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Springs are a major source of freshwater, which ensures 
widespread water availability to humans and other micro-
habitats. There are numerous seasonal and perennial 
springs with significant changes in discharge. Water 
quantity and quality of springs depend upon the health 
of the springsheds. Spring discharge is reportedly decli-
ning due to increased water demand, changing climate 
and ecosystem degradation. Therefore, springs need to 
be managed responsibly to maintain drinking water 
supplies as well as to guarantee agricultural, ecological 
and environmental integrity. This article discusses the 
threats and management of springs. 
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GROUNDWATER is a geo-resource formed by geological 
processes related to the water table, aquifers, porosity, per-
meability, movement, quality and quantity. Globally, the 
groundwater reserve is about 7,000,000 km3 and water is 
brought into the ground by precipitation and percolation. 
Recent declining trends in groundwater storage, particular-
ly in the Himalayan river basins, are attributed primarily to 
groundwater withdrawal in excess recharge due to dry-season 
irrigation and increased climate variability1. Groundwater 
accounts for 50–80% of all domestic water use and 45–50% 
of all irrigation in India2. Groundwater in the hills and 
mountains manifests in the form of springs, which are vital 
water sources for communities in these areas. Springs are 
naturally occurring discharge features of groundwater  
systems. They form a reliable and sustainable source of 
freshwater and play an important role in meeting human 
requirements, improving livelihoods, and maintaining a 
balance in the ecosystem in hilly areas. In India, springs 
support the water needs of more than 15% of the rural and 
urban populations. In spite of being a source of water for 
many settlements, springs are among the most threatened 
ecosystems3.  
 In recent years, it has been observed that majority of life-
sustaining perennial springs have become seasonal and are 
only discharging in the monsoon season. Climate variability, 
seismic activity and changing land-use practices (deforesta-
tion, urbanization, etc.) impact spring discharge, affecting 
millions of people dependent on it4–8. Nearly 50% of 
springs in the Indian Himalayan Region (IHR) have dried 
or show reduced water discharge9. An integrated approach 

is needed to revive the whole landscape by reviving hilltop 
lakes, critical streams and springs by developing their catch-
ment using rainwater harvesting and monitoring spring-
shed health approaches. Spring revival activities can be 
carried out on the monitored springs through structural, vege-
tative, agronomic or forest management measures to pre-
serve the recharge area and improve the discharge rate10. 
  A lack of comprehensive studies and inadequate syn-
thesis of existing literature has left a noticeable gap in sci-
entific knowledge regarding springsheds. To address this 
issue, this article seeks to incorporate literature from other 
regions of the world, aiming to highlight the significance 
and challenges of Himalayan springs. 

Springs and their significance 

Springs are an important part of a region’s cultural and 
natural heritage. They form when geologic, hydrologic or 
human forces cut into soil and rock layers beneath the 
earth’s surface where water moves. Springs are dynamic 
and flow in response to climatological, topographical, geo-
logical and geomorphological changes. Scientifically, the 
most fascinating aspect related to spring flow is the mech-
anism that creates the spring: type of source rock, character-
istics of adjacent beds, dynamic face, gravity, permeability, 
geomorphologic process and geological structure of the 
springshed area11.  
 People have historically used springs for drinking, cul-
tural purposes, irrigation, bathing, swimming, livestock 
rearing, fishery and scientific experiments. One such exam-
ple is karst springs, which provide drinking water to 9.28% 
of the world’s population12. The majority of the springs 
are small and abundant with good water quality; thus, they 
offer habitats for numerous biological species, including 
threatened taxa and novel microbial organisms13. Prelimi-
nary surveys indicate that 80–90% of people in Meghalaya, 
Sikkim and Uttarakhand, India, rely on spring water for 
agricultural and domestic needs14,15. The water quality of 
springs depends upon the health of the springsheds, which 
is maintained by good vegetation cover, healthy soil, depth 
of aquifer and precipitation16,17.  

Classification of springs 

Various classification schemes of springs have been pro-
posed based on characteristics such as discharge rate, dis-
charge variability, characteristics of the hydraulic head 
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Table 1. Classification of springs based on the geology of an area27,28 

Spring Geology 
 

Depression spring Arises from unconfined aquifers when the topography intersects the water table. 
Contact spring Occurs when highly permeable rocks overlie low-permeability rocks. 
Fault spring Arises when water flows up along faults and releases at the surface under hydrostatic pressure. 
Karst spring Forms when water moves through cavities in carbonate rocks. 
Joint spring  Emerges from poor permeability rocks with high hydraulic conductivity when water runs through the joints. 
Fracture spring  Occurs due to the presence of permeable fracture zones in low-permeability rocks. 

 
 
creating the discharge, geologic and geomorphologic struc-
ture of the basin, and water temperature18. 
  Springs have been classified into seepage and fracture 
springs based on discharge rate. When the flow of a spring 
cannot be immediately noticed, but the land surface is wet 
compared to the surrounding area, such discharge of ground-
water is called a seep. A ‘seepage spring’ is a general term 
to describe the diffuse discharge of water, usually in un-
consolidated sediments, such as sand and gravel, or loose 
soil19. On the other hand, a fracture (or fissure) spring re-
fers to the concentrated discharge of water from bedding 
planes, joints, cleavages, faults and other discontinuities in 
the consolidated (hard) rock. Another term, viz. ‘tubular 
springs’ (or cave springs), is sometimes used to indicate 
water flow from relatively large openings in the rocks; 
such springs are characteristic of karst terrains20. 
 Springs have been classified based on the Meinzer varia-
bility discharge index into constant (index number less 
than 25%), semi-constant (index number more than 25%) 
and variable springs (index number more than 100%)20. 
 Based on discharge, springs are divided into perennial 
and intermittent springs. The flow of perennial or permanent 
springs is throughout the year, whereas that of intermittent 
or temporary springs is only during or after rainfall21.  
 Although all springs (except some associated with volcan-
ism and hydrothermal activity) ultimately discharge at the 
land surface because of the force of gravity, they are usu-
ally divided into two main groups based on the nature of the 
hydraulic head in the underlying aquifer at the point of 
discharge, viz. gravity springs and artesian springs. Gravity 
springs (or descending springs) emerge under confined 
conditions where the water table intersects the land surface, 
whereas artesian springs (or ascending/rising springs) flow 
under pressure when water is trapped between impervious 
layers20,22–24. 
 Springs may be divided according to temperature into 
thermal and non-thermal springs. Most non-thermal springs 
have temperatures approximately the same as the mean 
annual air temperature of the region in which they are 
found. The warm temperature of thermal springs can fluc-
tuate over time, reflecting more or less surficial influence. 
One such example is the Granite Hot Spring near Jackson, 
Wyoming, USA, with temperatures varying from 93°F in 
summer to 112°F in winter25. The water of some cold springs 
is derived from the melting of ice or snow, while that of 
others, being quickly transferred from a higher to a lower 

elevation through open channels, retains the temperature 
of its point of origin on emergence26. 
 Based on the geology, springs have been categorized into 
six types, viz. depression, contact, fault, karst, joint and 
fracture springs (Table 1)27,28. 
 In mountainous regions, understanding the geology of 
springshed areas through geophysical exploration is diffi-
cult due to lack of access. Therefore, seasonality and magni-
tude of spring discharge rates are used to categorize spring 
types in the Himalayan region. Results from previous 
studies suggest that the Himalayan springs are mostly de-
pression springs, formed due to undulation of topography29. 

Threats to the spring ecosystem 

In the recent past, spring water sources have been identi-
fied as the most threatened ecosystem, with at least 90% 
estimated to be ecologically impaired, and their integrity 
has been increasingly compromised. Studies have shown a 
reduction in spring discharge and declining water across 
the IHR (Central and Western Himalaya)30,31. Isolated studies 
in different parts of the IHR have revealed that population 
growth, developmental activities, rapid urbanization, climate 
change and variability, and land-use/land-cover changes are 
reasons for the decline in spring discharge and unplanned 
urban development for the poor water quality32,33. For ex-
ample, a study reported a 40% reduction in spring dis-
charge over 35 years in the Kumaun Himalaya region due 
to changes in land-use patterns and vegetation34. Interna-
tional Centre for Integrated Mountain Development 
(ICIMOD) reported that in the Nepal mid-hills region, a 
combination of biophysical and socio-economic factors 
was responsible for the drying up of springs14. Studies 
conducted by the Indian Space Research Organisation 
showed that approximately 75% of the Himalayan glaciers 
are retreating at an alarming rate. In the central Ganges 
Basin, the decline of glacial meltwater has been reported 
to cause a reduction in groundwater recharge.  
 Climate variability and change induce increased tempe-
rature, erratic rainfall, and decreasing snowfall, which have 
been found to cause the drying of springs because of reduced 
groundwater recharge5. A study conducted on the springs 
of Uttarakhand showed discharge as a function of rainfall; 
the mean annual discharge of springs ranged from 0.5% to 
2.9% of the annual rainfall or 5.3 and 29.4l per 1000 l of 
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rainfall, and discharge declined sharply when recharge 
zones had steep slopes35. Natural disasters such as earth-
quakes have also severely affected water sources. For exam-
ple, the 2015 Gorkha earthquake in Nepal, which killed more 
than 9000 people, caused more than 5000 springs to dry up36. 
 Impacts on aquifers and groundwater quality have been 
reported to induce substantial alteration of spring micro-
habitats, including vegetation composition and cover, with 
increased frequency of invasive species37,38. 

Spring water quality  

The physical characteristics of springs include the location, 
orifice characteristics, relation to structural features, discharge 
and the relation of spring discharge to groundwater. All these 
characteristics may change over time as the forces control-
ling them change39. Temperature is an important factor 
that not only influences the solubility of gases and salts 
but also affects the chemical parameters40.  
 In general, springs emerging from soils with high levels 
of organic matter have higher dissolved organic compounds 
and notable water colour. The variability in the flow and 
storage volume of springs can make them susceptible to 
anthropogenic contamination. The contaminants may be orga-
nic components, agrochemicals and pharmaceuticals41,42. 
 The quality of water is also affected by the mixing of 
freshwater with pockets of ancient seawater in the aquifer 
by the process of saltwater intrusion. This intrusion caused 
by the withdrawal of freshwater from the groundwater 
system can make the resource unsuitable for various pur-
poses43–45. 
 High pH and electrical conductivity (EC) values charac-
terize water from carbonate aquifers where the long-term 
contact with limestone, dolostone, gypsum and anhydrite 
makes it alkaline. Sodium and potassium generally come 
from rock-forming silicates of magmatic and clayey rocks46.  
 Springs have been found to discharge water that exceeds 
the permissible limits for EC, dissolved oxygen and heavy 
metals like cadmium and lead, which could harm human 
health. Researchers have reported high carbonate and bicar-
bonate ions in the Himalayan spring waters29. The spring 
hydrochemistry is dominated by alkaline earth and weak 
acids47. The shallow aquifers of the Central Himalayan re-
gion were found to be vulnerable to pollution through non-
point sources, and the springs had high values of NO–

3, Cl–, 
SO4– and coliform count48.  
 The agricultural and domestic uses have been noticed to 
increase EC and TDS levels of spring water. Accordingly, 
the treatment of water to make it potable has been sug-
gested49. Spring water contains faecal coliforms and total 
coliforms due to malfunctioning of septic systems as well 
as from the excreta of wildlife populations in the spring-
shed area50. Total coliform bacteria, faecal coliform bacteria 
and Escherichia coli are all considered indicators of water 
contaminated with faecal matter50. A study conducted in a 

hilly village of Uttarakhand showed the presence of colo-
nies of coliform bacteria in all the samples, which indicat-
ed high bacteriological contamination due to which a major 
population suffered from dysentery, diarrhoea and typhoid. 
This may be due to polluted water from the drains, run-off 
and unsanitary practices of open defecation41. Also, 70% 
of the spring locations have some level of faecal contami-
nation due to the proximity of humans and animals to 
spring sources. The microbial confirmatory test showed 
the severity of faecal contamination with high counts of total 
coliform, E. coli and Enterococcus in the months of July–
August due to poor sanitation and maintenance51. 

Dynamics of spring water discharge 

Spring discharge is a function of rainfall pattern, the recharge 
area characteristics, as well as the nature and characteris-
tics of the aquifers that feed many of these springs28,52–55. 
Discharge from springs may be constant and variable at 
different temporal scales. Short-term hydrologic alterations 
may include individual storms or droughts, while long-term 
flow variation may result from inter-annual climate variation 
or Pleistocene–Holocene climate and hydrologic changes. 
Drying up and the seasonality of springs have been attributed 
to an adverse impact on the springsheds. Consequently, a 
limited amount of rainwater infiltrates to recharge the 
groundwater, thereby creating a hydrologic imbalance56.  
 Intensive studies of springs in the Western Himalaya 
have focused on aspects related to discharge in relation to 
rainfall patterns and catchment degradation16,57–59. In the 
IHR, the rate and flow of springs are found to be well cor-
related with rainfall patterns and recharge area characteris-
tics16,60. Variation in spring discharge in this region is due 
to the geology and geomorphology, vegetation cover of 
springsheds, land use, biotic interference, soil characteristics, 
and slope and aspect which influence the rainfall water 
partitioning into run-off, interception, evapotranspiration 
and infiltration, all of which ultimately determine the flow 
rate61,62.  
 In the Eastern Himalaya, the rate and total flow in springs 
were reported to be highly correlated with rainfall patterns, 
and the recession of seasonal springs was much more rapid 
than perennial springs52. Springs originating from fluvial 
deposits produced water at the highest rate (mean = 405 × 
103 L/D), and those originating from the colluvium at the 
lowest rate (7.2 × 103 L/D). Large variation in mean annual 
spring water yield (5–39 l min–1) emanating from different 
recharge areas in this region has also been noticed52. Sea-
sonal discharge variability study revealed that the mean 
monthly discharge of springs is variable in the multi-year 
period. Rainfall during winter and summer was important 
for the groundwater recharge of majority of the springs62.  
 Table 2 lists 12 spheres of spring discharge27 depending 
on the hydrogeological setting, the microhabitats and eco-
systems. 
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Table 2. Sphere of discharge and type of springs27 

Spring type Emergence setting and hydrogeology 
 

Cave  Slightly acidic groundwater flows through cracks in limestone or dolomite, slowly dissolving the rock which widens  
to form large cavities. 

Exposure spring  Cave, rock-shelter fractures or sinkholes where unconfined aquifer is exposed. 
Fountain  Artesian fountain with pressurized carbon dioxide in a confined aquifer. 
Geyser  Explosive flow of hot water from confined aquifer by the side of a river. 
Gushet Emerges from discreet sources in cliff faces of a perched, unconfined aquifer. 
Hanging garden  Dripping flow emerges from a perched or unconfined aquifer, usually horizontally, along a geologic contact on a  

cliff wall. 
Helocrene Emerges in a diffuse fashion in a marshy, wet meadow setting rather than having a discrete source. 
Hillslope  Emerges from confined or unconfined aquifers on a hillslope (30°–60° slope); often indistinct or multiple sources. 
Hypocrene A buried spring where flow rarely reaches the surface, typically due to very low discharge and high evaporation or  

transpiration. 
Limnocrene Emergence of confined or unconfined aquifer into one or more pools. 
Carbonate mound-form  Emerges from precipitate (typically carbonate) mounds or peat mounds. 
Rheocrene Flowing spring which emerges in riverbeds. 
 
 
Impact of degraded spring water quality on  
human health and the ecosystem 

Good quality spring water protects human and animal 
health, and plant growth. In 2017, the World Health Organi-
zation estimated that 435 million people still draw water di-
rectly from unprotected wells and springs63. About 80% of 
diseases in the world and one-third of deaths in developing 
countries are caused by contaminated water64. 
 Springs found near populated or irrigated lands are con-
sidered unsuitable for human consumption41. Globally, about 
1.8 billion people use faecal-contaminated water44. Among 
them, 1.1 billion drink moderate-risk water (>10 E. coli/ 
100 ml). The microbiological status of drinking water 
sources revealed a strong correlation between the occur-
rence of diarrhoea and the concentration of thermotolerant 
coliforms. Severe health risks have been observed due to 
high levels of E. coli64. A study on the health implications 
of spring water quality reported that 38% of the popula-
tion suffered from dysentery, 23% from diarrhoea and 
17% from typhoid41. Significant reduction in faecal coli-
form concentration has been reported by eliminating sew-
age discharge from the springs65. 
 The spring ecosystems are likely to be influenced by 
habitat conditions, wildlife, human uses, colonization and 
other spring ecosystem characteristics. In general, steep 
ecological gradients, disturbance intensity, moisture avail-
ability, productivity and other factors strongly affect bio-
diversity, endemism, and use of springs66. 
 For many springs, the general temporal and spatial charac-
teristics of the surrounding landscape have been reported 
to strongly affect their microhabitats. Depleting water sources 
results in compromised water availability, sanitation and 
hygiene, and worsens the health status of the dependent 
communities. Women being culturally responsible as water 
providers to their homes face drudgery because one out of 
ten women is subjected to the risk of uterine prolapse. De-
pleting spring discharges have been reported to induce 
migration67. 

 Anthropogenic activities lead to depleted water quality 
that makes the surface water and groundwater highly pol-
luted, and their low-quality status leads to public health 
issues68. The depleting quality and quantity of spring water 
flow increases the demand for safe drinking water. The 
ecosystem services like fisheries, water supplies, biodiver-
sity and minerals can only be sustained if spring water re-
mains protected and healthy13. A study has provided a 
biogeographical perspective of springs, which serve as  
islands of habitat for many plant and animal species69. 
During the dry season, these springs provide baseflow to 
several streams and rivers69. The communities of plants and 
animals associated with rivers will also be affected due  
to the depletion of spring water. These life-supporting 
springs are either drying up or becoming seasonal, result-
ing in a hydrological imbalance in the fragile upland wa-
tersheds18. 

Management of springs 

Springs are an indication of the condition of groundwater 
in the aquifers that supply them. They directly impact 
streams and other water bodies they flow into, along with 
all the dependent ecosystems. Therefore, managing springs 
involves applying similar principles in managing surface 
water and groundwater resources70. As such, spring man-
agement should prioritise safeguarding the quality and 
quantity of groundwater in its drainage area for specific 
purposes like drinking, agricultural, and domestic use. 
 Historically, springs have been scientifically understudied 
and legally overlooked for their unique attributes, which 
has led to inadequate management practices to address the 
various threats to the health of the spring ecosystems71,72. 
Springs have primarily been used for anthropocentric rea-
sons with little regard for sustaining ecological integrity, 
and, as a result, they have suffered degradation73. Therefore, 
effective management practices have become central to 
spring ecosystem sustainability. 
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 The emerging awareness regarding the need to manage 
spring ecosystems in order to restore or preserve their eco-
logical integrity has been exemplified by recent efforts in 
various parts of the world. A study to revive springs reveals 
that it is possible to supplement the natural recharge of the 
spring aquifers through artificial rainwater harvesting in 
the springshed area56. 
 Field experiments in the Western Himalaya to revive 
springs by adopting a spring sanctuary approach of deve-
loping the catchment using engineering, biological and social 
measures have shown promising results74. This approach 
involves taking up rainwater harvesting measures such as 
trenching, pitting, building check-dams, and developing 
plantations of native tree species in the spring recharge areas. 
Social mobilization to create awareness of a spring sanctu-
ary’s effect is being implemented. Another method involves 
a twofold approach. First, to provide a better understand-
ing of the basic characteristics of springs through surveys 
and second, to use action research to explore whether 
springs can be revived through geohydrology techniques74. 
A springshed approach includes a combination of landscape, 
watershed and aquifer as units of spring water manage-
ment, and holds the potential to focus on groundwater 
management for the mountain regions that form an inte-
gral component of India’s diverse landscape75. The Federal 
Government of Australia has formulated strategies at the  
national level to address the vitality of groundwater-depen-
dent ecosystems71. A study of springshed management in  
Uttarakhand adopted a process which involved compre-
hensive mapping of springs, setting up a monitoring system 
for usage, discharge, quality and rainfall monitoring, gather-
ing information on the geology and hydrogeology of the 
springshed, understanding the social and local governance 
mechanisms, as well as developing spring water manage-
ment and governance protocols74. Improving the practice 
of managing springs in India can be done by understanding 
the hydrogeological and hydrologic characterization of the 
spring type, drainage (discharge) and recharge area, and re-
charge and discharge parameters such as water quality and 
quantity. 
 An eight-step methodology for spring revival and spring-
shed management has been developed under the partnership 
of ICIMOD, Nepal and the Advanced Centre for Water 
Resources Development and Management, Dehradun76. The 
methodology includes: 

(1)  Comprehensive mapping of springs and springsheds. 
(2)  Establishing a data monitoring system. 
(3) Social, gender and governance aspects. 
(4) Hydrogeological mapping. 
(5) Conceptual hydrogeological layout of the springsheds. 
(6) Classification of spring types and recharge areas. 
(7) Springshed management protocol and implementation. 
(8) Analysing impacts – hydrologic and socio-economic. 

Another study carried out through the Arghyam-supported 
Participatory Ground Water Management programme showed 

that building resource understanding through demystifica-
tion of science, as well as imbibing traditional knowledge, 
can help rural communities develop protocols for better 
management of their resources10. As a result of this pro-
gramme, source protection and discharge of the springs 
increased over time, and water quality also greatly impro-
ved in five villages of Himachal Pradesh, India10. Spring-
shed management involves the respective institutions 
presiding over the functions of catchment management or 
creating water distribution systems. The broader resource 
management, which entails catchment protection, recharge 
interventions, soil and water conservation and plantation, is 
usually split between the Government departments for forests 
and rural development. To expand the reach and sustenance 
of these efforts, it is imperative to locate para-workers 
within an institutional framework10. Spring flow variability, 
depletion time and aquifer recharge are the main parame-
ters for hydrologic assessment of the impact of springshed 
development programmes69. 
 To address various threats of spring water, a pilot project 
has been proposed for spring inventory and rejuvenation 
in Tehri Garhwal district, Uttarakhand, to revive springs 
and ensure sustainable and equitable use of the augmented 
groundwater resources in mountainous regions. Environ-
mental scientists and hydrogeologists work to interpret the 
parameters and environmental conditions that impact the 
water quality of a region, which helps identify the sources 
as well as the nature of the contaminants. The Central and 
State Pollution Control Boards promote the cleanliness of 
water resources, prevention and control of water pollution, 
prescribed standards for sewage effluents, as well as econo-
mical and reliable methods of disposal, treatment and reuse 
of wastewater in agriculture by organizing mass awareness 
education programmes. The World Health Organization 
has provided guidelines for drinking water quality76. The 
US Environmental Protection Agency has provided effluent 
guidelines77. 

Conclusion 

Springs are a primary source of water, especially for rural 
people in the mountains. Globally, a large section of the pop-
ulation depends on natural springs. Most of the mighty rivers 
are fed by springs. Despite their key role, springs have not 
received due attention and are facing threats. The scanned lit-
erature indicates that increased water demand, changing 
land use, ecological degradation, and climate change/vari-
ability have all contributed to the decline in spring dis-
charge. Further, a lack of knowledge of springs has 
compounded the problem. Therefore, there is an urgent 
need to restore, revive and sustain springs. The literature 
on springs indicates the need for hydrogeological assess-
ments to identify spring types and their connectivity with 
surface water and groundwater aquifers. An understanding 
of the recharge and discharge areas of springs has been 
suggested to manage springshed sustainability. Various 
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researchers have also suggested involving local communi-
ties actively during all the stages of spring rejuvenation 
programmes. 
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