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International Research Center on Karst--- A First-Class Research Center under UNESCO
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On December 15, 2008, the International Research Center on Karst under the Auspices of UNESCO (hereinafter IRCK) was formally established in Guilin, China. It is the first category Il
center concerning geosciences. Since the inception of IRCK, i1t has achieved significant scientific achievements on exploitation, utilization and protection of karst water resource, rocky
desertification control, addressing global climate change, as well as application for Global Geoparks and World Natural Heritage sites. Meanwhile, IRCK has contributed great efforts to
geoscientific popularization, local poverty alleviation and peaceful joint construction along the Belt and Road. Until 2015, IRCK has undertaken 6 international cooperative projects. It has
organized and co-organized 11 international symposia, and has successfully organized 7 international training courses. IRCK signed 15 MOUs, and published two Special Editions on Karst. So
far, IRCK has set up 39 monitoring stations globally. In November 2013, IRCK successfully passed the first six-year evaluation by the Experts Panel of UNESCO, who agreed that IRCK was an
efficient category Il center under UNESCO.
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eading 6 international projects Organized 11 international symposia, conducted academic exchange with more than Training 147 trainees from 33 countries

200 scientists from 40 countries
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50 Qixing Rd. Guilin 541004,
Guangxi , P.R. China
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Ref:  SC/EES/GEO/GCP-SIDA Funds/11/ 22
Subject:Funding of the IGCP/SIDA Project number 598 I G C /S I D 9 8
P A R
Dear Dr. Zhang Cheng, 5 ‘
The Scientific Board of the International Geoscience Programme (IGCP) held its 39™
Session from 16 to 19 February 2011. One of the most important items on the ¢6 °
sl nvironmental Change an
| have the pleasure to inform you that your project has received favourable
consideration and shall be allocated the amount of 12,000 USS. These f must
be spentin 2011 and cannot be carried over to 2012. = i - -
Your proposal was selected for capacity-building potential and w ceive u Stal n a I It I n Karst Stel I lS O <
financial support by the Swedish | ational Cooperation Authority (SIDA) through C E
INESCO. The duration for the SI nded projects are four years instead of 5 for a
normal IGCP project but they receive higher funding (12,000 USS$ in 2011 compared - -
T Relations to Climate Change
We will propose a contract for services stipulating the use of the IGCP funds. To
draft this contract we would need as soon as possible:
1. the draft of your work plan of meeting(s) (Form 1) including: ® ® ® ® , ,
3 a— and Anthropogenic Activities
- programme, ~
- aims related to the project (300 words),
ited partici

7 U
® i Lecturers

- the list of the in pants with the name nstitutions
and countries,
- an estimated budget for the organisation of the meeting(s). -
[]
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The theory of Karst Dynamic System leads a new path for addressing global climate change; The rocky desertification treatment models and technology plays an important role for restoring
karst ecosystem and alleviating poverty; Results on karst hydrogeological survey provide powerful guarantee for drinking water safety; The truth of paleo-karst evolution in carbonate rock
deposit reservoir gives an effective guide for oil and gas exploration; Advanced monitoring and pre-warning technique of karst collapse are safeguard for major constructions; And pioneer
Investigation and research on karst landscape and caves support world heritage protection and geoparks construction.

‘*j;"", 3 * Distribution Map of Karst in éﬁﬁfﬁﬁﬁﬁﬁh’ﬁiﬁ!ﬂﬂ% CONE ':JEE g;,-f_._
PPN’ .- - ¢ Southem China and Southeast Asia Global karst carbon cycle monitoring network ' 2 X | P B S L ST 13
R - W o Wb S0l o S B P BT | SLENES | REHEER 1T —J Ry
THEORY AND PRACTICE OF KARST DYNAMICS
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Prof. Jiang Zhongcheng: Leading scientist of the group for karst

ecosystem and rocky desertification control. Director of the Key
Laboratory on Karst Ecosystem and Rocky Desertification
Control under the Ministry of Land and Resources of China.
Initiator of karst ecology.
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Prof. Xia Riyuan: Leading scientist of the group for exploitation
and utilization of karst water resources. Initiator of research base
on water cycle of underground river system.
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Prof. Cao Jianhua: Leading scientist of the group for research
on addressing global climate change. Executive Deputy Director
of IRCK. The author for Specification of Carbon Cycle
Investigation.

Prof. Liang Bin: Leading scientist of the group for karst oil & gas
resources research. Initiator of the research on identification of
paleo-karst in oil & gas field in carbonate rocks.
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Prof. Yuan Daoxian: Academician of Chinese Academy of Sciences, the fo'fi%f MR nﬁﬁ AR, Wl T A
leading scientist of karst geology, world famous karst hydrogeologist, FEREF T IRAAE

Initiator of karst dynamics theory, also the 1st AC Director of IRCK and 1 o Prof. Lei Mingtang: Leading scientist of the group for

GB Member of IRCK (AC-Academic Committee; GB-Governing Board) monitoring and pre-warning of karst collapse. The author for
Specification of Karst Collapse Investigation and Evaluation.
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Prof. Chen Weihai: Leading scientist of the group for karst
landscape and caves research. The developer of theory system on
Investigation and evaluation of karst landscape and caves.
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Theory of Karst Dynamics Lead a New Path for Addressing Global Climate Change
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In 1980’s, led by Academician Yuan Daoxian, a group of elite scientists created karst dynamic system theory. They established the first key laboratory for
karst dynamics all over the world. They are the pioneers for the research on karst dynamic system and global change. Karst dynamic system Is sensitive
to climate change, and it will result in carbon sink effect for short-time scale. The carbon flux caused by karst dynamic system accounts for 17.65% of
that by forest carbon sink and 37.% of that by soil carbon sink. A new path for increasing carbon sink by human intervention was found. All the results
from this research have provided important reference for China Government to determine the strategy for addressing climate change. Their efforts
contribute a lot to addressing global climate change. The research also fulfilled the precise reconstruction of paleo-climate and its periodical process
recorded by stalagmites at inter-annual scale. The extreme climate events and their evolution since the Quaternary were also revealed.
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Models of Rocky Desertification Control- Restore Karst Ecosystem and Alleviate Poverty
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Since 1990s, by leading illustration of the conception and evaluation for karst ecosystem, rocky desertification, and water loss with soil erosion, we have
detected the distribution, formation, evolution and damage of rocky desertification (covering an area of 113.5 thousand km?) in Southwest China. 451
counties were found suffering rocky desertification in this area. Rocky desertification control in 8 types of areas in China Is supported by our research. A
key laboratory on Karst Ecosystem and Rocky Desertification Control under the Ministry of Land and Resources of China was set up. Research bases
for the demonstration of comprehensive control were set up, such as Nongla Base in Mashan, Guohua Base Iin Pingguo, Guangxi, China. It has also set up
a unique comprehensive model and technological system for rocky desertification. Based on our demonstration, Nongla has become a famous example
for new countryside in China. Guohua has become a national demonstration base with the coverage rate of vegetation increasing from 10% to 70%o, and
the annual income of local people increased from less than 500 yuan to more than 7,000 yuan per capita. 200 thousand people around Guohua Base were
hence free from poverty.
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Results on Karst Hydrogeological Survey Provide

Powerful Guarantee for Drinking Water Safety

SERPEEBEX1:25 KR BEEISAESFTXK, HAFRTHBX1:5AKCFREE2FESTHK, TRAT066FE BT AT, T
MEBX M TKFIREATHAREIZO00{LF/BFE. HASH T A, LItEBXMNIMBERKITHITE, RIERESH2300%0R, AR T520/5 AT
SEHEuKke@,. ERERXTEE (1GCP) 513 “SRS/KES/KHBIR" MB, B TEITHESPINEBRKIEENFEHxEM, 7T “HK” (KKK,
sk, Tk, REFBK. BTAK) BEHARE, HXERBKAFSEALFA.

Hydrogeological conditions of 780 thousand km? area were investigated at 1:250,000 scale in karst area of China, and that of 250 thousand km? area were
Investigated at 1:50,000 scale also In karst area. The investigation detected the distribution of 3,066 underground rivers, and found out that the exploitable
groundwater resources are up to 60 billion m3/year. “Emergency wells- drilling for drought resistance” were implemented in southwest and north China,
with more than 2,300 wells both for survey and exploitation drilled successfully, which help 5.2 million local residents to solve the problem of water
shortage. During the investigation, It has also conducted IGCP 513- “Global study of karst aguifers and water resources”. In addition, 3 research bases for
karst hydrogeology under the Ministry of Land and Resources were established. A new mode called as “5 Waters (atmospheric water, surface water, soll
water, epikarst water and underground river water)” Mode was created. All these achievements support the utilization of karst water resources powerfully.

== it -
-?E_, < 7 ke

=

~—
-_-.."—'--._._
t_—.._.—-——-_'-—__—-
_'—'-l—'-__I-__'—_I-

=\ * ' S

Se—— \ e e—
=
e=maa—a——————— ———

e e e ————L_
'——-___-I,-_g.:._\_—-__—-. T T
=L o —
-_'—.—-'-E._-':'__——-g__._-j-_'—--_'_..__'-"——-_-_—_ e —r_ >

——————r e ——r o, = : =

— —
E—-’.—'.'—_-E'—.-___-— b/ T S W S
——— T " o u + & all -

o ————T (N . f - ) ' ‘a 1 8% -

e ——— « _ (] - '. B o «
== : P
) é 3
-

4

‘.)
¢ Wp = .ea..nrttxa'.'.* -
v g«._d YN "

'g"’d ‘,: fv.s

¥
B
3
:
z
3t
)
?
/
_
%
A
5
x
il
i
i
5
?
¥

ZEABIR A E R RRRREEEKRFARELIE

Storing karst spring with water-restriction and pressure-regulation in Pijia
Village, Luxi Basin, Yunnan, China

SMNEARM AL OFIE=E K, FAERIAML AR TKE, /HSHKM20K, &

| 3 . b i S /KLU 1EE . ER = 500025 A FH1000025 SLAHEE Y TX FH 7K LA B 6000 A FH 72278 AR 7K [ .

\\/-\____,f B =ik P mxs | % - SRS P, A dam was built up at the outlet of Jumu Underground River, Guizhou, China, which has generated

S e " . S e e T w a reservoir with the capacity of 630,000 m3. The water level was enhanced by 20m, and a

EREEER SR TR E AR & 7 (=2 Mg LB E sBAaXRESEMRE hydropower station was established. More than 5,000 local people and over 10,000 large livestock

3D model for Haiyang-Zhaidi Underground River Research Base, Blocking conduit to form reservoir in high-level depression, Luota, lived on this reservoir, as well as 6,000 mu farmlands were irrigated by this reservoir. (1 mu= 0.067
Guilin, Guangxi, China Longshan County, Hunan, China ha)
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The Truth of Paleo-karst Evolution in Carbonate Rock Deposit Reservoir

-An Effective Guide for Oil and Gas Exploration

FETEBREHSHEZESSHIAE, BUTEERAN ., SURSHIAMMERYEEAALTEBRABRLEREN. 2B ERA M ETkRER
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Through our research, we understood the rules for distribution and development of oil and gas reservoir in karst area. Development and evolution
models for Ordovician paleo—karst development in Tarim Basin, Erdos Basin and Huanghua Depression were created. Especially, the research on oil and
gas reservolr of paleo-carbonate rocks in Tarim Basin has achieved a lot. Based on the research results of Ordovician paleo-karst geomorphology of
Tarim Basin buried 5,000-6,000 m deep, it has delineated the karst reservoir with the total reserves up to 917 million tons, and guided to deploy more
than 10 oil and gas wells with high yield. It has provided technological support to the re-exploitation of Tahe Oil Field to increase 4.5 million tons of oil .
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Advanced Monitoring and Pre- Warning Technique of Karst Collapse-Safeguard for Major Constructions
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30 thousand km? of area was investigated for karst collapse. A new technological system was created for monitoring and pre-warning of

karst collapse on the basis of groundwater hydraulics monitoring, and BOTDR and geo-radar technology. It has fulfilled the risk
assessment and location of potential karst collapse. Large-scale indoor physical models and 6 automatic monitoring stations set In
Guangzhou, Ningxiang of Hunan were established, which have provided great support to the treatment of karst collapse occurred In

Guangzhou or along Wuhan-Guangzhou High-Speed Rallway and Xiang-Gui High-Speed Railway.

BB 45 aatlfl  FERENFL

A HRERGE
N 7 7 777, 7 l ) ' > Y 2P PP 7,
=8 g . 777777777 7 777 7 7 '/ :: :::: 7 :::: :::: The changes of kanst waler kve
= X ; 2 o - o T T T o ANN A PR . 2007-08-11+2008-02-15
At - - BAdREE
5t 7 7 /: Re ' Z /: /:/: - “"\l}r 2 6
- J - Z 7 7% :\ :\:\"w _’1 _'\" ' '0\.‘8 '0"";';
a* _‘\" . Z 77778 « ;I\'\I: o N N ; o ; o' J
= \ 0530 3 AICRASCRATORATE D o WAIC) Ba 3 LA S
o < oa s A A - /‘\0\ o\ o~ % ~ o~ PACH /.O\ /'I:::I:O\ ,o\":':': 0 A
- _ 00 00 0 050 0 005 0 05 0 105 0 05 005 0 10570 050 105 70 10 A 10 A 107 %6 1006 105 0 W00 d b 03 o) | 1§,">_‘E‘§, N 4
{07 (o‘.g:o‘.g:o‘.g:o‘.g:o*."."*L’ ',*‘J'{/'Q‘k"*"5:0‘.’0’10‘.": INERAE 0ve 03V 0ve AP o)l 1E 0 0 00 ]
% \’o‘oz\o\’o‘or\o\ﬁ‘olb\/o\"lb\’a‘o;\ N } IZ: :7 ZI N= .\“ot\o\/o\";\ \’o“lo\ eIOaNe /0\’0‘01\0\’0‘"1\0\’0“’}\0\’0 N NN i . \G‘o.'b\’ﬁo}\o\/
~ o 0 T o e e o N e e e e e e e T R N e e e e ‘
o 3 - : E\o;\o A \o;\o 22 \o}g ; \o:\g AR 2 \o:\oQ p: \o:g ; \o:é{ RO \o:g RO \o;\oq\ o e \o:\é{ AR 2 i o;\o({ b ORIt .\o:;g _/}‘_‘}3 ,J
22 . = No O N O N2 N el N No Pl No P No O N No PN Vol N No P NolPNo OV Vo O N NolNo P No O N No O Vo P M PN oo} .mm AN 2
- " - 22 AN LR NS NN NN NN e '0\/0'0\/, AN s "o\/o 'o\/l\—’<;.>,$'_,{a}/o 'o\/. '0\,. 'o\,o 'o\/o 'Q>£"'-Q\/.' PR : :,: : _.__,’K‘,\,\’\,\l\’\,\’ "
/\I\I\I\I\/\I\I\I\I\I\I\I\I\I\))\‘—v 'l‘o B~ "N ;r‘k‘—-o.: ’;\/\I\I\/\I\/\I\I\:‘;‘ ¥ o b+ Q. o > °. o P ;‘9;\/ I\I\;\I »;' I\ ’\I\ o.o > < I\I\I\/\I\I\I\I\I\I
® P2 T 2T R ST R IC N F N L \I\I\I\l\-I\I\I\I\I\l\I\l\l\I\l\I\;$;\$3l_,.)‘,".\bx,.>—,\-l~_l‘;\I\I\I\I\I\I\I\l\/\l\l\ N NN ’B}E}E"I'} NN,
I\I\I\I\I\I\I\I\/\I\I\I\I\I\I\I\ \I\I\I\I\I\I.\I.\I}l.\I,\I.\I,\I:I:I:I:I:I:I:I:I\/:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:I:/: I: ’:I: \I\\‘ \I\l: :I:I:I:I:I:I:I:I:I:I:I:I:I:I
. & NN NN X ID—,\ T e e e e e s e e e s e N A A s e o N A e T8
. ANNNNNNNNNNNNN NN URNANNNNNNNNNNNNIALZ S F 7 I NN NN KNNNNNNNNNN S 992, ; Ly
3 == p RN NN t’\’f:'f\-l TR R ATICNC RN NI IR R RIS """”"' N r:r \1\/\/\l:(\/\1\/ S "”" § 0 oo B
b - . | "\’\‘Q?\'\'\’\'\"\(’\(\'\.,’- " (AN NN NN AN NN AN NN """"""""‘ N 0N \'\'\’\’\r\' A ,"","' E r._-..
X " .. R NN SN AN NN AN NN """"""""" N SN CSENNr ¥ LK ",,"'," :
" 1o NIRRT NONNANNINSRIISANANNNNANNEL LR RRRRRRRRRRRRRRRRRRA N AARRRLRRRRRRRRRRRRRR ‘
£ . } ANININININ NN, A A A S NN IIIIII'II““““"‘ o S 'ffffffffffffffffff -1 L
: ‘ LD D 7P PP PO PP OO PP PP PP PP PP GUUN QOGN ERRN. PPPPPPPPPPIRNRN PP PP PPPPPPPPPPPIYI /P, f
‘ JLRLLLLLL NN PP PP PO PP PP PP PP PP PP PP 6 NNNNGINNNONNNNN LR LLLLLZLLL e J KL LLLLLLLLLLZLLL gL L L .
5 PP PP PP PP P NN P PP PP PP PP PP PP PP PP PP P S NNNNNINNNNNNNG PP P PP P PP/ RN NN PP PP PP PP PPPPP”  FPPP 2 - W
R ‘e ; LLRRRRRRRRRRARRRLRRRLRRRRRRRRRRRLRRR NN NNNLNS LR RRRLRR LA KRR LZRLLIIEL L L LR RA - f
1 LR RLLLLLLLANNRLLLLLLLLLLLLLLLLLLLLLLLLZLLLEZS 32 LLLLLLLLLLLLLLLLLLL LA KLLLLLLLL L LLLLLLLL = :
=~ ! * 4 ‘ PP PP PP PPPOI PP PP PP P OPP PP PP PP PP PP PP PP PP PP ISNNNY PP PP PP PP PP PP PP PP PPPP  PPPI L it VPP PP PP PP PP PP PP PP PP 4 )
I b - ‘ LRRRRZRRRZLZLRL L ZRRELLZRLRLLLLZLLLLLLZLZLLRRZRZRZRRZLLZRRLL 22 RXRLZRRLLRZRZLZLLZLZLZLZLLLL LIELL LR | - BRRRZLZLZRZRZRZLZLZLZLZLZLZLZLZLZLZL 3 ) {
e~ \ TR MELERELELELEL L1t~ A LR L LLLL BLLLLLLLLLLLLLLLLL IELLLLLLLL A |- XL LLLLLZLLLLLLLLLLLL 5 1
il — LRRZRRRRRZRRLBLRRRRAL a8 7J( I— CRRRRRRRRRRIE LR RRRRRRRRRRRRRHRLRRRRZRRRAL |- BRRRRRRRRRRRRRRRRR R4 A
e . ‘ JLLRRLLLZLZLLBLLLLLR / CANP PP PP P PP OPPP PPPP. R s R L FLLRLLLLRZRLLLL | - K RZLZLLLLZLZLZLLLZLZLZLLLL I, 13 5 w7 1
§ R pi \ OO PP PP PPS VPP P PP POPPPPPPPPPP( PPPPP %"]E gﬂ_éﬁ OO POPPPPPPLP” 30N PPPPPPIPPPPPPLIP» P 4 g |
| - = 2= ‘ LR RRRZRZRRRZAMLRRRRRRRRRRRRRRRERRRRRRRRRRRIRBLRLRRRA = XL LRI |- - KRR L b3 L 22 18 {
3 % . ; L RRRLLZLZLZLLBLLLLLLLRLLLLLLLLLLZLLLLLLLLLLLLELLLLLL WL L@ L L4 - |- B L L et T LARRRLLR
= VPP P PP PP PP PP PP PP PP PP P PP PP PP PPPPPPPP /P PP PP P PP PP PPPPP” /P OPP» " v PPPPPI NN POPPP PP PP . “PPPPPPPPP 19 |
g e e TR RRRRRRZRRRZARRIRLRZRRRRLRZRRRLZZIIRILRIRILLZLZIELLRLRRLZRZRRRRLZR LML L L RRRLRRRRLA - |- BRRRRLZZRLZILRRRRZLRRA 5 1
: iy, St - 7L RLRLRELZLZRZL ML LLLELLLLLELLZLLL LML LLLLLLLLIELLLLLLLELLL LI L L LRI A |- ?IIIIIIIIIO\‘I.“IIII 21 ‘
&l s Y S i o = |- ‘;“‘;‘;“;: ‘;;;‘;";‘;‘;“l POPP PP PP PP P ’Illlllllgl PLLRLRRRRRRRRRRRRRRRRRLZAL | PP PPPP
; do- | LR RRZRLRRZALRLRLRRRL L L LLZRRRRERRRRRERRRRLRRRLZA - L LR RZLRLRRAL -
- 1, : & L LLLLZLLLL BLLLLLLLLZLLLLZLLFLLLLLLLLLLL BWLLLLLL PR L LLLLLLLLLLLLLZLLLLLLLLL A | - K L L L L LLRL LKL a 22 1
E ) . v SO RS 2 LR RZRRRRRRRRLZARRRRRRRRRRRRILMRRRLRZRRRRR AR LWL L 2R RRRRRRRRRZRRRIRZRRZRRZA -} ZRRRR L L ol L v :
[ smmmmnax SRS BRI R e e TR RRRLLLZRZRZLZLI ZLLLZLZLLLLZLZLLWLRLLELLZLLZLZLLZLZLZ ML L WL L LLL LI L L LLLLLLLLRLLLLLZLZLZLLL ma - WL LR LLLLL L L gl L LK 24 ‘
b= Ul s 1 PP PP PP PPPPP s VOPPPPPPPPPP PPPPPPPPPPPIS V. PPPPPPPPPo PP PPPPPPPPPPIPPPLPI PPPPL . . . v TOOPPPPP L Aoy
ER RS B RN AL ) | & LR R RRRRRRRRRZIERRLRRZRRLRRRRRI L L L ittt L LR RRRZRZRZRRLLZLZIAGL L L LLLL L L L dpipnnr WK 222 RZRZRRRRRRRRRZRRA . —_— 26 LA
7 B SR LR LZLLLZLZRZRLLL :IIIIIIIII’I. ERTTTTLLLLLLLLLLLLLLLLZLLLLLLLLL 2L L L LA B W ZLLLLLRLLLLLLLLLLLL / AN A
WAL o ol PP P PP PP PP PP " P PP PPPPP” /PP PPPP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP PP NN VPP PP PP PP PP PP PP PP PP sinkhole event oy A
- 3 = LR RRRRRRRRLZRZ AL LIMELLLLRRRLRLRZRRIRRLRRRRRZRRRRRLRZRRZRZRLRZRRRLZRRRRZRRRRRLRZRRRLRZA - - - BRRRRRRRRRRZRZRZRRIRZZRRAR AR
_ ! g | 457 Ay ; JLLZLLLLLLLLL LI LLLLL L LLLLLLLLLLLLLLLLLLLLL &bl l L LLLLLLLLLLLLLLLLLLLL A K LLLLLLLLLLLLLLLLLLL Lu il N
ba . = e e PP PP PP PP OPPPPs PIPPP SPPPPIIPPPPIPPPPPPPPOPP v O P PP PP PO PP P PP PP P PP PP PP NN PP PP PP PP PP PP PP PP P PP 8 0 ﬂ Ao,
Lo e o m e I ) e e LR RRRRZRZRRZRLZLZIE L LML L LR RRLLRRZRRLRRRLLLL 4t L LR LRRLRRRLLRRRRLRRLRRRRRRRRRRLRLR At ZRZRRLLLZRZRLRLRZRLLLZLZRR T S
o BEERE A A A A A A A A S s A A A A s BRI s sy s 58 s B LR EEE IR EICiBiRCiREECIERERY! .0
; PO s 80808088889 0888888888888 88888887 SP88888888988898080808088888088F vos P8 88088888888888888898 BEEREEEREEEEREEEREE I I B B N
- ' - - ) S ) o o o ) ) E 5555555656555 5b856555b55658585556588¢88888¢8S8S¢S

2-38-1(48x40cm)

_ 78 Rk S E S SR M B 5 A ISA RN 11 M |
e EESEAZEAXTHE Karst collapse dynamic monitoring based on real-time aintElaan NS R A imPa R R A G
Distribution of karst collapse with different risk levels in China observation of karst water hydraulic and barometric pressures Karst collapse monitoring data Karst collapse physical modeling experiment

A 5lSEERORAT TOAEDIFE, ST ™= ORI 5T bl st
Pioneer Investigation and Research on Karst Landscape and Caves-Support
for World Heritage Protection and Geopark Construction
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A theory system for karst landscapes and caves evolution was created and improved. More than 20 sites, including Wulong of Chongging

and Zhijindong Cave of Guizhou, succeeded in application for World Heritage sites and geoparks. Our research has contributed a lot to
geoheritages protection and utilization; besides, It has also fostered the poverty alleviation in Wumeng Mountain area. More than 40
times of joint caving with foreign experts from over 10 countries were conducted, with the explored length of cave reaching to 2,000 km.

Caving technology was developed and enhanced.
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