efforts to combat deserti-
fication and drought and ultimately balance the benefits provided by
deserts with those of other ecosystems.

We need not only more valuation studies but also improved quality
of valuation. Given the diverse ways people perceive and relate to de-
serts, it’s essential to consider plural perspectives to express values. This
means considering various valuation approaches and units. Besides
quantitative assessments involving biophysical and monetary units, or
rating and ranking of ES, values can also be expressed using qualitative
descriptors. Qualitative descriptors include love and respect for deserts,
cultural meaning of species, physiological and mental effects (e.g.,
feeling great) of being in deserts, the right for unique species to live, and
other species as co-inhabitants of deserts (IPBES, 2022).

In terms of economic valuation, valuation methods can be more
credible and sophisticated through integrating (1) non-linearity be-
tween ES quantities and ES values, (2) ES synergies and trade-offs, (3)
species identities and traits, (4) fairness and collective knowledge of ES
through deliberation (Kenter et al., 2011; Orchard-Webb et al., 2016),
(5) dynamic modelling approaches that can quantify potential shifts in
ES under different social-economic and environmental scenarios (Cos-
tanza, 2020; Kubiszewski et al., 2017), and (6) non-use and option
values through conducting practical stated-preference approaches. The
legitimacy and credibility of valuation is the basis of the feasibility and
reliability of its policy implications.

In the context of deserts, PES schemes are often integrated into the
process of combating desertification, instead of conserving important
deserts. Valuation of desert ES is crucial to fill this gap through raising
awareness of overlooked deserts, motivating investment, designing
payment amounts, or estimating the effectivenss of payments. Market-
based voluntary PES schemes are not sufficient for managing ecosys-
tems due to the difficulty in measuring explicitly defined ES as well as
contributions of common and public ES to individuals. CATs designed
according to Ostrom’s 8 core principles may benefit sustainable man-
agement of deserts (and other ecosystems) based on maintaining the
health and value of the whole ecosystems, using economic and other
incentives and disincentives. Valuation of desert ES is an essential
element to guide management decisions within this structure (See
summary in Fig. 6).
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