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FIG. 8. Linear trends from 1948 to 2004 in annual (water year) (a) discharge  from each 

48 lat 3 58 lon coastal box estimated from available gauge records and reconstructed 

river flow, (b) the runoff trend inferred from the discharge trend shown in (a), (c) observed 

surface air temperature and (d) precipitation (from Qian et al. 2006), and (e) CLM3-

simulated snow cover and soil ice water.                         DAI et al., 2009, J.Climate.

“World’s major rivers drying up”
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Values represent the median of 12 climate models using the SRES A1B scenario.
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GLIMS

WGMS

NSIDC

Antarctica: 13,586,400 km2

Greenland 1,736,095 km2

Canadian Arctic islands: 151,057 km2

Central Asia: 114,800 km2

North America 76,880 km2

South America 29,347 km2

Europe: 5,759 km2

Africa: 10 km2
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GLACIERS

i. Complex hydrological systems

ii. Water storage in snow, firn, supraglacial channels, ponds, englacial

pockets & conduits, subglacial cavities & conduits

iii. Storage occurs at all timescales (days to centuries)

iv. Peak runoff during melt season

v. Episodic storage release events (jökulhlaups, GLOFs, glacier surges)

vi. Glacier “compensation effect” = smoothing annual streamflow

variations (particularly relevant during dry periods)



CLIMATE WARMING & 

GLACIER WASTING
i. 1st stage: ELA rise, 

increased runoff. glacier melt

mainly by thinning (albedo 

feedback relevant)

ii. critical point: reached after

relevant glacier shrinkage & 

ELA reaches the upper areas

iii. 2nd stage: glacier melt no 

longer able to sustain runoff

& runoff decreases to base 

level after glacier disappears

Job 6:17  When they (snow & ice) become 

warm, they go away; when it is hot, they 

vanish out of their place.



Response of Hofsjökull, Iceland, 

to climate change. 

Aoalgeirsdottir,JGR, 2006

Change of 

glacier runoff 

under different 

rates of air-

temperature rise 

(RTR (Ka-1).

Ye et al., 2003.
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Hock et al., 2005

Figure 5. Maximum diurnal amplitude of discharge and mean diurnal amplitude over the ablation season (May–

October) at Vernagtferner, Austrian Alps in the period 1974–2000 (No. 9 in Table I). Diurnal amplitudes are based 

on hourly values. The dashed lines indicate linear trends. Maximum bare ice area represents the end of the 

ablation season. Reproduced from Figure 2 of Hock et al. (2005) with kind permission of Springer  

ScienceCBusiness Media. The glacier area has decreased from 9301 to 11 441 km2 in the period 1974–2000, 

that is, from 81 to 76% of glacier cover considering a catchment area of 11 441 km2 at Vernagtbach gauging 

station (http://www.lrz-muenchen.de/¾a2901ad/webserver/webdata/vernagt/vernagt E.html)



Figure 6. Run-off at Urumqi Glacier No. 1 hydro-meteorological station 

with the annual mass balance of Urumqi Glacier No. 1, eastern 

Tianshan Mountains. An explicit inverse correlation is evident, with R2 

= 0.53; N=48; P < 0.01. Reproduced from Figure 4 of Li et al. 

(submitted) with kind permission of Wiley InterScience.



Cordillera Blanca. Pouyaud et al.,  2005
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EOS, Vergara et al., 2007



IPCC AR4



CONCLUSIONS
Glacier basins with decreasing run-off trend

• south-central British Columbia

• low elevations in the Swiss Alps

Significant run-off increases

• Alberta, north-western British Columbia and Yukon in Canada

• highly glacierized basins in the Swiss and Austrian Alps

• Tianshan Mountains and Tibet in central Asia

• tropical Andes of Peru

The run-off increase within these basins is closely related to observed 

temperature rise, indicating that there is an unequivocal signal of enhanced 

glacier melting under the present warming trends.

¿¿Central Andes of Chile??

Mixed evidence of increased & decreased discharge

Probably a combined effect of reduced/increased melt from seasonal snow 

cover as the snow line rises, and relevant glacier area losses. 

Future warming scenarios

Glacier run-off should start to decrease even in high-altitude basins, affecting 

water availability.



Policy Forum, Science, 319, 573-574, 2008

COLLAPSE OF WATER STATIONARITY. 
NEED TO CONSIDER CLIMATE CHANGE!




