
Introduction

In its fifth assessment report, IPCC has drawn 
the attention of the world by projecting the increase 
in average global temperature by 1.5-4.5°C (IPCC, 
2014). According to this assessment, the globally 
averaged combined land and ocean temperature 
shows a warming of 0.89 (0.69 to 1.08) °C over the 
period 1901–2012; with the rate of warming at 0.05 
(–0.05 to +0.15) °C per decade over the past 15 years 
(1998–2012). This report postulates that with 
increase in warming; the freshwater-related risks of 
climate change is likely to increase significantly 
where each degree of warming is projected to 
decrease renewable water resources by at least 20%. 
These trends may exacerbate the problems of raw 
water quality due to of increase in temperature, 
sediment, nutrient and pollutant loadings due to 
heavy rainfall; reduced dilution of pollutants during 
droughts, and unmanageable treatment facilities 
during floods (Sun et al, 2012).

Under diverse processes of climate change; the 
rivers are in unsafe state as due to their unique 
properties of turbulence and mixing, rivers respond 
to changes in atmospheric conditions quite easily 
and thus becoming warmer (Durance and Ormerod, 
2009). It is now well established that increase of 
temperature inuences physical, chemical and 
biological properties of aquatic ecosystems 
imparting undesirable impacts on the water quality 
causing changes in planktons and in turn affecting 
the animal-plant structures at the higher trophic 
levels (Arain, 2011). Temperature increase may alter 
pollution degradation, ambient partitioning of 
pollutants and solvent depletion in river waters 
(Meyer and Wania, 2008). Together with increased 
salinity this is able to enhance the toxicity of 
p o l l u t a n t s  i n  a q u a t i c  b i o t a  b y  c h a n g i n g 
biotransformation mechanisms of contaminants 
impairing homeostasis and affecting physiological 

responses, reproduction, and development of 
aquatic organisms (Noyes et al., 2009). These 
complex interactions between climate change and 
contaminants are dangerous for vulnerable species 
having low physiological tolerance range (Noyes et 
al, 2009). 

The Ganges basin is the part of the combined 
Ganga-Brahmputra-Meghna basin spread across 
China, Nepal, India and Bangladesh (Figure 1). Out 
of the total drainage basin area roughly 80%, is 
located in India covering around one-fourth of the 
country's total geographical area and thus is biggest 
river basin of India. It has much complicated 

3hydrology with peak discharge between 70000 m /s 
3to 180 m /s; highly seasonal stream flow with 

average dry season to monsoon discharge ratio of 
1:6, causing both drought and flood in this river 
basin. Together associated with population explo-
sion and indiscriminate urban-industrial growth 
along this river basin, massive fluxes of nutrients 
and other contaminants are being added day by day. 
Consequently it is witnessing huge concerns for its 
increasing pollution levels and associated ecological 
crisis. Increased temperature and irregular rainfall 
patterns over this basin in recent decades has 
stimulated climate change stressors causing threat 
of ecological as well socio-economical crisis to it 
(Tripathi and Singh; 2013). So it is imperative to 
view the status of pollution and other ecological 
problems associated with this river in the context of 
regional climatic change and weather variations to 
understand the complex relations among pollution 
problems and climatic stressors acting in this river 
basin.

Interrelation of climate change and 
pollution in Ganges basin

From India, sporadic reports are available 
about the climatic impacts on water systems, and 
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most of them are limited to assessing temperature 
and rainfall analysis over a time period and effects 
on the species distribution in river (Nautiyal et al, 
2013; Tripathi and Singh, 2013). There are 
evidences about a marked change and shift in 
weather patterns over Indo Gangetic region which 

can be noticed by increasing mean annual maximum 
and minimum temperature and decline in total 
monsoonal rainfall (Tripathi and Singh, 2013). Few 
studies have taken into account the impact of 
climate change on river hydrology and hydro-
geochemical dynamics of Ganges basin (Gosain et 
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A: Glossogobius giuris (courtesy: Randall J.E.)

C: Cyprinus carpio (courtesy: Google) D: Aristichthys nobilis (courtesy: Google)

Figure 3: Some examples of the Ganges fishes affected due to change in climate in this region (A-B) and alien fish species
which are being found in the Ganges river basin (C-D).

al, 2006). Various simulation studies on extreme 
temperature over Gangetic basin show considerable 
seasonal and spatial variations due to warming with 
increasing numbers of warm nights/days as 
compared to cold ones (Cluis and Laberge, 2001). 

Variety of pollutants arising out and getting 
transformed due to climate change and are causing 
danger to Gangetic ecosystem (Raha et al, 2012). 
Erosional features, salinity increase and more 
sedimentation in this river system are now 
prominent (Manna et al, 2013). Future changes in 
temperature and precipitation scheme in the 
Ganges river basin, may also increase the extreme 
events in the basin leading to more pollution load 
(Whitehead et al, 2015; Figure 2). Atmospheric 
nutrient loading in Ganges river basin is also big 
problems which also pollute the water along with 
anthropogenic pollution sources but model 
projections and scenario developments to estimate 
future effects are clearly lacking (Pandey et al, 
2015). Distribution and transport of carbon, 
nitrogen, phosphorus and silicon in Ganges basin is 
linked to climatic aberrations and their interactions 
are complex (Singh et al., 2007). Arsenic and 

B: Xenentodon cancila (courtesy: Enrico Richter)

fluoride concentration and salinity increase in 
Ganges river basin in recent decades are also some 
important problems which have some linkages with 
changing temperature regimes of this basin (Raha et 
al., 2012). Since arsenic and fluoride is mainly 
derived from weathering which is directly affected 
by changes in pH, temperature and solubility 
product of chemical, the variation in climate would 
have interrelations with leaching of theses in water 
(Wetzel and Likens, 2000). It is predicted that
the increase in temperature and decrease in 
precipitation can reduce groundwater recharge by 
50%, raising salinity of soils and waters in catch-
ments (Cañedo-Argüelles et al, 2013). Increased 
monsoon flow and flux also affect the concentration 
and dispersion pattern of metal pollutants in 
sediments of Ganges Rivers (Mittal et al, 2014; 
Figure 2). Most monsoonal discharge has also been 
notified to add the elevated levels of some radio-
active elements such as Ba, Ra and Sr in Ganges 
river basin basically due to increased chemical 
weathering in Himalayas region and subsequent 
changes during transportation and deposition 
process which would be somewhere indirectly 
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linked with changing climate in this region (Singh et 
al, 2010). 

Integrated effects of climate 
change and pollution on 
biodiversity of Ganges system

Under the influence of climate change, the 
organic matter and nutrients load in the river 
interact with many environmental factors changing 
the physiological properties of the water and thus 
affects its biota (Mittal et al, 2014). The Ganges river 
basin is witnessing the alteration in fish population 
dynamics, diversity and community structures for 
which climate change induced sedimentation and 
species invasion are thought to be the major cause 
(Sarkar et al, 2012). Invasion of alien fish species in 
the Ganga River is a threat which is related to 
changes in food chain and biotic communities which 
are the results of climate and pollution induces 
changes in the river (Singh et al, 2013; Figure 3). 
Downstream sediment transport by the river under 
increased flood conditions has caused much danger 
to fish biodiversity in this basin (Sarkar et al., 2012). 
The increased temperature and related change in 
pollutant behaviour affect biodiversity spatial 
patterns in structure and distribution of benthic 
diatoms, macro invertebrates and ichthyofauna in 
Ganges (Nautiyal et al, 2013). An investigation 
reports 0.99ºC increase in minimum water 
temperature in the upper stretch of river Ganges and 
0-1.4ºC increase in aquaculture waters of some 
Gangetic plains impacting breeding in native fishes 
and increasing the assemblages of non native fishes 
in polluted upstream (Das et al, 2013). The changes 
in thermal stratification in water columns may also 
impact the prey-predator relationship of this river 
causing manifold damages (Vass et al, 2009, Manna 
et al, 2013). An impact of climate change on 
breeding is evident in the advancement and 
extension of the breeding period of Indian major 
corps (Vass et al, 2009). Under the influence of 
climate change, a geographic shift of warm water 
fish species Glossogobius giuris and Xenentodon 
cancila (Figure 3) to the colder stretch of the river 
Ganga is a characteristic example. The predator prey 
ratio in the middle stretch in the river Ganga has also 
declined in the last three decades. The shift in 
minimum air temperature coupled with increase in 

post monsoonal rainfall is clearly evident in this 
basin which has impacted the warm water fish 
migration and spawning in great deal (Sinha and 
Khan, 2001). 

Ganges River biodiversity facing threats due to 
rise in water. Temperatures and temperature is an 
important influencing factor controlling the 
occurrence of different phytoplankton (Singh, 
1993). Variability in pre and post monsoonal flow 
has been an important factor to assess the pollution 
variance in these river systems. Several water 
quality parameters such as turbidity, transparency, 
DO, pH, free CO2, specific conductivity, salinity, 
hardness, silicate silica remarkably affect the 
distribution of biotic communities and are related 
with the change in the climate of the region (Mall et 
al, 2006). Furthermore, the impact of increasing 
water temperature and their role in augmenting the 
pollutant behaviour and their effects on flagship 
animals of Ganges such as ghariyal, dolphin and 
turtles are still not established which warrants 
serious scientific studies. Apart from these studies 
on the impact of temperature induced changes on 
the ecology and behaviour of bacteriophages in this 
river system is also needed. This requires elabo-
rative studies to identify different groups of phages 
and their role in microbial pollution abatement and 
the changes under climatic variables and pollutants.

Future approach

Pollution problems in river Ganges are now 
being viewed with broader aspects and with various 
dimensions of the climate change. However, there is 
a huge need to establish various interactive 
experimental evidences by intriguing climate 
variables and pollutant interactions to understand 
pollutant dispersion and transformation and their 
effects in water, sediments and biota. In view of 
these facts the river basin management authority 
should acquire adequate baseline information on 
water flows and related water quality disturbances 
interacting with climate change to develop 
comprehensive scenarios of the likely impacts of 
climate change in this river basin. Strong manage-
ment actions should be employed to restore the 
ecosystem functioning of Ganges River in conju-
gation with scientific research outputs establishing 
climate interactions with pollutions. To reduce the 



171

References

Arain MA. (2011) Climate Change Impacts On Water Quality And Quantity. Global Bioethics, 24(1-4): 77-78. 

Cañedo-Argüelles, M., Kefford, B. J., Piscart, C., Prat, N., Schäfer, R. B., & Schulz, C. J. (2013). Salinisation of rivers: an urgent 
ecological issue.Environmental pollution, 173, 157-167.

Cluis, D., & Laberge, C. (2001). Climate change and trend detection in selected rivers within the Asia-Pacific region. Water 
International, 26(3), 411-424.

Das, M. K., Sharma, A. P., Sahu, S. K., Srivastava, P. K., & Rej, A. (2013). Impacts and vulnerability of inland fisheries to climate change 
in the Ganga River system in India. Aquatic Ecosystem Health & Management, 16(4), 415-424.

Durance I, Ormerod SJ. (2009) Trends In Water Quality And Discharge Confound Long-Term Warming Effects On River Macro 
Invertebrates. Freshwater Biol, 54:388-405. 

Gosain, A. K., Rao, S., & Basuray, D. (2006). Climate change impact assessment on hydrology of Indian river basins. Current science, 
90(3), 346-353.

IPCC (United Nations Intergovernmental Panel On Climate Change). (2013) Summary For Policymakers. In: Climate Change 2013: The 
Physical Science Basis. Contribution Of Working Group I To The Fifth Assessment Report Of The Intergovernmental Panel On 
Climate Change. Cambridge University Press, Cambridge, United Kingdom And New York, NY, USA.

Mall, R. K., Gupta, A., Singh, R., Singh, R. S., & Rathore, L. S. (2006). Water resources and climate change: an Indian perspective. 
Current science, 90(12), 1610-1626.

Manna, R. K., B. B. Satpathy, C. M. Roshith, M. Naskar, Utpal Bhaumik, and A. P. Sharma. (2013) "Spatio-temporal changes of hydro-
chemical parameters in the estuarine part of the River Ganges under altered hydrological regime and its impact on biotic 
communities." Aquatic Ecosystem Health & Management 16, no. 4: 433-444.

Meyer T,  Wania F.  (2008) Organic Contaminant Amplicat ion During Snowmelt .  Water Res ,  42:  1847-65. 
DOI:10.1016/J.Watres.2007.12.016

Mittal, N., Mishra, A., Singh, R., & Kumar, P. (2014). Assessing future changes in seasonal climatic extremes in the Ganges river basin 
using an ensemble of regional climate models. Climatic change, 123(2), 273-286.

Nautiyal, P., Nautiyal, R., Semwal, V. P., Mishra, A. S., Verma, J., Uniyal, D. P., ... & Singh, K. R. (2013). Ecosystem health indicators in 
the Ganga Basin (Uttarakhand, India): Biodiversity, spatial patterns in structure and distribution of benthic diatoms, macro-
invertebrates and ichthyofauna.Aquatic Ecosystem Health & Management, 16(4), 362-373.

Noyes PD, Mcelwee MK, Miller HD Et al (2009) The Toxicology Of Climate Change: Environmental Contaminants In A Warming 
World. Environ Int, 35: 971-986. 

Pandey, J., Singh, A. V., Singh, R., Kaushik, P., & Pandey, U. (2015). Atmospheric deposition coupled terrestrial export of organic 
carbon in Ganga River (India): linking cross-domain carbon transfer to river DOC. International Aquatic Research, 7(4), 273-285.

Raha A, Das S, Banerjee K, Mitra A, (2012) Climate Change Impacts On Indian Sunderbans: A Time Series Analysis (1924–2008). 
Biodivers Conserv, 21: 1289-1307. 

Sarkar UK, Pathak Ak, Sinha RK, Sivakumar K,  Pandian AK, Pandey A, Dubey VK, Lakra WS. (2012) Freshwater sh Biodiversity In The 
River Ganga (India): Changing Pattern, Threats And Conservation Perspectives. Rev Fish Biol Fisheries, 22: 251-272. 

Singh M, Singh IB, Müller G. (2007) Sediment Characteristics And Transportation Dynamics Of The Ganga River. Geomorphology, 
86(1), 144-175. 

Singh S, Singh M, Choudhary AK, Saxena A, Singh IB, Jain AK. (2010) Sr Isotopic Signature Of The Ganga Alluvial Plain And Its 
Implication To Sr ux Of The Ganga River System. Int J Earth Sci (Geol Rundsch), 99(8): 1991-1997. 

Singh, A. K., Kumar, D., Srivastava, S. C., Ansari, A., Jena, J. K., & Sarkar, U. K. (2013). Invasion and impacts of alien fish species in the 
Ganga River, India. Aquatic Ecosystem Health & Management, 16(4), 408-414.

Singh, N. K. (1993). Studies on density, productivity and species composition of phytoplankton in relation to abiotic spectrum of the 
Ganges at Sahibganj. Journal of Freshwater Biology, 5(1), 1-8.

Sinha, M., & Khan, M. A. (2001). Impact of environmental aberrations on fisheries of the Ganga (Ganges) River. Aquatic Ecosystem 
Health & Management, 4(4), 493-504.

Sun, H., Chen, Y., Li, W., Li, F., Chen, Y., Hao, X., & Yang, Y. (2012). Variation and abrupt change of climate in Ili River Basin, Xinjiang. 
Journal of Geographical Sciences, 20(5), 652-666. 

effects of climate change and related pollution 
problems, making augment water availability in the 
basin by rainwater collection, water conservation 

and water abstraction affected optimum ow 
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