A study of the energy balance and melt regime on Juncal Norte Glacier, Central Chile, using models of different complexity
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Results from a recent glacio-meteorological experiment on the Juncal Norte glacier, central Chile, are presented. In the Central Andes of Chile melt water is a crucial resource that provides drinking water, water for agriculture and for industrial uses. There is also increasing competition for water use and allocation, as water demands from mining and industry are rising. Assessing water availability in this region and its relation with climatic variations is therefore crucial. 
The Dry Central Andes are characterised by a climatic setting different from that of the Alps and the subtropical Andes of Bolivia and Peru. Summers are very dry and stable, with precipitation close to zero and low relative humidity. Solar radiation is very intense, and plays a key role in the energy balance of snow covers and glaciers. The main aim of this study is to investigate the glacier-climate interaction in this area and test ablation models that have been developed and extensively used in the Alps in the different climatic setting of these latitudes.

The energy-balance and glacier-atmosphere interaction is investigated at one point on the Juncal Norte glacier, using the results of an extensive field campaign carried out during the ablation season 2005/2006. Meteorological measurements were recorded at one location on the glacier and at one location in the proglacial valley in the proximity of the glacier terminus. Comparison of meteorological variables on and outside the glacier is carried out, pointing to important differences in temperature at the two stations. The observations at the automatic weather station on the glacier are used to assess the validity of parameterisations of the input variables that are commonly used as input to melt models and that are developed for the Alps (albedo, cloud cover). Both energy-balance models and an enhanced temperature-index (ETI) model are applied at the point scale, and their performance is compared and validated against measurements of surface ablation recorded at an ultrasonic gauge (UDG) and ablation stakes. Two energy-balance models are used that differ because of inclusion of sublimation and subsurface fluxes, while the enhanced temperature-index model incorporates the shortwave radiation balance and could be regarded as a simplified energy-balance model.

In a first step, the performance of the two energy-balance models is compared and validated against the ablation observations (Fig. 1). Results show that the energy balance model which does not include sublimation and subsurface fluxes (EB1) consistently overestimates ablation (Fig. 1), especially in the night and morning hours, and that this is due mainly to the neglecting of the subsurface fluxes combined with the high turbulent fluxes typical of this climatic settings (very high temperature and always  above 0°C). Neglecting subsurface fluxes forces the glacier to be always at melting point, thus overestimating the actual energy available for melt, whereas part of that energy is needed to warm up the snow or ice, especially at night when a strong radiative cooling occurs. The energy-balance model including the heat conduction and sublimation (EB2), on the other hand, can simulate melt rates accurately over the entire ablation season. In a second step, the enhanced temperature-index model is applied with parameters typical of Alpine glaciers and then recalibrated against the simulations of EB2. A negative factor multiplying the temperature-dependent term (temperature factor TF) is obtained, showing that negative TF are needed to compensate the overestimation of ablation by the ETI model taking place in the first hours of the day, when, due to the intense radiative cooling of the surface at night, part of the energy is needed to warm the snowpack and is not available for melt. 
Comparison with the empirical parameters typical of Alpine glaciers shows that the value of the temperature factor for Juncal Norte lies outside of the range typical of Alpine glaciers, because of the different distribution of the components of the energy balance at these latitudes, while the value of the shortwave radiation factor is very close to its physically-based value. 
This study has shown that the different climatic setting of the area has an impact on the energy-balance at the glacier-atmosphere interface, and that energy-balance models are needed that take into account all the relevant processes governing the melt regime. Enhanced temperature-index models or simplified energy-balance approaches can also be used (and require less data), but simple extrapolation to a different climatic setting is not appropriate, as they need to reflect the different processes of such climatic setting. Once the ETI model is adapted to the climatic setting, however, it can be successfully used, because it is more physically-based than standard temperature -index methods. 
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Fig. 1. Comparison of cumulative ablation simulated by EB1 (green) and EB2 (black), cumulative melt recorded by the UDG (red), and stakes readings (red diamonds). Both stakes and UDG measurements of surface lowering are converted into mm w.e. using a measured density of 524.3 kg m-3 













