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A Global concern - Climate change affecting fresh 

water availability 

Water is one of the most important resources on the 

planet Earth; without water, life on earth cannot exist. 

As demand for water increases across the globe, the 

availability of fresh water in many regions is likely to 

decrease owing to climate change. These pressures 

may intensify economic disparities between certain 

countries, as well as between sectors or regions 

within countries. Water is also the primary medium 

through which climate change influences Earth’s 

ecosystem and thus the livelihood and well‐being of 

nations and societies. Climate change impacts the 

world’s water in complex ways both in quantity and 

quality. Global climate change is expected to 

exacerbate current and future stresses on water 

resources from population growth and land use, and 

increase the frequency and severity of droughts and 

floods. It is anticipated that climate change will affect 

the availability of water resources through changes in 

rainfall distribution, soil moisture, glacier and 

ice/snow melt, and river and groundwater flows.  

According to the Intergovernmental Panel on Climate 

Change (IPCC) Fifth Assessment Report (IPCC, 

2013), human activities are estimated to have caused 

approximately 1.0°C rise in global temperature since 

1880s. The rise in average temperature has rendered 

changes in the climate system, such as sea level 

rise, glacier melting, biodiversity losses and extreme 

weather events (e.g. heat waves, heavy rain, drought 

etc). Global warming is likely to reach 1.5°C between 

2030 and 2052, if it continues to increase at the 

current rate the same could have substantial 

ecological, economic and societal impacts (IPCC 

Special Report, 2018). 

By 2030, however, billions of people around the world 

will be unable to obtain water and sanitation services. 

UN-Water reports attribute this to rising demand, 

poor management, and failure to conserve water 

resources. Rising global temperatures and climate 

instability will further compound the problem, 

according to the latest report from the 

Intergovernmental Panel on Climate Change. 

Pakistan experiencing serious threats of climate 

change 

South Asian countries are predicted to be the most 

vulnerable regions to climate change in various 

aspects by 2030. Pakistan is not the exception as 

according to Global Climate Risk Index (2018), 

Pakistan is among top 10 countries affected most by 

climate change. Pakistan has experienced significant 

environmental and hydrological changes over the 

past few decades. The Hindukush–Karakoram–

Himalaya (HKH) ranges, situated in Northern 

Pakistan, constituted Upper Indus River Basin (UIB), 

which is sometimes referred to as the “Water tower of 

Pakistan”, since enormous amounts of 

perennial/seasonal snow and glacial ice stored in its 

catchment areas. The conditions and stability of the 

UIB is impacted by warming-induced glacier retreat, 

ice collapse, glacial lake expansion and frequent 

Glacier Lake Outburst Floods (GLOFs) with 

https://www.unwater.org/unwater-publications/
https://www.ipcc.ch/report/ar6/wg1/
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repercussions on the socio-economic progress of the 

country.  

UIB region is exceptionally important because its 

major river sources ensures the sustainable 

existence of millions of people in the downstream 

reaches of the Country. The agriculture-based 

economy of Pakistan is highly dependent on water 

supplies derived from snow and glacier-melt sourced 

in the UIB. There are more than 6,500 glaciers in 

Pakistan which cover an area of around 13,000 km2 

lying in HKH range (Glacier Inventory of Pakistan, 

2017). Melt water originating from seasonal snow and 

glaciers constitutes the dominant proportion of Indus 

River descending from the high altitude terrain of 

HKH. It is anticipated that reduction of glaciers in 

HKH owing to climate change, as observed in 

neighborhood regions i.e. Tibetan Plateau, Indian 

Himalayas and Pamirs, could have implications for 

future downstream water supplies including 

significant cascading effects on river flows, 

groundwater recharge, agricultural productivity & 

livestock, and livelihoods in Pakistan. In addition, the 

potential climate change and water related hazards 

e.g. floods, droughts, snow-avalanches, Glacial Lake 

Outburst Flood (GLOF), and flash floods are also 

omnipresent in HKH region. 

The blessings of Space Technology 

When we think of space research and space 

technology, climate change probably is not the first 

thing that pops into your mind. We are more likely to 

picture astronauts floating around the International 

Space Station, or engineers designing rovers that 

can traverse volcanoes on Mars. However, Earth is a 

planet too, and we can learn a great deal about our 

climate from the vantage point of space. 

Climate change which affects freshwater resources, 

global food production, sea levels and human 

security is one of the biggest concerns facing 

humanity. Space-based technology provides 

important information that helps to understand and 

manage climate change. The space sector’s value to 

life on Earth is difficult to overstate. Satellites that 

circle the globe provide the most accurate weather 

reports and warn us of impending storms; they 

monitor our climate every day, helping to track 

increasing rates of climate change and its effects, 

such as rising seas, changing moisture levels, and 

atmospheric changes. Satellites, with their ability to 

provide global coverage and continuous 

measurements, give researchers vital data on the 

planet’s climate system, which contributes to 

monitoring, prediction and development and 

improvement of climate models.  

 
Fig.1: Benefits of Space technology to study impacts of climate 

change (Source: UN) 

Today, hundreds of miles above the Earth’s surface, 

a vast network of satellites is collecting data on our 

planet’s climate system. There are currently more 

than 160 satellites measuring different global 

warming variables, with more than half of essential 

climate variables only measurable from space. They 

are watching the oceans, land, ice, atmosphere & 

biosphere. In 2015, 196 countries around the world 

signed up to the Paris Agreement (United Nations 

Climate Change). This ground-breaking legislation 

legally forces governments to curb their carbon 

emissions to limit global warming to less than 2°C. 

https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
https://unfccc.int/process-and-meetings/the-paris-agreement/the-paris-agreement
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This event was only possible because space 

scientists had unequivocal proof that global 

temperatures have risen at unprecedented rates over 

the last century. By the virtue of frontier technologies 

and emerging concepts such as Space 2.0 systems – 

along with other innovations including artificial 

intelligence (AI), 5G, the Internet of Things (IoT) and 

robotics, offers further potential for supporting the 

fight against climate change.  

Space based Monitoring of Hydrological variables 

The Hydrologic cycle also called the water cycle is 

the continuous movement of water in the air, on the 

surface of and below the Earth. This cycle is the 

exchange of energy which influences climate. When 

water condenses, it releases energy and warms the 

environment. When water evaporates it takes energy 

from the surrounding environment, dropping 

temperatures. The world’s rivers, lakes, reservoirs 

and groundwater as well as snow fields and glaciers 

are the main sources of freshwater to support 

terrestrial life and human livelihoods. However, 

hydrological information is insufficient especially in 

developing countries and many areas of the world 

are currently not monitored for their water resources. 

Therefore, critical hydrological information that is 

necessary to manage the world’s water resources 

and prevent water-related disasters is inadequate 

especially in the developing world. 

In this situation, remote-sensing data and techniques 

have demonstrated an extremely active innovation 

capacity in the field of continental waters during the 

last 20 years. They can now be used to locate water 

bodies and delineate river networks, to quantify 

and/or estimate water related variables such as 

precipitations, soil wetness, water levels, water 

storage, to monitor water balance of large river 

basins on time scales ranging from weeks to years, 

to quantify spatial parameters relevant for 

hydrological models and to provide real-time 

information for flood forecasting. 

The brief description of some of the satellites 

providing precious data to study the salient variables 

of hydrological cycle and water resources are as 

follows:  

 Low Resolution Satellites (>1000m resolution) 

 NOAA, AVHRR, GRACE, AMSR-E, SMOS, 

SMAP, GOES, TRMM, CMORPH and SSM/I 

etc. 

 Used to conduct Global scale studies such as 

clouds formation and movements, weather 

patterns, precipitation & its forecast, soil 

moisture, and evaporation etc. 

 Mid Resolution Satellites (<1000m resolution) 

 MODIS-Terra, MODIS-Aqua, etc. 

 Used to conduct Regional scale studies such 

as snow cover measurements, soil moisture, 

runoff modeling etc. 

 High Resolution Satellites (<100m resolution) 

 SPOT, LANDSAT, Pleiades, ASTER, SRTM, 

GeoEye, IKONOS, ICESat, Worldview, 

SENTINEL, TerraSAR-X and Quickbird etc. 

 Used to conduct National/Local scale studies 

such as drainage network, watersheds, snow 

and glacier cover, flood management, runoff 

modeling etc.  

 
Fig.2: Global scale Satellites to study hydrological variables 
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SUPARCO’s research initiatives and milestones 

in monitoring water resources of the Country 

Pakistan Space and Upper Atmosphere Research 

Commission (SUPARCO), the national space agency 

of Pakistan, is determined to harness space science 

and technology and its applications for socio 

economic development of the country and achieving 

Sustainable Development Goals. 

Five out of seventeen Sustainable Development 

Goals (SDGs) of the 2030 Agenda for Sustainable 

Development (United Nations, 2015) adopted by all 

United Nations Member States in 2015 i.e. SDG-2 

(Zero Hunger), SDG-6 (Clean Water & Sanitation), 

SDG-7 (Affordable & Clean Energy), SDG-13 

(Climate Action) & SDG-15 (Life on Land), are 

somehow related to water and climate change. These 

SDGs can support the protection and conservation of 

water resources and their ecosystems across the 

globe. In order to achieve these Goals (SDG No. 2, 6, 

7, 13 & 15), a scientific research initiative/programme 

was launched by SUPARCO to develop the baseline 

information and investigate the impacts of climate 

change on cryosphere and water resources (i.e. 

glaciers, snow covers, permafrost, rainfall, lakes, 

precipitation, stream-flow and runoff) and associated 

hazards by employing space technology and in-situ 

observations. 

 
Fig.3: Glimpses of SUPARCO- ITPCAS joint expeditions 

Rapid changes in HKH region glaciers, permafrost, 

snow cover, lakes, rivers and their downstream 

effects have been studied under this research 

programme. This key research initiative addresses 

the multi-sphere interaction of the Earth system 

across the region. Mountain cryosphere changes 

under climate change and their impacts on regional 

hydrology and water resources are important 

research aspects of the programme. Several 

research studies are being conducted till date under 

this programme, such as glacier monitoring & glacier 

mass balance studies, glacier melt-water discharge 

measurements, snow-melt runoff modeling, ice 

thickness estimation, glacier velocity measurements, 

drought monitoring, impacts of climate change on 

glaciers and hydrology, permafrost studies, snow 

cover estimation, ice cores extraction from 

accumulation zones of Karakoram glaciers, lake 

sediment coring and water quality monitoring etc. by 

employing  space technology and ground-based 

techniques. Various kinds of Satellite Remote 

Sensing datasets such as LIDAR, multispectral, 

thermal and SAR imagery, and as well as Digital 

Elevation Models datasets, have been used to 

conduct these studies. Similarly, ground based 

advanced sensors such as Ground Penetrating 

RADARs and UAV datasets has also been utilized. 

SUPARCO is also pursuing collaborative research 

with international partner ‘Institute of Tibetan Plateau 

Research, Chinese Academy of Sciences (ITP-CAS), 

China under Third Pole Environment (TPE) 

framework to study atmospheric composition, climate 

change patterns and their impacts on hydrology, 

snow cover and glaciers across HKH range in 

Pakistan since 2010. These studies are being 

conducted by employing satellite remote sensing 

datasets and as well as in-situ field measurements 

collected during 10 x scientific expeditions in North 

Pakistan jointly conducted with ITP-CAS, China. 

 Glaciers and Seasonal Snow Cover 

Glaciers and seasonal snow cover observation data 

from major mountain regions of the world are key to 
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improving our understanding of snow and glacier 

changes: they deliver fundamental baseline 

information for climatological, hydrological, and 

hazard assessments. In many mountain ecosystems, 

as well as in the adjacent lowlands, glaciers play a 

crucial role in freshwater provision and regulation. 

Both in-situ measurements of changes in glacier 

mass, volume, and length as well as remotely sensed 

data on snow and glacier cover extents and changes 

over entire mountain ranges provide clear indications 

of climate change. 

 
Fig.4: Monitoring of daily snow cover through satellite datasets 

The River Indus, life line of Pakistan is among the 

few large river basins in South Asia where rainfall is 

not the dominant source of stream flows. More than 

70% of the fresh water supply upstream Tarbela Dam 

is mainly dependent on the melting of seasonal snow 

and glacier reservoirs located in the high altitude 

northern regions of Pakistan. The HKH comprises the 

highest, most heavily glacierized watersheds of the 

Upper Indus which contains a significant 

concentration of glaciers, perennial snow and ice, 

seasonal snow covers, perennially frozen grounds or 

permafrost. 

In many parts of High Asia, glaciers have undergone 

large retreat and mass loss in the recent decades. A 

commonly expressed concern is how the persistent 

climate change may greatly reduce the glaciers and 

water supplies from them in the Indus basin. Given 

the fact that, water demands and shortages in the 

basin along with downstream dense population, are 

placing ever-greater pressures on mountain 

resources to exploit them. An example is the sense of 

urgency arises from national and trans-boundary 

development plans for water and power projects. 

 

 

 

 

 

 

Fig.5: Monitoring of glaciers through satellite datasets 

It seems difficult to overemphasize the unique 

ecological and human significance of the glaciers and 

snowfields in the Indus basin, that will become more 

critical with anticipated climate change and economic 

developments. Nevertheless, the first essential step 

is to develop and maintain a comprehensive 

inventory of glaciers in Pakistan that contains the 

current extent. SUPARCO in collaboration with 

Institute of Tibetan Plateau Research - Chinese 

Academy of Sciences (ITP-CAS) developed a 

Glaciers Inventory of Pakistan by employing state of 

the art satellite technology. This inventory comprises 

of extensive information pertaining to 6668 glaciers 

inclusive of their location, glacier area, geometry and 

other relevant characteristics of glaciers. Further, this 

inventory not only proves to be effectual in glacier 

monitoring but also provides baseline information for 

future cryospheric and climate change studies. 

 
Fig.6: Glacier Inventory of Pakistan developed by SUPARCO 
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SUPARCO is also conducting the studies on Glacier 

mass balance, which is basically the difference 

between accumulation and ablation, and generally 

represents the health of the glacier, whether it is 

retreating or advancing. Climate change may cause 

variations in both temperature and snowfall, causing 

changes in the glacier mass balance either positive 

or negative. The negative mass balance or retreating 

of glaciers poses a serious threat to the local 

population and downstream water availability in the 

region. 

Knowledge about glacial ice thickness is essential to 

estimate the volume of stored water in the glacier ice 

mass. Therefore SUPARCO initiated studies to 

estimate the ice mass volume of the glaciers through 

remote sensing as well as Ground Penetrating 

Radars (GPR). 

SUPARCO is also conducting the study to investigate 

the relationship between glacier mass changes & ice 

velocity fluctuations in Karakoram region by using 

temporal DEM data and systematic feature-tracking 

of repeat satellite images collected since past few 

decades. The study would help to identify the 

relationship between ice flow dynamics & trends and 

ice mass changes over a similar period.  

 Surface and Ground Water 

Groundwater represents about nearly one third of the 

world’s fresh water, as well as one third of the fresh 

water consumed by humans. Groundwater resources 

are essential for irrigation and the food industry. 

Aquifers are the underground deposits holding this 

precious water supply, which are continually 

recharged by rainwater and snowmelt, or from leaks 

in the bottom of lakes and rivers. Many of them 

spread across international borders, with an 

estimated 300 trans-boundary aquifers currently 

serving 2 billion people worldwide, according to UN 

Water. 

Yet groundwater, despite its vital role in sanitation, 

agriculture, and ecosystem services, remains often 

overlooked. The ongoing over-exploitation of lakes, 

rivers, and aquifers is jeopardizing the reliability and 

sustainability of everyone’s water supplies. The long-

term sustainability of aquifers worldwide depends on 

comprehensive groundwater monitoring. Increasingly 

precise monitoring will be essential to inform better 

national water policies for 2030 and beyond. 

Information on the location and distribution of 

groundwater has traditionally come from ground-

based geophysical prospecting and drilling 

technology, alongside clues in the surrounding 

landscape and vegetation. 

Since past few decades, space technologies have 

played an increasingly important role in groundwater 

monitoring. Among the most promising space 

missions are satellite altimetry missions, such as 

ESA's ERS and Envisat and GMES Sentinel-3, that 

provide surface water levels (lakes, reservoirs, rivers, 

wetlands and floodplains), hydrology missions like 

ESA's SMOS, and space gravity missions, like 

NASA-DLR's GRACE, that provide estimates of the 

variations of terrestrial water storage (in soils, lakes, 

reservoirs and groundwater) in space and time. Used 

in conjunction with conventional observations and 

hydrological modelling, these observations from 

space also have the potential to improve significantly 

our understanding of hydrological processes affecting 

large river basins in response to climate variability 

and change. 

 
Fig.7: Monitoring of regional ground water fluctuations through 

GRACE Satellite mission (Source: NASA) 

https://en.wikipedia.org/wiki/Glacier_ice_accumulation
https://en.wikipedia.org/wiki/Ablation_zone
https://en.wikipedia.org/wiki/Climate_change_(general_concept)
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A combination of data collection methods, from 

ground-based geophysics and borehole readings to 

remote sensing, now provides a clearer picture of 

global groundwater reserves. Geographic Information 

System (GIS) and Global Positioning System (GPS) 

mapping, for example, allow rapid, cost-effective 

detection, extraction, conservation, and testing of 

groundwater. In addition, scientists can use the data 

from those tools to map aquifer volume changes, 

enabling decision-makers to better manage water 

resources. 

 Hydrological Disasters 

Climate change and associated rapid warming has 

changed the "stock mix” balance of the Asian Water 

Tower between solid water in glaciers and liquid 

water in lakes and river runoff. Changes in 

atmospheric circulations that shapes the region’s 

climate have also altered the way in which its 

“inventory” is distributed. According to current 

research studies, the northern Asian Water Tower 

loses less solid water but gains more liquid water. 

As a consequence of global climate change and 

changes in precipitation patterns; stream-flows 

altered and glaciers are melting excessively. These 

issues are contributing through increased number of 

hydrological disaster and hazards like floods, 

landslides or snow-avalanches, drought and Glacial 

Lake Outburst Flood (GLOF) – all of which are 

affecting Pakistan adversely.  

Similarly, the sea level rise due to climate change 

posing a serious threat to the local population 

residing in the coastal areas of Pakistan. Erosion, 

sea water intrusion and land subsidence became the 

common issue for the local population, resulting in 

drought conditions, non-availability of drinking water, 

less agriculture, loss of property and forced 

migration. Therefore SUPARCO initiated the 

research projects/studies to monitor the phenomenon 

and impacts of hydrological disasters in the Country.  

 
Fig.8: Monitoring of floods through space technology 

Conclusion 

One of the most important factors in climate change, 

is the gathering of accurate and reliable data. 

Satellites technology has long been used to collect 

hydrological data, predict the weather, with 

meteorological forecasts able to act as early warning 

systems for extreme weather events. The space 

technology is also a key for documenting 

environmental changes and informing decision 

making by measuring sea levels, glacier mass, 

atmospheric gases and the planet’s changing 

temperature, among other factors. 

Satellites and other space technologies are proved to 

be very helpful in mitigating the effects of climate 

change, as well as protect communities. These 

technologies are providing precious information about 

Earth’s climate, and helping us in preserving our 

planet for future generations. 

Continuous satellite observations are crucial to 

manage our water resources for the benefit of 

mankind and the environment particularly at the 

verge of changing climate, and also to provide crucial 

forecasting services to prevent water-related 

disasters such as floods and droughts. These tasks 

are routinely undertaken by the National space 

agency of Pakistan, SUPARCO. 
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