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Abstract
Military and civil defence personnel are often involved in complex and strategic activities in a variety of outdoor environments. Selection of an optimal clothing ensemble for any given environmental condition is therefore essential for unhindered performance. The aim of the present study was to test the suitability of micrometeorological monitoring in relation to eventual local biometeorological forecasting, and their agreement with measured thermophysiological data obtained using predefined clothing ensembles. The overall aim of the research programme is the development of general guidelines for identifying optimal outdoor clothing ensembles for a variety of activities in cold environments. We compared the clothing thermal insulation and observed thermal balance of subjects performing guard duty and a 12 km hike in the winter months of 2006, with the clothing thermal insulation required to maintain thermoneutrality as predicted by biometeorological forecast. The field tests were conducted in Pokljuka (Slovenia), located in the eastern part of the Julian Alps, characterized by temperate alpine climate. These forecasts account for the specific characteristics of the geographical site and of the subjects. The garment ensembles used in the field trials were standard issue for such environmental conditions in the Slovene Armed Forces. During the trials, we monitored skin and core temperature, heart rate, ventilation and metabolic rate. At regular intervals, subjects provided ratings of thermal comfort. The main biometeorological forecast result is represented by an hourly assessment of the clothing insulation range (minimum and maximum values) and was correlated with respective ones obtained from the field trials. The thermal characteristic of the clothing ensembles, namely thermal resistance was determined with a sweating thermal manikin. Preliminary results demonstrate an agreement between the clothing thermal insulation predicted by the biometeorological forecast, and the insulation of the clothing worn during the field trials when thermoneutrality was achieved. This study represents the first step in the development of a comprehensive personalized forecast system, able to manage information provided by physiological models, to improve the level of recommendations regarding the optimal thermal characteristics of clothing ensembles for specific activities. It is envisaged that such forecasting capability incorporating physiological responses will assist in the planning of winter military activities, providing support for decisions regarding logistics and health risk management of individuals involved. This study was supported, in part, by Knowledge for Security and Peace grant administered by the Ministries of Defence, and of Science of the Republic of Slovenia.
1.0
INTRODUCTION
Weather and in particular the thermal environment represent important factors which strongly influences outdoor soldiers’ activities. This is especially true when militaries are suddenly exposed to stressful or extreme thermal conditions without any acclimatization and with a consequent impact on physical and intellectual performances and on military readiness. In this case the choice of appropriate clothing ensembles could represent an important and determinant strategy to establish the success of a military mission. Soldiers dressed with too light or heavy clothing during specific outdoor activities could be at higher risk of cold injuries or heat illness respectively. Cold weather injuries are of great importance for soldiers because their wide-ranging impact on military readiness [1]. In a large epidemiological study [2] the authors showed that most of cold weather injuries (about 80%) were on-duty training and for this reason preventable. Besides the improvement of individual soldier equipment, cold weather injuries have been a serious problem even during modern warfare, such as the Falklands war and especially the recent war in Afghanistan where about 20% of Soviet troops suffered cold weather injuries [2]. In addition, data from soldiers stationed in Germany reported that a majority of injuries occurred operationally during field training [3] because prolonged climatic exposure combined with physical exhaustion and multiple stressors [4]. Apart from cold, also hot discomfort conditions might influence soldier activities. It is well known that any lengthy ceremonial parade in the hot weather will always provide the odd case of heat stroke [5]. A dramatic instance was the collapse of three men on the railway platform at Jhansi at midnight, with high air temperature and humidity levels. Several heat illnesses (i.e. hyperpyrexia) could be best combated by the absorption of the latent heat by evaporation of water from the skin and suitable clothing could be very helpful in order to reach this purpose. Accurate spatial and temporal recommendations on the appropriate military clothing ensemble for specific thermal conditions and activities might be essential for unhindered performance of soldiers. 
The human biometeorology provides useful tools to evaluate the thermal comfort/discomfort taking into consideration the combined effect of several weather variables. The new wind chill temperature index [6,7], that represents a new evolution of the old formula of the Wind Chill index [8], is an empirical biometeorological index widely used by military and civilian organizations to quantify the outdoor thermal discomfort assessed by combining the effect of low air temperature and high wind speed. As described in a previous study [9], militaries have specific needs that differ from those of the civilian population and additional biometeorological tools should be used. For this purpose a great contribution could be derived by using more sophisticated biometeorological models based on the human energy balance. These models provide the potential thermal sensation of a specific category of people taking into consideration simultaneously weather conditions, individual and anthropometric characteristics and behavioural parameters, such as the intrinsic clothing insulation and the metabolic rate. 
The Predicted Mean Vote (PMV) [10] represents the most commonly used biometeorological model and represents the standard method to evaluate indoor thermal sensation used by the International Organization for Standardization [11]. Because the PMV is a steady state energy balance model developed during indoor trials and for this reason it is very effective for evaluating indoor environments that are uniform, stable, and close to thermal neutrality, the application of the PMV for outdoor conditions should be confined to situations when people stay outdoors for a long time [12]. Today there are no internationally accepted non-steady state indices and considering the time spent outdoor, as necessary when using dynamical models, it leads to a wide variety of scenarios, which never can be dealt within biometeorological weather forecast [12]. Moreover, other authors [13] recently reported that the association of German engineers (VDI) considered stationary models, such as the PMV and similar thermal indices, useful to facilitate the thermophysiological acquisition of thermal conditions even of surrounding outdoor air as point layers [14]. There are several examples of scientific report on the application of steady state energy-balance models for outdoor conditions taking into account the contribution of solar radiation with the aim to improve the assessment of outdoor thermal comfort, even creating bioclimatic maps [15,16,17], useful to plan outdoor activities in different geographical areas. For this reason a great attention is focused on the estimation of the outdoor mean radiant temperature. This parameter sums up all short and long wave radiation fluxes (both direct and reflected) to which the human body is exposed and represents one of the most important weather parameters governing human energy balance and the thermal comfort of a human being [18]. Clothing represents an important variable directly involved in the estimation of the heat exchange of the human body with the environment and the “clo” units [19,20] represents the international standard extensively used to express the thermal insulation (resistance to dry heat loss from the body) of clothing systems (1 clo = 0.155 m2 °C/W). The intrinsic clothing insulation value of an ensemble is obtained under static conditions by using specific tables obtained by measurements on standing thermal manikins [21,22,23]. 
In a recent study [24] an example of operational biometeorological procedure was developed and 72-hour forecast maps concerning the estimation of the outdoor minimum clothing thermal insulation value required to reach thermal neutrality (min_clo) over Tuscany and all Italy, were shown. The min_clo value provides the information similar to the determination of the neutral required clothing insulation (IREQneutral) which was developed by Holmer [25] and successively adopted by the International Organization for Standardization as a Technical Report [26]. The implementation of such biometeorological information in a personalized forecast system able to manage information provided by physiological models might be helpful to improve the level of recommendations regarding the optimal thermal characteristics of clothing ensembles for specific activities and in particular for winter military activities. Despite most of countries own advanced weather forecast services for militaries, actually there is a lack of specific biometeorological forecast, such as information regarding the optimal clothing ensemble suitable for soldiers involved in any given outdoor environmental condition. 
The main aim of the present study consists in the comparison between the estimated actual required clothing thermal insulation to maintain thermoneutrality of subjects performing two different outdoor military trials and the required clothing thermal insulation predicted by a biometeorological forecast system. The overall aim of this research programme is the development of general guidelines for identifying optimal outdoor clothing ensembles for a variety of activities in cold environments.
2.0
MATERIALS and methods
2.1
Outdoor military field trials and study area 
Two different military field trials were carried out during the winter 2006, from January 23 to February 3, in a mountain area surrounding the Alpine military training facility in Pokljuka (Republic of Slovene) (λ = 13.92 E; Φ = 46.34 N), located at 1360 m, in the eastern part of the Julian Alps, characterized by temperate alpine climate. The military trials were carried out by soldiers enrolled in two different outdoor activities: 1st trial, 6 subjects involved on 12 km hike on snow (Fig. 1), which required 3 hours depending on snow conditions; 2nd trail, 6 subjects involved on guard duty during 3 hours. Both trials involved young male soldiers’ members of the Slovene Armed Forces (Table 1).
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Figure 1: The white line indicates the military trial track during the 12 km hike in Pokljuka (Republic of Slovenia) rendered by Google Earth.
	Subject code
	Sex
	Age
	Weight
	Height
	Trial date
DD/MM/YY
	Outdoor military activity

	A
	Male
	26
	72
	181
	03/02/06
	Hike
	Guard

	B
	Male
	20
	76
	192
	25/01/06
	Hike
	Guard

	C
	Male
	23
	102
	186
	30/01/06
	Hike
	Guard

	D
	Male
	23
	70
	178
	01/02/06
	Hike
	Guard

	E
	Male
	25
	81
	176
	31/01/06
	Hike
	Guard

	F
	Male
	26
	65
	162
	23/01/06
	Hike
	—

	G
	Male
	23
	74
	182
	24/01/06
	—
	Guard


Table 1: Description of individual and anthropometrical characteristics of soldiers, date and typology of outdoor military activity. 
The garment ensembles worn by soldiers during winter in the two typology of outdoor field trials were standard issue for such environmental conditions in the Slovene Armed Forces: a) guard ensemble (3.98 clo = 0.60 m2K/W), characterized by thermo undershirt and underpants from polyester, cotton shirt and pullover from wool/polyacril blend, polyester fleece trousers, winter cotton trousers, cotton anorak with under layer from polyester, upper trousers with Gore-tex membrane (polyamide upper fabric and functional layer of two composite membrane on the base of PTFE and polyester under layer), anorak with Gore-tex membrane; b) Hiking ensemble (2.5 clo = 0.38 m2K/W), characterized by thermo undershirt and underpants from polyester, cotton pulli and pullover from wool/polyacril blend, polyester fleece trousers, winter cotton trousers, cotton anorak with under layer from polyester. 

During the outdoor trials different physiological and environmental parameters were measured and those used in this study were the heart rate and microclimate variables, such as air temperature (°C), relative humidity (%), wind velocity (ms-1), global radiation (Wm-2) and barometric pressure (hPa), recorded each minute with portable sensors. 
2.2
Assessment of the optimal clothing ensembles for outdoor military activities

Two different procedures to assess the optimal outdoor clothing ensembles for different military activities were applied: 1) the required clothing insulation index (IREQneutral); 2) the optimal clothing insulation range index. 

The input values for these biometeorological applications were physical parameters (air temperature, relative humidity and air velocity), physiological (heart rate) and individual (age and gender) factors and anthropometric characteristics (weight and height). To obtain conclusive information on clothing insulation values it was necessary to estimate other two fundamental input values that were not directly measured. The first one was the metabolic rate; the second one was linked to the radiative environment, the “mean radiant temperature”.

2.2.1 Assessment of the metabolic rate
The metabolic rate represents one of the most important variables useful to evaluate the thermal state and the related comfort feeling for a generic subject [27]. Metabolic rate is an important determinant of the comfort or the strain resulting from exposure to a thermal environment. This parameter strongly influences the core temperature variability [28] and the relative mechanisms of thermoregulation which have their expression in the skin temperature values for different parts of the human body in function to local clothing thermal insulation. A more accurate evaluation of the actual metabolic rate of a wearer leads to a best individuation of the required whole body insulation value to assure a specific comfort state. 

A comprehensive metabolic rate, as a conversion of chemical into mechanical and thermal energy, measures essentially the energetic cost of muscular load and gives a numerical index of activity and intrinsically the energetic load due to the vital body maintenance that is generally indicated like basal metabolic rate (BMR). BMR depends on individual characteristics and its estimation could be provided by the old Harris-Benedict equation [29]. More recent works [30,31] showed a strong relationship between heart rate and metabolic work.. It is well known by physiology that the heart rate variability follows the correspondent oxygen consumption needs due to physical work performed and for this reason heart rate seems to be the more appropriate parameter to measure the dynamic muscular work and every efforts to lead heat body production. Following these considerations in this work we have adopted the International Organization for Standardization [32] references for metabolic rate assessment. The empirical expressions are valid for healthy subjects and take into account the age, the weight and the measured heart rate. The ISO 8996 [32] also gives a formula to estimate the maximum acceptable rate, while the basal heart rate at rest is considered equal to 60 bpm. Expected biases estimation are evaluated around 10% [32].

2.2.2
Assessment of the mean radiant temperature (Tmrt) 

The Tmrt represents the main weather parameters affecting the human energy balance [13,18]. The Tmrt is defined as the “uniform surface temperature of an imaginary black enclosure in which an occupant would exchange the same amount of radiant heat as in the actual non-uniform space” [33]. Its role concerning thermal comfort of human clothed people is to quantify the directional solar heat gain [34] to reach a correct estimation of the whole body energy balance. Tmrt is also useful in indoor environment to quantify radiant heat load coming from every kind of source and for this reason it represents an essential income in the PMV estimation. The complexities of the interactions between long- and short-wave radiation fluxes and the human body surface makes very hard a precise estimation of the total radiation absorbed by an human being in an outdoor environment [35]. Subject posture [36] and its relative movements, the astronomical factors linked to the sun position, the skyline of location, the mean albedo of the surroundings and their reflective properties, the eventual presence of shadows, the atmospheric turbidity and finally the amount of cloud cover, play a fundamental role to determine the amount of radiant heat load on a subject during an outdoor wear trial. Indeed the clothing and the skin albedo have a substantial impact on the adsorbed radiation [35]. Hence, in the field of human biometeorology, each attempt of Tmrt estimation for operative purposes should lead to a compromise among all these sources of variability also taking into account the potential suitability as a weather forecast product. For these reasons an appropriate choices of estimation method for Tmrt is very crucial. One of the better approaches, where radiative clothing properties are not necessarily required, was proposed by Jendritzky [37]. This method allows the estimation of the averaged Tmrt for a standing person in outdoor environments:
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Where “σ” is the Stefan-Boltzmann constant, 5.67×10−8; “Rdif” is the diffuse short-wave incoming radiation; “Rrif” is the reflected short-wave incoming radiation; “ε” is the emissivity of the human body (about 0.97); “ρ” is the absorption coefficient of irradiated body surface for short-wave radiation that is function of clothing/skin albedo (aclo ≈ 0.3); “fp” is the surface projection factor, that is a function of the sun’s position and the body posture normalized by the ratio body area receiving solar radiation [37,38]; “Rdir” is the direct solar radiation.
This relation takes into account long-wave radiation in the first term, assuming the temperature of surface in equilibrium with the air temperature. The other terms concern the short-wave contributions for which Jendritzky [37] formulation split whole radiant amount distinguishing the direct incident solar income (Rdir), the diffused solar radiation (Rdif) [39] and the reflected radiative incomes (Rrif) from surroundings. Reflected radiation has strong dependence to comprehensive environmental albedo. In this study for the Tmrt calculation we adopted two different values of albedo following the literature [40]: for individual Tmrt assessments, in order to take into account the presence of snow on the ground, an albedo of 0.5 was considered; for forecast computations a general valuo of albedo of 0.1 was used. In this latter case it was possible to compensate the weakness of the weather model radiative schema, that are build for a large area estimation and not for punctual ones. However the value chosen was more close to the European average landscape albedo range (0.1-0.2). Regarding anthropometrical characteristics it seems that the effective radiating areas related to the surface area of a generic body are substantially independent of its size and shape [38]. Newer approaches for Tmrt estimation [41,42] for clothed subjects will necessitate a better description of the clothing characteristics, resulting not suitable for specific applications like biometeorological operative forecast.
2.2.3
Required clothing insulation index (IREQneutral) 
The IREQ index was developed by Holmér (1984) and successively adopted by the International Organization for Standardization as Tecnichal Report [26]. This index represents a method to calculate the thermal stress associated with the exposure to cold environments. The IREQ is expressed in m2ºC/W or “clo” where 1 clo = 0.155 m2ºC/W. The IREQ is applied to continuous, intermittent and occasional exposure either for indoor or outdoor working conditions. The calculation of IREQ is based, like the PMV, on the energy balance equation and the clothing insulation required to maintain thermal equilibrium is calculated satisfying the following equations [26]: 
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where tsk is the mean skin temperature (°C), tcl is the mean clothing surface temperature (°C), M is the metabolic rate (Wm-2), W is the effective mechanical work (Wm-2), Eres, Cres, E, R and C are the heat exchanges by respiratory evaporation and convection, by evaporation, radiation and convection at the human body surface (Wm-2), respectively. The calculated IREQ value determines what kind of clothing isolation is required for specific physical activity or effort and thermal conditions, defined by air and mean radiant temperature, air velocity and air humidity, to keep the thermal balance during work. For this study only the IREQneutral was assessed. In this way it was calculated the clothing insulation required for the subject to maintain thermal equilibrium. The IREQneutral value is associated with a thermal sensation of the human body defined as “neutral” or “slightly cool”.
2.2.4
Optimal clothing insulation range index 
The assessment of the optimal clothing insulation range index is based on the same theoretical framework of the Predicted Mean Vote (PMV) [10] by using an extension of the automatic biometeorological procedure already described in another study to calculate the minimum clothing insulation value required to reach the thermal neutrality (min_clo) [24]. This automatic biometeorological procedure allowed the calculation of a personalized PMV by processing physical variables (air temperature, mean radiant temperature, relative humidity and wind speed), taking into consideration a specific metabolic rate, subjective and anthropometric characteristics and starting from a prefixed clo value of 0.1 defined “Start clo”. The procedure ran recursively with a progressive increasing from the “Start clo” (0.2 clo, 0.3 and so on) and it scanned all the PMV values identifying the min_clo and max_clo values when the PMV thresholds of thermal neutrality (-0.5 < PMV < +0.5) were reached. The two values of clo so assessed (min_clo and max_clo) represent the “optimal clothing insulation range index”(Fig. 2).
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Figure 2: The procedure to assess the optimal clothing insulation range index. PMV is the Predicted Mean Vote.
Because the PMV is a steady state energy balance model of the human body, the stationary thermal neutrality, described by Fanger as the thermal conditions with the lowest percentage of dissatisfied, is substantially reached only if the integration time of incomes is adequately large, if people stay outdoors for a long time [12] and if the metabolic rate is stationary. Otherwise the assessment of the optimal clothing insulation range index have only sense for very short temporal periods (i.e. 10 minutes) and should be read as an instantaneous measure of the total heat resistance of the clothing ensemble.

2.3
Meteorological forecast model and biometeorological forecast application (MeteoSalute library) 
The Weather Research and Forecasting - Nonhydrostatic Mesoscale Model (WRF-NMM) [43] version 3.01 was used in order to produce meteorological forecast; WRF model was developed by NOAA (National Oceanic and Atmospheric Administration) and NCEP (National Centre for Environmental Prediction) and is currently maintained by the Developmental Testbed Centre in Boulder, Colorado (USA). WRF-NMM is designed to be a flexible and state-of-the-art atmospheric simulation system that is portable and efficient on available parallel computing platforms and is also suitable for use in a broad range of applications across scales ranging from meters to thousands of kilometres. For producing regional meteorological layers for the area of interest, centred over Slovenia (Fig. 3), the model was fed with the global NCEP/GFS forecast (NCEP/Global Forecasting System, with approximately 50 km of horizontal resolution) by using the 00 UTC analysis and updated every 6 hours with forecast data (not analysis).
[image: image5.png]13

i3

100

200

400

800

1000

1200

18E

1500 2000 2500

£3





Figure 3: The area of interest. 
The domain of numerical integration is represented by 51 columns, 64 rows and 35 vertical levels for a nominal resolution of about 12 km both in longitudinal and latitudinal directions. Concerning the numerical and physical parameterizations a 30 seconds time step was chosen as integration time, the microphysics scheme is the Ferrier one (new ETA), while the Betts-Miller-Janjic scheme [44] is assumed as convective parameterization. With this configuration, two meters air temperature (°C) and relative humidity (%), 10 meters wind speed (ms-1), atmospheric pressure (hPa) at grid point level (not reduced to sea level pressure), long-wave and short-wave radiation (Wm-2) and direct solar radiation (Wm-2) were forecasted at hourly temporal resolution for the study area during the winter 2006 (from January 23 to February 3). 
Meteorological variables were produced every hour for the area of interest while biometeorological products were provided during the testing days with a temporal format of 10 minutes to be correspondent to the observed field measurements. These computations were allowed thanks to the "MeteoSalute" library developed “in house” by the research group. The library was written in ANSI C++ language taking into account as input gridded meteo layers and provided biometeorological layers on the same geographical extent. Each biometeorological variable used in this study was computed by using input forecast weather variables following the referred bibliography. In particular it was used Jendritzky [37] for the assessment of the mean radiant temperature; the same framework of Fanger [10] for the Predicted Mean Vote; Holmér [25] for the IREQneutral index; an extension of Morabito et al. [24] to assess the optimal clothing insulation range index.
2.4
Statistical analyses 
All statistical analyses were carried out by using R statistical environment version 2.8.1 [45] and “Verification” and “Multilevel” additional packages were utilized. Descriptive analyses of measured weather variables (air temperature, relative humidity and wind speed) and of the estimated mean radiant temperature during outdoor military trials were carried out for each subject. A subsequent descriptive analyses of the average metabolic rate for each soldiers during the 12 km hike and guard was also shown. The significant variability of the metabolic rate among soldiers was tested by using the analysis of variance (ANOVA) and multi-comparison test of significance. Statistical correlation analyses between the values of the observed clothing insulation index (IREQneutral) and those of the observed optimal clothing insulation range index for each military trial was carried out. Single subject linear correlation analyses between the optimal clothing insulation range index observed and forecasted was carried out for each military trial to test the temporal agreement of customizable biometeorological forecasts. For each trial 18 point of estimation concerning forecasted and observed data were used because the trial duration was of 180 minutes (data were aggregated over 10-minute time step). Covariance correlation decomposition between-group and within-group for each trial was carried out by using “waba” function of R “Multilevel” package [46]. This approach is useful to quantify the temporal forecast biases due to individual and subjective characteristics. Results were shown as linear correlation coefficients indicating the degree of association and box plot graphs indicating the median, upper and lower quartiles and minimum and maximum data value distributions. A verification analysis of the biometeorological forecast biases was shown by using the Mean Error (ME) and the Root Mean Square Error (RMSE) (http://www.bom.gov.au/bmrc/wefor/staff/eee/verif/verif_web_page.html) [47].
3.0 RESULTS
Both graphs concerning the descriptive analyses of the measured weather variables shown the lowest values of air temperature (next or lower than -10 °C), mean radiant temperature (next or lower than -20 °C) and relative humidity (next or lower than 60%) during the guard for subjects B and G (Fig. 4 A-C) and during the 12 km hike for subjects B and F (Fig. 5 A-D). Concerning the wind speed (Fig. 4 D and Fig. 5 D) a little variability was observed, especially for the guard trial. Following the Beafourt scale the average wind observed for each trail can be empirically classified as gentle or moderate breeze, with leaves and smaller twigs in constant motion, with dust and loose paper raised and small branches beginning to move.
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Figure 4: Descriptive analysis of the measured weather variables during the guard for each subjects. Graph (A) = air temperature (°C); graph (B) = mean radiant temperature (°C); graph (C) = relative humidity (%); graph (D) = wind speed (ms-1). Letters on the X axis represent the subjects.
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Figure 5: Descriptive analysis of the measured weather variables during the 12 km hike for each subjects. Graph (A) = air temperature (°C); graph (B) = mean radiant temperature (°C); graph (C) = relative humidity (%); graph (D) = wind speed (ms-1). Letters on the X axis represent the subjects.
According to the classification of the kind of activity of ISO 8996 [32], the median value of metabolic rate was always over 260 Wm-2 (Fig. 6 A,B) and therefore classified as “very high metabolic rate” in all subject and in both military trials. The analysis of variance showed highly significant variations of metabolic rate among subjects and in both trials (p<0.001). The highest median value of metabolic rate was observed during the 12 km hike in the subject C (median value 444 Wm-2). This subject, during the trial, experienced the highest values of relative humidity and wind speed.
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Figure 6: Descriptive analysis of the metabolic rate during the guard (graph A) and the 12 km hike (graph B) for each subjects. Letters on the X axis represent the subjects.

Significant correlations between the observed IREQneutral and the observed optimal clothing insulation range index was observed for both the 12 km hike (Fig. 7) and the guard (p<0.01). 
[image: image9.jpg]Optimal clothing insulation range index

3 4 5
IREQpgutra index





Figure 7: Optimal clothing insulation range index vs. IREQneutral index during the 12 km hike.
In both military trials and in all subjects the IREQneutral values were for all time included in the optimal clothing insulation range index and were always closer to the min_clo than to the max_clo value (Fig. 8 A,B). Concerning the guard (Fig. 8 A) the average IREQneutral and min_clo values always showed lower values than the real clothing ensemble wore by soldiers (3.98 clo). The average max-clo was the most near required clothing insulation value to the real clothing ensemble. Regarding the 12 km hike (Fig. 8 B) a different situation was observed. Most of subjects showed the average IREQneutral and the optimal clothing insulation range index lower than the real clothing ensemble wore by soldiers (2.95 clo), with a substantial opposite condition only for the subject B. In this latter case the lowest median air temperature (next -15 °C) was observed during the trail (Fig. 5 A). Both max_clo and IREQneutral were the most near required clothing values to the real clothing ensemble wore by soldiers (2.95 clo).
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Figure 8: Box plot concerning the clothing insulation required during the guard (graph A) and during the 12 km hike (graph B) assessed by using the IREQneutral index (green box) and the optimal clothing insulation range index (blue box = min_clo; red box = max _clo). Red line = Average max_clo; Blue line = average min_clo; Green line = average IREQneutral; Grey line = real clothing ensemble wore by soldiers: 3.98 clo for guard (graph A) and 2.95 clo for 12 km hike (graph B). Letters on the X axis represent the subjects.
The panel of forecast temporal agreement between the observed and the forecasted optimal clothing insulation range index values (Fig. 9 A-D) showed that most of correlations (79%) were significant (p<0.05). In particular strong agreements were observed for the correlations concerning the 12 km hike (Figure 9 C,D). In this case almost all correlations (with just one exception, p = 0.052) were significant (p<0.05). 
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Figure 9: Panel of forecast temporal agreement of observed vs. forecasted optimal clothing insulation range index. Graph (A) = max_clo during the guard; graph (B) = min_clo during the guard; graph (C) = max_clo during the 12 km hike; graph (D) = min_clo during the 12 km hike. Letters on the top of each single graph indicate the subject.
Results obtained by Multilevel approach indicate that the hike showed a high level of correlation between- and within-group (Tab. 2), that means a little effect of individual characteristics during military trails. On the other hand the guard showed a high correlation between groups but low correlation values within groups (Tab. 2). 
	Outdoor military activity and optimal clothing insulation range index
	Statistical parameters

	
	RawCorr
	CorrB
	CorrW

	Hike (min_clo)
	0.88
	0.90
	0.86

	Hike (max_clo)
	0.89
	0.95
	0.80

	Guard (min_clo)
	0.74
	0.89
	0.69

	Guard (max_clo)
	0.65
	0.82
	0.51


Table 2: Covariance correlation decomposition between-group and within- group for each trial assessed by using “waba” function of R “Multilevel” package. RawCorr = Comprehensive correlation coefficient; CorrB = Correlation between-group (among subjects, n=6); CorrW = Within-group correlation (n=18).
The forecast performance of the optimal clothing insulation range index compared to the average observed ones is described in figure 10 A,B.
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Figure 10: Box plot concerning the optimal clothing insulation range index forecasted for the guard (A) and during the 12 km hike (B). Red box = max _clo; Blue box = min_clo; Red line = Average observed max_clo; Blue line = average observed min_clo; Green line = average observed IREQneutral; Grey line = real clothing ensemble wore by soldiers: 3.98 clo for the guard (A) and 2.95 clo for the 12 km hike (B). Letters on the X axis represent the subjects.
The forecasts of max_clo and min_clo are generally lower than the average observed ones, with the exception for the subjects B and G during the guard (Fig. 10 A), where there is a good agreement between forecast and the observed values, and for the subjects B and F during the 12 km hike (Fig. 10 B), but in this latter cases the forecast of max_clo and min_clo are greater than the observed ones. All these exceptions (cases B and G for the guard and B and F for the 12 km hike) concern the coldest outdoor thermal conditions during military trials, with very low air and mean radiant temperatures (lower than -10 °C) (Fig. 4 A,B and Fig. 5 A,B).
Statistical skills for the test on the 12 km hike showed a general under-estimation of the optimal clothing insulation range index values (Table 3) except for the subject F. The magnitude of errors (Root Mean Square Error) was around 0.5 class (average of 0.60 for max_clo and average of 0.43 for min_clo). 
	Military trial
	Optimal clothing insulation range index
	Subject code
	ME
	RMSE

	12 km Hike
	max_clo
	A
	-0,51
	0,65

	12 km Hike
	max_clo
	B
	-0,35
	0,53

	12 km Hike
	max_clo
	C
	-0,46
	0,50

	12 km Hike
	max_clo
	D
	-0,75
	0,88

	12 km Hike
	max_clo
	E
	-0,55
	0,64

	12 km Hike
	max_clo
	F
	+0,28
	0,38

	AVERAGE
	-0,39
	0,60

	12 km Hike
	min_clo
	A
	-0,33
	0,39

	12 km Hike
	min_clo
	B
	-0,46
	0,51

	12 km Hike
	min_clo
	C
	-0,37
	0,39

	12 km Hike
	min_clo
	D
	-0,46
	0,53

	12 km Hike
	min_clo
	E
	-0,38
	0,43

	12 km Hike
	min_clo
	F
	+0,35
	0,37

	AVERAGE
	-0,27
	0,43


Table 3: Mean Error (ME) and Root Mean Square Error (RMSE) for forecasted max_clo and min_clo during the 12 km hike.
Regarding the guard trail (Tab. 4), it was confirmed a general under-estimation of the model in predicting the optimal clothing insulation range index. Concerning the average magnitude of the errors (RMSE) it was greater than in the hike test (average of 1.00 for max_clo and average of 0.70 for min_clo).

	Military trial
	Optimal clothing insulation range index
	Subject code
	ME
	RMSE

	Guard
	max_clo
	A
	-0,98
	1,09

	Guard
	max_clo
	B
	-0,35
	0,53

	Guard
	max_clo
	C
	-1,12
	1,21

	Guard
	max_clo
	D
	-1,21
	1,33

	Guard
	max_clo
	E
	-1,35
	1,40

	Guard
	max_clo
	G
	-0,08
	0,46

	AVERAGE
	-0,85
	1,00

	Guard
	min_clo
	A
	-0,82
	0,89

	Guard
	min_clo
	B
	-0,46
	0,51

	Guard
	min_clo
	C
	-0,64
	0,70

	Guard
	min_clo
	D
	-0,67
	0,71

	Guard
	min_clo
	E
	-0,80
	0,87

	Guard
	min_clo
	G
	-0,18
	0,50

	AVERAGE
	-0,60
	0,70


Table 4: Mean Error (ME) and Root Mean Square Error (RMSE) for forecasted max_clo and min_clo during the guard.
4.0
DISCUSSION AND CONCLUSION
This study have shown a good agreement between the two biometeorological methods based on the human energy balance model to assess the optimal clothing insulation value that should be wore in outdoor environments, the international standard IREQneutral index and the new biometeorological proposal, the “optimal clothing insulation range index”. These results provide further possibilities for operative applications to identify the optimal level of insulation in clothing ensembles for military personnel conducting outdoor activities in cold environments. The assessment of the optimal clothing insulation range index needs the acquisition of the heart rate, that represents an important physiological parameter strongly connected with the metabolic rate. In general it is linearly related to the metabolic heat production for heart rates above 120 beats per minute [32]. In this way more accurate information might be provided especially when intense physical activities are considered. 

In addition the application of the optimal clothing insulation range index for outdoor environments is strengthen by the accurate assessment of Tmrt, the main biometeorological parameters for outdoor thermal evaluation. In particular a specific outdoor framework of Tmrt assessment [37], taking into consideration the total complex interactions between long- and short-wave radiation fluxes and the human body surface, was adopted. The right estimation of Tmrt represents a crucial point for a correct assessment of the thermal balance and consequently for the evaluation of thermal conditions in outdoor environments.
The optimal clothing insulation range index represents an expression of the potential insulation request for clothing ensembles that might vary in a specific range in relation to environmental conditions and individual characteristics. The clothing insulation range index provides better information than a single average value because it allows the best identification of limits of thermal feeling. 
The suitability of the optimal clothing insulation range index for forecast goals showed very interesting results and the biometeorological forecast showed a significant correlation with observed data. The temporal fit between forecasted and observed clothing insulation data reached a good agreement especially when very cold thermal conditions occurred. Nevertheless a general under-estimation of the biometeorological model was observed and a following post-processing calibration might further improve the goodness of the forecast in quantitative terms. 
A further improvement of the operative biometeorological forecast procedure will be the integration with the incoming Universal Thermal Climate Index (COST-730 UTCI), a multi-node model which allowed the calculation not only of the thermal status of the whole body, but also with specific information for face and extremities (hands, feet) separately. There is a high probability that this new index will became and international standard for outdoor comfort assessments taking into consideration both heat and cold as well as short and long term outdoor exposure. 

This study represents the first step in the development of a comprehensive personalized biometeorological forecast system, able to manage information provided by physiological models and to improve the level of recommendations regarding the optimal thermal characteristics of clothing ensembles for specific activities. The implementation of the optimal clothing insulation range index in biometeorological forecasts represents an useful example to plan outdoor military actions. It is envisaged that such forecasting capability incorporating physiological responses will assist in the planning of winter military activities, providing support for decisions regarding logistics and health risk management of individuals involved.
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