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Abstract 

From the 20
th

 century, the global environment deteriorated rapidly, and the global change 

study whose major content is the research on environmental change has become the hottest topics 

for geosciences and environmental science studies. Several international programs such as IGBP, 

WCRP, IHDP, and DIVERSITAS had been set up to investigate the rule of environmental 

evolution in different timescales, discover the cause of environmental change, discern the natural 

evolution process of environment and the effect of human activity on it, evaluate accurately the 

effect of environmental change, and forecast the environmental state of this century and the future. 

In the light of the deficiency of global water resource, the research on the response of water 

resource to global change, especially to global environment change has come to extensive 

attention. Groundwater is not only the important water supply for human being, but also the 

essential support to ecological system. Thus, the studies on groundwater and global change are 

both urgent and significant. There is a population of about 1000,000,000 in the karst regions 

where are the important living environment for human being. But the ecological systems in karst 

regions are very vulnerable, the effect of climate change and human activity on it being very 

markedly and the damage in different degrees of karst water systems being detectable. In view of 

above situations, the research on karst water system evolution and global change is very necessary. 

In this book, the indication and response of karst water system to global change have been 

elaborated based on the research on karst water system evolution and global change. The study 

basis of this book is that karst waters are both the information carrier and receiver of global 

change. 

The indication of karst water to global change, especially climate change comes from the 

flowability of groundwater and the water-rock interaction. In view of its function of 

“palaeoclimate record”, karst water has been the new information carrier of climate change after 

ice cores, loess, marine sediment, sporopollen, and treering, which changes the view of 

groundwater studies significantly, namely groundwater had been regarded as the information 

reservoir, instead of fluid. The existent study results were summarized in this book, which show 

that physical indexes (such as groundwater level and spring discharge) and chemical indexes (such 

as the storage of 
14
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C, Mg/Ca, Sr/Ca, Na/Cl and some trace elements) of groundwater and karst 

sediments (such as stagmalite, travertinee, and calcite vein) can indicate the environmental 

changes in different timescales effectively. 

In this book, the evolution rule of karst water systems of Shanxi Province in geological, 

historical, and instrumental record timescale were studied in the case of Niangziguan spring and 

Shentou spring that are the famous big karst springs in northern China using karst sediment 



analytical method, historical literature analytical method, comparison analysis method and time 

series analysis method, which can discover the driving mechanism of geological, climate and 

human activity factor to karst water evolution in above timescales, discern the natural evolution 

and human activity affecting process of karst water system, and forecast future climate change and 

evolution trend of karst water system under the effect of human activity. The study results of this 

book have significant sense for improving the living environment in karst regions of northern 

China, heightening the adaptability of human being to environmental change, and realizing the 

sustainable development of regional economies. 



The First Part  Summaries 

1 Introduction 

From the 20
th

 century, the global environment deteriorated rapidly, and the global change 

study whose major content is the research on environmental change has become the hottest topics 

for geosciences and environmental science studies. Several international programs such as IGBP, 

WCRP, IHDP, and DIVERSITAS had been set up to investigate the rule of environmental 

evolution in different timescales, discover the cause of environmental change, discern the natural 

evolution process of environment and the effect of human activity on it, evaluate accurately the 

effect of environmental change, and forecast the environmental state of this century and the future  

(Ye Duzheng et al., 1995; Lin Hai, 2001; NSFC, 1998). 

In the light of the deficiency of global water resource, the research on the response of water 

resource to global change, especially to global environment change has come to extensive 

attention. The systematic study work about climate change (including past climate change), the 

effect of land utilization/land coverage on river runoff, water balance in flow domains, water 

requirement, water resource vulnerability, water resource management, and hydrological extreme 

affairs were developed (Nemec J et al., 1982; Gleick P H,1987; Gleick P H,1989; Waggoner P E, 

1990; Frederic K D,1993; Lal M, 1994; Shi Y,1995; Kenneth D F,1997; Lins H et al.,1999; Deng 

H et al,2001). Compared with surface water, the groundwater studies in this aspect are not enough, 

but some researchers have known that climate change (especially precipitation) and land 

utilization have marked effect on the quality and quantity of groundwater (Dzhamalov R G 

(version), 1997; Yuan Daoxian, 2000; William M, 2001), furthermore, some studies indicate that 

groundwater is the well information carrier of global change (Fontes et al, 1991; Edmunds W M, 

1994; Zhang Z et al, 1997). So the development of the study about groundwater and global change 

are both urgent and significant. 

The total area of the karst regions in the earth is about 2200×10
4
km

2
 up to 15% of the global 

terrestrial area. Karst systems are the active participant of global carbon cycle, the CO2 flux from 

atmosphere to global karst regions being 2.2～6.08×10
14 

g C/a up to 1/3 of unknown sink in 

present carbon cycle model (Yuan D,1993,1999). There is a population of about 1000,000,000 in 

the karst regions where are the important living environment for human being. But the ecological 

systems in karst regions are very vulnerable, the effect of climate change and human activity being 

very remarkable. So the karst regions are very noticeable for global change researchers (Yuan D, 

1995; Horvatinčiċ N et al., 2001), and three international geological correlation programs 

(IGCP299、IGCP379 和 IGCP448) had been developed. Groundwater occurred in carbonate rock 

is not only the important water supply for industry and agriculture development, resident living, 

and ecological demand, but also the significant karstification agent. However, karst water systems 

were damaged in different extents by the action of global environment change, so developing the 

research on the evolution and comparison of global karst water system is extraordinarily important 

(Drew D et al.,1999; Овчинников  Г  И  и  др. , 1999; Tyc A,2001).   

In northern China, the area of carbonate rock is about 46.94×10
4
km

2
 up to 60.6% of the total 



area of the whole region where there are the important bases of industry, agriculture, and energy 

source. It is one of the largest distribution areas of carbonate rock just second to the southern 

China (Overall project team of “Research on forecast, utilization, and management of karst water 

sources in northern China and karst water in large mine areas”, 1993). In this region, the total 

volume of natural karst water resource equals to 192.45×10
8
m

3
/a (Li Z, 2000), and the volume of 

exploited karst water is nearly 100×10
8
m

3
/a (Institute for Karstic Geological Research of the 

Ministry of Geology and Mineral, the First Team of Hydrogeology and Engineering Geology of 

the Office of Geology and Mineral in Henan province, 1993). Karst water is the water supply of 

high quality for local urban development and industrial and agricultural production. However, 

under the effect of climate change and human activity, the water supply potential of karst water 

systems in northern China has been reducing, which appears as as territorial fall of groundwater 

level and prevalent deterioration of water quality, and results in springs exhaustion, lakes and 

rivers drying, vegetation death, oasis area reduction, and agricultural lands desolation. It restricted 

the economy development seriously and deteriorated the living environment of human being. For 

example, the discharge of the Niangziguan springs, the biggest karst spring in northern China, has 

been reducing since the 1970s, from 16m
3
/s of the 1960s to below 10m

3
/s at present. After 1995, 

its discharge was less than 9m
3
/s, and Shuiliandong spring and Chengjia spring of the 

Niangziguan Springs have been ceased (Sun L et al, 1997). For another example, the discharge of 

the Xin’an springs, the second biggest karst spring in northern China whose mean annual 

discharge is 10.10m
3
/s, decreased from the 13.74m

3
/s to of 1976 to 5.40m

3
/s of 1993 (Wang Z et 

al, 1996). Moreover, the discharge of the Shentou springs decreased from 9.28m
3
/s of 1964 to 3.28 

m
3
/s of 1993 (Ma T et al, 2001); the discharge of the Jinci springs decreased from 1.98m

3
/s of 

1958 to 0.16 m
3
/s of 1991, and it had been ceased in 1992 (He Y et al, 1997). The total discharge 

of Baotu spring, Heihu spring, Zhenzhu spring and Wulong spring in the end 1950s is between 

3.5-4.0 m
3
/s, but in recent years, it decreased obviously and creased in dry season, the landscape 

in the spring vent area had been damaged (Xi D et al, 1993). The karst water level in Jiaozuo 

district has been decreasing since the 1950s resulting in the cease of many springs (Institute for 

Karstic Geological Research of the Ministry of Geology and Mineral, the First Team of 

Hydrogeology and Engineering Geology of the Office of Geology and Mineral in Henan province, 

1993). According to another study (Guan B et al, 1993), the total area of karst water regions that 

had been polluted by natural contaminant, industrial and domestic pollutant is up to 9192.2 km
2
, 

the major pollutants being Fe, Mn, F
-
, SO4

2-
, TDS, NO2-N, NH4-N, COD, Hg, Cr

6+
, Pb, C6H5OH, 

etc. 

Furthermore, Some regions on the Earth are extraordinary sensitive to global changes, 

northern China located in middle latitude zone being one of them. According to the existent study, 

under the effect of global warming, the frequency of aridity would increase (Ye D, 1986). Five 

widely applied models for global atmosphere and ocean circle （GFDL、GISS、NCAR、OSU

与 UKMO）had been used by Zhao Z, a Chinese scientist (1990), it indicating that global mean 

surface atmosphere temperature will increase 4℃ resulted from the increase of CO2 content of 

atmosphere. It is noticeable that in the middle latitude areas, the soil humidity will decrease and 

the area of the desert will be enlarged. Mr. Ye Duzheng who is the famous Chinese meteorologist 

has said: “ it is the most important effect of climate changes that environments of the regions 

where climate is changeful will be deteriorated (Of course, climate changes may have positive 

effects on environments too). North China and northwestern China that lie in middle latitude area 



are serious in defect of water, which is very worrying……”. In view of it, the karst water systems 

in northern China may deteriorate more seriously under the effect of the future climate change. 

Thus, it has significant sense for improving the living environment in karst regions of 

northern China, heightening the adaptability of human being to environmental change, and 

realizing the sustainable development of regional economies to analyze the karst water system 

evolution in different timescales, discover the driving mechanism of karst water system evolution, 

discern the natural evolution and human activity affecting process of karst water system, evaluate 

the state of karst water environment, forecast future climate change and evolution trend of karst 

water system under the effect of human activity, and put forward feasible remediation technology 

for karst water system using global change analytic method with existent study results of karst 

water systems. 
The factors affecting the degradation of karst water systems in northern China are the focus 

of researchers all along. But limited to the difference of study scales, data and study areas, it is 

still in discussion that whether climate change or human activity is the major factor for karst water 

system degradation. In fact, karst water system evolves continuously under the control of 

geological, climatic and anthropic factors. In different timescales, both the evolution rule of karst 

water systems and its major factors are different. The attenuation of spring discharge in a 

timescale may be just a little fluctuation in a larger timescale. So it is the only way to discover the 

cause of the degradation of karst water systems in northern China in the view of karst water 

system evolution. 

In recent years, some useful attempts for karst water system evolution were made by Chinese 

scholars. Lu Y (1999) studied the effect of tectonic and climatic factors on the rule of karst 

development and the evolution of the hydrogeological environment, and contrasted the karstic 

hydrogeological features in karst regions among Chinese Mainland, Chinese Taiwan, Hongkong, 

and some countries in Europe and American. But his studies to the evolution rule of karst water 

systems in northern China are not in depth due to large temporal-spatial scale. Wang Y et al 

discerned the environment record function of travertinee and relative sediments in Shanxi 

Province (the study was sponsored by NSFC, No: 49572159). Sun L et al (1997) analyzed the 

temporal-spatial evolution process of the Niangziguan springs using the indication of travertinee 

to hydrodynamic features. Based on the research on water quality evolution process of the 

Niangziguan karst water system, Li Y (1999) denoted that travertinee is the major media for 

recording the palaeoclimate change and its reflection for palaeoclimate change matches well with 

the analytical result using loess and sporopollen in the timescale of 200000 years. An overall 

knowledge about the evolution process of the Niangziguan karst water system can be obtained by 

above studies, but there are several defections in these studies as well. For example, the factors of 

the karst water system evolution were not analyzed in the round, and the distinguishability for 

climate change is not high enough and there is no quantitative result about it. For another example, 

there are no deep analyses of the intensity and mechanism of geological, climatic and anthropic 

actions in different evolution phases. It is more important to denote that there exist hydraulic 

relations between independent karst water systems in the past, so the evolution rule of karst water 

systems can only be clarified in a larger spatial scale than spring basin. 

Now, global change study, especially past global change study, becomes more and more 

extensive, which is very useful to the overall and systemic research on the evolution rule of karst 

water systems in northern China and supplies ample data about climate and geological 



environment and research methods (Racovita G et al., 2001; COHMAP Members, 1988; Sun 

Donghuai, 1995; Winograd I C, 1992; Hulme M et al., 1992). The study contents of past global 

change are as follows: ⑴ rebuilding the detail history of climate change and environment 

evolution in recent 2000 years with a timescale of 10 years even year or season; ⑵ rebuilding the 

evolution process of climate and environment within a whole glacial circle (Ren G, 1994). In 

recent years, Chinese scholars obtained satisfactory study results in rebuilding the palaeoclimate 

change in China using loess, lacustrine sediment, ice core, marine sediment, tree ring, biogliph in 

stratum and analysis of historical records (Ye D, 1992). Zhu K (1990) summarized Chinese 

climate change in past 5000 years based on ample historical literatures. Wang S et al (1998) set up 

the atmosphere series in China since the 1980s. Zhang M (1993) plotted the rainfall curve of 

eastern China since the year of 1890. Xu G et al (1992) studied the rainfall change in arid-semiarid 

regions of northwestern China. At the same time, karst sediment and its fluid inclusion became 

more and more useful for the climate analysis of high resolution, the study in this aspect obtaining 

rapid progress. Brecker et al (1960) measured the age of calcium carbonate in caves using 
14

C, and 

Schwarcz et al (1976) analyzed stable isotopes of fluid inclusion in calcite water, and studied its 

palaeoclimate sense. Many Chinese scholars, such as Wang X (1985), Zhu H (1994), Li B (1994), 

Liu D (1997), Li Y (1999), Yuan D (2004), and Hu C (2005) etc, obtained well study results about 

palaeoclimate change using the measurement and analysis of stable isotopes in stalactite, 

stalagmite, and travertinee. In recent years, with the rapid development of tree ring hydrology, 

some researchers began to obtain information about runoff and other hydrological factors from 

tree ring. For example, Li J et al (2000) rebuilt the mean annual runoff of Guxiang River in past 

300 years in Hami district of Xinjiang by abstracting the information of discharge from tree ring. 

The contrast between actual series and rebuilding series from 1957 to 1979 indicates that the 

rebuilding process is satisfying. In northern China, there is a close hydraulic relation between karst 

waters and rivers (Wang Y et al., 2001), which makes the reconstruction of the karst spring 

discharge series and the hydrodynamic field of karst water possible. Global contrast is the most 

prevalent method in global change studies, which can be applied in the research on karst water 

system evolution as well. The latitude of the study area can restrict the sedimentation of carbonate 

rocks, so the regions where carbonate rock sedimentation is intense distribute from 28 to 40°of 

north latitude and south latitude (Overall project team of “Research on forecast, utilization, and 

management of karst water sources in northern China and karst water in large mine areas”, 1993). 

Thus, the contrast of development rule of karst water systems in different areas of the world is 

very useful to recognize its evolution process. The start-up of three international geological 

contrast programs, namely IGCP299, IGCP379 and IGCP448, has established the foundation for 

studies in this aspect. 

As mentioned above, karst regions are important living environment for human being, but the 

ecological environment there is very vulnerable and apt to be damaged. The research on karst 

water system evolution in northern China is not only the useful method to realize the sustainable 

development of regional economy and improve the living environmental of inhabitants, but also 

have significant sense for karst water system study of other countries. Moreover, the important 

progresses in the reconstruction of palaeoclimate, tree ring hydrological research, and global karst 

contrast had obtained during the global change studies in recent years, which can supply ample 

data and technological support for the study on karst water system evolution. 

Shanxi Province is not only the important energy source and coal base in China, but the 



region where the distribution of carbonate rocks is the most extensive and its area and the ratio to 

the total area of Shanxi are 10.2×10
4 

km
2
 and 65% respectively. In Shanxi Province, the total 

volume of natural karst water resource is about 35×10
8
m

3
/a and there are 86 karst springs with 

the discharge more than 0.1 m
3
/s. Among these springs, the numbers of the karst springs whose 

discharges are more than 1 m
3
/s and 4 m

3
/s are 19 and 8 respectively. The famous karst springs, 

namely the Niangziguan springs and the xin’an springs are in this region. The karst water systems 

in Shanxi Province are the most classic in northern China, and there are ample researches on them 

with long history and plenty of results. Furthermore, Shanxi Province has a long history with 

plentiful historical literature, especially records about karst springs, and the distribution of loess, 

travertinee etc are very extensive there, so it can be regarded as the ideal area for research on karst 

water system evolution in northern china and global change. 

The major aim of this book is to analyze the evolution rule of karst water system in northern 

China in different timescales with the case area of Shanxi Province, discover the driving 

mechanism of karst water system evolution, and distinguish its natural evolution process and 

human activity affecting process. The key contents are as follows: ⑴ how are the evolution of 

karst water systems affected by geology condition, climate, and human activity in different 

temporal-spatial scales? ⑵ what are the major causes of the degradation of karst water system in 

northern China? How about its response to future climate change and human activities? This study 

will provide scientific theoretical basis for improving the living environment in karst regions of 

northern China, heightening the adaptability of human being to environmental change, and 

realizing the sustainable development of regional economies. 

2 Global changes and environmental problems 

Since the establishment of modern scientific system in 19
th

 century, a variety of disciplines 

studying the certain part of the earth had been formed. It has been known that natural processes 

not only occur in atmosphere, lithosphere, biosphere, or hydrosphere, etc, but also between every 

two spheres. So the more comprehensive knowledge about the relationship among each part of the 

earth had been obtained. The scientific ideology for the earth system study was put forward in 

1980, the entirety and variability of the earth becoming the new view angle for the exploration of 

the earth and the starting point of global change studies. 

With the four marked progresses in the history of human being development, namely the use 

of tools and fire, the occurrence of agriculture, the appearance of civilization, and the industrial 

revolution, the controlling force of human being on nature has been heightening continuously. 

Especially in recent 50 years, the intensive effect of human being on natural environment has been 

enough to induce the change of the whole natural system and become a new factor resulting in the 

environmental change. Human being is thoroughly altering the different forms of systems and 

circles in the earth that is the basis of the existence of the lives, although the ways are not very 

clear for themselves. People are more urgent than anytime for recognizing the rule of the whole 

environment in the earth and the effect of human activity on global environment. The attention for 

human being’s living environment has become the huge driving force for global change studies. 

The scientific and technical development that represent by the occurrence of system science 

theory, remote sensing technology, geographical information system, and modern analytical 



methods, heighten the ability of human being to explore the earth systems and offer the forceful 

theoretical and technical support for global change studies. 

Global change is a new view for the earth study, and its guidelines are earth system science, 

namely an overall system integrated by atmosphere, hydrosphere (including cryosphere), 

biosphere and lithosphere. The subjects investigated of global change study are the changes of 

earth system in different timescales (from second to hour, from day to year, from dozens of years 

to hundreds of years, from thousands of years to millions of years, and from dozens of millions of 

years to hundreds of millions of years) affected by natural and anthropic driving forces. The key 

studies aim at the processes and mechanisms that integrated each part of the system and induce the 

changes of system. The global changes resulted from human activity and the adaptation of human 

being to global changes has been noticed especially. In narrow sense, global change means the 

change of living environment of human being. 

The ongoing global change study is a huge and systematic plan composed of four relatively 

independent international research programs that have close relation to each other, including IGBP, 

IHDP, WCRP and DIVERSITAS. Besides these four research programs, there are some correlative 

projects that have their own keynotes respectively and a common object, namely increasing the 

knowledge of the rule of climate and environmental changes in the earth, forecasting scientifically 

the trend of future environment changes, offering scientific basis for the macro decision of global 

environment problems, and putting forward the consultative advices that are useful for 

governments to make policy about exploitation and utilization of resources, environmental 

protection and remediation, etc. 

The global change studies in China began with the occurrence of modern geosciences, such 

as geology, natural geography, and climatology. The major achievement had been obtained in the 

domain of past global change studies, such as the research on historic climate change by Zhu K in 

the 1920s, the Quaternary study in eastern China by Li S in the 1930s and 1940s, which leads to 

the global change studies in China. Since the 1970s, with the development of international global 

change studies and the introduction of new analytical and testing methods, the significant 

progresses have been made in Chinese global change studies. The most representative 

achievements are as follows: ⑴ the research on climate change based on archaeology and 

historical literatures initialed by Zhu K; ⑵ the several scientific investigations in Qinghai-Tibet 

Plateau organized by Chinese Academy of Sciences; ⑶ the research on Quaternary loess and 

palaeo monsoon winds conducted by Liu D (1985；1990), An Z, et al; ⑷ the research on glacier 

and Holocene environment changes in eastern China and western China conducted by Yao T, Shi 

Y (1992); ⑸ the research on the evolution of Quaternary environment changes in sea areas of 

China conducted by Wang P (1995); ⑹ the plentiful evolution study on regional environment 

made by other geographers, Quaternary geologists, and climatologists; ⑺  the research on 

environmental evolution and sedimental records in karst regions made by Yuan D (1997). Among 

these studies, the researches on Qinghai-Tibet Plateau, Quaternary loess, archaeology and 

historical literatures are the most particular. 

Now, human being confront some regional environment problems, such as sharply increased 

population, pollution induced by wastewater, exhaust gas and solid waste. Furthermore, they have 

to be face with a series of fateful global environment problems, such as “greenhouse effect” and 

global warming, ozone hollow space, acid rain, forest decreasing, creature extinction, land 

desertification, and fresh water resource deficiency, etc.  



From the viewpoint of global change, some regions on the earth are extraordinary sensitive to 

global changes, they being so called sensitive area. Vegetation is affected by a variety of factors, 

including climate, water body, soil, etc, so it can be regarded as the measurement for certain 

environmental state. A kind of vegetation can represent certain special environmental state or 

integration of several environmental constituents, whereas the transition zone or oecotone between 

two different vegetations can reflect the critical point between two kinds of environmental state. 

When the environmental conditions change, the critical point will be affected, which appears as 

the transfer of the transition zone or oecotone. So the transition zone or oecotone between two 

different vegetations is the sensitive area to global change. 

The macro pattern of vegetation in China and the transition zone and ecologic community in 

different temporal-spatial scale has formed under the control of climate, surface water and soil that 

constitute the living environment. Compared with other regions, these areas are more sensitive and 

response more intensively to global change. 

The most sensitive zone of China to global changes (namely first-degree sensitive zone) 

extends from eastern Inner Mongolia to southeastern Qinghai-Tibet Plateau. In terms of climate, 

this sensitive zone is the transition region from where the arid and semiarid climate inland changes 

into the humid and semi humid climate of southeastern China; in terms of hydrology, the zone is 

the watershed of inland surface drainage and seaside exterior drainage; in terms of land resource, 

the zone threatened by desertification seriously is in the middle of inland desert and arable land of 

southeastern China; and in terms of vegetation, the zone is the intermediate belt of grassland and 

forest. 

Another important transition zone (namely second-degree sensitive zone) extends from the 

western Eerduosi Plateau to Lanzhou and Xining, then towards west to Chinese western border 

along Qinghai-Tibet Plateau. This transition zone is the division among desert, grassland and high 

and cold vegetation. 

Moreover, there is a small transition zone (namely third-degree sensitive zone) in the forest 

vegetation region of eastern China where distributes the conifer forest of cool temperate zone, the 

conifer and broadleaf forest of temperate zone, the broad leaved evergreen forest of subtropical 

zone and tropical rain forest from the north to the south. 

3 Status of groundwater environment in northern 

China 

Northern China is the major arid and semiarid distribution area where climate is arid, rainfall 

is small, evaporation is intensive and groundwater is the major water supply for industry, 

agriculture and everyday life. According to relative data, the volume of groundwater resources in 

the plain area of northern China is about 1.5×10
11

 m
3
 up to 78% of that in the whole country. The 

volume of annual groundwater exploitation in the plain area of northern China is 4.38×10
10

 m
3
 

that irrigates the farmland with an area of 13.3 × 10
8
km

2
 up to 60% of that in the whole country 

(46.7 × 10
8
km

2
). In North China, the annual volume of exploited groundwater is about 2.56×

10
10

m
3
, the well irrigation area being about 60% of total irrigation area. In Hebei Province, the 

annual volume of exploited groundwater is more than 10
10

m
3
 up to 72% of the water consumption 



in the whole province. In Henan Province, the mean annual agricultural water is 1.17×10
10

m
3
, the 

groundwater being about 7×10
9
m

3
. According to the rough statistics in 1980, there are about 60 

cities whose major water source is groundwater. In North China, the total water consumption of 27 

citiesis 7.82×10
7
m

3
, 87% of it being groundwater. However, in this region, the groundwater 

environment has deteriorated and ecological environment has been in disequilibrium for a long 

time under the effect of natural factors and human activities, inducing a series of environment 

problems, such as springs exhaustion, lakes and rivers drying, vegetation death, oasis area 

reduction, and agricultural lands desolation, etc. 

4 Groundwater and global changes 

4.1 Karsification and global changes 

The area of the distribution area of carbonate rocks in the earth is about 22×10
6
km

2
 up to 

15% of the terrestrial area. There is a population of about 1000,000,000 in the karst regions where 

are the important living environment for human being. However, the ecological environment in 

karst regions is very vulnerable and it is regarded as a kind of environment like the margin of 

desert. Moreover, karsification has close relation to the source and sink of CO2 in atmosphere, so 

the record of past environment change with high resolution can be kept due to the sensitive 

response of karst dynamic systems to environment change (Yuan D, 1995). Thus, karst play a 

important role in the research on global changes, and now three international geological contrast 

programs that are relative to karst have been developed, including IGCP299 (geology, climate, 

hydrology, and karst forming, 1990-1994), IGCP379 (karsification and carbon circle, 1995-1999) 

and IGCP448 (contrast between global karst ecology systems, 2000-2004). 

By the organization and implement of these three programs, the contents of global change 

study and the scope of karst study were enlarged, and the knowledge of human being to 

karsification became more extensive. It can be act as the basis for future relevant studies. 

Now, some progresses were made in the research on the relation between karst and the source 

and sink of CO2 in atmosphere. The carbon storage capacity in global carbonate rocks is near 10
17

t 

up to 99.55% of the total carbon in the earth, and it is the largest carbon storage. Carbonate rocks 

are both the source and the sink of CO2. According to the calculating results, the carbon recycle 

volumes resulted from the dissolution of carbonate rocks in China and the world are 1.774×10
7
t/a 

and 6.08×10
8
t/a (Jiang Zhongcheng et al., 1999) respectively, the latter being about 1/3 of the 

unknown item in present carbon circle model. CO2 can be released from the deep part of the 

conjunct zone of plate tectonics. Kerrick (1994) considered that global warming is the result of the 

release of CO2 during the metamorphic process of Himalayas movement. It is worthwhile to 

deeply study the relation between the increase of CO2 content in global atmosphere in recent 50 

years and the release of CO2 from the deep part of the fracture zones. At the same time, Zha Z et al 

(1997) investigated the Quaternary pore water in Hebei Plain and thought that the over 

exploitation of groundwater means the extra release of CO2. They estimated that the evaporation 

amount of CO2 during the groundwater pumping with a volume of 10
8
m

3
 is up to the release of 

that during the coal burning with a volume of 9000t, which means that the extra release of CO2 in 



North China Plain is about 10
6
t. It can be noticed from it that groundwater play a very important 

role in the global carbon circle. 

Furthermore, carbonate sediments such as stalagmite, travertinee, and calcite vein have been 

useful material with high resolution for indicating the palaeoclimate change. Yuan D et al (2004) 

studied the Asia monsoon and rainfall change in low latitude region in past 160000 years using 
230

Th and 
18

O/
16

O of stalagmite in Dongge cave of China. They considered that the increase of 

insolation have effect on the change of conditions in the last interglacial period. Hu C et al (2005) 

denoted that Si/Ca, like δ
18

O and Ca/Mg, can offer the information of past rainfall change by 

analyzing the dissolved Si, Ca, and Fe of soil water, trickling water, and karst sediments in 

Heshang cave, China. 

4.2 Indication of groundwater to global change 

As an important constituent of hydrosphere, groundwater has become the carrier and 

ligament of the energy and substance during the interaction between hydrosphere and lithosphere, 

atmosphere or biosphere. The change of the energy circle and substance within above spheres 

induced by environment change must have certain “print” in groundwater, which makes it has the 

function of the restoration and protection for environment change information (Wang Y et al, 

2005). Moreover, groundwater has become a kind of idea media for exploring the environment 

change under the effect of natural and human activity factors in view of the fluidity of 

groundwater and the timescale of water-rock interaction (Edmunds, 1995). 

The periodical change of climate in different timescales result in that the corresponding 

periodical features formed in the groundwater evolution process. In the long geological history of 

groundwater evolution, there are alternate pluvial period and infrequent rain period or 

hyperthermal period and katathermal period in the timescale of tens of thousands of years, 

thousands of years and hundreds of years, and under the control of the climate, the distribution 

pattern of major replenish period and secondary replenish period of regional groundwater had 

been formed. So groundwater or aquifer can be regarded as Continental Paleoclimatic Archives 

(Fontes et al., 1993). In view of its function of “palaeoclimate record”, groundwater has become 

the new information carrier of climate change after ice cores, loess, marine sediment, sporopollen, 

and treering, which changes the view of groundwater studies significantly, namely groundwater 

had been regarded as the information reservoir, instead of fluid. 

The accuracy of groundwater age calculation rests with the understanding extent of aquifer 

characteristics, so to well know the aquifer features is the foundation of acting groundwater as 

climate record. Mazor (1993) defined two basic aquifer types: ⑴ active aquifers, namely 

aquifers having evident recharge area and discharge area and whose water flow is controlled by 

the groundwater flow rate and rainfall infiltration rate. ⑵ passive aquifers, namely aquifers 

having recharge area before and no evident discharge area and where the water flow is stagnant. 

The classical active aquifers are those confined aquifers located over the discharge benchmark, 

and the classical passive aquifers are those buried aquifers in setting basins located below the 

discharge benchmark (Mazor, 1993; Mazor and Nativ, 1994). Passive aquifers are better than 

active aquifers in groundwater age measurement because of the less disturbances for groundwater 

age information. 



Palaeoclimate information can usually be translated into a variety of measurable tracer in 

groundwater. Edmunds (1995) designated three changes of groundwater systems, namely the 

change of piezometric level, natural chemical baseline and the effect of human being on the 

quality of groundwater, are very sensitive to all kinds of actions in the timescale of 50-100 years. 

The hydrogeochemical changes in larger time scale are relative to global climate change. In the 

light of it, he commended several original and secondary indicators for different forms of physical 

and chemical actions occurring in groundwater systems and human activities. In recent years, with 

the development of the study, plenty of geochemical and isotopic methods had been put forward 

and it has been possible to reconstruct the past environment change using groundwater (Zuppia, et 

al., 2004). 

4.2.1 Physical indicator 

The change of groundwater level is the response of groundwater system to external affecting 

factors, and speaking strictly, it can be induced by any small disturbances to groundwater systems. 

But the extent of groundwater level fluctuation will be different with the change of groundwater 

sensitivity. 

The earth tide can be induced by the gravitation of the sun and the moon to the earth, because 

the density of the solid substance in the earth surface will be changed under the effect of the 

gravitation. Correspondingly, the liquid tide results from the groundwater level fluctuation that can 

be induced by the change of the volume of pores and fissures. The groundwater level fluctuation 

induced by the moon has periodicity in day and in month, which is the same to the tide of seawater. 

Similarly, geological hazards such as earthquake, volcanic eruption, and landslide will result in the 

anomaly of groundwater level change as well. 

Climate change will induce the groundwater level fluctuation as well. In the monsoon, 

groundwater systems are recharged continuously by rainfall, which can arouse the groundwater 

level rise, whereas in the dry season, groundwater level may decline. Plenty of studies of 

groundwater level dynamics indicated that groundwater level fluctuation has well correlation with 

the sunspot activity, and it may be induced by climate changes resulted from solar activities. 

Chen et al (2004) disclosed the corresponding relations between groundwater level and mean 

month rainfall or atmosphere temperature in a carbonate rock aquifer located in Manitoba, 

southern Canada, by studying the groundwater level fluctuation and climate changes there. 

Recently, Jorgensen et al (2003) investigate the relation between well depth and groundwater level 

in the Al Ain district, United Arab Emirates using archaeological methods, and the well 

correlations have been found out. Based on it, they studied the relation between groundwater level 

fluctuation and climate changes in past 4500 years, and discovered that the continuous 

groundwater level falling matches well with the increase of CO2 content in atmosphere. This study 

extended remarkably the time scale of the research on relation between groundwater level 

fluctuation and climate changes. 

As groundwater level fluctuations, spring discharge changes are the response of groundwater 

systems to external effects. The studies of the relation between spring discharge and climate 

change in the Shentou springs (a big karst spring in northern China) by authors of this book (Ma T, 

2004; Guo Q, 2005) show that spring discharge can well indicate the climate changes in short time 

scale. 



As mentioned above, groundwater level and spring discharge are the useful indicator to 

climate change and can well indicate the climate changes in short time scale. But their changes 

may lag behind the climate change, so the identification of the lag time is one of the key steps for 

using physical indicators such as groundwater level to study climate change. Another difficulty is 

the reconstruction of the time series of palaeo groundwater level and spring discharge, but the 

archaeological method commended by Jorgensen et al (2003) make it possible to solve this 

difficulty. 

4.2.2 Chemical indicator 

The correlation among many environmental parameters such as humidity source, atmosphere 

temperature, rainfall, season, and elevation can be discovered by the analysis of stable isotopes in 

rainfall. The relation between climate and mean annual content of stable isotopes offers the 

important indication to the research on palaeoclimate. Isotopes and element compositions in 

groundwater can be affected by climate conditions during recharge processes, so they can be used 

as indicators to climate change. 

The stable isotope compositions of water molecular can offer the following information of 

climate change: ⑴ the cloud coagulation temperature can be obtained by identifying the effect of 

evaporation from isotopic signatures (Hoffmann et al., 2000); ⑵ the source of water vapor and 

palaeo wind direction can be identified by the calculation of tritium excess (Merlivat and 

Jouzel,1979; Gasse, 2000; Jouzel et al., 2000). 

Radioactive isotopes can be used for age measurement. Although there exist some limitations 

in the interpretation of 
14

C content in aqueous carbon (including inorganic and organic carbon), it 

was regarded as the most effective tool for calculating the groundwater age (Clark and Fritz, 1997). 

For the contrast of different studies or palaeoclimate affairs in different regions, it is very 

important to build up a correct age model. The 
14

C age of groundwater can be revised by different 

methods (Clark and Fritz, 1997), such as δ
13

C mixing model (Pearson and Hanshaw, 1970). All 

the 
14

C age of soil phases have been determined as calendar ages (Stuiver et al., 1998). 

Other potential age measurement methods using radioactive isotopes (including 
4
He, 

39
Ar, 

81
Kr, storage of 

226
Ra, unequilibrium of 

234
U/

238
U, 

36
Cl and 

87
Sr/

86
Sr) can indicate not only the 

residence time of groundwater, but also the geochemical or other processes, such as the dynamical 

process during water-rock interaction (Clark and Fritz, 1997). 

Noble gas indicators can offer relevant conditions during groundwater recharge process as 

well. The content of noble gas reflect the mean subsurface temperature when waters enter 

confined aquifers. 

Edmunds et al (2000) divided indicators for groundwater residence time into two types 

during their study of the East Midlands Triassic aquifers, namely noble indicators (δ
18

O, δ
2
H, 

36
Cl, 

ratio of noble gas, halogen family element (Cl, Br, F, I) and their ratios) and reactive indicators 

(δ
13

C, Mg/Ca, Sr/Ca, Na/Cl). The former can well reflect the change of infiltrating rainfall and 

palaeoclimate conditions in the situation of absence of evident human activities, whereas the latter 

can indicate the duration time of water-rock interaction and reveal its trend along groundwater 

flow lines. Based on it, they constructed two chemical timescales using Li and five coupling 

tracing elements (Li, Rb, Sr, Mn and Mo). The results display that the groundwater age over 100ka 

can be determined by these two chemical timescales that well indicate the semi-continuity of 



groundwater recharge in Devensian ice age as well. Furthermore, this method extends markedly 

the age measurement scope of groundwater. 

In the past 30 years, REEs are used extensively as the tools for solving a variety of geological 

and geochemical problems. Especially, its unique continuous chemical activities were noticed 

during the analysis of geological systems (Henderson, 1984; Taylor and McLenan, 1985). REEs 

are similar to Am
3+ 

and Cm
3+

 in valence state, ionic radius, and electronic structure, so it can be 

used to forecast the activities of actinide series in water solution (Wood, 1990; Johannesson et al., 

1996), which offer an useful way to evaluate the transport property of actinide series elements 

whose atomic weight is more than uranium in the waste treatment environment. The 

understanding of the variation process of water quality and the redox state of groundwater is very 

important for the safety evaluation of the nuclear waste treatment site. Immediate analyses can just 

offer a part of information of groundwater quality variation history, and more information of old 

groundwater quality status can be obtained from aquifer structure and chemical features of 

minerals and fissure filling. Lee et al (2003) found out the chemical evidence of the presence of 

calcite precipitation in the fault zone of Samkwang mining area that can indicate the change of 

groundwater environment effectively. 

4.3 Effect of global change on groundwater 

The periodic change of climate in different timescale results in the corresponding periodic 

features of groundwater evolution process. In the long geological history of groundwater evolution, 

there are alternate pluvial period and infrequent rain period or hyperthermal period and 

katathermal period in the timescale of tens of thousands of years, thousands of years and hundreds 

of years, and under the control of the climate, the distribution pattern of major replenish period 

and secondary replenish period of regional groundwater had been formed. The smallest time scale 

is one year, June-October and November-May in the next year being the major and secondary 

recharge period respectively. Moreover, the largest time scale is ten thousand years, and there exist 

corresponding monsoons and dry seasons. The periodic changes in different timescales are similar 

except for the amplitude. 

Monsoons and dry seasons in the water circle process and major and secondary recharge 

period are restricted by each other, and their periodic change can be noticed. In the monsoon, 

groundwater systems can be recharged by rainfall continuously, and swamps may formed in some 

places; whereas in the dry season, the net recharge volume may be negative value, and even the 

TDS increase and salinization of groundwater may occur. In the high atmosphere temperature 

period (such as summer), the water circulation is active, whereas in the low atmosphere 

temperature period (such as winter), the water circulation is stagnant. So the recharge capacity rest 

firstly with regional water circulation processes, and secondly with geological environment and 

other affecting factors.  

Climate changes affect not only the recharge and circulation of groundwater, but also the 

water-rock interaction with the change of the chemical composition of rainfall and surface 

temperature, and the latter can alter the groundwater quality. 

Wilkliam M Alley (2001) denoted that groundwater resource will be affected by climate 

change under the effect of human activity in future dozens of years by the following ways: ⑴ the 



change of groundwater recharge resulted from more serious and longer aridity and the distribution 

variation of rainfall and atmosphere temperature in the timescale of year or season; ⑵ the change 

of groundwater evaporation resulted from the distribution variation of vegetation; ⑶  the 

increasing demand of human being to groundwater resource that can be regarded as storage 

resource for water supply. Shallow aquifers may be the most sensitive sector for climate change 

among the groundwater system because they are the water supply for streams, lakes and swamps. 

4.4 Feedback effect of groundwater change on environment 

In the water circulation, the functions of groundwater are to transform impulsive rainfall into 

continuous water flow that can reside in the subsurface for a long time, at the same time, 

water-rock interaction make groundwater obtain the substance and energy that are necessary for 

organisms. So groundwater is the significant factor for keeping the equilibrium of ecological 

environment. Based on it, some researchers put forward the concept of ecological water level, 

namely the groundwater level scope within which the stability of regional ecological systems can 

be maintained (Zhang Y et al, 2001). The higher water level than the upper limit of this scope will 

result in the salinization of surface soil, whereas the lower water level than the lower limit of this 

scope will induce river cease, vegetation death, lake drying, agricultural lands desolation and soil 

desertification, etc. In view of it, the regional degradation of ecological environment in northern 

China in recent dozens of years have relation with the decline of ecological water level in this 

area. 



The Second Part  karst water system 

evolution in Shanxi Province 

Northern China is the sensitive zone to global change, and moreover, karst water systems 

similar to the margin of desert that are very vulnerable are extraordinarily sensitive to global 

change as well. Now, the degradation of karst water systems may be the response to it. Based on it, 

a series of problems can be put forward as follows: 

⑴ Whether the degradation of karst water systems in northern China is a fluctuation in a 

short term or the evolution trend in a long term? 

⑵ What are the responses of karst water systems to global change, especially global climate 

change? 

⑶ What is the driving mechanism of the evolution of karst water systems in northern China? 

⑷ How can the degrading karst water systems in northern China be improved and repaired? 

The settlement of above problems is the key to improve the living environment in karst regions 

and implement sustainable developments of regional economy. 

Geological conditions, climate and human activities are the main factors affecting the 

groundwater system evolution. Geological conditions have close relation to the occurring 

surroundings of groundwater where water-rock interactions progress continuously and chemical 

constituents of groundwater are in abundance due to the long residence time of groundwater. The 

infiltrating rain water recharges groundwater continuously and offer the energy for groundwater 

flow. Whereas evaporation or incision of stream can make groundwater outcrop in atmosphere or 

surface, which affect the alteration of groundwater and water-rock interaction. Groundwater is 

very complex because of the variety tectonic activities and geological conditions, and has 

periodicity that originates from the periodicity of climate changes. It is the basic frame of 

groundwater evolution under the effect of geological conditions and climate. The appearance of 

human being not only alters geological environment and recharge, runoff and discharge conditions 

of groundwater, but also affects climate and make groundwater evolution more complex. In the 

different timescale, the intensities of above three affecting factors are different as well (Ma T et al, 

2003). In this book, the effects of geological conditions, climate, and human activities on 

groundwater evolution in the geological, historical and instrumental record timescale were studied 

in detail. 

Shanxi Province is not only the important energy source and coal base in China, but the 

region where the distribution of carbonate rocks is the most extensive and its area and the ratio to 

the total area of Shanxi are 10.2×10
4 

km
2
 and 65% respectively. In Shanxi Province, the total 

volume of natural karst water resource is about 35×10
8
m

3
/a and there are 86 karst springs with 

the discharge more than 0.1 m
3
/s. Among these springs, the numbers of the karst springs whose 

discharges are more than 1 m
3
/s and 4 m

3
/s are 19 and 8 respectively. The famous karst springs, 

namely the Niangziguan springs and the xin’an springs are in this region. The karst water systems 

in Shanxi Province are the most classic in northern China, and there are ample researches on them 

with long history and plenty of results. Furthermore, Shanxi Province has a long history with 

plentiful historical literature, especially records about karst springs, and the distribution of loess, 



travertinee etc are very extensive there, so it can be regarded as the ideal area for research on karst 

water system evolution in northern china and global change. 

5 Karst water system evolution on geological 

timescale: a case study of the Niangziguan springs 

5.1 Introduction 

The Niangziguan springs outcrop at Niangziguan town of Shanxi province where is the 

interjunction of Tao River and Wen River. It consists of 11 spring groups and is distributed in the 

flood bed and terrace from Chengjia to Weizeguan where altitude is 360-390m. The Niangziguan 

springs are the biggest karst springs of the northern China and its average discharge between 1956 

and 1984 is 12.16m
3
/s. 

The Niangziguan spring basin comprises Yangquan Pingding, Yuxian, Yuci, Shouyang, 

Xiyang, Heshun, Zuoquan, Taiyuan, etc. Its total area is 7217km
2
 and uncovered karst area is 2282 

km
2
. The average rainfall from 1956 to 1984 was 560.2 mm, and the annual mean air temperature 

ranges between 8.7℃ and 10.9℃. 

The strata that outcrop in the spring basin are from Cambrian to Quaternary, and the main 

aquifer is the middle Ordovician limestone with gypsum (the thickness is 467-628m). According 

to the occurrence and movement characteristic of karst water, the study region can be divided into 

three hydrodynamic areas: (1) recharge and runoff area where groundwater is karst fissure water 

and its supply source are rainfall and river water; (2) collection area that is the strong runoff zone 

of karst fissure water; (3) discharge area where the pressure karst spring water outcrops at surface.  

The Niangziguan springs are the most important water supply source for Yangquan City. The 

discharge of the springs has been reducing markedly since the 1970s. In the 1960s, the spring 

discharge is 16m
3
/s, and in 1985-1996, the mean spring discharge reduced to 7.97m

3
/s. Among all 

spring groups, Shuiliantong spring, Chengjia spring and Hepo spring had been dry. The 

degradation of karst water system influenced the sustainable development of local economy 

seriously, so we try to study the evolution process of the Niangziguan karst water system on 

geological timescale to find the reason of its degradation. The travertine in the spring discharge 

area makes our study possible. 

5.2 Distribution and composition characteristic of travertine 

There is plentiful travertine formed in different periods near Niangziguan town. The 

distribution area and thickness of travertine are about 2km
2
 and 40m, respectively. 

In the study area, two-order travertine platforms formed into the Ⅱ, Ⅲ terraces of Mian 

River. According to its distribution and composition characteristic, travertine can be divided into 

the early, middle, and late period sediment. 

The early-period travertine formed into the Ⅲ terrace of Mian River. It was distributed in 



Hepo village, Niangziguan and Weizeguan, and its distribution area is comparatively little. The 

travertine of this period is compact. It is over the Cambrian limestone and its top surface lies in the 

interfacing of middle Cambrian and low Cambrian. 

（1） The middle-period travertine formed into the Ⅱ terrace of Mian River. It lies in the 

right bank of Mian River and its distribution scope is wide. The travertine structure is compact and 

takes on a tree-shape look. 

（2） The late-period travertine was interpenetrated with the middle-period travertine, and its 

distribution is discrete. There is the late-period travertine in the cave of the Ⅱ terrace, too. The 

travertine of this period exists in the form of stalactite generally, or formed gravel stone with 

gravel. 

The travertine samples of the Ⅱ, Ⅲ terraces are analyzed to ascertain the age of travertine. 

The result indicates that the travertine of the Ⅲ terrace formed in the late period of middle 

Pleistocene (160200a-186100a before present), and the travertine of the Ⅱ terrace formed in the 

late Pleistocene. In the middle part of the Ⅱ terrace, the scale of travertine is relatively large, and 

it formed in the early-middle period of late Pleistocene (90500a before present). Other travertine 

formed in the middle-late period of late Pleistocene (36200a-62200a before present). 

5.3 Evolution process of the Niangziguan springs 

Travertin is the outcome of spring activity. Its characteristic of distribution, scope, and 

forming process can give us not only valuable information about karst water flow system and its 

hydrochemistry, but also the sedimentology evidence of the forming process and the origin of the 

spring group. The distribution of the Niangziugan springs and its discharge variation has relations 

with the distribution of travertin, which indicates that the development process of the springs and 

travertin are close correlative. In the vertical direction, Shuiliandong spring, Hepo spring, and 

Weizeguan spring lie in the Ⅱ terrace of Mian River, and the other springs lie in the I terrace or 

the flood land of Mian River. In the flowing direction of Mian River, Chengjia spring, Chengxi 

spring, and Podi spring lie in upstream, Kanxia spring lies in downstream, and the other springs 

lies in middle stream. Interestingly, the location of spring and its discharge variation are in 

correlation. According to the discharge data, the discharge variation of Shuiliandong spring, Hepo 

spring and Chengjia spring are most evident and they have been drying for a long time. The 

discharge of Chengxi spring and Podi spring are more stable than the three springs above, whereas 

the discharge of other springs is the most stable. The plentiful data of karst development history 

and global change study make the reappearance of the spring evolution process possible. 

The evolution history of the Niangziguan springs can be divided into three phases on the 

ground of geologic structure and paleoclimate change in the study area, and the temporal-spatial 

distribution characteristic of the springs and travertin. 

(1) The initial forming period of the spring basin boundary 

In the middle period of middle Pleistocene (270000a-400000a before present), the terrain 

configuration of the Niangziguan spring basin had been in shape. In Niangziguan town, Tao River 

and Wen River converged into Mian River, and the basal sapping of Mian river began to appear. In 

this time, the boundary of the spring basin has been in shape initially, but the integrated karst 

water flow system had not formed. 



(2) The perform period of the Niangziguan springs (the late period of middle Pleistocene) 

150000a-270000a before present, with the crust elevation, the basal sapping situation of 

riverbed has been in the aquitard (O1). In this time, the springs outcrop at the interfacing of O1 and 

O2. Karstification is active and travertin sedimentation is favorable because of the warm climate in 

the interglacial period, so the travertin of the Ⅲ terrace formed in this period. The isotope 

analysis of travertin indicates that its age is 18.61-16.02 × 10
4
a and the climate of that time is 

warm and wet, which supports the point above well. The distribution of travertin shows that in that 

time, the spring points that formed into the preform of the Niangziguan springs mainly lie in Hepo 

village, Niangziguan and Weizeguan. Now, owing to the basal sapping of Mian river, the karst 

water table has been declining for tens meter, so those spring points have been drying all. The 

springs above are only the discharge point of karst water of the local flow system near 

Niangziguan. In addition to the duration of this climate is short (about 25000a), the spring 

discharge and the scope of travertin are relatively little. 

(3) The flourishing period of the Niangziguan springs (the middle period of Late Pleistocene) 

With the farther basal sapping of Mian River, the karst water table declined continuously and 

the strata of Ol changed from aquitard into aquifer. Owing to the continuous declining of the base 

level of corrosion, local flow systems that are adjacent each other had had hydraulic relations, and 

the water catchment area was enlarged. In the early time of Late Pleistocene (110000-150000a 

before present), the climate in the northern China is cold, so the travertin in this time is absent. 

100000-110000a before present, the crust is relatively stable and the climate is warm and wet, so 

karstification is marked and travertin sedimentation is favorable. In this time, the karst spring 

group such as Shuiliandong spring, Hepo spring, Weizeguan spring formed along the river valley, 

and plentiful travertin in the Ⅱ terrace came into being. With the increase of the spring basin 

area, the spring discharge and the travertin sediment are both more than those of the earlier stage. 

The Niangziguan springs had been in the flourishing period. 

About 50000a-70000a before present, with the air temperature declining markedly, the basal 

sapping action was intensified. The groundwater table descended and the spring discharge reduced, 

at the same time, the travertin sediment reduced accordingly. But 23000a-50000a before present 

was a second-warm period, and in this period, groundwater table went up and the activity of karst 

water recovered. The travertin of this period interpenetrated with those of earlier stage (the 

travertin of the Ⅱ terrace). 

 (4) The stable period of the Niangziguan springs (the early-middle period of Holocene) 

In the late period of Late Pleistocene, the attitude of spring vent descended continuously. The 

springs that formed in Late Pleistocene and remained were only Chengjia spring, Hepo spring, 

Shuiliandong spring, and Gutu spring. The other springs changed into Wulong spring, Shibanmo 

spring, Gong spring, Qiaodun spring, Jinqu spring, and Kanxia spring that lied in the I terrace or 

the flood land. In this time, with the forming of regional flow system, new local or middle flow 

system had been in shape in the runoff and discharge area. The karst water of new local flow 

system was discharged by the old springs, and their discharges are not stable. The karst water of 

regional flow system was discharged by the new springs, and their discharges are stable. This 

stage was very short (3000a-10000a before present), so there was no travertin sediment. By this 

time, the Niangziguan springs formed completely. 

(5) The declining period of the Niangziguan springs (the late period of Holocene) 

The late period of Holocene is a cold stage, and the Niangziguan springs came into the 



declining period. Human activity heightened the attenuation of the spring. Recent years, due to 

coal mining, metallurgy and chemistry industry, agricultural activity, and damage of vegetation, 

regional groundwater table declined continuously and the dynamic balance of karst water was 

damaged. The effects on karst system include: (1) the water of local flow system was use to 

supplied the room that formed due to the water table declining, and the supplement increased with 

time; (2) the water of regional or middle flow system increased with time, but the increment is less 

than those consumed by human activity. The effects on the spring group are: (1) Chengjia spring, 

Hepo spring, and Shuiliandong Spring that belong to local flow system was drying up; (2) the 

discharge of the springs that formed in Holocene are relatively stable, but it is also in attenuation, 

and the declining trend will be kept. 

The analysis of the evolution history of the Niangziguan springs on geological timescale 

indicates: (1) the geological condition controls the evolution of the karst water flow system, and is 

the most crucial factor that affect the karst water system; (2) the climate is the most active factor 

affecting the water-rock interaction of the karst water system. The water-rock interaction and 

groundwater exchange are active when the climate is wet and warm, and they are inactive when 

the climate is dry and cold; (3) on this timescale, the effect of human activity is relatively little. 

The recent attenuation of the Niangziguan springs is a natural affair, and human activity can only 

accelerate this process. 

6 Karst water system evolutions on historical 

timescale 

The modern change of the karst water system has close relations with its evolution history. 

The study to karst water systems on historical timescale is not only a main step to understand the 

evolution rule of karst water systems, but also the important basic of the evolution research on the 

modern karst system. So this study has significant sense. 

Extracting the environment change information by arranging and analyzing historical 

literatures is an important method to studying global change of 2000a before present (Zhu K, 

1973). In the north of China, Shanxi province is not only the widest distribution area of carbonate 

rock, but also the area where human being exploited spring water earliest. There are plentiful 

literatures about springs, such as Jinci spring, Niangziguan spring, Shentou spring, Gudui Spring, 

Huo spring, Hongshan spring, Xin’an spring, and Longzici spring. These literatures include the 

information of groundwater table, spring discharge, water quality, spring exploitation, and the 

location of spring vent (Han X et al, 1993; Wang Z et al, 1996). It is feasible to reappear the karst 

water system evolution using historical literatures in Shanxi province. In addition, some scholars 

studied the evolution of lakes lying in Fen River drainage area and Sushui drainage area (Tian S, 

1982). Zhu shiguang (1999) studied human activity and environment change of loess highland in 

history, and divided climate evolution into 10 stages. These studies are the basic of our research on 

karst water system evolution and the effect of climate and human activity on historical timescale. 

But the research is in primary stage, and the farther effort is needed. 

By studying the evolution of the Niangziguan springs, we can infer that the evolution stage of 

Shanxi’s karst springs on historical timescale is equivalent to the stable-declining stage on 



geological timescale. On historical timescale, the climate is still the most active factor to the karst 

water system evolution, but the effect of geological factor has been not significant. With the 

appearance of human and the damage to forest and vegetation, human activity has been a new 

important factor affecting the karst water system evolution. The evolution of karst water system 

has been in a stage that natural factor and human activity are both in action. 

7 7 7 7 Karst water system evolution on instrumental 

record timescale: a case study of the Shentou springs 

As to a karst water system, the instrumental record stage means that the feature of the system, 

such as water table, discharge, and water quality can be quantified by instrument. Two evident 

features in this stage are as follows: ⑴ the increase of population and the enhance of human 

being’s ability of remodeling of nature have reached to so high a extent that the evolution trend of 

natural environment can be altered; ⑵ the expression for environment change is quantitative, 

which is very convenient to quantitative studies. 

7.1 Climate change in on instrumental record timescale 

From the middle period of the 19
th

 century to the 1910s, the climate in the majority of China 

inclined to cold, whereas the three decades from the 1920s to the 1940s are the warm period in 

recent 100 years when the mean atmosphere temperature in China increased 0.6-0.7 ℃ 

corresponding to the evident global warming in the same time. From the 1950s to the early 1970s, 

the atmosphere temperature in China decreased and its extent is much more than that in the world. 

After the late 1970s, the atmosphere temperature in China increased continuously, but its extent is 

less than that in the world. From 1985 to now, the atmosphere temperature in China rose sharply, 

and in the first five years, the temperature increased about 1℃. The mean atmosphere temperature 

in the first five years of the 1990s is 0.3℃ higher than that in the first five years of the 1950s and 

0.6℃ higher than that in the early 1970s, but it didn’t exceed the atmosphere temperature in the 

1940s. The year of 1998 had been the hottest year in past 100 years. 

After the year of 1951, the mean rainfall in China is 20 mm less than that in the 1950s. The 

major decrease occurred between the late 1950s and the early 1960s, and from the 1960s to now it 

has been fluctuating and has no evident increase or decrease. In spring and summer, the decrease 

of rainfall is evident, whereas in autumn the rainfall variation is unnoticeable. After the 1990s the 

rainfall had an increasing trend, and the increase in summer is extraordinarily remarkable. But the 

mean annual rainfall in the 1990s is no more than that in the 1950s. 

In spatial distribution, the area of regions where rainfall has been decreasing is more that that 

where rainfall has been increasing, and the decrease extent is more than the increase extent. The 

former and the latter are 3 mm/a and 1 mm/a respectively. In the region east to 100°E, rainfall 

has been decreasing except for the north of northeastern China, area between Yangtse River and 

Huai River, and the west of Guangdong Province. The region where the decrease of rainfall is 

largest is North China, and the mean rainfall in the 1980s and the first five years of the 1990s are 



80 mm and 50 mm less than that in the 1950s respectively (Zhang L et al, 2000). The region where 

the increase of rainfall is largest is area between Yangtse River and Huai River. The increase trend 

of rainfall can be noticed as well in northeastern China after 1985 and in southern China. In the 

region west to 100°E, the rainfall has been increasing except for western and southeastern Tibet 

and western Sinkiang. 

The precipitation trend map of Shanxi Province in the 1950s, 1970s and 1990s indicates that 

the precipitation of the 1950s was relatively ample and more than the average annual precipitation 

after the 1950s in most areas. In the 1970s, the precipitation in the southern part of Shanxi 

decreased a little. Although the precipitation in most area of southern region was still more than 

the average annual precipitation, that in local area was close to it. However, the precipitation in the 

northern part of Shanxi noticeably declined. It was equal to or less than the average annual 

precipitation. In the 1990s, almost all of the precipitation in the whole province was less than the 

average annual precipitation. Thus it can be seen that the climate tending to be more arid in the 

past several decades is one of the most important factors for the discharge attenuation of karst 

springs in Shanxi province. 

7.2 Karst water system evolution on instrumental record 

timescale: a case study of the Shentou springs 

7.2.1 Introduction 

The Shentou springs are in the Shentou town northeast of Shuozhou City, Shanxi Province. 

The springs consist of about 100 spring points that are distributed along the riverbeds and banks of 

the Yuanzi River. The annual average discharge of the Shentou springs over forty years 

(1958-1999) is 6.86 m
3
/s. The karst water has been an important source for local water supply. 

The annual mean air temperature of the Shentou karst water system has varied from 4.8℃ to 

7.5℃ during the period of recent forty years. The average rainfall from 1958 to 1999 was 418 

mm and the largest annual rainfall was 662 mm (1964) and the smallest 204 mm (1972). As much 

as 60 to 70 % rainfall in a year is usually in July, August, and September. 

The total area of the Shentou karst water system is 5316 km
2
. The main aquifers include 

karstified-fissured Cambrian and Ordovician limestone and porous Quaternary sediments. The 

recharge area of the system is located at northern and western part where the limestone outcrops. 

Precipitation is the main source of recharge at Shentou. Ground water recharge is in two 

ways: via surface seepage of precipitation in outcropping limestone areas or via linear leakage of 

surface runoff. For instance, the leakage section at Maguan River is as long as 500 m, with an 

average leaked amount of 0.024 m
3
/s. Controlled by regional geology conditions, the karst ground 

water flows toward the town of Shentou from the north, west, and south. In the discharge area 

around Shentou town, karst ground water movement is blocked by Quaternary aquitards and 

gushes out to the earth's surface where there is no cover or a thin Quaternary cover. 

The discharge of the Shentou springs has been diminished since early 1960’s. In 1993, the 

spring discharge was the lowest (3.81m
3
/s). Because the attenuation of spring discharge has a 

strong impact on the industries in Shuozhou, such as the Shentou power plant and the Pingshuo 



coal mine that have installed water intake facilities downstream of the Shentou springs, it has 

become a major concern for local economic development. 

7.2.2 Effect of climate change 

Monthly monitoring data for spring discharge and precipitation over 42 years (1958-1999) 

have been collected. The change of spring discharge and average precipitation with time was 

analyzed (data from 1962 and 1963 are missing). 

The data series of spring discharge and precipitation were analyzed using Seasonal 

decomposition method to obtain their trend curves. 

The curve of discharge indicates that it has been diminished since the early 1960s and was at 

the bottom point in 1993. After 1993, spring discharge began to rise. The discharge attenuation 

process of the Shentou springs can be divided into two phases by 1985. In the first phase (1965—

1984), the discharge of the Shentou springs declined slowly at an average rate of 0.15 m
3
/a, and in 

the secondary phase (1985—1993) the attenuation rate was up to 0.27 m
3
/a. 

Yet the trend curve of precipitation indicates that precipitation was relatively abundant 

(precipitation is more than the average value of the whole precipitation series, namely 418mm) 

before 1969, although it declined year by year in this phase. From 1969 to 1990, precipitation had 

been deficient (precipitation had been less than the average value of the whole precipitation series). 

In the middle and late 1980s, precipitation was especially low. After 1990, precipitation has been 

increasing constantly. The similar result is acquired by studying climate changes in North China. 

The average air temperature in North China has been increased substantially since 1985. From 

1985 to 1990, the increase was about 1℃, and the year 1998 became the warmest in the last 100 

years. On the other hand, precipitation in northern China has been the least in China: the annual 

precipitation in the 1980s is 80mm less than that in the 1950s and the annual precipitation in the 

first five years in the 1990s is 50 mm less than that in the 1950s(Zhang L et al, 2000). Xu G et al 

(1992,1997) thought that in North China, the 1930s-1940s and the 1970s-1980s are brief rain 

periods, and the period between two stages above is rainy. Thus, the trend curve obtained well 

reflects the regional precipitation variation in the Shentou karst water system. 

The trend curve of precipitation corresponds very well with that of spring discharge. Both the 

attenuation process of spring discharge and that of precipitation can be divided into two phases 

with different attenuation rates: precipitation has increased since the middle and late of the 1980s, 

and likewise, spring discharge has increased since the early 1990s. By calculating the correlation 

coefficients of precipitation and spring discharge that respond to precipitation in different time of 

hysteresis, we find that the correlation of discharge with precipitation of 11 years ago is highest, 

up to 0.97. It can therefore be postulated that spring discharge might be most sensitive to 

precipitation of 11 years ago. This indicates that precipitation is a major factor controlling the 

change of the spring discharge. 

7.2.3 Effect of human activity 

In this study, human activity only indicates the exploitation of groundwater. Ground waters 

from Quaternary aquifers and karst waters around the springs have been abstracted for water 

supply at Shentou. 



The impact of karst water use on spring discharge should be the most intensive. But the 

extent of use has been quite small. The so-called restored spring discharge was calculated by 

adding the observed spring discharge with the volume of exploited karst water. It can be seen that 

the karst water exploitation does not show substantial effect on spring discharge attenuation. 

Windows of leakage locally exist in the discharge area where the limestone is overlain 

directly by Quaternary sediments and the karst water recharges the shallow ground waters. When 

the extent of exploitation of the ground waters in Quaternary aquifers is too big, the karst spring 

discharge will be affected, which is true for situations at Shentou. Water for irrigation at Shentou 

is mostly ground waters in Quaternary aquifers. From the end of 1960s to the beginning of 1990s, 

the monthly volume of pumped water for irrigation increased from 0.43×10
4
m

3
 to 1088.8×

10
4
m

3
. The negative correlation between spring discharge and volume of water abstracted from 

Quaternary aquifers, with a correlation coefficient up to – 0.91, clearly indicate the influence of 

large-scale exploitation of Quaternary ground waters on the attenuation of karst springs. 

The responding equation of spring discharge to volume of exploited Quaternary ground 

waters is as follows: When the volume of exploited Quaternary ground waters is less than 6400×

10
4 

m
3
/a, we have Qt = 9.0837366 - 0.0003569×Qtexpl; and when the volume is greater than 6400

×10
4
m

3
/a, we have Qt = 17.860316 - 0.0025084×Qtexpl – 1.770295×10

-7×Q
2
texpl, where Qt is the 

spring discharge at time t, in m
3
/s and Qtexpl is the volume of exploited Quaternary ground waters 

at time t, in ×10
4
m

3
/a。Therefore, the response of spring discharge to the volume of exploited 

Quaternary ground waters has different patterns at different stages. The volume of 6400×10
4 
m

3
/a 

is a divide. The response of spring discharge is more sensitive to volumes of exploitation higher 

than this divide. 

Since 1976, the volume of exploited Quaternary ground waters has been around or above 

6400×10
4
m

3
/a. It is noteworthy that the time when the volume exceeded 6400×10

4
m

3
/a started 

in 1976. Between 1967 and 1994, spring discharge kept diminishing although precipitation 

decrease trend was weakened or even reversed. The higher rate of spring discharge attenuation 

from 1985 to 1993 should be related to intensified exploitation of ground water at Shentou. 

However, for the whole period of record, including the period (1976- present) when human 

activities become increasing intense, the impact of climate change on the karst spring discharge is 

more important than that of ground water exploitation. 

8 Conclusions and expectations 

This study is just a primary result limited to research time and other factors. Other research 

works should be made as follows: 

⑴ In this study, the research on karst water system evolution on historical timescale is 

relatively weak. The deep study of this aspect bases on the collection and arrangement of 

historical literatures, whereas digitizing the historical literatures is a difficulty. 

⑵ The scope of this study is limited to single spring basin. But in fact, the scope of spring 

basins has been extending with the evolution of karst water systems, the evolution process of the 

Niangziguan springs being a good example. So the research on karst water system evolution 

should be made on different timescales, such as karst water system in North China –karst water 

system in Shanxi Province – adjacent karst water system – single karst water system. 



⑶ The research on water quality evolution of karst water systems will become the emphasis 

of future study, and it is indispensable to the deeper and overall understanding of karst water 

system evolution. 

⑷ The future developing direction of this study is the contrast of global karst water system 

evolution. 


