
 

 

ZIBBY GARNETT TRAVELLING FELLOWSHIP 

 

JOSHUA A HILL 

 

 
 

WALL PAINTING CONSERVATION INTERNSHIP AT THE DUNHUANG ACADEMY, 

CHINA. 

 

14TH
 JULY – 22ND

 SEPTEMBER 

 

  



 

 2 

Contents 

 

Introduction      3 

Study Trip      3 

Costs       4 

Dunhuang      5 

 Living in Dunhuang    5 

 The Dunhuang Academy   8 

 Conservation – Cave 84   11 

 Conservation – Cave 231   17 

 Research at the Dunhuang Academy  19 

 CIA Teaching     21 

 Conference     23 

 Travel      24 

Conclusion       26 

Acknowledgements     27 

 

  



 

 3 

Introduction 

My name is Joshua Hill and the Zibby Garnett Travel Fellowship supported me 

directly after I completed the three-year MA Conservation of Wall Painting at 

the Courtauld Institute of Art. This programme is highly specialised but is also 

very collaborative and team based, reflecting much of the profession.  

 

I became aware of the Zibby Garnett Travel Fellowship during my time at the 

Courtauld while researching a site that a previous recipient had worked at. I 

was struck by how unusual it was to find a fund dedicated to supporting newly 

qualified conservators. It is at exactly this time that extra experience and 

professional connections can prove to be crucial in making the transition from 

student to professional conservator.  

 

Study Trip 

I travelled to the Dunhuang Academy in Gansu Province, China. The 

Dunhuang Academy (DA) is one of the leading centres of wall painting 

conservation practice and research, as well as of site management, in Asia. The 

most well-known aspect of their work is the care and management of the World 

Heritage Site of the Mogao Grottoes. This extraordinary Buddhist site contains 

over 45,000 m2 of wall paintings dating from the fourth to thirteenth centuries 

CE spread across nearly 500 painted caves [Figure 1]. It is also, famously, 

home of the so-called ‘library-cave’ which contained many documents, 

portable paintings, and other artefacts dating from 406–1002 CE, which are 

now dispersed across the globe.  

 

Mogao was one of the sites that inspired me to pursue a career in wall painting 

conservation – both by the extraordinary nature of the paintings and the 

inspirational conservation done there. During my training at the Courtauld, the 

Mogao grottoes proved to be an important topic of study for subjects ranging 

from the innovative development and assessment of conservation materials to 

scientific research and site management.  

 

The Academy is responsible not only for the direct care and management of the 

Dunhuang Grottoes and other grotto sites in the area but also provides advice 
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and expertise across China. My trip was in the period 14th July – 22nd 

September with eight weeks dedicated to site work and two weeks to travelling 

to other heritage sites, primarily in Gansu province. 

 

 

Figure 1. The location of the Mogao Grottoes, near Dunhuang, in modern-day Gansu province, 

China. Reproduced from Whifield, Roderick, Susan Whitfield, and Neville Agnew. 2000. Cave 

Temples of Mogao: Art and History on the Silk Road. Los Angeles: Getty Conservation 

Institute; J. Paul Getty Museum. © J. Paul Getty Trust. 

 

Costs 

The total cost of the trip was £2200 for the time in Dunhuang. The Zibby 

Garnett Travel Fellowship supported me with £1260 and the York Foundation 

for Conservation and Craftsmanship generously provided £940. Due to 

unexpectedly winning funding from both organisations, and by making savings 

on my original budget estimate, I was able to return a portion of the original 

£2000 and £1500, respectively, granted to me. Extra costs relating to travel in 

Gansu province were paid through personal savings. 
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Dunhuang 

My time at the DA was spent between the conservation team run by Yang Tao 

and the monitoring centre where I was looked after by Wang Xiaowei, the head 

of this part of the DA. I also took the opportunity to become familiar with the 

others sections of the National Research Centre for Conservation of Ancient 

Wall Paintings [Figure 2], as well as other conservation teams. 

 

Figure 1. The author outside the National Research Centre for Conservation of Ancient Wall 

Paintings, a part of the Dunhuang Academy. Image courtesy Ilsa Haeusler. 

 

Living in Dunhuang 

The Mogao Grottoes lie 25km south-east of Dunhuang. The town itself is 

primarily geared towards tourism but is also home to the many staff of the DA 

and to a small amount of agriculture. I shared an apartment with other foreign 

visitors to the DA and took a staff bus to site each day. My flatmates were 

working on tourism management (visiting from Italy) and the representation of 

architecture in the paintings (visiting from the US).  

 

The town itself is overlooked by the Mingsha sand dunes [Figure 3] and has 

received significant investment, commensurate with its importance as a 
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domestic tourism destination. This includes a waterfront and wetland area 

based around the Danghe river, which runs through the town. 

 

 

Figure 3. The Mingsha sand dunes overlooking Dunhuang with the Danghe river in the 

foreground. 

 

My apartment was situated opposite the Dunhuang museum. This museum 

displays artefacts from the area dating from the Neolithic period to the Qing 

dynasty and includes some interesting tomb paintings excavated nearby. On 

landing at the airport, the surrounding arid land is visibly strewn with 

underground tombs. A number of these were excavated during construction of 

the airport and were found to contain painted bricks. An interesting array of 

these painted bricks is on display at the museum [Figure 4]. Sadly, tomb 

paintings are often removed from their original context, and the management of 

environmental conditions after excavation is notoriously difficult.  

 

Elsewhere in town, elements of historic Dunhuang survive including fragments 

of the city wall and the White Horse stupa [Figure 5]. The latter is associated 

with the journey of the translator-monk Kumārajīva, who lived in the 4th-5th 

centuries CE, bringing scriptures into China. His horse, having carried 

Kumārajīva and the precious scriptures through across the Taklamakan dessert  
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Figure 4. Painted tomb bricks on display at the Dunhuang museum from the Wei & Jin 

Dynasties. (Left) A door guardian officer with sword unearthed from tomb 1 at Foyemiao 

temple in 1999 and (right) a tiger door ornament unearthed from a tomb near the airport in 

1987. 

 

 

Figure 5. The White Horse stupa, a monument in Dunhuang to the horse of translator-monk 

Kumārajīva, who lived in 4th-5th centuries CE. 
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is said to have collapsed and died near this site and the stupa erected as a 

monument to it. 

 

As well as the excellent food at the Dunhuang Academy canteen the city had a 

great deal of delicious and interesting food on offer. The staple grain in this part 

of China is wheat, which means that noodles and bread form the traditional 

core foods for this area. The local bread-making is exemplified by oven and 

tandoor-style baked breads shown in Figure 6. This, along with the emphasis on 

lamb, gives the cuisine of Western Gansu, where Dunhuang is located, a 

distinctive character from elsewhere in the province.  

 

 

Figure 6. Wheat is the staple grain in this part of China, with excellent bread available – here 

studded with sunflower seeds, sesame, or onion. 

 

The Dunhuang Academy 

My placement at the Dunhuang Academy was filled with learning opportunities 

and rich experiences. Being split between the monitoring centre and hands on 

conservation allowed me to gain a holistic view of the core conservation 

activities at the DA. In addition to the conservation activities of the DA it 
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includes departments responsible for art-historical and archaeological research; 

digitisation; exhibitions; and visitor development, management, and education. 

 

Two of the most important factors in understanding the conservation context of 

the grottoes are firstly, the location and weather and secondly, the immense 

demand for visitation. Its location in a region classified as BWk (Cold desert 

climate) in the Köppen climate classification system does not mean that 

Dunhuang is unaffected by precipitation. The majority of its precipitation 

occurs in the summer months but snow in the winter is not uncommon. Both 

types of precipitation contribute to risks of flooding, with the caves located on 

the banks of the Daquan river.1 The peak in rainfall coincides with the peak in 

visitor numbers, which is itself highly seasonal. Furthermore there is an 

emerging trend towards more rainy days each year.  

 

In 2018 early 2 million people visited the Mogao Grottoes. This is almost 10 

times more than a decade earlier. Now, on the busiest days the number of 

visitors reaches the cap of 18,000 per day. During the peak season 6,000 of 

these visitors see a total of 8 caves with a tour guide in groups of up to 20 

people. The individual tour guide gets to choose 4 of those caves. The 

remaining 12,000 all see the same 4 caves and receive information about the 

caves outside before entering as shown in Figure 7. 

 

The enormous growth in visitation poses a huge challenge to the conservation 

of the site. The Dunhuang Academy, following a long period of collaboration 

with the Getty Conservation Institute, has developed sophisticated methods of 

controlling and monitoring visitor flow and density. This is essential as 

uncontrolled visitation is directly associated with accelerated deterioration both 

through direct and indirect mechanisms. One of the most important of these is 

the limitations that visitation places on control of the environmental conditions 

within caves.  Put simply – visitors need to enter and exit caves, which 

 
1 The week before my arrival in Dunhuang saw a bridge leading to the Mogao Grottoes 

severely damaged by flash floods. It was temporarily repaired overnight, with 

stabilization of the river banks continuing for months afterwards. 
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inevitably leads to increased exchange between the external environmental and 

the environment within the caves.  

 

Figure 7. Tourists with B tickets get to see 4 caves. They received information on each cave 

while queuing to enter. There are a maximum of 12,000 B tickets sold each day. 

 

The conglomerate rock from which the caves at Mogao were excavated is rich 

in sodium chloride.  This salt is associated with deterioration of painted plaster 

when the internal environment of the caves undergoes change. In particular 

when the relative humidity inside the cave crosses over a particular threshold 

the salts will either spontaneously dissolve or crystallise. Cycles of dissolution 

and recrystallization resulting from fluctuation in relative humidity, or other 

sources of moisture, need to be avoided as much as possible to prevent on-

going deterioration of the painted caves. 

 

The environmental risks associated with visitation are managed both through 

long-term policies and responsive feedback. For example, through the extensive 

monitoring of live environmental and visitor data (Figure 8) it is possible to 

prevent certain problems by redirecting tour guides in response to 

environmental changes. Where necessary caves can be closed and reopened to 

visitation dynamically. 
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Figure 8. The monitoring centre at the Dunhuang Academy collects an enormous amount of 

data relating to the site and its surroundings. One of the uses of the live data collection is to 

redirect tour guides in response to environmental changes in caves that are open to visitation. 

Image © Dunhuang Academy. 

 

 

Conservation – Cave 84 

Cave 84 is a small cave, measuring roughly 2x2x2m with a pyramidal coffered 

ceiling and altar niche. It dates from the early Tang Dynasty with substantial 

modifications in the Five Dynasties period (first half of tenth century) and in 

the Western Xia period (960–1038 in Dunhuang, also known as Tangut Empire 

period). The majority of surviving painting presently visible has been dated to 

the Western Xia period, based on style, with older painting likely surviving 

underneath this scheme. 

 

Due to its small size, Cave 84 will never be suitable for general visitation. The 

primary painted schemes include depictions of sutras on the north and south 

walls with decorated borders and fictive textiles. The niche on the west wall, 

where statues once stood, includes paintings that provide a context for the 

statue – for example a decorative umbrella on the ceiling above the principal 

figure.  
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Figure 9. Detail of umbrella and flying apsaras in the niche of Cave 84. This highly decorative 

umbrella forms part of a coherent decorative scheme made up of both the paintings and the 

sculptures, which are now all missing. Image © Dunhuang Academy. 

 

As part of the annual site-wide condition assessment programme, this cave was 

identified as showing signs of active deterioration and hence put forward for a 

programme of conservation. The deterioration in this cave included salt-related 

plaster decohesion and flake formation at the lower levels (common for caves 

on the bottom level), small areas of plaster detachment, and paint flaking 

mediated by technology [Figure 10]. The scope of this conservation programme 

was not just remedial but included reassessing the role of passive and 

preventive conservation programme in this cave specifically.  

 

My arrival on site coincided with the early stages of remedial interventions. 

This meant I was able to work under instruction of Yang Tao on one particular 

intervention – the fixing of unstable flakes. The materials and methods of this 

intervention were established as part of the conservation plan, made and 

formally approved before the campaign began. As such, I was able to learn 

about the particular methodology developed for this cave [Figure 11].  
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Figure 10. South-west corner of Cave 84 during conservation programme in 2019. This image 

shows a newly replaced fill at dado level. Image © Dunhuang Academy. 

 

 

Figure 11. The key tools for required for the flake fixing intervention. The key challenges are 

to deliver an appropriate adhesive behind the flake in an appropriate quantity. Where possible, 

it may be desirable to soften and relay the flake into its original position. These tools, including 

some which are custom made or modified, are a crucial part of a successful intervention. Image 

© Dunhuang Academy. 
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The relaying of paint flakes was undertaken in areas judged to be at risk of loss, 

such as shown in Figure 12. The technology of this wall painting is 

characterised by a very smooth upper plaster layer, meaning that failures of the 

adhesion between paint layer and plaster layer is not uncommon. Flaking could 

be observed in a variety of forms including tenting, blistering, and fairly large 

areas of blind cleavage [Figure 13].  

 

An important part of the intervention included first removal of particulate 

matter on the surface of the paintings [Figure 14] to avoid inadvertently fixing 

this material more strongly to the painting. This was followed by careful 

delivery of the adhesive behind flakes with a bulb-ended needle and syringe 

[Figure 15]. This particular method of application was not one I had previously 

encountered; I found it to be highly controllable and will make my own version 

of this custom tool. The wooden spatula (hand-made by Yang Tao) was 

important for applying appropriate pressure when relaying flakes. 

 

The conservation plan for Cave 84, as with all at Mogao, was underpinned by 

extensive (scientific) investigations of the cave and its environment. This 

included extensive material testing to understanding crucial long term 

performance of conservation materials. In this instance, some of the most 

important considerations include how adhesives, consolidants, and other added 

materials may alter the moisture transport properties of the paintings. The 

investigations informed not only long-term planning but also tempered the 

pattern of work while executing remedial interventions. In such a small cave, 

the impact of workers can be substantial on the interior environment. As such, 

it was necessary to monitor and log these parameters during the work-day and 

adjust patterns of work to minimise changes in RH and T. 

 

My involvement in the conservation of Cave 84 allowed me to learn alternative 

ways to carry out familiar interventions and gain hands-on familiarity with the 

materials of this painting. Importantly this was placed in the context of the 

investigations, material development, and planning that preceded my arrival on 

site. Learning this substantial work also allowed me to acquire technical 

conservation vocabulary in Chinese. 
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Figure 12. An area of Cave 84 showing flaking at dado level. Some areas within shot have 

already undergone flake readhesion. Image © Dunhuang Academy. 

 

 

Figure 13. Detail of an area of flaking shown in Figure 12 showing the smooth plaster and 

lifting of paint layer.  Image © Dunhuang Academy. 
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Figure 14. Joshua Hill undertaking surface cleaning prior as an early step in a flake readhesion 

intervention. Photograph courtesy of Mr Zhang (Dunhuang Academy) © Dunhuang Academy. 

 

 

Figure 15. Joshua Hill applying adhesive with a bulb-ended needle and syringe as part of a 

flake readhesion intervention. Photograph courtesy of Mr Zhang (Dunhuang Academy) © 

Dunhuang Academy. 
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Conservation – Cave 231 

Cave 231 is a similar shape to Cave 84 but on a much larger scale, with the 

main chamber of approximately 6x6x5m. Dating originally from the middle 

Tang period, or Tabo/Tibetan period 766–835 CE in Dunhuang, the cave has 

substantial later alterations dating to the Cao family period (coeval with Tang 

Dynasty elsewhere in China) and the Qing Dynasty. A key aspect of the 

significance of this cave lies just above the entrance to the main chamber. 

Depicted there are the parents of the cave donor with a dated inscription. This is 

said to mark an important transition in terms of the inclusion of this filial act in 

a period when this was anathema to Buddhist theology. 

 

The cave would have consisted of antechamber, likely with a wooden front, 

with narrow corridor leading to the main chamber. At present, the remains of 

the antechamber are exposed, with a metal door to the cave positioned at the 

start of the corridor [Figure 16]. This highlights one of the challenges of the 

structural conservation work carried out at Dunhuang beginning in the middle 

of the twentieth century – how can the integrity of the site be best served when 

large portions of the cliff have collapsed, revealing parts of caves?2 

 

The present conservation context of Cave 231 is very different from Cave 84 in 

that it is a heavily visited cave. This visitation continues, in a modified form, 

during the conservation project, with the conservators at work also contributing 

to education programmes run by the Academy [Figure 17]. 

 

My involvement here was primarily in looking at the environmental data as 

well as in observing the progress of the conservation programme in this cave. I 

was able to observe the translation of the conservation plan into activities in the 

cave. I also spent time analysing some environmental data for this cave to 

understand the relationships between visitation and the interior environment. In 

 
2 It is important to distinguish these interior paintings which are now exposed from 

paintings at the Mogao Grottoes which were originally on the exterior of the caves or 

associated wooden structures. The latter are of different technologies and are very 

likely to be adapted for durability in their exposed position. 
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particular, my concern was looking at how rain events were related to the 

crossing of threshold RH values.  

 

 

Figure 16. The antechamber of Cave 231 is now exposed to the elements. In this image of the 

northern end of the west wall of the antechamber, two separate painting schemes can be 

distinguished. Additionally, the large holes near the top of the wall are likely to have been made 

for wooden beams as part of a wooden structure enclosing the entrance to the cave. 

 

While this cave is not one which is extensively affected by salt-related 

deterioration, one of the concerns here was flaking phenomena. These were 

found to be quite diverse in nature with some clearly related to an inherent 

susceptibility of original technology. These areas, in particular, correlated with 

medium-rich passage of paint. The underlying cause being thermohygral 

responses which differ between these paint layers and their underlying layers.  

 

In addition to these two projects, I am grateful to Yang Tao for sharing details 

of other active projects at the Mogao Grottoes, thus allowing me to see 

paintings with very different technologies and condition phenomena than those 

I worked on directly. The surviving painting at Mogao spans almost 1000 years 

and is spread across 500 caves, so it is unsurprising that there are important 

geological and technological differences between the caves.  
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Figure 17. Lead conservator Yang Tao discusses the conservation of Cave 231 at Mogao 

Grottoes with a group of school children and their parents. Conservators contribute to 

educational programmes run by the Dunhuang Academy where projects allow this to be safe for 

the paintings and visitors.  

 

 

Research at the Dunhuang Academy 

 

During my time at the Dunhuang Academy, I was able to engage with the 

scientific research community and facilities. For example, Li Na took the time 

to share her important on-going work on diverse the effects of fire on the wall 

paintings at Mogao. Additionally, I was particularly grateful to Wu Fasi and He 

Dongpeng for helping me to understand the ecological and biological context of 

the Mogao Grottoes [Figure 18]. 
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Figure 18. Biologist Wu Fasi discusses research undertaken in his department with Joshua Hill.  

 

 

Figure 19. The Mogao Grottoes viewed from San Wei Shan. The dessert surrounding the 

grottoes looks tinged with green, due to the plants which grew after a period of frequent 

rainfall.  
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Their areas of research range from the impact of micro-organisms on wall 

paintings across China to the effects of bat behaviour on unsealed caves. 

 

Due to the almost-weekly rain during my time in Dunhuang, the desert 

surrounding the grottoes saw an increased growth of plants. Not long after this 

led to an influx of the birds毛腿沙鸡 Syrrhaptes paradoxus skittering across 

the sands. 

 

CIA teaching 

While in China, I overlapped with a teaching programme run jointly by the 

Courtauld Institute of Art and Dunhuang Academy. Bringing graduate students 

from across China as well as junior DA staff, the programme complements 

studies at their universities by providing 10 weeks of intensive wall painting 

training spread over two consecutive summers. I contributed a lecture to this 

course on my dissertation topic – the occurrence and assessment of metal soaps 

in wall paintings. I was grateful to join the students on some of their cave visits 

– including to caves I would not have otherwise seen [Figure 20]. Importantly, 

this also meant overlapping with those delivering the teaching. For example, 3 

weeks of teaching was delivered by Lisa Shekede and Stephen, who were both 

crucial in the collaborative conservation projects between the Dunhuang 

Academy and Getty Conservation Institute. 
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Figure 20. Students, Dai Chuan and Jia Quanquan, on the Courtauld summer teaching 

programme undertake a documentation and investigation exercise in Cave 85. © Courtauld 

Institute of Art/Dunhuang Academy.  
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Conference 

It was fortunate that my time in Dunhuang overlapped with the conference The 

International Forum on the Conservation of World Cultural Heritage & 

Sustainable Tourism for Development. The DA generously supported my 

attendance at this two-day conference [Figure 21]. This event brought together 

those managing cultural heritage from around the world and across China. This 

revealed some of the tensions between economic development and conservation 

of cultural heritage. I was lucky to hear speakers from all over China (from 

Lhasa to Suzhou) as well as from an international context. I found it 

particularly interesting to hear about how diverse cultural heritage sites across 

China are finding ways to align the goals of heritage conservation with 

environmental and social goals, such as poverty alleviation. The pressure of 

tourism constitutes one of the greatest threats, after climate change, to the 

Mogao grottoes. Effective management requires great judgement and 

forbearance to balance the needs of the site with social and economic goals.  

 

Figure 21. The International Forum on the Conservation of World Cultural Heritage & 

Sustainable Tourism for Development took place on 1st-2nd September 2019. The conference 

brought together heritage professionals from across China and the world



 

 

Travel 

After my time at the Dunhuang Academy, I spent two weeks visiting a range of 

sites in Gansu and Ningxia provinces [Figure 22]. Colleagues at the DA went 

out of their way to help me visit sites around Dunhuang, and I am particularly 

grateful to Wang Xiaowei and Yang Tao for taking their weekend to visit the 

Western Thousand Buddha Caves and Five Temple Grottoes together. Away 

from Dunhuang, I was lucky to also be able to meet with conservators at a 

number of sites. 

 

Figure 22. Map of sites in Gansu and Ningxia provinces visited after placement at Dunhuang 

Academy. 

 

I learned a great deal from visits to other sites, including Buddhist grotto sites 

with very different management and environmental contexts. Of particular note  

were the Maijishan grottoes and Bingling Si [Figure 23]. The conservation 

challenges at Bingling Si are dramatic and substantial. This grotto now sits 

along the edge of the Liujiaxia reservoir formed by construction of a dam in the 

mid-twentieth century. The only way to reach the site at the time of visiting was 

by taking an hour long speedboat ride across the reservoir, though a new road is 

due to open within the year.  The original construction of the dam resulted in 

the loss of a handful of low-level caves. Since then, the river running through 

the site has silted-up by tens of metres, putting the lower level caves at severe 

risk of flood. The challenge in this respect is one of geo-engineering: how can 

vast quantities of silt be removed and prevent from depositing in future?  
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Figure 23. Bingling temple now lies at the edge of a reservoir. The valley in front of the cliffs 

has filled with silt since the construction of the reservoir, leading to ongoing risk of damage 

from flooding. 

 

 

Figure 24. Liu Zongchang, a conservator at Bingling temple generously gave a tour of the site 

and discussed the challenges faced at this extraordinary site. Pictured here with the author in the 

caves above the monumental Buddha. Image courtesy Ilsa Haeusler. 
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Above the monumental Buddha lies a, now open, cave system with highly 

significant paintings and statuary. Perhaps most famously, these include a 

painted inscription dating to 513 CE. Liu Zongchang generously discussed the 

primary conservation challenges at this site during my visit [Figure 24]. 

 

Conclusion 

My time at Dunhuang was a very rewarding experience. In addition to the 

practical experience the most valuable aspect was the chance to spend time 

beginning to understand the broader approaches to conservation and site 

management at the Mogao grottoes. I came to the Dunhuang Academy aware of 

its status as a leading institution for wall painting conservation. But I also found 

it to be the centre of communities of research and practice that are rooted in the 

extraordinary location of the Mogao Grottoes. A place where conservation of 

human heritage and the natural world work alongside each other and enhance 

each other through shared values. 

 

I learned a great deal from colleagues at the Dunhuang Academy, in particular 

about the challenges of managing a site in the face of a changing climate and 

the pressures of tourism. In this organisational structure it became clear just 

how important the communication between those doing hands on interventions 

and those making decisions is. 

 

Coming directly after completing my professional training at The Courtauld 

Institute of Art, this placement at the DA helped to consolidate both practical 

and theoretical aspects of my training. It also allowed me to make contact with 

some of the world’s leading wall painting conservation professionals. I hope 

that I will be able to return to Dunhuang in the not-too-distant future and also 

look forward to welcoming some new colleagues to the UK. 
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