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Introduction



Topographic measurements



Cotopaxi is a tropical volcano glacier located in Ecuador. This glacier is and will be surveyed by IRD-Quito with the principal aim of estimating its total ice mass which could melt and lead to a devastating mud flow in case of a volcanic eruption. This volcano has a rather simple geometry : it's a nearly perfect cone with steep slopes. This glacier reacts rapidly to climatic changes and is situated in a key zone for climate comprehension. Surface topography is known from photogrametric measurements performed in 1976, 1997 and 2006. In Januray 2007 a radar campaign was carried out to improve a first set of ice thickness data from 2004. Mass balance measurements are not yet available, therefore, data from the Antisana volcano 50km away are used instead. Preliminary work was done so as to give insights into the present glacier dynamics and its future possible behaviour.



Fig. 7 Topographic surfaces



Fig. 6 Orthophoto



The surface topography is available from aerotriangulation for 1976, 1997 and 2006. In 1976 nearly 20km2 were covered by ice. The loss of ice is of respectively 270million m3 for the 1976-1997 period and 39million m3 for the 1997-2006 one, leading to a total loss of 309million m3. As for the icy surfaces, they respectively reduced by 5,7km2 (29% of surface) and 1,6km2 (12% of surface) over the same periods (total loss of 38 %).
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Glacier flow modeling



Fig. 2 Radar measurements N



Fig. 8 Different models
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Fig. 1 Radar measurements Within a week of fieldwork two radar profiles have been realized (Impulse radar, 6MHz, continous measurements every 2sec) towards both the North and the South. A nearly constant ice thickness of about 25m has be measured in the middle of the glacier, reducing near the snout and the summit (Fig. 3). The maximum ice thickness found was 38m.



Fig. 9 Equilibrium line



Fig. 4 Thickness distribution



Fig. 3 Radar profiles



As a first step, different models are tested on a synthetic-shaped glacier : conic bedrock (slope varying from 0.3 to 0.8) englaciated from 4800m to 5800m with a nearly constant ice thickness of 40m The summit is made of a deglaciated crater with a diameter of 800m and a zero mass balance. Mass balance is that of Antisana (equilibrium line at 5100m). Steady state surfaces are computed. This test shows that commonly-used SIA (Shallow-Ice Approximation) models are not appropriate.
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Conclusions and Outlook



Mass balance In a first instance, mass balance is that of the Antisana volcano 50km away. Dependency on exposure is not known. A linear behaviour with a different coefficient for respectively above and below the equilibrium line is observed. In a first step, the values from 2001 are considered (no El Nino, nor El Nina effects). We assume that the two coefficients are constant with time and exposure. Conversely the equilibrium line is supposed to vary with exposure, is also time-dependant and can change from Antisana to Cotopaxi.



Mass balance (m.w.eq)



Fig. 5



Data: The topographical data associated to the radar measurments give a first idea of the glacier geometry and its volume. Further measurements will be necessary to get more information on the ice thickness over the whole glacier. Secondly, other measurements should be done to constrain the radar reflexion interpretation, as for instance a drill hole, the use of different radar systems or inter-crossed profiles. The region around the crater has been completly neglected so far, further explorations are necessary. Local mass balance data are still lacking and a mass balance stake network should be installed.



Mass balance
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In a next step, with the synthetic shaped glacier close to the 2007 configuration (i.e. a 4850m-high snout, icethickness of 25m, slope of 0.55), the equilibrium line altitude is tested so as to maintain the present-day surface in a steady state. Matching the snout position requires a 5000m high equilibrium line. However the chosen mass balance and thickness profile do not allow to reproduce the correct present-day glacier shape. The ice thicness profile, especially the crater shape should then be reconsidered.
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Modeling: First runs with a synthetical glacier show that SIA models are not appropriate, higher order models have to be used. Preliminary results based on the available data and the (too) many assumptions show that the current glacier geometry should be in equilibrium with an equilibrium line lying at about 5000m. This will be investigated in the future. We intend to validate the model by reconstructing the evolution of the glacier over the 1976-2006 period.
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