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Abstract

This study examines the impacts and prospects of climate change on paper and textile heritage, focusing on overseas
researches, and derives suggestions for the preservation of Korean heritage. According to the analysis of the future prospects
of the indoor climate, which is closely related to the preservation of movable cultural heritage including paper and textile
heritage, damage to the entire cultural assets located indoors is inevitably expected as changes in temperature and humidity
inside buildings are predicted during the 21st century. In particular, with respect to chemical damage of paper and textile
heritage, the trend of temperature increase will lead to a significant increase in the degradation rate, and the resulting
damage is clearly expected to increase. Due to the trend of temperature rise and humidity change, geographic expansion as
well as the increase in the population and number of generations of harmful organisms, and the increase in the risk of
invasive species have already occurred, resulting in intensifying the biological damage to paper and textile heritage further
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in the future. In order to quantify the impact of climate change on paper and textile heritage in Korea, it is essential to
monitor the indoor climate of various types of buildings and to monitor mold and pests. In addition, it is necessary to
synthesize the simulation results of future climate change impacts by supporting laboratory studies on fungal and pest
species. It is time to spur into developing effective and eco-friendly methods of insect and fungus removal considering that
future damage to paper and textile heritage is expected to increase due to climate change in Korea.
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Table 1. Climate change impacts to movable heritage

Climate Change Impacts Moveable Heritage (including Museums & Collections)

Facilities * Increased stress on HVAC systems in storage facilities ¢ Increased space constraints due to
more items requiring protection in storage facilities * Increased need for environmental controls in
Increased Temperature |facilities/house collections * Increased insect pest problems

Collections (without appropriate climate controls) * Increased rate of chemical decay ¢ Increased stress
due to fluctuations in environmental conditions

Facilities *» Surface cracking, flaking, and sugaring of building stone, masonry and spalling of brick due
to increase in wet-frost * Greater structural damage due to fluctuating environment, causing cracks in
building that allow more access for pests to invade and damage collections * Required changes in access
roads/paths required, including changes in the historical topography ¢ Drastic temperature fluctuations
require more need for indoor climate control

Changed Freeze/Thaw
Cycles

Facilities * Increased wear on HVAC systems, and energy use to stabilize drastic changes in humidity
Collections (without appropriate climate controls) * Increased rusting/ corrosion of metals ¢ Damage to
paintings * Warping, cracking of wood * Damage to archival, paper, book, and photo collections *
Increased risk of mould, especially organic collections ¢ Increased salt damage to ceramics with humidity
fluctuations * Increase in pest populations and infestation ¢ Degradation of polymers, papers, films, and
contemporary artworks * Accelerated deterioration of museum items exhibited outside

Increased Water Vapour
Content in the Air (lead
ing to changes in relative
humidity in combination
with temperature change)

Collections * Damage to wooden, paper, textile and organic objects from increased water loss from
Increased Wind objects
Facilities *+ Renovations required to accommodate increased wind load

Facilities * Damage to storage facilities and contents * Increased strain on existing museum facility and

staff due to increased advance preparation and salvage operations * Smoke damage, strain on HVAC

systems; risk to staff health ¢ Flash Flood risk post-fire in watersheds denuded of vegetation

Collections * Damage to items and disassociation of materials and records during emergency evacuations
* Loss of collections and records to fire * Smoke damage * Damage from water or fire retardant

Climate Influenced
Wildfires

Facilities * Increased stress on buildings and materials due to increased range of temperature swings
Changes in Seasonality & |during seasonal transitions

Phenology Collections (without appropriate climate control systems) * Increased stress on artefacts and materials
due to increased range of temperature swings during seasonal transitions

Facilities * Limited water supply for cooling, landscaping, other equipment * Reduced humidity stress
Less Precipitation/  |on building (possible benefit)

Drought Collections (without appropriate climate controls) * Damage to wooden, paper, textile and organic
objects from drying due to increased water loss from materials
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Table 1. Climate change impacts to movable heritage (continued)

Climate Change Impacts Moveable Heritage (including Museums & Collections)

Facilities * Potential leaks in collection storage areas and potential wetting of museum objects *
Increased cracking associated with ground heave and subsidence; destabilization of buildings and pipes;
basements or underground storage sites at increased risk of flooding *+ Staff at health risk from mould and
toxic pollution from flooding * Damage to utilities, generators and electrical systems Staff at increased
risk of exposure to unhealthy mould

Collections + Increased risk of mould, especially organic collections * Increased rusting/ corrosion of
metals ¢ Humidity damage to paintings * Warping and cracking damage to wood ¢ Humidity damage
to archival, paper, book and photo collections

Increased Precipitation
and more intense Rainfall
Events

Facilities *+ Damage to items and disassociation of materials and records during emergency evacuations
* Structural collapse from moving force of floodwaters, particularly from flash floods * Sewage backup
and overflow leading to saturation and related flooding, contamination and damage ¢ Walls implode from
hydrostatic force of standing water * Damage to utilities, generators and electrical systems * Ingress of
salts which lead to salt damage of buildings
Collections * Direct damage and destruction by floodwater * Increased rusting/ corrosion of metals *
Increased risk of rot/ insect attack, mould and mildew * Swelling/distortion of absorbent objects (such as
wood) due to wetting * Ingress of salts which lead to salt damage of objects

Acute Coastal, Estuarine
& Freshwater Flooding
Events

Facilities * Increased cracking associated with ground heave and subsidence ¢ Potential leaks in
collection storage areas and potential wetting of museum objects

Collections * Increase risk of mould ¢ Increase rusting/ corrosion of metals * Damage and destruction
post-flood from humidity and moisture

Chronic Coastal,
Estuarine & Freshwater
Flooding & Inundation

Intensified Storms, | Facilities *+ Damage to utilities, generators and electrical systems ¢ Structural collapse from moving

(including Hurricanes & |force of storm surge ¢ Changes to surrounding landforms or vegetation, which may affect future drainage

Cyclones) and Storm | Collections * Damage to items and disassociation of materials and records during emergency evacuations
Surge * Risk of rot, fungal/ insect attack, mould and mildew ¢ Rusting/corrosion of metals

Increased Coastal Erosion|Facilities * Limited storage capacity to protect growing numbers of at-Risk artefacts

Facilities * Potential for higher water vapour in air surrounding collections in storage areas * Increased
risk of rising damp/rot from higher water tables

Collections * Damage to statuary (from capillary action and rising damp), organic materials, etc. in
basements and crypts

*Sources: ICOMOS Climate Change and Cultural Heritage Working Group (CCCHWG), 2019, The Future of Our Pasts: Engaging Cultural
Heritage in Climate Action, [COMOS, Paris: France.
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Fig. 1. The projected degradation of silk in seven locations of Fig. 2. Mold damage of paper heritage

Europe. The rate is plotted as a smoothed five year average.

The baseline period medians of all locations are significantly

different to those of the corresponding far future period.

Sources: Lankester, 2013 Sources: Yonhap News, 2017; Photo courtesy of the Cultural
Heritage Administration

Museum of Korea, 2023).
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Penicillium)©] 1ThFlorian, 2002).

T EO7FEskAtel vl R Rk 7R ZERE RO R AE o] At 4, ofsl ol o] 27]7kA] thefsit.
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al., 1998; Leissner et al., 2015). 5750] A= oft]ofuf Qlt}al 7175, 0°C o1/do] 29 70% o] G <
of| A Fgo] ZAZ} okt 4= QIrhal Erf. 2hoF FL Tt o H o] A= ARt EolEt A= Ee
2Ieof| et gefA ™ A2 floliite 578 4 57t B s Leissner et al., 2015). T3F o[ 52 4H FZol|A X
2 A (pH)E ZH=THKim et al., 1998).

Lo IS A7 E T TRE fQl o, B4 W e dY|, S8 5 22 2ol ofsf msi7 IS
O] 52 5~30°C2] 2ol A EAfsEA| Tt 15°C mtol| A= Tsli7} AlgF o[t Loli et al., 2018). 712, ot 22
A 7|9 40 HIHR op 2}, Al d o] HSkA g of2] 7|9 450 EotA] o = ARgsto] Ui Hslksof e 6]]
ol A 4= it 7HE EREEO] Aop A& o5o] AEE&S =Rtk A1 7S W= HAX o s TR
O HR}E 7 @ 11, ol= sisat AvtE o2 HohE A= Aol G 4= QIICOMOS CCCHWG, 2019)

TSl TE ke AR A=At e ol it A AE A {9 oA shsE st Zol 7]
2of|A] BISE 4ol mlefio]l S7F A o & UEldth 578019 A% A AN 0 & FTteke 7R, T A ks A
VA whE 2to|7h EAE A 0 &2 Helnk 55| A7V/AE A o= St Sk ol 5rge] 447 f1dlo] A LRkt
(Lankester et al., 2012a). 214]|7] T4lto]| SojAH - &% H3lR Q1o B85 2| So]| x| 22} BEaFA &4to] A 27}
o 7107 =T Loli et al., 2018).

freo] HERE AUed oA ige] s td o & 75 Hs} ok 1kt A7 E AHEH, 214)7] 57t 7]t
AEE0] ST Aol wetrgol o] ot 2 St Sk Ao, 1Sk
710 2 e th Lankester, 2013; Querner et al., 2022). 55| A5 0] S7H= ¢ °go] 9] ol 2l 25 T2 7
st Aoz HRlth {49 A% At B s A Ao = Aol x &5}

G5 S7Fd A 07 ad=ieh 1d F o582 7]20] Ad5ste] A7t otz ol
7} 2 Z0 7 Z715E 710 2 YR K Lankester, 2013; Querner et al., 2022), 25 2 A E-539] g1all5-87]15 2] Hof|A|
=80 A% ARt 2 R HE T @ 6]8] 2 A 0 & AU U h(Huijbregts et al., 2013).

715 HstE lof AU all5-] ZWAITE S7F GA] ofn| BEE 1 Qle}. 11 A& UH|E o 2E W (Tineola bisselliella
(Hummel, 1823)), TAH|E: ofjd2t=A & ol (4nthrenus verbasci(Linnaeus, 1767)), TR HE QA9 (Stegobium
paniceum Linnaeus, 1758)5 & = 1o, Jtol= WAEeE ARG} drtagenus smirnovi H Trogoderma
angustum Solier, 18497} GAIZF Ulof] Zo]Z 4= gl WolE do] Hahat 272l A4 4 9l o s FAshalnt
(Querner et al., 2022). ©|23t Sl 571 FA19] T AN 0 B A 2150 EEat AF7 & 577 = 71 50l A
=511 Qlt(Lankester et al., 2012a). Querner et al.(2022)= T AFEZFE 4=°C He]9] 7|2 Aol thaatb 225
71A) EE 7S A o= ARt HE Qi

Lﬁ.

O{NI rﬂ
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7
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d

(i) ¥ 7]-20] 15 °C ool 7|7H 59t &

(i) A5t 371
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a2l 7153} FAo] w2 HlE oflE B0 -2 Attt Hiof| th2 W, 9]5-.9] 7|2 450l AU 7|k ASAIK
of| whet sl ofet msf] file] S7F A o= vehdtt 7Hy = AHollA] oVl Adl 71 5oz ols) =Y
(degree days) 7} 571510] 2| ol g A]7|2F F-2 ThE AT sfigof ofet msf] figlo] K Sollx ST A o= ol
&]$AtH Lankester et al., 2012a). &= Y- thF0] 225 F-0] XA /g4l et 2% 9] slet (AL 15°C olde] 25
Hol= 442, R S A 0 2 A4 R 2= A9 2| 2 ARG 4= Qlrk. B H o= wA e s SeA ol
Attagenus smirnovi®] /37 2 Shitel] fEgt 7152705 7H 290 @S 100 Bt E-7-1 ARtelA At soluta,
A7 u|o R W Eo| A o] B3t =05 IS B0l Artagenus smirnovi®] 2Ht 71s/do] obd 2l o 2 s

THHansen et al., 2012).

4. =2 Y Al

HEo|U &R SoAE e 0 & &4 HRE Qlof thRt sl E AR Sttt @A -2uel= Hygen-A
®(HFC-134a(CH2FCF3) 85% % Ethylene Oxide(C2H40) 15% EF71)E AM85lo] £24-5 )2 511 Qlet 6}
A9t SFotefA|| o] tief ARG ol Eolal R 2R FoldEe] A54 o & {ewal BRE 2ol pet o] A7)
of Hek QlA]o] FoRXHA mlde] BEuelE Fol7] 9t Ao =EA FTEA [ =T (Integrated Pest
Management, ©|5} IPM) AAIE EJRt BFEH0] Solubal QIHH(Oh, 2008). o= &2 YAl HE A, Ha7A]
LE gl T ool AL E 1ol E3H Q] thallS ok E9 B ] AlA oItk (Kim, 2008). =tHiellA=2007
| ol HHVSHES, HHSYHEY, RIS MR, AsoAErEdt 5ol A sk WA nE ffdl
IPM= 483t AF7F Ath(Lee et al., 2007; National Folk Museum of Korea, 2008; National Museum of Korean
Contemporary History, 2023; Seoul Museum of History, 2023). Z|<+ = HE}QFY-F-E AT WAt =42 $15]
IPM= 4-83tHF QItK(Kim et al., 2021). 5FA|FF 201702 7|20 =2 FHH = 407142 5 27%%0 117145 o] 401 E
VFo 2 IPMe 2 Foks A& LERY HiEd 9 g0l 2o Qlof IPMe]l thigh Q1A S-26HA] 92 Aot
(Ministry of Culture, Sports and Tourism, 2017). RFH, =] HA]- A2 T 7] 2 o] W2 oF AdS thH]stal 23
S 2] 15 54 0 2 HaH Q] A o] thiE-Eo|thKim, 2008). T3t Q2 RE] WS 2 H7] ¢F= 1ALS e
Skl Qlow, AIE] AR flob o] whet A o] A7 i iEolal B4 de = T3 Ho 2 sl= 7t
THKim, 2008).

TAE 71 HSR QIFH 72 s W F= O] HIshe= A& Alas TR 714 B4R ko] st Al

21 E

AYo] ol W ojE =712 70 2 MukdEci= Hold},

55 7|50 752 2 MR ABL oleigt |7 uiste] 917 0 25 H e ebsieka o)A 4 ek 1
2L} ol AloA gL ofn] AHRlavgAREe] A 7HE-S 715 sHe 69101 e oUiA4 0.8 7hA| 3 91, stst

S7F2 T 4= 12 Zlo]th(van Schijndel et al., 2018).
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Bo 2 {717 4Tl et 1iste] Gk welshe b Glof @] SFolok & I 7k Ak Held 4 glck 3
A, ST A TG 2RO 2, B ol o] AlolgH S A A= o] RojH §410] 79 Msfshe 71 5] digt
AP Aolat Wk BUo] W 571 &go] MAIR FhsAolct. UelE T ulelE panel painting) S tFO
Sle] 2lab} ) A3 2R} o] S Bept BAfSe] tfel 7| Euste] e M A0 BT APARE S 4 ot
(Huijbregts et al., 2013). o]o] T2 B4 55 Achsizo] Q2 Alzbel] 271 1) sel] ¥, A -2 Al
#50] WEo] Haide] Wi ARkRT B O7) 2|48 79 o] AN 202 et B4k sl of
3 H1%0] ko] Tl whSel] wel A0 BAE 710] WAL BX)7} S5} €7 A gle] FEE ofojd 4
9Lgol AKFEIQITE, B, B 2|0} phelel ZRo=, @ A 71 of g FelA] fs BE 24 9 pelHeke o
Fhe] ch Fol Az 289 4= AR, A1) utef ek Aol 71 7FhEEE S the 4 glo B E 3 gt
2] 942 4= Ik Lankester, 2013), gt Ego] - s 7] eS| A2 fAlsteetE mleo] A2 84S kg v
L o) o1 9 2G4 5 Gl 2L oS @] Fofok g,

ZARl =

¢

=2 202395 oA SRS TR0l ks okl ZAFATHR&D) HAIQ] = SHA] Ash R 24

2 15|27+ AHNRICH-2305-A65F-1)2] ]9 o} 2P = oI Avfo]o, o]of] A= T
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