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1 Introduction

Applications in human biometeorology such as public weather service, public health system, precautionary planning, and climate impact research require thermophysiologically relevant assessments of the atmospheric environment. Universally applicable assessment models must be based on a consideration of the complete human heat budget. Although some models are available they are not generally accepted. The COST Action 730 ( see Jendritzky et al. in this Proceedings and www.dwd.de/COST730) therefore seeks to develop a generally accepted Universal Thermal Climate Index, UTCI (see also www.dwd.org/UTCI ). One step towards achieving this aim is to evaluate existing models by comparison of the temperature, calori​metric and thermoregulatory responses they predict.

2 Methods

The state-of-the-art in thermophysiological modelling is defined by the most advanced multi-node models. The UTCI will have to refer to these most advanced models though avoiding their complexity. This study compares the simulation results of two multi-node models (Fiala et al. 1999 and 2001; Tanabe et al. 2002) obtained for a wide rage of environmental condi​tions. These results formed a physiological database used for comparison with available simple, two-node heat budget models such as the Outdoor Standard Effective Temperature model, SET (Gagge et al. 1986; Pickup and deDear 2000); Munich Energy Balance Model of Individuals, MEMI (Hoeppe 1984 and 1999); and Man-Environmental Heat Exchange Model, MENEX (Blazejczyk 1994). The models were run for a range of clothing insulation values between 0.4 and 2.6 clo with subsets of environmental parameters that included 3 different levels of ambient temperature (mean radiant temperature was set equal to air temperature), 5 different air velocities, and a relative humidity of 50%. The comparisons included overall physiological responses, i.e. mean skin temperature, body core temperature, skin wetted​ness, thermoregulatory sweating and shivering, as well as individual components of the human environmental heat exchange.

3 Results

The comparisons showed good agreement between the two multi-node models regarding the mean skin temperature, body core temperature, and skin wettedness. Interestingly, a better agreement was achieved for extreme thermal condi​tions than for moderate situations, although clear differences resulted for the thermoregulatory responses of shivering and sweating. In hot stress conditions, the discrepancies in predicting sweat heat losses rose with increasing heat stress. In the cold, the differences in thermoregulatory heat generation by shivering did not show any systematic deviations with increasing cold stress. In general, however, the results of the multi-node models agreed better with each other than with the results of their two-node counterparts. In contrast to physiological responses, the components of the environmental heat loss showed considerable discrepancies. This paper will present the results and discuss several examples of the inter-comparison of the two multi-node models with various simple heat budget models.

4 Discussion

The study did not show a coherent picture in terms of systematic deviations between simple heat budget models and the most advanced multi-node models. Consequences for the UTCI development will be drawn. Future work will have to include further parametric studies as well as validation of existing models against experimental data for the whole range of atmospheric environments. This also suggests a quantitative analysis of local physiological responses which are of particular relevance to extreme conditions (e.g. frostbite).
REFERENCES

Blazejczyk, K.  (1994): New climatological-and-physiological model of the human heat balance outdoor (MENEX) and its applications in bioclimatological studies in different scales. Zeszyty IgiPZ PAN, 28, 27-58.

Fiala D., Lomas K.J., and Stohrer M. (1999): A computer model of human thermoregulation for a wide range of environmental conditions: The passive system. J. Appl. Physiol., 87 (5), 1957-1972.

Fiala D., Lomas K.J., and Stohrer M. (2001): Computer prediction of human thermoregulatory and temperature responses to a wide range of environmental conditions. Int. J. Biometeorol., 45, 143-159.

Gagge, A.P., Fobelets, A.P., Berglund, P.E. (1986): A standard predictive index of human response to the thermal environment. ASHRAE Trans., 92, 709-731.

Höppe, P. (1984): Die Energiebilanz des Menschen. Wiss. Mitt. Meteorol. Inst. Uni München, 49.

Höppe, P. (1999): The physiological equivalent temperature - a universal index for the biometeorologi​cal assessment of the thermal environment. Int. J. Biometeorol., 43, 71-75.

Pickup, J., de Dear, R. (2000): An Outdoor Thermal Comfort Index (OUT_SET*) - Part I - The Model and its Assumptions. In, de Dear, R., Kalma, J., Oke, T., Auliciems, A. (eds.), Biometeorology and Urban Climatology at the Turn of the Millenium. Selected Papers from the Conference ICB-ICUC'99 (Sydney, 8-12 Nov. 1999). WMO, Geneva, WCASP-50, 279-283.

Tanabe S.I., Kobayashi K., Nakano J., Ozeki Y., Konishi M. (2002) Evaluation of thermal comfort using combined multi-node thermoregulation (65MN) and radiation models and computaional fluid dynamics (CFD). Energy and Buildings, 34, 637-646. 







