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Abstract
Predictol( is a PC-computer program used to determine the thermophysiological duration limited exposures (DLE) in humans, nude or clothed, submitted to various climatic conditions (hot and cold climates) at rest or during a physical exercise. DLE are determined following different standards of the International Standardization Organization, especially ISO 7933 for hot environment and ISO-TR 11079 for cold environment. The original aspects of this program is that it can be used whatever the climatic conditions. The program presents two modes: an educational interactive mode and a scenario mode. The educational interactive mode demonstrates the thermophysiological effects, expressed as DLE, of different parameter changes (temperature, humidity, wind speed, metabolic heat production by physical exercise, clothing insulation and water vapor permeability). The scenario mode determines DLE for given various linked sequences as encountered in occupational, military or even recreational activities; each sequence being characterized by its climatic conditions, physical activities performed and by physical clothing properties. DLE given by Predictol( are correlated to those obtained in various controlled climatic laboratory conditions (r = 0.86; P < 0.001). Predictol( is written in Visual Basic 6.0. A “Help Menu” is provided to explain the use of the program and give informations concerning the equations used both to calculate the thermal balance and DLE.

1.0
Introduction
During military activities, the physiological performances may be impaired by the climatic conditions which sometimes may induce climatic disorders or illnesses as heat stroke, or hypothermia with or without frostbites. As human is an endo-homeotherm, theses disorders result from an uncompensable heat stress due to a disequilibrium of the thermal balance. Indeed, maintaining core temperature between safe limits needs equilibrium between heat gains and heat losses. Heat gains belong mainly to metabolic heat production (physical exercise or shivering) representing an internal heat load and secondarily to radiation and convection heat loads in a hot environment representing an external heat load. At the opposite heat losses are represented by evaporative heat losses which convection and radiation heat losses are added to in the cold. Heat storage is observed when heat gains are higher than heat losses leading to hypothermia. In contrast, when heat losses are more important than heat gains, a heat debt is observed leading to a risk of hypothermia. Moreover, clothing and garments impaired the heat and moisture exchanges between the skin and the environment following the thermal and evaporative resistances of clothing. Consequently, three factors must be taken into account to determine thermal balance: the climatic environmental conditions, the metabolic heat production and the physical characteristics of the clothing. As it is of a great interest to evaluate the thermal constraint for preventing medical disorders in subjects exposed to tropical or artic climates and/or wearing protective clothing, we developed a computer program with the aim in view to calculate the duration of limited exposure (DLE) for nude or clothed subjects exposed to various climatic stresses as at rest as during physical activities in order to prevent thermal disorders. 
2.0
Background

Scientists have been working for a while to establish methods to predict the physiological limits of subjects submitted to thermal constraints. Furthermore, less studies have been done in cold than in hot conditions, and none takes into account the two. 
2.1
Hot environments

In hot environments, all of these studies led to propose different indices such as the operative temperature, the effective temperature [1]or the wet bulb globe temperature [2], well known as the WBGT index described in ISO 7243 [3]. Many thermoregulatory models were proposed in the past 


[4-7] ADDIN EN.CITE  as more recently, Cadarette and al. [8] proposed the ARIEM model allowing to predict core temperature during exercise before reaching thermal equilibrium. Many other physiological indices such as the “Predicted 4 Hours Sweat Rate” (P4SR) [9], the Sweat Rate Prediction [10], the “Physiological Strain Index” (PSI) [11], the Cumulative Heat Strain Index (CHSI) [12] and more recently, Malchaire et al. [13] developed the Heat Strain Model (PHS) which replace in the last version of ISO 7933 [14] the required sweat rate (Swreq).
2.2
Cold environments

In cold environment, the well-known climatic index “Wind Chill Index“ (WCI) proposed by Sipple and Passel [15], taking into account air velocity and dry air temperature, is still used [16] and has been recently revised as described in ISO11079-2007 [17]. Many cold thermoregulatory models have been proposed as those proposed by Werner et al. 


[18, 19] ADDIN EN.CITE  more recently. In ISO11079-1998/2007, the determination of required clothing insulation (IREQ) is proposed as a measure of cold stress integrating the effects of air temperature, mean radiant temperature, air velocity, metabolic heat production and physical characteristics of clothing. In the annex of this standard is proposed a computer program for calculating IREQ and the new WCI.
However, computer thermoregulatory models are still today in development for a better prediction of the thermal constraint 


[19, 20] ADDIN EN.CITE  but none takes into account heat and cold climatic conditions and they do not always refer to ISO standards. Consequently, we developed on the basis of the well-established ISO standards a computer program in order to determine the duration limited exposure to both heat and cold climatic conditions in the same systems, taking into account metabolic heat production and thermal characteristics of clothing in order to prevent medical disorders. Furthermore, as users of this program may be medical or thermophysiological scientists, the software uses different user-friendly interfaces.
3.0
Design of Predictol®
The actual version (V2.0) of PREDICTOL( program is mainly based on ISO7933-1989 [21] and ISO-TR 11079-1993 [22] concerning the determination of the heat balance in order to give the duration limited exposure for the thresholds “alarm” and “danger” described in these standards.

However, in order to take into account heat as well as cold climatic conditions, it has been necessary to introduce a new concept to determine the threshold when the physiological thermoregulatory reactions to heat (vasodilation and sweating) occur or, inversely, when the thermoregulatory reactions to cold start. We named this concept “theoretical neutral operative temperature” (Ton) and it may be defined as the theoretical operative temperature (taken into account air and mean radiant temperatures) at which the subject placed in a given situation (nude or clothed, at rest or during physical activities) would be at thermoneutrality. This thermal state is defined by a heat balance equal to zero without thermoregulatory reactions against heat or cold and a mean skin temperature of 33 °C. According to the situation, the true operative temperature (To) observed in actual conditions may be higher, equal or lower than Ton. If To(Ton, determination of heat storage following ISO7933 is performed. If To(Ton, heat debt is calculated following ISO-TR11079 and if To = Ton, heat balance is by definition equal to zero and the subject is at the thermal neutrality. This procedure permits to calculate the heat balance whatever the climatic conditions. For instance, an intense physical exercise performed in cold conditions with a high clothing insulation induces sweating and may lead to heat storage exposing the subject to a possible risk of heat stroke. In this particular case, Ton will be lower than To and heat storage will be expected though the subject is placed in a cold environment.

The main goal of PREDICTOL( is to determine the duration limited exposure following the physiological criteria described in ISO7933 and ISO-TR11079 in nude or clothed subjects at rest or during physical activities in various climatic conditions using the determination of the heat balance. The general principle design is as follows: input data are: 

· the biometrical characteristics of the subject (height, body mass, fat body mass, acclimated to heat or not, position’s subject: standing, sitting, lying, squatting);
· the environmental climatic conditions (air temperature, globe temperature which permits to calculate mean radiant temperature, wind velocity, relative humidity, barometric pressure);

· data concerning the physical activity (speed of walking, load carried, slope and nature of the field);
· data concerning the clothing (thermal insulation and water vapor permeability index).

Thereafter, PREDICTOL( determines the heat balance using a number of equations allowing the calculations of thermal exchanges described in the ISO standards and in the “help menu”. Finally, PREDICTOL( indicates the duration limited exposures following the physiological thresholds (alarm and danger) for heat storage (hyperthermia and dehydration) or for heat debt. The goals of PREDICTOL( are firstly educational, to familiarize students or physicians with the thermophysiological problems, secondly to help physicians to determine potential medical risks due to particular occupational activities, and lastly to help scientists for expert advices. Following these considerations, the user of PREDICTOL( can choose one of the two modes: educational or scenario. The educational mode is interactive (Figure 1), each change in one or several input parameters results in an immediate change in output data. This procedure allows the on-line study of the impact of various factors on the thermophysiological constraint. The scenario mode (Figure 2) comprises two steps: firstly, the operator enters the characteristics of the different sequences (climatic, physical activity and clothing characteristics) and the duration of each sequence. Then, PREDICTOL( calculates the heat balance of each sequence taken into account eventually the previous sequence in order to compare the duration limited exposure with the duration previously fixed and, lastly gives the level of the thermophysiological risks. Output data can be edited in text with two levels of complexity: expert (Scientific use) or not (Operational use) - or in tables, and exported to another software.
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Figure 1: Predictol®: educational mode
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Figure 2: Predictor®: Scenario mode
The aim of the PREDICTOL( development has been to elaborate not only interactive, easy to use, educational software, but also to provide accurate and complete software for experts in thermophysiology.
4.0
Description of the software
The program, only written in French at this time, contains about 13000 lines of code. The size of the executive code is about 2.6 Mega octets (Mo) and 4.3 Mo for the help.
Input data comprise the data concerning the subject, the climatic characteristics of the environment, the characteristics of the physical activity and finally, the data concerning the clothing. Intermediate data are produced both in the interactive educational mode and in the scenario mode. They correspond to intermediate calculations needed to determine the thermal balance. Output data are represented by the duration limited exposure for the different thresholds for a heat or a cold thermal constraint and by the evaluation of the thermal comfort when the heat balance is at the thermal equilibrium. 
The main stages of the calculations performed by the computer program are the following : firstly, theoretical neutral operative temperature (Ton) is calculated and secondly, if operative temperature of the environment (To) is lower than Ton, heat debt is calculated and the duration limited exposure for cold conditions are given. If To is higher than Ton, heat storage is calculated, taking into account the maximum evaporative heat losses through clothing permitted by the environment, and then, DLE for heat thermal constraints are given. When To is close to Ton and the heat balance is close to zero, evaluation of the thermal comfort is performed.

5.0
Status report
This program is used in our laboratory and it permits to give physiological recommendations concerning the DLE during occupational or recreational activities, and military operations in various climatic environments. It is also used for student teaching and by physicians. Figure 1 shows results of sample runs, obtained with Predictol( run in the educational mode. Figure 2 shows the result obtained in a sample run with Predictol( running in the scenario mode: it represents a simple final report. The DLE calculated by Predictol( has been correlated with the DLE observed in laboratory conditions following ISO standards for core temperature during 24 experiments conducted either in our hot or cold climatic chambers in 8 young males. During these experiments, the ambient temperature, equal to the mean radiant temperature, ranged from –15 °C to 35 °C with a wind speed of about 0.8 m.s-1 and a relative humidity of 60 % and the subjects were clothed. Clothing insulation (Icl) varied from 0.57 to 1.3 Clo and the water vapor permeability index (Im) varied from 0.1 to 0.5. The subjects performed a physical exercise on a treadmill (velocity varying from 4 to 4.84 km.h-1, slope varying from 3 to 4 %, load carried varying from 13.9 to 40 kg). The results of the statistical analysis showed a high correlation (r = 0.86; P<0.01) between the predicted DLE values given by Predictol( and the DLE values observed in laboratory conditions (Figure 3).
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Figure 3 : relationship between the predicted durations limited exposure (DLE) calculated with Predictol® and the DLE observed in laboratory conditions
6.0
Future developpments
This program has been developed according to the ISO standards with few modifications performed in order to use this program whatever the climatic conditions. It will be necessary now to include the last improvements of these standards in Predictol(. Furthermore, an English version will be developed.

7.0
Availability

Predictol( is protected by the French Defence Ministry: ”Inter Deposit Digital Number IDDN.FR.001.420006.000.D.P.2002.000.31230”. Predictol( is a registered trademark under the number 03 3 209 707 at the INPI Paris, France. Currently, Predictol( is available in French for PC computers on a CD ROM. It can be obtained on request from : Direction Centrale du Service de Santé des Armées, Fort Neuf de Vincennes, Cours des Maréchaux, 75614 PARIS CEDEX 12, France.
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