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Vulnerability of World Cultural Heritage
Sites in developing Asian countries
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While World Cultural Heritage Sites in developing countries are fewer in number, they are over-
represented in the List of World Heritage in Danger, and few scientific studies are conducted about
them. This study investigates factors that threaten theWorld Cultural Heritage Sites in selected Asian
countries, the intensity of these threats, and the management capacity to respond to them. Linked
data from UNESCO Periodic Report (Cycle II), the World Heritage Site database, and the
Köppen–Geiger climate classification is analysed using logit and ordered logit models. The results
show that the perceived likelihood of a major threat is highest for the factors (i) sudden ecological or
geological events (dy/dx = 0.18, p < 0.01), (ii) climate change and severe weather events (dy/dx = 0.1,
p < 0.05), (iii) local conditions affectingphysical fabric (dy/dx = 0.1,p < 0.05), and (iv) social–cultural use
of heritage (dy/dx = 0.10, p < 0.05), while the likelihood of highmanagement capacity is highest for the
factors (i) illegal human activities (dy/dx = 0.27, p < 0.01) and (ii) invasive/alien or hyper-abundant
species (dy/dx = 0.21, p < 0.01). In addition, sites in the Philippines and Afghanistan are most likely to
report threats as major, but least likely to report high management capacity compared to other Asian
countries. Further, the sites in this region do not have correspondingly high (or even adequate)
management capacity for threats identified asmajor. The study, therefore, concludes that the studied
sites are highly vulnerable to threats primarily from natural rather than socio-economic or human-
induced causes. The study contributes novel insights into the risk and vulnerability of the World
Cultural Heritage Sites in developing countries.

World Cultural Heritage Sites (WCHS), especially in developing countries,
are exposed to multiple significant threats, such as urban development and
land use change1, climate change2, natural disasters3, mass tourism4,5, and
conflict6. Despite the recognised risks, there is a lack of comprehensive
analysis of the nature of the threats these sites face and the management
capacity to dealwith them.Previous studies analysemanagement reports on
the threats and management adaptive capacity of World Heritage Sites in
developed countries7,8. However, no such analysis has been done for
developing countries. Thus, we do not know the pattern of threats faced by
WCHS indeveloping countries andwhether it is similar to or fundamentally
different from that of developed countries. Furthermore, as many scholars
have pointed out, very few studies have been conducted in developing
countries9,10. This study addresses that gap by providing insights into threats
and the capacity to manage them at WCHS in Asian countries.

The aim of this study is to examine the vulnerability of WCHS in
developing countries. More specifically, it seeks to analyse (i) the extent to
which existing site-specific characteristics predict the assessment of a given

factor threatening a WCHS, (ii) the extent to which site-specific char-
acteristics and types of threats predict the degree of intensity of the threats,
and (iii) the extent to which site-specific characteristics and types of threats
predict the degree of adaptive management capacity to respond to these
threats. The site-specific characteristics include the size of the WCHS, its
year of inscription, the selection criteria used for its inscription, the climate
zone, and the host country.

The studymakes several contributions to the related literature. First, to
the best of our knowledge, this is the first study to analyse multiple threats
and adaptive management capacity with an exclusive focus on WCHS in
developing countries. It shows that threats related to natural phenomena
and climate change are more likely to be considered major in developing
countries—a stark difference from those in developed countries8. Conse-
quently, the studied sites could be highly vulnerable to the impacts of rapidly
accelerating climate change. Second, the study contributes to a broader
theoretical understanding of the risk and vulnerability of WCHS in devel-
oping countries through simultaneous analysis of threats and adaptive
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capacities. Previous studies that investigate exposure to threats do not
address adaptive capacity11. Third, this study adds to the heritage literature
from developing countries, which is quite scant at present. It is known that
heritage sites fromdeveloping countries are under-represented in theWorld
Heritage List, and fewer studies are conducted about them9,11–13. Previous
studies in developing countries have studied antecedents of seeking World
Heritage Site designation14, challenges in conserving a cultural landscape15,
the impact ofWHS on tourism16, and impacts of climate change onWHS17.
Finally, this study also highlights the need to develop more effective stra-
tegies for threat management that are tailored to the unique characteristics
of sites in developing countries. Several site-specific characteristics—year of
inscription, selection criteria, country location, and climate zone, for
example—are found to influence the likelihood of factors being assessed as
threats. Similarly, there are significant variations among countries in the
region, suggesting that tailored conservation approaches are necessary. This
study, therefore, represents a significant advancement in our understanding
of threat characteristics and our ability to preserve valuable properties in
developing countries.

The rest of this paper is structured as follows: First, the conceptual
background offers an overview of the general literature on vulnerability and
adaptive management capacity regarding cultural heritage sites in devel-
oping countries. Section “Methods” describes the empirical model, sources
of data, and methods used for analysis. The results are presented in the
section “Results”, while the section “Discussion”discusses and concludes the
paperbyproviding a summaryof the results andpointingout the limitations
of the study.

Conceptual background
Vulnerability of and risks to WCHS in developing countries
Vulnerability is defined as “the degree to which a system is likely to
experience harm”18. Vulnerability research encompasses a wide range of
concepts, and much of the related academic literature—including the
Fourth Assessment Report (AR4) of the Intergovernmental Panel on Cli-
mate Change (IPCC)—defines it as a function of three key parameters or
components: (i) exposure to perturbation, stress, hazard, or shock; (ii)
sensitivity of the system to those hazardous conditions or stresses; and (iii)
capacity of the system to prepare, cope, adapt, or recover from the effects of
these stresses19–21. This definition has evolved over time22. Particularly, AR5
and AR6 of the IPCC frame the impacts of climate change in terms of risks
defined as “potential for adverse consequences for human or ecological
systems” and cite vulnerability as one of three components of risk alongside
hazards and exposure23,24. They define vulnerability as the propensity to be
negatively affected, with susceptibility to harm and the capacity to adapt as
its two elements. Within this framework, the increased frequency or mag-
nitude of hazards, increased exposure to hazards, or increased sensitivity to
hazards will increase the risks to the system, while enhancing adaptive
capacity will reduce them.

In the context of heritage sites, exposure refers to the sites or cultural
assets being located in areas with potential hazards and stresses that may
adversely impact their value23. Previous cultural heritage studies focus pri-
marily on exposure to threats such as natural disasters, climate change, and
mass tourism, while adaptive capacity has received very little attention25. As
part of its regular monitoring of threats, UNESCO has developed a com-
prehensive list of factors that may affect World Heritage Sites26. These
include threats from both natural and human-induced causes. Many
WCHS inAsia are negatively affected by a combination of these factors. The
leading natural threats that can lead to the gradual or sudden deterioration
of these sites include disasters such as earthquakes3,27 and floods2,28–30; effects
of climate change, such as rising temperatures, changing sea levels, and
extreme weather events29,31; and local conditions of pollution and environ-
mental degradation32. Human-induced threats encompass development
pressures such as rapid urbanisation near heritage sites33,34, resource scarcity
and exclusion35–37, mass tourism38, and insufficient governance and man-
agement. Additional human-induced risks include vandalism, theft, and
deliberate destruction of cultural properties31,39. Riskmapping, vulnerability

indices, remote sensing, and geospatial technologies may be useful for
determining the extent of exposure to these threats25,40.

Sensitivity is the degree to which a cultural heritage site is affected or
modified by hazards and stresses to which it is exposed19. It is an inherent
property of a system20. A site’smaterial and structural attributes, such as the
type of building materials or construction method used, determine its
sensitivity to the relevant hazards31,41. Sensitivity levels may also be influ-
enced by surrounding natural and socio-economic environments. For
example, urbanisation, encroachment, and mass tourism are having detri-
mental consequences on several sites in Asia33,42. Higher sensitivity levels
may require more intensive heritage protection measures.

The adaptive management capacity of a cultural heritage site refers to
the ability of site managers and responsible authorities to effectively plan,
implement, and monitor conservation and sustainable management strate-
gies to adjust to potential hazards and cope with consequences43. It is a
positive attribute that is shaped by the institutions, management, and gov-
ernance at hand44. The factors that determine adaptive capacity include
financial resources, the availability of technical expertise and a skilled
workforce, strong institutional frameworks andgovernance structures, active
stakeholder and community participation, and access to new technologies
and other innovations43,45–47. Many developing countries in Asia face con-
straints in these areas15. Limited financial resources, caused by insufficient
funding and a low willingness to pay for maintenance, restoration, and
protectivemeasures, pose amajor obstacle48.Many countries lack specialised
training programs and knowledge transfer mechanisms, resulting in a
shortage of qualified human resources49,50. Furthermore, complex govern-
ance structures, inflexible rules, and inadequate legal protections impede
decision-making and execution51. Compared to industrialised regions like
Europe and North America, developing countries in Asia are more likely to
face greater adaptation challenges due to disparities in economic growth,
resource availability, and unique institutional and governance frameworks31.

Operationalisation of vulnerability and risks
Despite its widespread use, developing a comprehensive measure for the
vulnerability of World Heritage Sites may be unrealistic, as it is not an
observable phenomenon. Thus, methodologies for assessing vulnerability
need to behighly contextual52. In this study, a site is consideredvulnerable or
at risk if it is exposed to a variety of severe threats but has inadequate
adaptive management capacity to respond. This approach integrates the
constructs of exposure (represented by the types and intensity of threats),
sensitivity (implicit in the site’s specific characteristics), and adaptive
capacity (reflected inmanagement responses) as discussed earlier. Based on
these constructs, previous literature, and available data, this study proposes
several key factors that influence the vulnerability of and risks to WCHS.

Factors affecting properties. UNESCO has established a list of 14
primary factors, along with several secondary factors, that affect the
outstanding universal value of heritage sites26. This list provides a stan-
dardised approach to a wide range of threats to which such sites are
exposed, allowing for general assessment across the region. The degree of
exposure to these factors, combined with site-specific characteristics and
management capacity, determines overall vulnerability.

Size of WCHS. The size of WCHS is also an important determinant of
vulnerability. Larger heritage sites often encompass many cultural assets
in a single location. Moreover, larger sites tend to extend over different
types of terrain, exposing them to multiple disaster risks31. The man-
agement of larger sites, such as World Heritage Cities or cultural land-
scapes, is expected to be more challenging than that of smaller sites like
individual buildings or monuments. Due to this complexity, larger sites
may have a higher vulnerability.

Age or year of inscription. Another crucial factor is the age or year of
inscription, which indicates the duration of a site’s engagement with the
World Heritage system. Sites that are inscribed early on have more
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experience with heritage conservation; they should therefore be more
capable of recognising threats and should have built more adaptive
capacities8,53. Furthermore, since recognition as a World Heritage Site
mandates the government of the respective nation to develop a system for
protection and enables the flow of required resources, sites that are
inscribed early on enjoy these benefits for a longer period of time.

Selection criteria. The selection criteria are a set of ten criteria enshrined in
the Operational Guidelines for Implementation of the World Heritage
Convention54. The first six are associated with cultural sites, while the latter
four criteria are associatedwithnatural sites.WorldHeritage Sitesmust fulfil
at least one of these criteria to be included on the list, but they usually fulfil
several. Since these criteria reflect the diversity of heritage, siteswith different
criteria can be expected to have different vulnerability profiles55.

Climate zone. The climate zone in which a heritage site is located affects
its vulnerability, as it may be exposed to climatic stress factors such as
rain, temperature, and humidity. These stress factors can change sud-
denly or gradually due to climate change. For example, heritage sites
located in polar conditions or near coastal areas (where effects of climate
change are imminent) can have higher vulnerability than those located in
other areas56,57.

Country. The country in which a site is located also impacts its vulner-
ability, as countries have various levels of economic development and
different legal regulations for the protection of cultural heritage58. Even
when they are located in the same geographic region, host countries vary
in terms of economy, demographics, number of World Heritage Sites,
and the policy measures undertaken to conserve these sites. Countries
wheremore resources aremade available and strong national governance
structures are in place to conserve heritage can be expected to have lower
vulnerability.

Methods
Empirical approach
This study conducts three analyses in two stages, as indicated in Fig. 1. The
first stage involves analysing the assessment of threats and their intensity,
while the second stage involves analysing the adaptive management capa-
city. This empirical approach is based on a similar previous study done in
developed countries in order to allow for comparison of the results across
the world’s regions7. However, the simultaneous analysis of threat intensity
and adaptive management capacity with a focus on WCHS in developing

Asian countriesmakes it possible to investigate the degree of vulnerability of
these sites.

As in the previous study7, this paper assesses threats using a two-step
analysis method. The first step is to estimate the likelihood of a WCHS
assessing any factor as a threat using binominal logit regression. The second
step involves estimating the degree of intensity of threats using ordered logit
regression. Threat assessment is a binominal dependent variable, whereas
the intensity of threats is an ordinal categorical variable. Therefore, a binary
logit model and an ordered logit model are suitable for the respective cases.
In both of these models, maximum likelihood estimation is suitable for
estimating the parameter of the independent variables59. The model speci-
fications are as follows:

Threat assessment ¼ β0 þ β1Sizeþ β2Ageþ β3Selection criteria

þ β4Country þ β5Climate zoneþ ε1
ð1Þ

Threat intensity ¼ γ0 þ γ1Sizeþ γ2Ageþ γ3Selection criteria

þ γ4Country þ γ5Climate zoneþ γ6Threat typeþ ε2
ð2Þ

where, Threat_assessment is the likelihood of a factor being assessed as a
threat by a particularWCHS, and Threat_intensity is the degree of intensity
of the threat as indicated in the second cycle of UNESCO’s periodic reports.
Following the previous study7, threat intensity has been reclassified into
three categories: negligible, minor, and major. Similarly, γ0 and β0 are
constants, γ1�6 and β1�6 are coefficients, and ε1�2 are error terms. Size is the
area of the site, categorised as small (0–10 ha), medium (10.1–100 ha), large
(100.1–1000 ha), or very large (>1000 ha). Age is the period since the site’s
inscription, categorised as old (1979–1989), medium (1990–1999), or new
(≥2000). Selection_criteria is oneof the six criteria listedby the site at its time
of inscription, Country is the nation in which the site is located, Clima-
te_zone is one of fivemajor climatic zones identified by the Köppen–Geiger
climate classification system60, andThreat_type is a category of the standard
list of threats maintained by UNESCO.

The next stage is the analysis of management's capacity to adapt to
threats. The model is specified as follows:

Adaptive management capacity ¼ α0 þ α1Sizeþ α2Ageþ α3Selection criteria

þ α4Country þ α5Climate zoneþ α6Threat typeþ ε3

ð3Þ

Fig. 1 | Conceptual framework and empirical
approach of the study. The relationship of six pre-
dictors is investigated using three outcome variables.
In step one, five predictors are modelled for threat
assessment. In steps two and three, six predictors are
modelled with threat intensity and adaptive man-
agement capacity only when factors are assessed as
threats. (Source: author’s illustration).
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where, Adaptive_management_capacity is the reported capacity of the site’s
management to address threats, measured at four levels: (i) no capacity, (ii)
low capacity, (iii) medium capacity, or (iv) high capacity. Similarly, α0 is a
constant, α1�6 are coefficients of independent variables, and ε3 is the error
term. The independent variables are the same as the ones used in the
previous stage.

Standard errors are clustered at site levels for both stages of analysis.
Marginal effects are calculated for the logit regressions to quantify the
magnitude of the relationship in question.

Data sources and descriptive statistics
The data has been obtained from the UNESCO Periodic Report (Cycle II),
the UNESCO World Heritage Site database61, and the world maps of the
Köppen–Geiger climate classification webpage60. The inclusion criteria are
as follows: (i) cultural heritage sites participating in the second cycle of
UNESCO’s Periodic Reporting, (ii) sites located in Asia and the Pacific
Region, (as of August 2023, UNESCO categorises 45 countries in the list of
Asia and the Pacific Region. For a complete list, see https://whc.unesco.org/
en/statesparties/?searchStates=&id=&region=2) and (iii) countries cate-
gorised as emerging and developing according to the International Mone-
tary Fund62. Although transboundary and mixed sites have some cultural
aspects, they have not been included in this study to maintain data con-
sistency and homogeneity. Exposure to threats, threat perceptions, and
management practicesmay vary significantly within sites that span national
boundaries and sites that have a combination of natural and cultural
elements.

ForAsia, thePeriodicReport (Cycle II)was carried out in 2010, and the
final reports were published in 2012. A total of 41 countries participated,
representing 198 heritage sites63. While old, this is the most recent data
available, and it is still helpful in determining howvulnerable certainWCHS
in the area are. Further, the COVID-19 pandemic may have distorted the
frequency and extent of human-induced threats in the third reporting cycle.
Scanned copies of Section II of the Periodic Report questionnaire stored in
the UNESCO data repository are downloaded. Of these, the reports for
cultural heritage sites meeting the inclusion criteria have been selected. The
sections of the Periodic Reports that contained information about factors
affecting properties, (contained information about 2841 factors reported for
112 sites in 25 countries) the intensity of threats (factors considerednegative
and current), and the capacity of management to deal with those threats
(contained information about 1221 factors reported as threats for 101 sites
in 23 countries) form the basis for this study’s dependent variables. The
process of Periodic Reporting under the World Heritage Convention is
discussed elsewhere64, and both the questionnaire and the reports can be
accessed from the UNESCO website61.

Data on the independent variables—size, country, year of inscription,
and selection criteria has been obtained from the World Heritage List
database, which is downloadable as a spreadsheet file from the UNESCO
website. The spreadsheet also contains information on the latitudes and
longitudes of individual sites.

For data on climate variables, theKöppen–Geiger climate classification
system is used. One of the climate classification systems used most around
the world, it classifies climates into five main categories: (i) Equatorial/
Tropical, (ii) Dry/Arid, (iii)WarmTemperate, (iv) Continental/Boreal, and
(v) Polar65. For this study, a web map containing observed and predicted
climatedata from1901ADto2100ADbasedon theKöppen–Geiger system
has been accessed through the software ArcGIS Pro66. The map layer con-
taining observed climate data from 1976AD to 2000ADhas been extracted
from the package. Another layer containing the latitudes and longitudes of
World Heritage Sites obtained from the UNESCO portal has also been
added to the program.Apairwise intersection tool has beenused to extract a
table of data intersecting heritage sites with climate zones.

Information on site identification numbers has been used to link data
from the reporting cyclewith data on site properties and their climate zones.
Thefinal database used for analysis includes a total of 112 cultural properties
in 25 countries and 2841 affecting factors, of which 1221 are assessed as

threats to the sites (see Supplementary Table 1 for a list of the countries
and sites).

Descriptive statistics show that the average site size is 3634.2 ha; the
average year of inscription is 1995; 2.7% of the sites are on the danger list;
most sites were inscribed based on selection criteria 2 (56.3%), 3 (72.3%), or
4 (58%); and most of them are located in the equatorial climate zone
(33.9%), while none are located in the polar climate zone. China (25%) and
India (20.5%) have the most sites.

Of the total factors reported, 1221 (69.9%) factors affecting sites are
reported as negative. Factors like sudden ecological or geological events,
invasive/alien or hyper-abundant species, other human activities (including
war and deliberate destruction of heritage), pollution, climate change and
severeweather events, and local conditions affectingphysical fabric aremost
frequently reported as negative.

As shown in Fig. 2,most of the negative factors or threats are perceived
as being in the minor category (42.2%), while around one-third are con-
sidered major or catastrophic. Factors related to sudden ecological or geo-
logical events aremost frequently reported asmajor threats, whereas factors
related to utilities or service infrastructure are most frequently reported as
negligible.

For most of these threats, a medium capacity for response is perceived
(47.3%). Over 10% of the sites report having no capacity or resources to
address climate change and severe weather events, while 42.9% indicate a
low capacity to address management and institutional factors. Almost half
of the sites (48.5%) report having a high capacity to deal with threats related
to human activities (see Table 1).

Results
Likelihood of reporting threat and its intensity
The results of the logistic regression (Table 2) show that factors being
assessed as threats are significantly related to a site’s age of inscription,
selection criteria, climate zone, and home country, but not to site size. The
marginal effects analysis shows that the sites inscribed between 1990 and
1999 are 15 percentage points (p < 0.01) more likely to report threats, and
those inscribed before 1990 are 24 percentage points (p < 0.01) more likely
to report threats than those inscribed after the year 2000. Similarly, sites that
fall under selection criterion 5 (indicating an outstanding example of tra-
ditional human settlement) are 12 percentage points (p < 0.05) more likely
to report threats than sites that do not meet this criterion. In the same way,
sites located in an equatorial climate (Köppen climate classification A) or a
dry/arid climate (classification B) are 20 percentage points (p < 0.05) and 16
percentage points (p < 0.05) less likely to report threats than those in a
continental climate (classification D), respectively. In terms of host coun-
tries, the Philippines (dy/dx = 0.20, p < 0.01) is the most likely to report a
threat, while Vietnam (dy/dx =−0.28, p < 0.01), Iran (dy/dx =−0.23,
p < 0.01), and China (dy/dx =−0.16, p < 0.05) are less likely to report a
threat with reference to countries grouped as others in the sample.

Results of the ordered logit estimation (Table 2) reveal that threat
intensity depends on a site’s selection criteria, climate zone, host country,
and threat factors but not on its size or year of inscription. While selection
criteria 5 is associated with a greater likelihood of reporting a threat,
selection criteria 6 is associated with higher threat intensity. Similarly, only
temperate climates and two countries—the Philippines and Afghanistan—
are associated with threat intensity. The average marginal effects show that
sites falling under selection criteria 6 (those with a direct association with
events or living traditions) are 10 percentage points more likely than those
without this criterion to report threats as major (p < 0.05). Similarly, sites
located in dry/arid climates (Köppen climate classification B) are 18 per-
centage points less likely to report major threats than sites in continental
climates (p < 0.05). In terms of host countries with reference to others, the
Philippines is 51 percentage points (p < 0.01)more likely andAfghanistan is
26 percentage points (p < 0.05) more likely to report threats as major.
Similarly, with reference to the threat of pollution, the threat of sudden
ecological or geological events is 18 percentage points more likely to be
reported as a major threat (p < 0.01). This likelihood is also 10 percentage
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points higher (p < 0.05) for each of the following: local conditions affecting
physical fabric, socio-cultural use of heritage, and climate change and severe
weather events. Contrarily, biological resource use andmodification is eight
percentage points less likely to be reported as a major threat than pollu-
tion (p < 0.05).

In summary, analysis of threat reporting and threat intensity among
theWCHS indeveloping countrieswithinAsia shows that (i) older sites are
significantly more likely to report threats compared to newly inscribed
sites, although age does not significantly affect the intensity of threats; (ii)
sites falling under selection criteria 5 and 6 aremore likely to report threats
and experience more intense threats, respectively, compared to sites
without these criteria; (iii) equatorial and temperate climate zones are
associated with a lower likelihood of threat reporting compared to con-
tinental climate zones, though only temperate zones show a significant
negative associationwith threat intensity; (iv) compared toother countries,
sites in Vietnam, Iran, and China are less likely to report threats, whereas
sites in the Philippines and Afghanistan are more likely to report major
threats; and (v) sudden ecological or geological events, climate change and
severe weather events, social cultural use of heritage, and local conditions
affecting physical fabric are more likely to be reported as major threats,
while biological resource use is less likely than pollution to be reported as a
major threat.

Likelihood of reporting a high degree of adaptive capacity
The results of the ordered logit estimation show that the degree of adaptive
management capacity depends upon a heritage site’s year of inscription,
country, and threat factors but not on its size, climate zone, or selection
criteria (Table 3, Supplementary Table 2). The average marginal effects
(Table 3) show that having been inscribed during the period 1979–1989 has
a significant positive effect on low capacity and a significant negative effect
on high capacity. The propensity of these sites to report high adaptive
management capacity is 20 percentage points lower than the reference
category of sites inscribed after the year 2000 (p < 0.05). However, there are
no significant effects of the age category 1990–1999 onany adaptive capacity
levels. This indicates that older sites, particularly from the period
1979–1989, are more likely to face management and conservation
challenges.

Meanwhile, the analysis shows that the country of location has a
noticeable effect on adaptive management capacity. When compared to
other countries in the region, being located in China has a significant
negative effect on low capacity (17 percentage points, p < 0.05), but a weak
positive effect on high capacity (31 percentage points, p < 0.1), indicating a
moderate level of adaptive management capacity. Contrarily, being located
in Afghanistan has a significant positive effect on a site having no man-
agement capacity at all (27 percentage points, p < 0.01) or low capacity (24

Fig. 2 | Threats intensity and adaptive manage-
ment capacity (n= 1221). Distribution of 1221
threats in terms of their intensity and the adaptive
capacity of the respective management. Source: Data
compiled by author from UNESCO Periodic Report
(Cycle II), World Heritage Site database, and other
sources.
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percentage points, p < 0.01). It also has a significant negative effect on
medium capacity (32 percentage points, p < 0.01) and high capacity (19
percentagepoints,p < 0.01).This indicates that sites inAfghanistan aremost
likely to have very low adaptive management capacity. Similarly, for sites in
the Philippines, the likelihood is 15 percentage points lower for high
capacity (p < 0.05), 18 percentage points lower for medium capacity
(p < 0.05), and 22 percentage points higher for low capacity (p < 0.01),
indicating a lower degree of adaptive management capacity overall.

None of the countries in the study sample have a significantly high or
medium capacity to deal with threats categorised as major in the previous

analysis. However, the likelihood of reporting high adaptive management
capacity against the threat of other human activities is about 27 percentage
points higher (p < 0.01) than for the threat of pollution. It is also 21 per-
centage points higher (p < 0.05) for invasive alien or hyper-abundant
species.

In summary, the analysis of adaptive management capacity against
threats among theWCHS in the developing countries in Asia shows that (i)
compared to sites inscribed after the year 2000, sites inscribed in the first
decade of the World Heritage Convention are more likely to have a lower
degree of adaptive capacity; (ii) sites located in Afghanistan have a sig-
nificantly lower degree of adaptive management capacity with reference to
other groups of countries in the region; (iii) with reference to the threat
factor of pollution, there is more likely to be higher adaptive capacity for
other human activities and invasive/alien or hyper-abundant species; and
(iv) none of the factors identified as major threats were associated with
higher management capacity.

Discussion
One important finding of this study is that factors related to the social and
cultural use of heritage, climate change, local environmental conditions, and
natural disasters are more likely to be reported as major threats. However,
the degree of adaptive management capacity regarding these threats is not
significantly high. This indicates that sites in developing countries are
exposed to a variety of severe threats and are highly vulnerable due to their
low levels of management capacity. Other studies conducted in Asia have
also reported high vulnerability among these sites5,67–69. The sources of
vulnerability identified in this study are primarily natural rather than socio-
economic or human-induced. Further, this study finds that the sites tend to
have a higher capacity to respond to threats of other human activities (e.g.
war, crime) in comparison to pollution. This contrastswith a previous study
that surveyed 500 cultural heritage sites in developing countries, which
shows that development pressure, unsustainable tourism, insufficient
management, looting, and conflict cause 90% of related losses and
destruction70,71. However, sincemost of the sites in the survey are not on the
UNESCO list, having UNESCOWorld Heritage status may reduce some of
these vulnerabilities.

A comparison of findings from this study with similar studies con-
ducted indevelopedcountries shows some similarities butwith considerable
variations. In both developed and developing countries, the size of a cultural
heritage site is not a significant predictor of threats, but its year of inscrip-
tion, host country, selection criteria, climate zone, and the type of threat in
question are significant7,8. This suggests that vulnerability andmanagement
challenges are not strictly related to the scale of a site and that smaller and
larger sites may face similar risks and have comparable levels of
preparedness.

The present study finds that the year of inscription seems to play a
consistent role across all models, particularly for threat assessment and
adaptive management capacity. Older sites are more likely to assess factors
affecting their properties as threats but also exhibit lower adaptive man-
agement capacity. However, age does not impact the intensity of threats,
indicating that bothold andnewsites perceive threats similarly once they are
reported. In contrast, in developed countries, the year of inscription has a
negative effect on reporting and is not associatedwith adaptivemanagement
capacity7,8. These findings suggest that there are differences in the ways sites
in developing and developed countries interact with the UNESCO system
andmay indicate a varying political dynamic between the UNESCO system
and different economies13,72.

Similarly, while the previous study results indicate that sites repre-
senting creative human genius (criterion 1) are associated with reporting
threats in developed countries, in the current study, sites representing tra-
ditional human settlement (criterion 5) are associated with threat assess-
ment, and sites of universal significance (criterion 6) are associated with the
intensity of threats7. These criteria likely identify sites that are inherently
more vulnerable due to their sensitivity toward various risks. Despite the
association of threat assessment and intensity with these selection criteria,

Table 1 | Descriptive statistics

Panel A: Site
characteristics (n = 112)
Size Percent Age Percent

0–10 ha 32.1 1979–1989 31.3

10.1–100 ha 20.5 1990–1999 30.4

100.1–1000 ha 32.1 ≥2000 38.4

>1000 ha 15.2

Selection criteria Percent Country Percent

C1—Creative genius 37.5 China 25.0

C2—Human values 56.3 India 20.5

C3—Cultural tradition 72.3 Iran 8.0

C4—Human history 58.0 Sri Lanka 5.4

C5—Human settlement 13.4 Pakistan 5.4

C6—Universal significance 39.3 Uzbekistan 3.6

Climate zone Viet Nam 3.6

A (Equatorial/Tropical) 33.9 Philippines 2.7

B (Arid/Dry) 25.9 Others 25.8

C (Warm temperate) 25.9

D (Continental) 14.3 Danger list 2.7

Panel B: Factors affecting
sites (n = 2841) (percent)

Freq Negative Current

1. Buildings and
development

11.6 54.3 70.7

2. Transport infrastructure 7.3 51.7 75.9

3. Utilities or service
infrastructure

7.1 55.9 74.3

4. Pollution 6.2 98.9 65.7

5 Biological resource use/
modification

5.7 54.7 72.1

6 Physical resource
extraction

2.3 70.8 69.2

7. Local conditions affecting
physical fabric

16.9 96.5 77.1

8. Social cultural use of
heritage

13.9 49.1 85.1

9. Other human activities 4.5 99.2 54.3

10. Climate change and
severe weather events

8.0 97.4 44.3

11. Sudden ecological or
geological events

6.7 100.0 32.5

12. Invasive/alien or hyper-
abundant species

2.1 100.0 55.0

13. Management and
institutional factors

7.7 10.9 88.6

Total 100.0 69.9 69.8

Panel A presents descriptive statistics for 112 sites from 23 countries in Asia included in the study.
Panel B presents the distribution of 2841 factors from 112 sites according to management
perception as negative and current which are considered threats to the sites.
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Table 2 | Logit and ordered logit estimations (marginal effects) of reported threats and their intensity toWorld Cultural Heritage
Sites in developing countries in Asia

Threat reporting Major threat Minor threat Negligible threat

dy/dx sig z stat dy/dx sig z stat dy/dx sig z stat dy/dx sig z stat

Size (Ref: >1000 ha)

0–10 ha 0.01 0.11 0.05 0.60 0.00 −0.39 −0.05 0.09

10.1–100 ha −0.10 −1.60 0.02 0.28 0.00 0.03 −0.02 0.09

100.1–1000 ha −0.04 −0.68 0.02 0.26 0.00 0.05 −0.02 0.08

Age (Ref: 2000–2010)

1979–1989 0.24 *** 3.95 0.11 * 1.66 −0.01 −0.59 −0.10 −1.65

1990–1999 0.15 *** 3.04 0.00 −0.03 0.00 −0.03 0.00 0.07

Selection criteria

C1—Creative genius 0.02 0.33 0.05 1.06 0.00 −0.47 −0.05 −1.10

C2—Human values 0.07 * 1.67 −0.03 −0.81 0.00 0.57 0.03 0.80

C3—Cultural tradition 0.06 1.52 0.00 −0.01 0.00 0.01 0.00 0.01

C4—Human history 0.03 0.60 0.03 0.44 0.00 −0.32 −0.03 −0.44

C5—Human settlement 0.12 ** 2.21 −0.05 −0.67 0.00 −0.11 0.05 0.62

C6—Universal
significance

0.06 * 1.66 0.10 ** 2.21 −0.01 −0.61 −0.09 ** −2.19

Climate classification (Ref: Continental)

Equatorial −0.20 ** −2.48 −0.04 −0.45 0.01 0.45 0.03 0.45

Arid −0.16 ** −2.20 −0.18 ** −2.31 0.01 0.34 0.17 ** 2.56

Temperate −0.13 * −1.95 −0.13 * −1.86 0.02 0.75 0.11 * 1.92

Country (Ref: Others)

China −0.16 ** −2.06 −0.15 * −1.79 −0.05 −1.26 0.20 * 1.73

India −0.07 −1.04 −0.10 −1.41 −0.02 −0.74 0.12 1.35

Pakistan 0.06 0.73 0.16 * 1.82 −0.05 −1.15 −0.11 * −1.94

Sri Lanka 0.13 1.30 0.15 * 1.66 −0.04 −1.22 −0.11 * −1.67

Iran −0.23 *** −2.62 −0.02 −0.13 0.00 0.04 0.02 0.13

Viet Nam −0.28 *** −4.16 −0.06 −0.43 0.00 −0.14 0.06 0.39

Philippines 0.20 *** 3.41 0.51 *** 4.83 −0.29 *** −4.13 −0.22 *** −3.79

Uzbekistan 0.05 0.70 0.13 1.50 −0.04 −1.19 −0.10 * −1.48

Afghanistan 0.21 * 1.75 0.26 ** 2.16 −0.11 −1.46 −0.16 ** −2.45

Threats (Ref: Pollution)

Buildings & development 0.07 1.32 0.00 0.01 −0.07 −1.33

Transport infrastructure 0.03 0.63 0.00 0.45 −0.04 −0.64

Utilities or service infrastructure −0.07 * −1.82 −0.02 −1.49 0.09 * 1.85

Biological resource use/
modification

−0.08 ** −2.01 −0.03 −1.50 0.11 ** 1.97

Physical resource extraction −0.03 −0.63 −0.01 −0.44 0.04 0.59

Local conditions affecting
physical fabric

0.10 ** 2.37 0.00 −0.42 −0.09 ** −2.22

Social cultural use of heritage 0.10 ** 2.33 0.00 −0.28 −0.09 ** −2.51

Other human activities 0.02 0.42 0.00 0.40 −0.03 −0.42

Climate change and severe
weather events

0.10 ** 2.02 0.00 −0.32 −0.09 ** −2.02

Sudden ecological or
geological events

0.18 *** 2.75 −0.03 −1.13 −0.15 *** −2.91

Invasive/alien or hyper-
abundant species

−0.09 * −1.89 −0.04 −1.34 0.13 * 1.77

Management and institutional
factors

−0.03 −0.31 −0.01 −0.26 0.03 0.30

Number of observations (Threats) = 1221

Number of sites = 112

The averagemarginal effects are calculated for the presence or absence of reporting factors as threats and for three levels of intensity of threats following estimation of logit and ordered logitmodel in Stata
(BE version 18.0), respectively, with cluster adjusted standard errors at site levels. Coefficients and z-stats are disclosed in the Supplementary Table 2.
***p < 0.01, **p < 0.05, *p < 0.1.
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the criteria donot seem to significantly correlate with adaptivemanagement
capacity, pointing to a potential gap in preparedness.

The study also finds that equatorial and arid zones are less likely to
report threats compared to continental zones, and temperate zones are less

likely to report major threats. However, the management capacity in these
zones does not differ significantly from other zones. This could suggest
underreporting in equatorial and arid regions. These findings highlight the
importance of improving threat detection and reporting mechanisms,

Table 3 | Ordered logit estimations (marginal effects) of management adaptive capacity of World Cultural Heritage Sites in
developing countries in Asia

No capacity Low capacity Medium capacity High capacity

dy/dx sig z-stat dy/dx sig z-stat dy/dx sig z-stat dy/dx sig z-stat

Size (Ref: >1000 ha)

0–10 ha 0.00 0.15 0.01 0.15 0.00 0.13 −0.02 −0.15

10.1–100 ha 0.00 0.20 0.01 0.20 0.00 0.18 −0.02 −0.20

100.1–1000 ha 0.00 0.23 0.01 0.22 0.00 0.19 −0.02 −0.22

Age (Ref: 2000–2010)

1979–1989 0.03 * 1.88 0.12 ** 2.43 0.05 1.30 −0.20 ** −2.35

1990–1999 0.01 0.75 0.04 0.76 0.03 0.80 −0.09 −0.79

Selection criteria (Ref: 0 for each)

C1—Creative genius 0.01 0.44 0.02 0.46 0.00 0.40 −0.03 −0.45

C2—Human values −0.01 −1.01 −0.05 −1.10 −0.01 −0.73 0.07 1.10

C3—Cultural tradition 0.01 0.60 0.03 0.58 0.01 0.44 −0.04 −0.57

C4—Human history −0.01 −0.69 −0.04 −0.75 −0.01 −0.66 0.06 0.76

C5—Human settlement −0.02 −1.42 −0.07 −1.33 −0.03 −0.78 0.12 1.16

C6—Universal significance 0.01 0.56 0.02 0.56 0.00 0.45 −0.03 −0.56

Climate classification (Ref: Continental)

Equatorial −0.03 −0.85 −0.09 −1.10 0.00 −0.14 0.12 1.11

Arid −0.01 −0.51 −0.05 −0.57 0.01 0.36 0.06 0.57

Temperate −0.02 −0.96 −0.08 −1.37 0.00 0.12 0.09 1.44

Country (Ref: Others)

China −0.03 −1.47 −0.17 ** −2.25 −0.11 −1.10 0.31 * 1.83

India −0.02 −0.87 −0.08 −1.06 0.00 −0.08 0.09 1.05

Pakistan −0.03 −1.34 −0.15 −1.43 −0.06 −0.49 0.23 1.04

Sri Lanka −0.02 −1.08 −0.10 −1.25 −0.01 −0.32 0.13 1.11

Iran −0.01 −0.30 −0.03 −0.30 0.00 0.34 0.04 0.28

Viet Nam −0.01 −0.57 −0.05 −0.55 0.00 0.23 0.06 0.52

Philippines 0.12 1.33 0.22 *** 2.67 −0.18 ** −2.07 −0.15 ** −2.23

Uzbekistan 0.02 0.73 0.06 0.81 −0.03 −0.78 −0.06 −0.78

Afghanistan 0.27 *** 2.71 0.24 *** 2.73 −0.32 *** −4.08 −0.19 *** −3.07

Threats (Ref: Pollution)

Buildings & development 0.00 0.18 0.01 0.18 0.00 0.03 −0.01 −0.18

Transport infrastructure −0.01 −1.32 −0.05 −1.46 −0.01 −0.95 0.08 1.56

Utilities or service infrastructure −0.01 −0.85 −0.03 −0.87 −0.01 −0.57 0.04 0.90

Biological resource use/modification 0.00 −0.30 −0.02 −0.31 0.00 −0.25 0.02 0.31

Physical resource extraction −0.01 −0.90 −0.04 −0.93 −0.01 −0.63 0.05 0.95

Local conditions affecting physical fabric 0.01 0.43 0.02 0.44 0.00 −0.12 −0.02 −0.43

Social cultural use of heritage −0.01 −1.38 −0.05 −1.56 −0.01 −1.21 0.08 * 1.78

Other human activities −0.03 ** −2.31 −0.13 *** −3.34 −0.11 *** −3.14 0.27 *** 4.42

Climate change and severe weather events 0.02 1.34 0.07 1.54 −0.01 −0.72 −0.07 −1.51

Sudden ecological or geological events −0.01 −0.69 −0.04 −0.66 −0.01 −0.50 0.05 0.67

Invasive/alien or hyper-abundant species −0.02 * −1.85 −0.11 ** −2.21 −0.07 * −1.72 0.21 ** 2.27

Management and institutional factors −0.01 −0.26 −0.02 −0.26 0.00 −0.15 0.03 0.24

Number of observations (threats) = 1221
Number of sites = 112

The average marginal effects are calculated for four levels of management adaptive capacity using the ordered logit model in Stata (BE version 18.0) with standard errors cluster adjusted at the site level.
Coefficients and z-stats are disclosed in the table in the Supplementary Table 2.
***p < 0.01, **p < 0.05, *p < 0.1.

https://doi.org/10.1038/s40494-025-01579-0 Article

npj Heritage Science |           (2025) 13:60 8

www.nature.com/npjheritagesci


especially in vulnerable climate zones that may not recognise or address
risks early enough.

Country effects are significant across all models, suggesting that
national context plays a crucial role in both the perception of threats and the
ability tomanage them.China, Vietnam, and Iran show lower rates of threat
reporting, while the Philippines andAfghanistan report moremajor threats
andhave lower adaptivemanagement capacity. This highlightsdisparities in
governance, resource allocation, and site management across different
countries. These findings underscore the urgent need for targeted interna-
tional support and policy interventions in countries where socio-political
instability may hinder effective site management.

The starkest variation is evident in the type and intensity of threats.
Only four kinds of threats are significant at p < 0.05 in this study, in contrast
to seven in the previous study7. This may imply that certain threats are not
being reported, or that the severity of threats is being downplayed in some
developing countries. For example, the likelihood of reporting the threat of
climate change and severe weather events as major is more than two times
higher in developed countries compared to developing countries7. The
likelihood of buildings and development being reported as major threats is
also highly significant in developed countries, but not in developing
countries.

Variation betweendeveloped and developing countries also exists with
respect to adaptive capacity. In developed countries, a high degree of
adaptive management capacity in natural heritage sites is found to be sig-
nificantly and negatively associated with five types of threats; there is also a
large degree of overlap between threats identified as major and corre-
sponding adaptive capacity8. However, this study finds a disconnect
between threats identified as major and corresponding adaptive capacity.
Additionally, high capacity is positively associated with responding to
threats related to other (illegal) human activities and invasive alien species.
The difference may be because natural heritage sites and cultural heritage
sites have different threat profiles and capacities to adapt to them.

Conclusion
This is the first study to investigate how site-specific characteristics relate to
threat assessment, threat intensity, and degree of adaptive management
capacity to handle threats to World Cultural Heritage Sites in developing
countries of Asia. Theoretically, the study contributes to a broader under-
standing of the risk and vulnerability of WCHS in developing countries
through simultaneous analysis of threats and adaptive capacities. Further,
the study offers a comparison of the patterns of vulnerability of sites in
developing and developed countries.

Important managerial and policy implications can be drawn from this
study. First, sites with longer durations of engagement with the UNESCO
systemhave an increased awareness of various threats, but notnecessarily an
improved capacity to manage them. Heritage sites on the UNESCO list
enjoymore attention, as well asmore national and international protection,
than those that are not inscribed. Therefore, more sites in developing
countries should be included on theUNESCO list, and they should diversify
their development partners and carefully design systems to bolster their
management capabilities. Given that older sites are more likely to report
threats but have lower adaptive capacity, policymakers must prioritise
resources for these sites. This could involve targeted funding for restoration
and enhanced monitoring of threats. Second, care should be taken during
the transfer of heritage conservation knowledge and technologies from
developed todeveloping countries (or simply fromone successful country to
another) because threats and adaptive capacities vary betweencountries and
regions of the world. Meanwhile, international organisations and national
governments must collaborate to provide technical support, improve
institutional capacity, and enhance adaptive management practices in
highly vulnerable sites. Finally, with climate-related threats emerging as key
risk factors, climate adaptation strategies need to be integrated into heritage
sites’management plans. This is particularly important for sites where the
threat of climate change may be unknown, underreported, or latent but
significant.

This study has several limitations. It uses cross-sectional data from
UNESCO’s data repository, where Second Cycle reports were compiled
in 2012 for Asia. The severity of threats and adaptive management
capacity may have evolved in the interim period. Moreover, there are a
considerable number of newer sites that were inscribed after the Second
Cycle report, meaning data on them is not yet available. Because of the
self-reported nature of the questionnaire used in these reports, certain
threats ormanagement responsesmay be under- or over-reported due to
various reasons, including different interpretations of questions due to
language barriers, political pressure, or funding considerations. Further,
it is not possible for the UNESCO data to fully capture the complex,
multi-dimensional analytical constructs of vulnerability and adaptive
management capacity. Another limitation is that the relationship
between threat intensity and adaptive management capacity is not
investigated in this study. A future study could model this relationship
using simultaneous equation models. Future research could also com-
pare the current results with Third Cycle reports to reveal temporal
trends. Other data sources such as State of Conservation reports, textual
data from the authoritative documents of relevant cultural heritage
institutions like ICOMOS, satellite imaging, remote sensing, participant
surveys, and qualitative interviews could be combined with these data-
sets for more comprehensive analysis. State of Conservation reports and
reports from renowned cultural heritage institutions may reduce biases
introduced by the self-reported nature of periodic reports. Satellite
images and remote sensing datasets, meanwhile, could be used to
develop hazard and vulnerability maps, as well as to validate and
enhance the accuracy of econometric models. Participant surveys could
be used to gather data about threat perception from stakeholders other
than site managers, and in-depth interviews with stakeholders could be
used to explore the implications of both vulnerabilities and the barriers
to addressing them.

Data availability
The datasets used and/or analysed during the current study are available
from the corresponding author onreasonable request.

List of abbreviations
WCHS World Cultural Heritage Sites
IMF International Monetary Fund
KG climate classification Köppen–Geiger climate classification
UNESCO United Nations Educational, Scientific and

Cultural Organization
WHS World Heritage Sites
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