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I. International platform and cooperation 

The critical zone of earth is one of the hotspots in the field 

of geoscience at present. IGCP661 has attracted attention of more 

and more scholars around the world that actively contacted and 

applied for participation by its structural characteristics of critical 

zone in karst areas. After scientists from Austria, Russia and 

Poland joined the project research team, Prof. Jin-Yong Lee and 

Prof. Heejung Kim from the Department of Geology of Kangwon 

National University, Republic of Korea initiatively took in the 

IGCP661 project as South Korean members in 2020, further 

expanding the influence of the project and strength of 

international research team. 

 In July 2020, chaired by Dr. Jiang Zhongcheng, Technical 

Committee on Karst of International Organization for 

Standardization (ISO/TC319) had finished the second committee 

internal ballot about the title, scope, and the strategic business 

plan, the strategic business plan after modification and 

improvement has been supported by over two-thirds of the 

members and without objection. The establishment of a mature 

ISO/TC319 architecture laid a foundation for the subsequent 

establishment of karst terminology, monitoring technology and 

methods of earth critical zone.  



 

SBP of ISO/TC 319 

 

NWIP of specification of monitoring technology for karst critical zones 

In September 2020, the Ministry of Science and Technology 

approved the construction of China-Slovenia joint laboratory on 

karst geology, which is the first the Belt and Road joint laboratory 

in the field of geology. The establishment of the joint laboratory 

will further promote scientific and technological innovation and 



international cooperation in karst geology. At present, the science 

and technology special project China-Slovenia karst geology 

joint laboratory construction and karst critical zone comparative 

study has completed the application, as a major to support the 

carry out of joint laboratory. 

The Field Scientific Observation and Research Station for 

Karst Critical Zone and Rocky Desertification in Southwest 

China has passed the expert evaluation organized by the Ministry 

of Science and Technology.  

The Key Laboratory of Karst Dynamics and The Key 

Laboratory of Karst Ecosystem and Treatment of Rocky 

Desertification, passed the evaluation successfully, and were 

designated as priority state key laboratories by Ministry of 

Natural Resources and China Geological Survey. 

 

 

From August 18 to 20, the Karst 2020 International 

Symposium on Fragile Karst Resource Conservation sponsored 



by Western Kentucky University, USA were organized. The main 

contents of the meeting are as follows: firstly, the academic 

presented and discussed the research of the fragile characteristics 

of karst environment, the operation rule of karst ecosystem, cave 

and on karst hydrogeology; Secondly, gathered the famous karst 

scientists globally to communicate topics with common concerns, 

and strengthen the cultivation of young talents. Thirdly, share the 

information of the 2021 International Year of Cave and Karst Year 

(IYCK) and pool the efforts for joint operation to expand the 

influence of karst research.  

 

As one of the Global Geopark assigned by UNESCO in July 

2020, Xiangxi Geopark has been highly evaluated by the 

international karst academia. In the meeting of Karst2020, the 



members of the project team introduced the basic information of 

the geopark, including 6 main aspects trilobite fossils, as the 

golden spike, GSSP, red stone forest, karst platform, karst canyon, 

karst hydrogeological landscape, and cultural characteristics of 

Tujia and Miao ethnic groups. The rich natural and cultural 

contents excavated from the geopark were well got a favorable 

reception by international scholars. As an important work for the 

development and protection of the geomorphic landscape 

resources in the karst critical zone, this presentation has carried 

an out good experience dissemination at the conference.  

 

Video of Xiangxi World Geopark 

Due to the COVID-19 epidemic, the International Research 

Center on Karst, UNESCO held the first online training course 

with the theme of Karst Resources, Environmental Effects and 

Ecological Industries from October to November 2020. A total of 



36 foreign trainees from 18 countries had signed up for the course. 

Renowned karst scholars from the United States, Thailand, Serbia, 

the Philippines, Poland and China were invited to give lectures 

on ecological restoration of karst areas, cross-boundary aquifers, 

geomorphic landscape resources and other fields. Prof. Jiang 

Zhongcheng, chairman of IGCP661, was invited to give a lecture 

titled with "Ecological Industries Development Based on Karst 

Geological Features in Southwest China". 

In March 2020, Dr. Pu Junbing, a member of the project 

team, was elected as a permanent member of Karst Committee of 

International Association of Hydrogeologists. In June, Dr. Cao 

Jianhua was elected honorary member of the Karst Committee of 

the International Geographical Union, and Dr. Pu Junbing was 

elected vice chairman of the Karst Committee of the International 

Geographical Union. 

II. Monitoring work on various karst critical zones 

2.1 Temperate mediterranean zone  

Due to the epidemic in 2020, the plan of Chinese members 

could not visit to Slovenia for the construction of groundwater 

water quality monitoring stations, but with the communication 

with Slovenia team, the installation and testing of the water 



quality on-line monitoring instrument had been finished in March 

2020. The monitoring station located in main discharge site area 

of karst underground river basin the Postonja and Planina karst 

areas. The water level, temperature, conductivity, turbidity, pH 

and dissolved oxygen index were monitored on-line. According 

to the monitoring data from March 11 to 12, the monitoring 

system operated well, recording a set of data every 5 minutes. 

 
The monitoring instrument and data of water quality and quantity at the 

discharge site of underground river in Planina cave 

The integrated monitoring system of soil CO2 was installed 

and tested on November 15, 2019, which is located in the 

grassland ecosystem of the Bloska Polica depression in the 

Postonja karst region of Slovenia, atmospheric CO2 concentration 

(CO2-air), temperature (T-air) and humidity (RH); Soil moisture, 

temperature, and CO2 at different depths (20-50cm)2 

concentration are monitored online. At present, the system is in 

good operation. One set of data (including 12 indicators) is 



recorded in every 5 minutes. 38,880 sets of data have been 

accumulated by March 28, 2020. In general, the value of soil 

moisture is the highest at 20cm under the ground, followed by is 

at 50cm, and the lowest is at 30cm, showing a characteristic of 

low in the middle depth, high in the upper and lower depth, which 

is significantly affected by rainfall and the soil moisture increases 

rapidly during rainfall. In the winter, the soil CO2 content 

gradually decreases generally, during which there is a recovery 

peak, corresponding to the rainfall process, while the peak 

corresponds to the period of atmospheric CO2. There is a 

significant decrease in CO2 content in the peak, indicating these 

CO2 in the ascending peak region supplemented by atmospheric 

CO2. Atmospheric CO2 dissolved in rainfall and flow rapidly into 

the soil system with water. Soil CO2 rapid rises with the rainfall 

process and is extremely favorable for the dissolution of the 

underlying carbonate rock, which also proves that karst process 

is beneficial to the atmospheric CO2 sink.  

2.2 Tropical zone 

In cooperation with the Department of Groundwater 

Resources and Department of Mineral Resources in Thailand, 

works, such as karst-carbon cycle, hydrogeochemical dynamic 

monitoring and soil CO2 and karst cave environmental 



monitoring, had been carried out in typical karst areas of the 

Kanchanaburi and Chiang Mai province to jointly solve the 

problem of karst dynamic system, karst resources and 

environment in the Belt and Road karst area. Hydrogeological 

survey and high-resolution continuous automatic monitoring of 

hydrochemistry in Phu Toej spring and Badanwang Spring area 

were conducted to study the hydrochemistry dynamic response 

process and mechanism in tropical karst areas. The response 

process and mechanism of the cave environment in tropical karst 

area to the external environment were comparatively studied at 

the Qingdao cave monitoring station in Chiang Mai. The soil 

profile monitoring station of the Chiang Mai studied the response 

of the soil layer as an important part of the critical zone to rainfall 

and temperature. 

Based on the survey and monitoring data, the karst process 

is strong in the tropical karst area of Thailand, and the subsoil 

dissolution rate in the Phu Toej tropical peak cluster depression 

area is 1.5-2.5 times than that in the southwest subtropical region 

of China. Karst springs and underground rivers in the Phu Toej 

spring basin and Badanwang underground river basin are 

generally characterized by high conductivity, high calcium and 

high bicarbonate content, which mainly due to high temperature, 



good vegetation cover, high soil CO2 concentration, and strong 

dissolution. The comparison shows that underground rivers in 

tropical karst area of Thailand with relatively stable hydrology 

and hydrochemistry and strong regulating and storage capacity, 

due to uniform rainfall and the aquifer is mainly dolomite. 

Typical soil profiles of Thailand are 20cm and 50cm in terms of 

the concentration of soil temperature, water content and soil CO2 

response to the environment is faster and has obvious seasonal 

effect and rainfall effect. The concentration increases in rainy 

season and decreases gradually in dry season. The concentration 

of soil CO2 in 50cm depth is above that in 20cm depth. The 

concentration of soil CO2 in 20cm depth is controlled by both soil 

temperature and soil moisture, while the concentration of soil 

CO2 in 50cm depth is mainly controlled by soil moisture. 

Carbonate rocks are widely distributed in southeast Asia, 

forming strongly developed tropical-subtropical karst, and 

aquifers with sufficient water, which becoming an important and 

classic karst region in the world. Groundwater flow is dominated 

by channel in karst areas and causes various environmental 

problems, including rocky desertification, poverty and other 

social, economic effects. According to the difference of 

topography, karst in southeast Asia is summarized into four types: 



plateau, mountain, plain and island, and the existing karst 

investigation cases were sorted and classified accordingly. 

 

Kast distribution of southeast Asia 

 (Hydrogeology Journal, Guanghui Jiang, Fan Liu) 

2.3 Subtropical zone 

The Dalongdong karst reservoir monitoring station in 

Shanglin county, Guangxi, mainly aims at scientific problems 

such as carbon cycle process and mechanism of karst reservoir 

and ecological environment evolution of karst reservoir under the 

background of global change. Based on system science thought 

of multi-layer earth, multi-elements, multi-scales, combined with 

the idea of multidisciplinary crossover and integrated research, 

"water-rock-gas-ecology" comprehensive observation network is 

built to forming automation field scientific observation and 

research platform covering the intersection of meteorology, 



hydrology, ecology, geochemical and remote sensing, and other 

research field. After years of construction and improvement, there 

are now one meteorological observation station, three buoy fixed 

observation platforms and one buoy stratified observation 

platform in the Dalongdong reservoir. In order to achieve high-

resolution continuous monitoring (0.5h) of meteorological 

indicators (air temperature, humidity, pressure, rainfall, light 

intensity, wind speed, wind direction), reservoir thermal 

stratification indicators (4 layers water temperature monitoring: 

surface layer, 2.5m, 5m, 10m, bottom layer) and water quality 

indicators (pH, EC, DO, etc.). In addition, the automatic 

underwater ecological tomography imaging instrument was used 

to carry out 6 times of water environmental monitoring along the 

route, and the multi-spectral UAV was used to carry out 2 times 

of water quality remote sensing monitoring. 

 
Buoy stratified observation platform In the Dalongdong reservoir  

The structural characteristics and distribution rules of the 

surface karst zone in the Guanyan underground river basin and 



the main ecological geological problems are revealed. 

The supply area in the east of the Guanyan underground 

river basin is a clastic rock area with strong human activities and 

steep terrain, and a large amount of sediment is washed to the 

peak-cluster valley during heavy rain. In addition to the 

development of karst pipelines, crevasses and karst caves in the 

karst area, a large amount of water and soil have been lost 

underground, entering the Guanyan underground, and then 

blocking the underground river and lifting the surface riverbed, 

which seriously threatens the tourism industry development of the 

Guanyan scenic spot. At the same time, the reclamation and 

planting of cash crops (sugar orange) on the steep slope caused a 

large number of exposed bedrock, greatly damaged karst 

landscape resources, which decline its aesthetic value and tourism 

value and the ecosystem function. 

  
Ecological geology of the Guanyan cave underground river basin 

In view of the ecological geological problems, such as soil 

erosion and rocky desertification in the Guanyan Basin, a 



demonstration area for ecological restoration has been 

preliminarily established, and planting experiments and 

demonstrations of suitable economic crops (pitaya fruit, Red 

Cangteng, etc.) have been carried out in order to increase farmers' 

economic benefits, reduce soil erosion and improve vegetation 

coverage. At present, 820 large seedlings and 300 small seedlings 

of pitaya fruit have been planted in the demonstration area (three 

years period), covering an area of about 3 acres.  

 

III. Other latest research advances 

3.1 The building of carbon cycle monitoring network and 

research to deal with climate change 

In Southwest China, researches were carried out on cave drip 

and modern sediment, and runoff observation on slope. 

Monitoring platform for reservoir carbon cycle was established 

for study on hydrogeochemical evolution and human activities in 

karst basin. Based on the attribute analytic technique which has 

been deeply studied in seismic exploration field, the ground 

penetrating radar (GPR) attribute extraction program is designed, 

and the typical epikarst zone profile and peak-cluster depression 

areas are selected in the limestone karst area of Guizhou Province. 



Compared with radar images, the attribute analytic method is 

more conducive to the interpretation of the epikarst zone structure, 

and the coherence attribute is helpful to identify the development 

interface at the bottom of the epikarst zone and the interface of 

rock and soil. The research found that the surface fissures are 

highly developed and filled with soil or other materials, but the 

basic fissures at the bottom are barely developed. 

 
Contour map of Houzhai watershed in Puding and detection position of GPR 

Based on the CCSF equilibrium model with long-term data 

of climate and land utilization change and the simulated future 

data, it is concluded that the increase of temperature may have a 

negative impact on carbonate weathering. However, this will be 

offset by increasing rainfall and anticipated land utilization 

changes, resulting in a larger CCSF. In conclusion, during 1950-



2100, the global CCSF is likely to increase widely and 

continuously (from +9.8% to +17.1%), and the response of global 

carbonate outcrop weathering flux to global climate and land 

utilization change is discussed. 

3.2 Timing and structure of the Younger Dryas event and its 

underlying climate dynamics 

Hai Cheng, Haiwei Zhang, Christoph Spötl, Jonathan Baker, Ashish Sinha, 

Hanying Li, Miguel Bartolomé, Ana Moreno, Gayatri Kathayat, Jingyao Zhao, 

Xiyu Dong, Youwei Li, Youfeng Ning, Xue Jia, Baoyun Zong, Yassine Ait Brahim, 

Carlos Pérez-Mejias, Yanjun Cai, Valdir F. Novello, Francisco W. Cruz, Jeffrey P. 

Severinghaus, Zhisheng An, and R. Lawrence Edwards 

The Younger Dryas (YD), arguably the most widely studied 

millennialscale extreme climate event, was characterized by 

diverse hydroclimate shifts globally and severe cooling at high 

northern latitudes that abruptly punctuated the warming trend 

from the last glacial to the present interglacial. To date, a precise 

understanding of its trigger, propagation, and termination remains 

elusive. Here, we present speleothem oxygen-isotope data that, in 

concert with other proxy records, allow us to quantify the timing 

of the YD onset and termination at an unprecedented 

subcentennial temporal precision across the North Atlantic, Asian 

Monsoon-Westerlies, and South American Monsoon regions. Our 

analysis suggests that the onsets of YD in the North Atlantic 

(12,870 ± 30 B.P.) and the Asian MonsoonWesterlies region are 

essentially synchronous within a few decades and lead the onset 



in Antarctica, implying a north-to-south climate signal 

propagation via both atmospheric (decadal-time scale) and 

oceanic (centennial-time scale) processes, similar to the 

Dansgaard– Oeschger events during the last glacial period. In 

contrast, the YD termination may have started first in Antarctica 

at ∼11,900 B.P., or perhaps even earlier in the western tropical 

Pacific, followed by the North Atlantic between ∼11,700 ± 40 and 

11,610 ± 40 B.P. These observations suggest that the initial YD 

termination might have originated in the Southern Hemisphere 

and/or the tropical Pacific, indicating a Southern 

Hemisphere/tropics to North Atlantic–Asian Monsoon-Westerlies 

directionality of climatic recovery 

3.3 Ultra-sharp pinnacles sculpted by natural convective 

dissolution 

Jinzi Mac Huang, Joshua Tong, Michael Shelley, and Leif Ristroph 

The evolution of landscapes, landforms, and other natural 

structures involves highly interactive physical and chemical 

processes that often lead to intriguing shapes and recurring motifs. 

Particularly intricate and fine-scale features characterize the so-

called karst morphologies formed by mineral dissolution into 

water. An archetypal form is the tall, slender, and sharply tipped 

karst pinnacle or rock spire that appears in multitudes in striking 

landforms called stone forests, but whose formative mechanisms 



remain unclear due to complex, fluctuating, and incompletely 

understood developmental conditions. Here, we demonstrate that 

exceedingly sharp spires also form under the far-simpler 

conditions of a solid dissolving into a surrounding liquid. 

Laboratory experiments on solidified sugars in water show that 

needlelike pinnacles, as well as bed-of-nails-like arrays of 

pinnacles, emerge robustly from the dissolution of solids with 

smooth initial shapes. Although the liquid is initially quiescent 

and no external flow is imposed, persistent flows are generated 

along the solid boundary as dense, solute-laden fluid descends 

under gravity. We use these observations to motivate a 

mathematical model that links such boundary-layer flows to the 

shape evolution of the solid. Dissolution induces these natural 

convective flows that, in turn, enhance dissolution rates, and 

simulations show that this feedback drives the shape toward a 

finite-time singularity or blow-up of apex curvature that is cut off 

once the pinnacle tip reaches microscales. This autogenic 

mechanism produces ultra-fine structures as an attracting state or 

natural consequence of the coupled processes at work in the 

closed solid-fluid system.  

3.4 Varying thermal structure controls the dynamics of CO2 

emissions from a subtropical reservoir, south China 



Junbing Pu, Jianhong Li, Tao Zhang, Jonathan B Martin, and Daoxian Yuan 

Thermal stratification and mixing are important to the 

physicochemical composition of reservoirs and lakes and impact 

their water quality and biogeochemical cycles. However, it 

remains unclear how thermal stratification and mixing process 

control the exchange of CO2 between surface water and the 

Earth’s atmosphere. To address this issue, we examine the 

temporal characteristics of some physicochemical parameters, 

partial pressure of CO2 (pCO2), the δ13CDIC, and CO2 emission 

from a typical karst groundwater-fed reservoir (Dalongdong 

reservoir). During the 23 month study (2016–2018) thermal 

stratification limited CO2 emission, in part from photosynthetic 

uptake of CO2 , from early April to late October, while mixing 

processes stimulated CO2 emission of CO2 generated from 

organic matter remineralization in bottom water from October to 

April. The Dalongdong reservoir is an atmospheric source of CO2 

for most of the study period; however, during periods of 

stratification, approximately 0.37±0.44 Gg CO2 (1Gg=109g) 

dissolved into the water from the atmosphere, while 

approximately 6.24±3.73 Gg CO2 was lost to the atmosphere 

during periods lacking stratification. Limited emissions during 

stratified period may thus represent a negative feedback to CO2 

contributions to global warming, which has increased lengths of 



stratified periods. These study results are important to optimize 

sampling monitoring strategies to reduce errors of regional CO2 

emission estimation.  

3.5 GIS database of groundwater flow characteristics in 

carbonate aquifers: tracer test inventory from Slovenian 

karst 

Petrič M., Ravbar N., Gostinčar P., Krsnik P., Gacin M. 

Karst aquifers that supply manifold ecosystem services, such as 

freshwater resources, and possess unique underground 

biodiversity are characterized by peculiar flow processes and thus 

particularly susceptible to destruction. Their efficient protection 

is based on artificial tracing results that are usually scattered 

among different sources. In the case of Slovenia, the results of 

231 available tracer tests, performed between 1905 and 2019, 

have been assembled, arranged and georeferenced. The inventory 

of the geospatial database, which is unique on a global scale, 

contains 36 different pieces of data for each tracing that have been 

compiled using geographic information system tools. In this 

study, the basic concepts, the step-by-step workflow and a 

detailed mapping procedure have been presented. The thorough 

collection of available data that is freely accessible online 

includes data on the date, location and details of implementation 

of the tracer test and on the identified groundwater flow 



characteristics. Also available are the sources of the published or 

unpublished reports from which the data were taken. The 

database includes a comment on the tracer test implementation or 

results. The inventory is very useful in the process of the 

integrated management of karst water sources, and especially as 

an early-warning and monitoring system tool in cases where there 

is an imminent danger of pollution, which requires a fast and 

accurate response. The database production is transferable to 

other karst-rich countries.  

3.6 Karstology in the Classical Karst 

Martin KNEZ, Bojan Otoničar, Metka Petrič, Tanja Pipan, Tadej SLABE 

As karstologists in the country of the Classical Karst, we are 

striving to develop Slovenia’s Karst Research Institute as one of 

the leading international karstology research and education 

centres. Almost half of Slovenia is karst and more than half of its 

water supply comes from karst aquifers. We are developing a 

comprehensive science of karstology incorporating all of its most 

important fields. With the goal of understanding the three-

dimensional karst landscape, we link interdisciplinary research of 

the karst surface, caves, waters, and ecology, a unique approach 

that is also our international advantage. We are developing karst 

geography, geology, geomorphology, speleology, hydrogeology, 

biology, and microbiology. We connect field studies (including 



the establishment of monitoring networks and long-term 

measurements of water, cave climate, etc.) with laboratory 

investigations and laboratory and computer modelling. 

3.7 Sensitivity of the global carbonate weathering carbon-sink 

flux to climate and land-use changes 

Sibo Zeng, Zaihua Liu, Georg Kaufmann 

The response of carbonate weathering carbon-sink flux (CCSF) 

to its environmental drivers is still not well understood on the 

global scale. This hinders understanding of the terrestrial carbon 

cycle. Here, we show that there is likely to be a widespread and 

consistent increase in the global CCSF (ranging from + 9.8% 

(RCP4.5) to + 17.1% (RCP8.5)) over the period 1950–2100. In 

the coming years the increasing temperature might be expected to 

have a negative impact on carbonate weathering. However, the 

increasing rainfall and anticipated land-use changes will 

counteract this, leading to a greater CCSF. This finding has been 

obtained by using long-term historical (1950–2005) and modeled 

future (2006–2100) data for two scenarios (RCP4.5 and RCP8.5) 

for climate and land-use change in our CCSF equilibrium model. 

This study stresses the potential role that carbonate weathering 

may play in the evolution of the global carbon cycle over this 

century. 

 


