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Abstract

Furong Cave in Wulong County of Chongqing is a world natural heritage, but with the rapid devel-
opment of the tourism economy, the cave landscape of Furong Cave has been degraded, which has
affected the sustainable development of tourism. In this study, the characteristics and rules of
major environmental factors such as temperature, humidity, COz concentration and cave ventila-
tion were analyzed, the mechanism of cave landscape degradation was studied, and the protection
measures were proposed. The energy released by visitors and cave lights causes the temperature
inside Furong Cave to rise. Due to the temperature difference and air circulation inside and out-
side the cave, the cave shows the characteristics of “high temperature in summer and dry in win-
ter”. The CO:z concentration of the cave will increase significantly with the increase in the number
of visitors entering the cave. The warming of the cave, the release of heat from lighting, and air
convection lead to a decrease in humidity within the cave, causing phenomena such as drying,
cracking, and weathering of the landscape. The gas outside the cave and the high concentration of
CO: brought by the airflow dissolve in the water vapor and dissolve the cave landscape. Cave light
provides conditions for the growth of bryophytes, which adhere to the surface of the cave land-
scape; And the entry of atmospheric dust into the cave, causing the cave landscape dark and black.
Cave interior environmental protection can effectively prevent the degradation of the cave land-
scape, ensure the healthy tourism of tourists, and realize the sustainable development and utiliza-
tion of tourism resources.
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H)BEKE 5 aF K ER 70% [13].

FEFEIR g4k 480 m, i< 2700 m, [ 1994 FEFFAEX I 2 I T8 A /X 32 2 i B R KRR T (75 5~15
m. B 15~20 m). ¥ KT (% 20~50 m. B 20~70 m). A3 EAE IR (E 15~30 m. BE 16~20 m)ZEH L, P
HEM 2 “S” L& 1) [14] [15]. 2R MR R E/E 16.0°C~16.3°C, W& >95%, /KR AEE
VIS Z 4 [16] [17].
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Figure 1. Plan of Furong cave and location of monitoring points (MP1, MP2, MP3, MP4, black trian-
gle) (modified from reference [15])
E 1 XFEFEERKENSMEMPL. MP2, MP3, MP4 & =) (5B E%E THk[15])
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1 H #2022 4 12 H % s 3 W IEEE 0T XA TR A5 s I AR 3508 5 1 P A7 55 L 20 T o

2) CO iR : {EFEZMAM MPL1. MP2. MP3. MP4 Wi iy | Fi 1 <] Testo535 414k CO il &A%
7SR CO K, WIETEFEY 0~9999 ppm, WEKEE N 1 ppm, RZEH 2%; MM [A]4E 1 7E 2012
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Table 1. Characteristics of air environmental factors at each monitoring point from 2012 to 2022
1 BUEM S 2012~2022 S F [IMERE FHHER

MP1 MP2 MP3 MP4

0 co, B wE co,  WE R CcO,  WE  WE COp  HE g
(ppm)  (C) (%)  (ppm)  (C) (%)  (ppm)  (C) (%)  (ppm)  (C) (%)

2012 993 16.5 95 1292 16.9 94 1226 16.7 93 1533 17.1 94

2013 1341 16.6 95 1415 16.9 94 1400 16.8 93 1608 17.5 94
2014 1341 16.6 95 1430 16.9 94 1415 16.8 93 1618 17.6 94
2015 1375 16.6 95 1538 16.9 94 1545 16.9 92 1629 17.6 93
2016 1392 16.6 95 1549 17.0 94 1607 16.9 92 1637 17.6 93
2017 1395 16.6 95 1558 17.0 94 1613 16.9 92 1648 17.7 93
2018 1396 16.7 94 1558 17.0 94 1615 16.9 92 1666 17.7 93
2019 1400 16.7 94 1560 17.0 94 1616 17.0 92 1679 17.7 93
2020 1566 16.7 94 1671 17.1 92 1750 17.0 92 1689 17.7 93
2021 1598 16.8 92 1689 17.1 92 1771 17.1 92 1700 17.8 92
2022 1605 16.8 92 1696 17.1 92 1779 17.1 92 1798 17.8 92

4.11. ANEERGRE) TR RN
EARIRI R, A P TR N BB 3 A AR IR . (HFFURITZ J5, U8 T REm U & H 547t
WS, TERR BT . S 7T RE S N 1 e B ORI R B R R R U e
an R 2 R AR AN IR BRI, IR R sz ] LU R =0 B [19]
E =170N,t, + N,N,wt, 1)

ERef, E= R B,
= AR ALEI PRI 1(S):
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TRIFIP T U AR 2R, AR IEORIA 26 A R TIOR8 mT S UM 58 MO TR O, WA 4
7 M1 A 55 IR TR S LR [20] 0 EFEIR A LA 5 255 s AR B WIAT S iR AT e tE S i 1 A A7 551
LR BT s AT R K T B SR A, ST 2 KR [21], s Ala R A
KAT e, BR 7R AR s R, PR3 7 Sk LA 2 T AR AR X IR 1 - s ot b LA BAT ™
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Figure 2. Annual mean variations of air temperature, humidity and CO2 concentration at each monitoring point (MP1, MP2,
MP3, MP4) in Furong Cave during 2012~2022
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TR FEAEAR R AR FE B2 M 7 S AR IR BT R 20, WH 7o A AT S ([23]. R H ik =
B, ZHOFARELE 900%LL b, BEREZE 95% L b, R A S B IRIE E A e [24]. XF TR
AR s T TCRBEARNS T, S VIR T JoePE, HAEMBU™ERA[24]. TR A s
W 1 AR, — M A (R R 1%~2% 75 47, LR IR 32 B 1 R O Ui s, 38 XU O R B S
AT A S AT T B R PR, AR A B /N S22 H R N B [25] . 7EREAS M ), 260
DA W 0 50 P 25 A0 S BB PR a3 (1] 2)

AR P v, 7R BE AT LAy Ay v Vi P A B A P58 [26] o 7RI 7 i IR 261 T, T U,
WIHEN, — BB F AR TR . RO E SR & — 2 &1 HCLL HoS. SO, % E5 1Mk, 18
— M N S GRS A A A RRIR, X TR RE 1 KT CO, [27]. AR [ 7T
B SRR ARFMM IR TR R, AR TGRS . thah, IR B (KT R
et A0 S TR IR T = A AN S STk A, A LRI, AT i FE RUA 1 T B2 [ 28]

4.1.3. AT CO. T R M
T 7 C O R B 5ot 7R A TR S W Wi e ol L B A B ) — AN R K [29], i ek

CO, +H,0+CaCO, — Ca® + 2HCO, @)

A[HL, COp 57K 45 A (T BRI 7 SR I BEEE7K), RIS BRIR 35 500 = A= v o, AT o 55 0000 2
We COLVETKGTEMUBRIR IR FE, HGRTR NS CO, I3 He: TS COL 3 RN, TR
PRIR IR BEAR, SHeP AL RSO e 55, 2 JRFR[30] [31]. #e Al fa I eh LSRR B A, MY
APEIME, RERMBIICE, BRI

T 7C CO, ZE FEARYR T 33825 U AP  BRFR AT LA I RE T €O, LA LI 7B B 3 25 [32]-[34] -
RKEWER VNI, HERFEE FE A HB CO2, SR N 1) COL W2 T (K] 2) . Hidls Bkl R, SE2R
FIX AR ANBUN 2000 1 15 77 ANIK, BK A 2016 £ 48 J5 AR, LK 2022 41 68 73 Nk (B
g AR RS B E L) I, Wi NECR IR XA CO IR FEM B N 2 . 4 7k T =i
FERIREERT, iRk CO ¥ T/K, TERBRIR, ¥R Mo Ak, B ES DURR S 23 )R N HEC CO2.
FRAE R - SATR ], CO s 73 FRAL IRy A 2, HAr 2 AP BOK, CO, HIIZahlliR, 24547
IKHFH) pCOL KT ) pCO2 I, IK A1) CO2aq IR PRFE AL CO2g), F1EE J1ZEMIIKAN N iR 7T
TEFILRE, WIS CO. &M pCO,, RN P2 ARG UIAR, BB AP #5235 0 M I1E[1]. Zd R
N

Ca® +2HCO; — CaCO, +CO, +H,0 (3)

TR 7CBRIR S ORI R ORI COp fETR A TREE, S REKE S, e A, BoR
JEAT (R 7S W

4.1.4. SANRSHREFMN

T 7S R B 5 3 N AR 2 I B [35]-[37]. 4T AR (R ) TR A AR, TN AR R
Z(ZZ)TAMTTRN o T 7CE R 3 2 3t NSNS G, SR 7R BB [38] . 3275 4t
(R S R I — SE B AR A, a0 KTHIARYS YL B G 32 2 tH BRAE /N T BRUBRTE 4 o (RS G 11
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TE PR THI AN IR 532 2658 B v el 275 G
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Figure 3. Cave landscape with polluted wind surface inside Furong Cave (Figure 3(a), Figure 3(b),
Figure 3(d) are the cave landscape polluted by light plants on the wind side of Furong Cave, and Fig-
ure 3(c) is the cave landscape polluted by sand weathering and light plants in Furong cave)
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5. XMRSEIN
1. REETRAIBRRIIR
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S R B (g/) [39]
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i EAGUEIES 9 438

6. &it

BRI E R LR, T NSEShIsn,  E0R SR FIRE R ) 32 B AR AL, 77
FEBRFLA R . AR AR . ST BIR G R, B T RS2 0B, S T R I 7 AR T
FREER JE o

SRR PRI S5 SRR i AR ST A AR R RE R, S BUR AU R, R
TATRSE, (R 7CGRM BT RALSEBL G . RIS 30 207X CO IR BETH s iR i s WUats A (A A1
PR S B Ok AR I RE A TR S AR R AR oA, R AR TR T AL I 3R T, 5
i 5235 YLt A R AR I .

BEXF LA R, L

1) PRSP PRI AT S M 3R NI EAT I IR), ™4 4% ] i 22 i e

2) MR T I P AR P AT 0, WRSEIF XA COp BRI X AR SR E L 12
RN FHAR M -

3) TN LB IR RE . IR EER FRSAEFRANK, ERFRTGRE, PRI

4) TN BORVE PR R IR S OUE TR RIS, A R 7 Gl AR

SE K

[1] FEiESE, S, FVEIEEM]. FPK: HPK H R, 1988.

[2] ZRWede, 5K3ER. HET AR URIES ) i R N - (A 7S [J]. o B, 2020, 39(3): 426-431.

[8]1 #fE. AR Z0 TR A 1 52 B ARG U [D]: [k 22 Ar i 5], HER: iR %, 2010.

[4] B, MR, FE. BRI 7T CRE Y fa S L Biva ). o EE W, 2012, 31(4): 433-440.

[5] XIF%. i S EAEATIM]. Abat: T EFRERLEE B, 2000.

[6] ek, BRfiE, Do, 2. iam Ry A &R IR [D). Hlsla 7 5 K, 2017, 36(2): 51-55, 67.
[71  AHEEE. 8RR m R R BRI R 5 AR SR B R 0 SR (0], i EN - SR 5 PR, 2012, 22(S1): 172-175.

DOI: 10.12677/aep.2024.144109 828 LR AT U


https://doi.org/10.12677/aep.2024.144109

ERE

(8]
[°]
[10]
(11]
(12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]
[23]

[24]

[25]
[26]

[27]
(28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

TR, GUMAAE, 2R RN VTR TR IR T RS R R —— DL E BRI SE R NI []]. = R R 2 4R (H
SREBLEEAR), 2004, 24(4): 61-65.

Mm o, BT BA A IS R it SR BT SR [D]. Stk 2023, 25(16): 64-67.

s, Do, BIER, A7 B Aa L A R E R T S5 SR ], SRk, 2023, 25(16): 68-72.
-’ﬁ;f{, JZERG. i VIR OT RAKSEIEN 538 B i IR AT RBUIR . A77E I 8 R b g i [3]. A7, 1998(3):
72-71.

mEA, R, M, SF ST W ITRAR ORI SR K DR BB [I]. SRR, 2019(10): 235-238.

Li, H., Lee, Z., Wan, N., Shen, C., Li, T., Yuan, D., et al. (2011) The 680 and §'3C Records in an Aragonite Stalag-

mite from Furong Cave, Chongging, China: A-2000-Year Record of Monsoonal Climate. Journal of Asian Earth Sci-
ences, 40, 1121-1130. https://doi.org/10.1016/j.jseaes.2010.06.011

KRR FRERTMIRAN DRI, T ES I, 1994, 12(4): 357-368.

Li, T., Shen, C., Li, H., Li, J., Chiang, H., Song, S., et al. (2011) Oxygen and Carbon Isotopic Systematics of Aragonite
Speleothems and Water in Furong Cave, Chongging, China. Geochimica et Cosmochimica Acta, 75, 4140-4156.
https://doi.org/10.1016/j.9ca.2011.04.003

Li, J. and Li, T. (2018) Seasonal and Annual Changes in Soil/cave Air PCO2 and the §'3Cqic of Cave Drip Water in
Response to Changes in Temperature and Rainfall. Applied Geochemistry, 93, 94-101.
https://doi.org/10.1016/j.apgeochem.2018.04.002

JAgEe, FHRG. FERIERS R[], ESE, 2004, 23(2): 107-112.

JAKE, TR, VMR, S5 iR 7RSI 4 B K SR R 3R A —— LALL AR YTIR LRI A B[], i
W22, 2009, 24(2): 81-86.

FMAE, TG, S5 WERE S 7R IR CRUE L [CIAR MK, WREHE, BEZ, SKMDE. Wik 5 1R 7COR
FRIFFIEHT IR SCE. dbnt: HuiE HARH:, 1994: 26-30.

R, 305, BRI, S5 ARMIETT XS A RE X B B R R SR B S ER, 2023, 32(S2):
132-137.

BT, Ve, AE, S5 W HTRER T R R AR VRS R, A, 2014, 33(2): 255-262.

T, DR, REiAR. WEHREIR ORI R X A A 2 A R0 R 3R K R SRR ERIT[I]. 22402 B%, 2019(1): 187-192.
s e ITRRR O B R AR B R A SR s i 2 [D]: (W00 5], BEPH: SEMImvE K2,
2020.

R, BRz, JFEW, F. BT ERR SRR EIE S s K 2 [0]. KL B R 5 R, 2019,
28(4): 962-970.

TN, T SR80 55 1L PPAN A0S 5 20 A B0 Ok e 28 sl B2 [D]: [ A0 3], SR PR oR%%, 2018,

RE, B, BUREZE, & Bt KRR 7 SRR KK AL XS PR R R[], R EE A, 2021, 40(3):
513-520.

T, Wefhife, Paifi, & RIOPR R IEE R[] TR 5, 2017, 36(4): 82-94.

W, BRE, Y, S5 RIS SRR S AR AE & R K 2 —— LA 4 B KRG A B[],
[ A ¥, 2016, 35(4): 425-431.

JARER]. SR CO WAFFIERIAR[I]. VH B 2B 4R ( B AR5 1R), 2012, 26(1): 36-38.

giah, A, AR, S B R] SR AR G 3D TR /X CO2 AR AR S AR 7K K SCHBER A 22 By ma 2 [J]. b
224K, 2018, 73(9): 1687-1701.

R, R, JEERE, . SR SEST A & R m R T BLEERH R KR ——ma KR 6l[3]. FREEER
251K, 2021, 44(2): 186-195.

TEY, RE, Sk 5 RS XN R S W oL B AR R g mE R[] EE %, 2021, 40(4):
600-607.

RE, B, HEE, S OIFRUR S OR B A ARRE B R0 R —— DR AR G e B [9]. R EA R, 2019,
38(3): 361-369.

M, JEKR, KA, & WA COz B AR RHIE S H I R /i [J]. B HoR 5 1A%, 2017,
17(33): 43-51.

MRfbi, MR, B, 5 AEMIRERER AT RS B 0], )R, 2018, 25(5): 579-589.

DOI: 10.12677/aep.2024.144109 829 LR AT U


https://doi.org/10.12677/aep.2024.144109
https://doi.org/10.1016/j.jseaes.2010.06.011
https://doi.org/10.1016/j.gca.2011.04.003
https://doi.org/10.1016/j.apgeochem.2018.04.002

[36]
[37]

[38]

[39]

[40]

[41]
[42]

[43]

YERME, Zisr. dbal A S SR R 2 A 7= AR A [3]. F EA ¥, 2011, 30(2): 132-137.

W, CHBRE, WHKOT, & BREET BIRBER IR I 5 o PREEAT AT R M R ] A, 2022,
41(3): 414-428.

MW, MHutE, FND, 25 IR R SR S AN —— DLE R BRI A B[], E A, 2021,
40(6): 987-994.

AL, BRER, PREINK, S5 WTLRR IR AR RS S 5 AR iR HR CO2 IR B 1= Fi 3], H EIA ¥, 1999,
18(4): 297-307.

2, BB, WERE % SN RRKRTENES COz W JE K /K /KA 2 530 7GE XA B[] K AR 7T,
2020, 27(6): 338-345, 352.

TR, BHER, PMNEE, 25, T REXSEIR CO2 Z=715 A AR ALRFIE S e ma R T LA [J]. FREEARL=, 2017, 38(1): 60-69.
SOFR, MR, B, S5 RRUEE 7 CGRMESS ENES SIEN T[], U RS RS (E AR RHAAR), 2020, 42(8):
129-137.

KER, KM, RE, & RGN E K S A &R B TR = M s ], A, 2017,
36(1): 119-130.

DOI: 10.12677/aep.2024.144109 830 LR AT U


https://doi.org/10.12677/aep.2024.144109

	芙蓉洞洞穴景观现状评价及旅游可持续发展研究
	摘  要
	关键词
	Evaluation on the Cave Landscape and the Sustainable Development of Tourism in Furong Cave
	Abstract
	Keywords
	1. 引言
	2. 研究区概况
	3. 研究方法
	4. 结果与讨论
	4.1. 导致景观损坏环境因素的变化特征及其损坏机理
	4.1.1. 洞穴能量(温度)变化及影响
	4.1.2. 洞穴湿度变化及影响
	4.1.3. 洞穴CO2变化及影响
	4.1.4. 洞穴气流及影响


	5. 对策与建议
	5.1. 能量流的解决对策
	5.2. 湿度解决对策
	5.3. 洞穴通风的解决对策

	6. 结论
	参考文献

