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Summary 
 
According to the IPCC, the global average surface temperature increase from 1850-1899 to 2001-
2005 is 0.76°C ± 0.19°C.  V. Ramanathan and Y. Feng from the Scripps Institution of 
Oceanography, University of California, San Diego, calculate that greenhouse gas emissions as of 
2005 have committed the planet to warming of “2.4ºC (1.4º-4.3º) above the preindustrial surface 
temperatures.”  The Tibetan Plateau is warming about three times the global average.  Since the 
1950’s, warming in excess of 1ºC on the Tibetan side of the Himalayas has contributed to retreat of 
more than 80% of the glaciers.  Melting glaciers endangers the fresh water supply and food 
security of billions of people in Asia.  The warming also contributes to the land use changes, 
especially melting of permafrost, which could result in significant carbon loss.  Black carbon (soot) 
may have a significant effect on melting snow and glaciers equaling the impact of increased 
atmospheric CO2.  Therefore, in addition to a central reduction of CO2, it is imperative to 
implement fast-action strategies to reduce non-CO2 warming agents, including black carbon, 
hydrofluorocarbons, methane and tropospheric ozone precursors, as well as expand bio-
sequestration and enhance urban albedo which together can reduce committed warming and 
associated abrupt climate changes on a decadal timescale.  

 
Retreat of Tibetan Plateau Glaciers 
 
According to the IPCC, the global average surface temperature increase from 1850-1899 to 2001-
2005 is 0.76°C ± 0.19°C.1  At high latitudes, temperatures are rising faster than the global average.  
Glaciers, including the Tibetan Plateau glaciers, are at particular risk.2  The Tibetan Plateau—the 
planet’s largest store of ice after the Arctic and Antarctic— is warming about three times the global 
average, with temperature increases of 0.3ºC or more per decade measured for the past half-
century.3  The significant impacts of this warming include “a major reduction of area and volume 
of Hindu-Kush-Himalaya-Tibetan (HKHT) glaciers, which provide the head-waters for most major 
river systems of Asia.”4   
 
In a study in the Proceedings of the National Academy of Sciences, V. Ramanathan and Y. Feng 
from the Scripps Institution of Oceanography, University of California, San Diego, calculate that 
greenhouse gas (GHG) emissions as of 2005 have committed the planet to warming of “2.4ºC (1.4º-
4.3º) above the preindustrial surface temperatures.”5  Of the 2.4ºC committed warming, more than 
50% is expected within 50 years, as heat stored in oceans is returned to the atmosphere, and as 
short-lived anthropogenic aerosols that are masking warming continue to be reduced to protect 
health and local environment resources.6  By the end of the century, business-as-usual emissions 
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could cause atmospheric concentrations of CO2 and other long-lived GHGs to double, leading to an 
eventual global temperature increase of up to 6ºC.7   
 

 
 
The graphs above and the accompanying text are from Jeffrey S. Kargel et al., Satellite-era Glacier Changes in 
High Asia, Background support presentation for NASA “Black Carbon and Aerosols” press conference associated 
with Fall AGU, Dec. 14, 2009. 
 
Glacier responses depend on a number of complicated parameters.  However, the total Himalayan 
mass balance is distinctly negative, with some possible anomalies. 8   According to Chinese 
scientists, the majority of Tibetan glaciers are retreating, and across much of the plateau the retreat 
is accelerating.9  Based on meteorological station data, reanalyses and remote sensing, the Tibetan 
Plateau has shown significant warming during the last decades and will continue to warm in the 
future.10  Himalayan glacier retreat is well documented through remote sensing techniques and 
aerial photographs. 11   The warming was also confirmed by recent ice core samples from 
Naimona’nyi Glacier in the Himalaya (Tibet) that show “no net accumulation of mass (ice) since at 
least 1950.  Naimona’nyi is the highest glacier (6050 masl) documented to be losing mass annually 
suggesting the possibility of similar mass loss on other high-elevation glaciers in low and mid-
latitudes under a warmer Earth scenario.”12   
 
Since the 1950’s, warming in excess of 1ºC on the Tibetan side of the Himalayas has contributed to 
retreat of more than 80% of the glaciers, and the degradation of 10% of its permafrost in the past ten 
years.13  Under current trends, two-thirds of the glaciers will disappear by 2060, threatening water 
supply for a billion people, including critical dry-season irrigation.14   
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Water Shortages and Droughts 
 
Rapidly melting alpine glaciers and ice caps will initially be a source of flooding until they melt 
completely, when the problem will become the lack of glacial run-off to regions dependent on it.15 
In the Himalayas there are approximately 15,000 glaciers (of 46,377 glaciers catalogued by the 
Chinese Glacier Inventory in western China), storing an estimated 12,000 km3 of freshwater.16  
The ‘greater Himalayan region’ is the source of ten of the largest rivers in Asia.  The basins of 
these rivers are inhabited by 1.3 billion people and contain seven megacities.17  The Himalayan 
glaciers seasonally release meltwater into tributaries of the Indus, Ganges, and Brahmaputra Rivers 
with glacial melt contributing up to 45% of the total river flow.18  Approximately 500 million 
people depend upon water from these three rivers for agriculture and other purposes.19  This region 
and its water resources play an important role in global atmospheric circulation, biodiversity, 
rainfed and irrigated agriculture, and hydropower, as well as in the production of commodities 
exported to markets worldwide.20 
 
These geographic regions where water supply is dominated by melting snow or ice are predicted to 
suffer severe consequences as a result of recent warming.21  A projected increase in surface air 
temperature in north-western China is, by linear extrapolation of observed changes, expected to 
result in a 27% decline in glacier area, a 10–15% decline in frozen soil area, an increase in flood 
and debris flow, and more severe water shortages by 2050 compared with 1961–1990.22  The 
duration of seasonal snow cover in alpine areas, namely the Tibet Plateau, Xinjiang and Inner 
Mongolia, is expected to shorten, leading to a decline in volume and resulting in severe spring 
droughts.  Between 20% and 40% reductions in runoff per capita in Ningxia, Xinjiang and Qinghai 
Provinces are likely by the end of the 21st century.23   
 
Food Insecurity 
 
Widespread famine is the expected result of disappearing glaciers and reduced run-off to life-
sustaining rivers and lakes. The greatest risks of climate change are faced by many of the world’s 
poorest, especially those living in subtropical and tropical areas, and those dependent on agriculture 
and food production systems in semiarid and arid regions.24 These regions include in sub-Saharan 
Africa, south, east and South-east Asia, tropical parts of Latin America and some Pacific island 
nations.25 
  
At first, over-melting of glaciers may cause flooding, but eventually a cessation of glacial run-off 
could create even more serious agricultural problems.26 “Climate change-related melting of glaciers 
could seriously affect half a billion people in the Himalaya-Hindu-Kush region and a quarter of a 
billion people in China who depend on glacial melt for their water supplies.”27 Over the next 
century, the maximum flow of the Mekong is estimated to increase significantly, while the 
minimum monthly flows are estimated to decline, meaning increased flooding risks during wet 
season and an increased possibility of water shortage in dry season.28 
 
Increasing temperatures and water stress are expected to lead to a 30% decrease in crop yields in 
Central and South Asia by the mid-21st Century.29  In addition, an increase in agricultural water 
demand by 6 to 10% or more is projected for every 1°C rise in temperature.30  As a result, the net 
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cereal production in South Asian countries is projected to decline by at least between 4 to 10% by 
the end of this century, under the most conservative climate production projections.31 
 
Land Use Changes and Positive Feedbacks 
 
Human activities have significantly impacted land use on the Tibetan Plateau during the last fifty 
years.  Significant land cover changes on the Tibetan Plateau include permafrost and grassland 
degradation, urbanization, deforestation and desertification.32  The land use changes can not only 
affect the local environment, but can also lead to positive feedbacks to climate change. 
 
Specifically, the warming directly influences the permafrost, which could become a significant 
carbon source.  Permafrost is defined as subsurface earth materials that remain frozen for two 
consecutive years. 33   Trapped inside some permafrost is organic matter which survived 
decomposition for thousands of years because of the freezing temperatures.34 Embedded in the 
permafrost are CH4 clathrates, which are stabilized CH4 crystals that result from the breakdown of 
organic materials at marine depths, under pressure equivalent to that produced by 250 m of water.35   
 
Melting permafrost generates other positive feedbacks, including loss of albedo, deeper water 
penetration, and fires, all of which can warm the soils and trigger more microbial activity.36 
Permafrost melt can also lead to negative feedbacks such as increased growth of shrubbery and 
more photosynthesis, but this greening is not nearly enough to offset soil carbon loss.37 
 
Impacts of Black Carbon on Melting Glaciers 
 
Deposition of black carbon (“BC”) is a major driver of glacial retreat in the Hindu-Kush-Himalaya-
Tibetan region.38  Ramanathan and Carmichael report that the impact of BC on melting snow and 
glaciers may equal the impact of increased atmospheric CO2. Their model calculations indicate that 
approximately 0.6ºC of the 1ºC warming in the Tibetan Himalayas since the 1950s is due to BC.39  
Similarly, S. Menon et al. found out that the contribution of the enhanced Indian BC to the decline 
of snow/ice cover over the Himalayas, from 1990 to 2000 is ~30%.40  In addition, snow darkening 
is an important component of carbon aerosol climate forcing.41   
 
The United Nations Environment Programme (UNEP) also issued a comprehensive report on the 
negative effects of atmospheric brown clouds (ABCs) over Asia, including the deposition by ABCs 
of black carbon on the HKHT glaciers.42  The UNEP report also connects ABCs to a number of 
other trends that negatively impact crop yields, including decreases in Indian Summer Monsoon 
(ISM) rainfall, a north-south shift in rainfall over China, and increased surface ozone.43 Despite the 
negative effects of ABCs, the report echoes Ramanathan and Feng, warning that ABCs must be 
eliminated carefully since they mask GHG warming of 0.3-2.2ºC.44 Added to the already observed 
0.76ºC global temperature increase, an unmasking of warming in the high end of the 0.3-2.2ºC 
range could easily push the climate system past the dangerous anthropogenic interference threshold 
(DAI).45 
 
Fast-Action Strategies Are Urgently Needed 
 
A suite of fast-action mitigation strategies are urgently needed to avoid passing tipping points for 
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abrupt climate changes.   
 
Black carbon may be the second largest contributor to climate warming, and because its 
atmospheric lifetime is days to weeks, reducing it may offer the fastest mitigation.46 Globally, 
Cofala et al. estimate that BC can be reduced by approximately 50% with full application of 
existing technologies by 2030, primarily from reducing diesel emissions and improving cook 
stoves.47 Wallack and Ramanathan estimate that it may be possible to offset the warming effect 
from one to two decades of CO2 emissions by reducing BC by 50% using existing technologies.48 
 
Other fast-action climate mitigation strategies include reducing other short-lived forcers such as 
methane and tropospheric ozone precursors.49 The Royal Society estimates that rigorous global 
implementation of air pollution regulations and available technologies, including for shipping and 
aviation, can reduce NOx and CO emissions by >50%50, which would reduce the anthropogenic 
tropospheric ozone forcing from 20 to 10%.51 That reduction in ozone forcing would delay by ≈10 
years’ time when the threshold for DAI would otherwise have been passed.52 
 
The Montreal Protocol on Substances that Deplete the Ozone Layer can be applied to reduce HFCs 
and to collect and destroy ozone-depleting substance (ODS) “banks”. Reducing HFC production 
and consumption, and hence the opportunity to reduce later emissions, can be done by regulating 
HFCs under the Montreal Protocol.53  Velders et al. estimated scenarios for HFC emissions derived 
from gross domestic product and population growth and incorporating information on demand for 
HCFC products in developing countries, patterns of replacements of HCFCs by HFCs, and 
increases in HFC-134a use in mobile air conditioning.54 Global HFC emissions in 2050 are 
projected to be 5.5–8.8 Gt CO2-eq. per year, which is equivalent to 9–19% of projected global CO2 
emissions in business-as-usual scenarios. Global HFC emission projections increase strongly after 
2013 and significantly exceed previous estimates after 2025. Without regulatory action, global 
radiative forcing from projected HFC emissions in 2050 will be equivalent to that from 6 to 13 
years of CO2 emissions.  In addition, up to 6 Gt CO2-eq. by 2015 and an additional 14 Gt CO2-eq. 
thereafter can be avoided by collecting and destroying banks of ODSs that would otherwise be 
emitted from unwanted stockpiles and discarded refrigeration and air-conditioning equipment and 
insulating foam.55 
 
Other fast-action mitigation efforts include bio-sequestration in forests and soils. McKinsey & 
Company estimate reducing emissions from deforestation and degradation can provide mitigation 
up to 5.1 Gt CO2-eq. per year by 2030.56 In addition, biochar removes carbon from the carbon cycle 
by drawing down atmospheric concentrations of CO2 in a carbon-negative process and provides 
near permanent carbon storage while also improving soil productivity and reducing the need for 
fossil fuel-based fertilizer.57 The International Biochar Initiative estimates that biochar production 
has the potential to provide 1 Gt carbon per year in climate mitigation by 2040, or 3.67 Gt CO2 per 
year, using only waste biomass.58 Under an aggressive scenario, where all projected demand for 
renewable biomass fuel is met through pyrolysis, Lehmann et al. estimate that biochar may be able 
to sequester 5.5–9.5 Gt C per year, or ≈20–35 Gt CO2, per year by 2100.59 
 
Improving energy efficiency60 and expanding renewables, especially wind, also can produce fast 
mitigation,61 as can improving urban albedo.62  A 25% and 15% increase in the albedo of roofs 
and pavements, respectively, for all global urban areas, could lead to an offset of approximately 57 
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Gt CO2.
63 Increasing surface albedo does not fix the underlying problem of greenhouse gas 

accumulation,64 but “cool roofs” can help address the key symptom, while also reducing energy 
needs and associated emissions,65 and decreasing building cooling costs more than 20%.66 
 
Most of these fast-action strategies have strong co-benefits, such as public health benefits from 
black carbon reductions, earlier recovery of the ozone layer from faster ODS phase-outs and from 
collecting and destroying ODSs in discarded products and equipment, soil enhancement and 
reduced fertilizer and water use from biochar, and increased energy security and green jobs from 
efficiency and renewables.  These co-benefits provide further incentives to act now to forestall 
temperature tipping points visible on the horizon. 
 
The G8 has committed to take rapid action to reduce hydrofluorocarbons, black carbon, and other 
significant short-term climate forcing agents, in addition to ambitious and urgent cuts in emissions 
from CO2 and other more long-lasting, greenhouse gases.67  Many countries may have some 
existing legal authority to begin addressing some of these strategies.  Where this is the case, 
improving compliance can help promote near-term climate mitigation.68 The International Network 
for Environmental Compliance & Enforcement recently issued Climate Compliance Alerts on black 
carbon69 and illegally harvested timber.70 
 
 
For further information, please contact Xiaopu Sun (xsun@igsd.org) or Durwood Zaelke 
(dzaelke@igsd.org). 
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