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THE INFLUENCES OF CAVE TOURISM ON CO, AND
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ABSTRACT

Baivun Cave in Hebei Province is vne of the man show caves in Nonh Ching, The
speleothem [andseape 1 wonderful, but strongly seeathered. In order to set up the relationship
between visitor flow and CO» content and lemperature, these paramelers were measured ot
nbservation sites No. @ and Ne.2 in the wourist peak period of May Day Holiday from May' |
o Moy 7, 20080, and general tourist season August and October, 2000, The results show that
visitor Mow strongly affects the Mociwanens of cave CO, content and temperture, thil the
cave topography and dimensions alfect the accumulanon and diffusion of CO Vanution of
air wemperature inothe cuve wis shown o be anributable to the visitors,
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Past work

The acuvities of visitors have an effect on the cave environment as well as the nu-
ural material and energy exchunges between the inside and ocwiside of caves
Visiation causes speleothems o be seniously weathered and changed in ther origi-
nal colours, and sometume to become completely damaged or destroved. The effect
of speled-tourism on the environment and speleothem scenery in show cuves has
been studied in China and throughout the world (Cigna and Foru, 198%: Cigna and
Sulas, 2060k Song, 1994, Song et al, 1997)

The results hiave shown that cave air lemperature and the CO- concentration are
dirgetly correlated 10 the visitor flow, while the relative humidity of cave wir is
inversely comelated toat (Cigna & Forti, 19849: Song et al. 1999 Zhang.et al. 19497),
especially in the warm season, and the night is not long encugh to recover the equi-
librium vulues { Bertolani and Cigna, 1993}, Specifically Cigna et al, { 1996) showed

! This rescarch progect is financed by the National Nawral Science Foundanon of Ching, the
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Bureaw and Baivun Cave Admimstration, Hebeir Provinee.
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that natural factors caused CO, concentration changes in the Groua Grande del
Vento, Maly: Villar et al {1986} constructed a mode] o predict the temporary varia-
tions of CO. concentration due to the presence of visitors based on their experiments
in the Altamira Cave, Spain.

This paper siresses on the effect of visitor flow on the cave environment in Baiyun
Cave in north China.

Brief Introduction of Baivun Show Cave

Baiyun Cave is located in Lincheng County, Hebei Province. China (Fig.1). The alt-
tude of cave entrance is 157 m. The cave has no natural entrance: it was opened by
loeal people when they quarried limestone on the hill for cement production in |98E,
Since Baiyun Cave was opened 1o the public in 1990, over 2 million people have vis-
ited it Now its annual visitor number is stable at 200,000 per year and it has become
one of the main show caves in north China.

Baivun Cave is about 500 m long, with about 2000 m of visitor trails. It includes five
halls or rooms {Table L) Paradise Hall is the largest one with an area of 2, 170 m*® and
volume of 43,400 m* and Maze Hall is the smallest. Maze Hall and the Dragon Hall
have an average width of less 2 m. The cave system consists of three levels, Paradise
Hall 15 on the upper level, Maze Hall on the middle level and the Dragon hall is on
the lowest level. All three levels are connected by a vertical shaft,

Fig. | - Locaticon map,
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fable | Characteristic of Baivan Cave, Lincleng, Heifei, Chin

Cavehall | Length | Averagewidth | Averageheight | Volume |
(m} (m) {m) {m*)
Earth Hall 35 24 18 15120
Paradise Hall 95 22 20 43400
Hell Hall 2 10 12 2640
Dragon Hall 275 1-5 10 7500
Maze Hall 270 0.5-1.5 E .
Total 647 ; : .

No river flows through Baiyun Cave, but there are 3 small natural ponds with an
average depth of about 0.5 m. The largest pond, with less than 10 m of water, is
located in lowest part of Dragon Hall and 15 connected to the water table. Airflow in
cave is very weak, ranging from (.05 to 0.07m/s in the narrowest passages, The high-
est weak speeds reach O 13m/s. In the dry season, there is scarcely any drip water in
Baiyun Cave, and there are only several drips in the Dragon Hall all around the year.
In the wet season (especially in July and August). drip water is abundant during and
just after heavy rainfall, especially in the Earth Hall and Paradise Hall where the
thickness of cave roof is rather thin, somewhat less than 10 m.

Most of thespeleathems in Bayun Cave were strongly weathered under closed con-
dition before the cave was opened 1o the public. The outer crusts of many draperies,
stalactites, stalagmites. columns have been weathered to a white powder. For exam-
ple. the surface of a column in Paradise Hall has been weathered to a thickness of 1.5
el On the other hand, many small speleothems such as stone grapes, pearls, hang-
ing pipes, shields and helictites are growing over the weathered surfaces Probably
this weathering is due to condensation corrosion (Cigna & Forti, 1980). This phe-
nomenon is the main characteristics of Baivun cave (Song et al., 2000,

Surveving Periods

Surveying periods were arranged during the tourist peak period for the May Day
Holidays from May Day 1o May 7 and in the lowest period i August caused by the
road construction during the year 2000, The main surveys were carried at No.l and
No.2 sites (Fig.2),

Site Mol islocated in the centre of Paradise Hall which has a volume of over 43,400
m?, It is on the left side of the hall slope. The slope consists an upper slope of 159
and 4 lower slope on the right, There is a vertical way 1o connect the second and third
levels of the cave system.
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Site Mo2 s i small chamber in Dragon Hall, This chamber has o volume of about
100 1Y and 15 223 o1 wide, 13 mlong and 3-6m hrgh, with a steep Ladder to the upper
room, 5 m high with o dip of 707 and 5 m high links the lower Treasure Room, e
exii s @ narrew gate about | om wide and 1.7m lugh. then one must ascend ancther
steeper ludder w the opper room, Generally, visitors enjoy the beautiful scenery
the chamber for 3-3 punutes, but duning the peak hours, they may bave o wa there
for at least 10-20 minutes,

The number of visitors was recorded for 10 minutes o the two sites, A Gastee OO
Systen was emploved tr measure cave CO- concentration: the temperature wis mea-
sured by Ponable Digital Thermometer each half an hour from 8230 10 F8:00. each |
hour from ES o 20000, then each 2 hours unnl 5:00, the next day.
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Results and Discussion

Influence of visitors on CO, confent

The visitors” breath 1s an important source of cave CO- (Fig, 3 and 4. The wrend of
CO5 concentration is very sinvilar to that of visitor MNow,

Om May [ the wotal number of visitors that passed close o Site Nol was 5853 per-
sons. During this day  CO» coment inereased from 600 ppo at 8:30 {when the cave

just opened) to the peak of 4400 ppm at 16:30. AL Site No.2. the 1otal number of vis-
itors wis 4975 and CO5 concemtration increased from [THHF ppmat %30 10 its peak

af 3800 ppim at 14:00, On May 2. CO, concentration reached o maximum value of

TOO ppin wt 16:00 at Site No. 20 when the total number of visitors was 5223 persons.
Such peak concentrativns of CO5 higher than 5000 ppm lasted for one hour on Mayl,
and far 5 hours on May 2,

5000
-
2
-]
® 4000
I -3
g 3000 19868 o o, concentration
-'a 194 £
E 8
2000 192 g
1890 g
188 2 tempearatura
g 1000 186
g 184 Mﬁutu fumber
D I 1 T ¥ T T T T T T T T ™
| 8 10 12 14 18 18 g0 Ume
200005 0

Fig, 3« Viorations of cave OO concentration, ait temperaire aod visiter flow ar Sire Mo, f
Baiven Cave, Helwed, Chine

U0y concentration in caves decreases and returns o the previous level through air
interchange boetween the owtside and inside of the cave. I it cannot return to the pre-
vious level overmght, COs will accumulate during the next ourist day, Fig.d shows
that at Site No.2 afier overnight interchange, CO» concentration sull was 2600 ppm
ar Ok (no visitors ) on May 2. This vilue was much higher than the 1000 ppm at 8:00
an May 15, HHKL
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Fiv, 4 - Viriottons of cave OO camcentrafion, qair temperaiure and visitor flow ar Sie No2,

faivun Cove, Hebet, Ching
[n addition we made some observations in days of low season: that is, on Aug 12,

2000 s Site Mol and on Oce |, 2000 at Sie No, 2, The results show that the maxi-
mum CO5 concentration was corresponds to the daily visitor number (Fig. 5 and
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Fig, 6 - OOy variaions on Mav 1 and Auguss 12, 2000 at Site No 2, Baiyen Cave

Influence of visilors on air lemperature

The human-related energy in show caves is mainly affected by two causes: 1) cave
lights and facilities and 2} visitors, Villar et al. (1984) made some field experiments
in Altamira Cave, Spain, and the results show that the range of heat released by a
standing visitor is between 82 W and 116 W while a walking visitor releases about
70 W, So the annual energy input {E) can be calculated by the following formula:

E=170#1*3600%N

where: s average visit time in hours and N is the annuval total number of visitors.
The yisitor number (o Baivun Cave is about 200,(MK} persons per year, and the aver-
age visit time for each visitor is about 50 minutes. According o the above formula,
the total annual energy input E from visitors can be estimated as 1.02*10'! Jis (= 28
MWh ) in Baiyun Cave, Adding the energy from the light system. the total annual
cnergy input due to the tour activities is stll higher,

It is obvious that visitors influence air temperature as the fluctuations of air temper-
ature correspond with the number of visitors (Fig.3 and Fig.4). The largest variation
of air temperature is from 18.19C to 19.59C at Site No. 1 and from 16.8YC 0 19,1°C
al Site No.2. When visitor flow reaches its peak, the air temperature also becomes
maximum and then decreases weether with decrease in visitor Now. The background
value is reached overnight

Over 0% of visitors visit Baiyun Cave between HE30 a.m, and 2:30 p.m. In the rush
hour, visitors are more than 10 persons per hour, and in the other hours they are
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less than 3H-A00 persons per hour, At Site Nool, air temperature hardly changed
when visitor Mow is under 400 persons per hour. whereas o visitor Mow over [0
persans per hour may increase ar emperature by .79C,

Adr temperature o Site No.2 is more sensitive to visitor flow than at Site Mol
Wisitor flow of over 200 persons per hoor might make air temperature inerease (.2
"C, and the masimum increase of temperature might be 1.0%C at o visitor Mow of

awver 500 persons per hour,

Influenee of cave volume and topography on C O concentration
The cave environmental setting in Baiyun Cave is very complicated, The differen

setting strongly affects on the accumulation and diffusion of CO4.

Fig.5 shows that the room volume directly affects CO» accumulation, On May |,
although the wwtal visitor number near the No.l measuring site was [(H0 persons
higher than tha at Site No2, COs content at Site Nool was lower than that at Siwe
Mo during the daytime. The difference is caused by the difference of cave yvolume
of twor sites. Site No @ is located in the centre of the Paradise Hall with a volume of
43,400 m®, CO4 released by the visitors diffuses throughout this big chamber so that
the OO concentration does not exceed S} ppm

On the other hand, Site No.2 is located in the centre of a small room with a volume
of only about 100 m?, and containing two bottle-neck entrances. Here, in the rush
hour. many visitors are delayed for long time Trom 11230t 15:000 Nearly 50 persons
wre crowded into a small place for 10-20 minutes. OO accumulated and reached the
peak of TR} ppmoon May 2, 200HL

At Site Mol the accumulation rate of OOy was slower than the visitor flow, Fig, 3
shonws that the variation of CO» concentration lagged behind the visitor flow nearly
1-2 howrs, [0 was very different at Site No.2 where the COs released by the visitors
was accumulated and stored in the small room for a lopg time. so the variation of
CO concentration and visitor flow almaost varied synchronously.

In addition. cave topography also played an important role on the C05 variation afier
14:00. When the visitor number started to decrease, CO- concentration at the two
sites showed different variation trends. At Site No. |, CO, cancentration decreased
immediately, but wt Site No.2, it continued o increase slowly before starting 10
decrease (Fig, 71 This phenomenon might be due to the difference in density
between air and CO. (Song et al., 1999). At Site No. 2 the CO» heavier than air may
Mow 10 a lower cave system. Al Site No the room is larzer but without lower cave
passages. When this hall has a high COs concentration, the ditTerence of density
hetween air and CO5 will not play a relevant role, and the high CO5 concentration

will Last longer.
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Influence of cave lopography on air lemperature
Fig.® illustrates that the influence of cave lopography on air lemperature is similar o
that on CO5 concentration. Although air lemperature at Site No.2 is lower than tem-

perature at Site Mo. 1. the temperature variation at No.2 is more sensitive than that at
No.! 1o the visitor flow. The visitor and tourist facilities caused 2 49C temperature
increase at No.2 and only 1.19C at the No. 1.

Conclusion
The conclusions that may be drawn from these observations are as follows:
The intensity of visitor flow strongly affects the fluctuation of cave CO, content and

air lemperature;

Cave topography and dimensions control the rate and range of CO; concentration
and temperature variations. They obviously affect the accumulation and diffusion of
COs5

Due to the different density between air and €05, an accumulation of CO, in the

lower part of the cave sysiem may ocour;

Under natural conditions, the cave has the self-cleaning ability to lower the CO, con-
centration, but in the case of human impact, such self-cleaning ability is greatly
reduced;

Generally. when the increase of air temperature due to visitors is stopped, previous
natural conditions are attained shortly afier the end of tourists’ visit,
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