
Globe Temperature (GT) Calculation
Dimiceli and Piltz, (2017) developed a model to estimate GT using wind speed (m/h), ambient air temperature (°C), dew point temperature (°C), solar 
irradiance (w/m2), direct beam radiation from the sun (w/m2), diffuse radiation from the sun (w/m2), and zenith angle (radians). However, this study seeks to 
estimate WBGT in near- real time using data commonly collected by ASOS stations which are not outfitted with a pyrometer. To calculate solar radiation at 
the surface, an accurate estimate of the top of atmosphere (TOA) solar radiation was required. Hourly TOA solar radiation was calculated following Petty, 
(2006). In this study we assumed that only 72% of the TOA radiation reached the surface on clear days (see Discussion for addition details).  Next, direct and 
diffuse beam radiation was calculated by averaging the percent cloud cover at all three reporting levels. Sky covered observations from the KNAK ASOS 
weather station were converted to percent cloud cover as follows: clear = 0%, few = 25%, scattered = 50%, broken = 75%, overcast = 100%. 
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• Successfully estimated WBGT using ASOS weather data by modifying an 
existing empirical globe temperature model.

• Compared WBGT model results with WBGT observations from 
NHC-Annapolis collected during the summer of 2020.

• Optimized the WBGT model with an R2 value of 0.7 and MAE of 3.2.

• This model and optimization methods will be further refined to support 
NSA-Annapolis and USNA Operations. 

In this study, we develop a model to estimate Wet Bulb Globe Temperature (WBGT) using readily available ASOS weather 
data and statistically compare results against WBGT observations collected by the Naval Health Clinic-Annapolis. 

Figure 3 shows a direct comparison between the WBGT model results and the NHC-Annapolis WBGT observations. We assumed a linear relationship 
between the observations and our model (1:1 relationship would represent a perfect fit) and therefore chose a linear regression to statistically assess the 
accuracy of the WBGT model (Fig. 4). After temporally interpolating model results to observations, there were a total of 329 coincidental WBGT 
observations and model estimates in the summer of 2020. The initial model tested used the commonly used coefficients (top row in Table 1) and had an 
R2 value of 0.65, suggesting that the model captures 65% of the variance. After fine-tuning the model with optimized parameterization coefficients 
(second row in Table 1; optimize surface solar radiation estimates) the final R2 value was 0.70 with a mean absolute error found to be 3.198. The slope 
of the regression line is 0.71 (close to a 1 to 1 relationship) and the intercept was 22.2. 

Study Area and Background
Wet Bulb Globe Temperature
Wet-bulb globe temperature (WBGT) is a measure of the heat stress in direct sunlight, which 
takes into account temperature, humidity, wind speed, sun angle and solar radiation (National 
Weather Service, 2021). WBGT is used operationally by the U.S. Navy to determine if outdoor 
conditions are safe for physically strenuous summer activities (US Navy, 2021). However, 
WBGT measurements are currently done manually; the importance of this study is to automate 
the process by estimating WBGT using readily available meteorological data.

Study Area
WBGT measurements during the Summer of 2020 were made, as needed (Naval Health 
Clinic-Annapolis, 2020), by the Naval Health Clinic (NHC)-Annapolis, located at Naval Support 
Activity (NSA)-Annapolis (Fig. 1). The Automated Surface Observing System (ASOS) KNAK 
weather station is located on U.S. Naval Academy (USNA) Hospital Point and approximately 1 
km from both the USNA Hendrix Oceanography Lab and NHC-Annapolis.

Modeling Approach
The objective of this study was to estimate WBGT using 
hourly METAR data from the ASOS KNAK weather 
station between 01 June and 30 September, 2020. Data 
was downloaded and freely available through the Iowa 
State Mesonet archive (Iowa State University, 2021).  
ASOS weather data is standardized, readily available 
across the U.S., and is often co-located with airport 
operations globally. The ASOS data used in  this study 
was temperature (°C), dew point temperature (°C), 
relative humidity (%), wind speed (mph), pressure (mb), 
and cloud cover at three altitudes (denoted “CLR”, 
”FEW”, ”SCT”, “BKN”, “OVC”). 

The equation below (Dimiceli and Piltz, 2017) estimates 
WBGT as a ratio between the wet bulb temperature 
(WBT), air temperature (AT), and globe temperature 
(GT). Figure 2 shows an overview of the methodology 
used in this study. AT was directly recorded by KNAK 
ASOS and WBT was calculated using the summation of 
ambient air temperature with the dew point temperature 
multiplied by ½ (Knox et al., 2017).

Figure 1. Study area showing the locations of NHC-Annapolis, 
Hendrix Oceanography Laboratory, and the KNAK ASOS 
Weather Station (Base Image from Google Earth, 2021).

Surface Radiation Estimates
One potential source of modeling error is the estimate of diffuse and direct beam solar 
radiation in the globe temperature (GT) calculation. This data is not readily available in 
METAR observations because ASOS stations are not equipped with pyrometers. As part 
of our modeling effort, we tried to parameterize these values for broader applicability 
and operational use based on cloud cover. However, we first needed to asses how much 
solar radiation reaches the surface during clear sky conditions (and then modify this 
value based on cloud cover). To do this, we compared our TOA radiation values to 
surface radiation values between 05 and 14 March collected by the Oceanography 
Department Severn River Watershed Observatory (SRWO; Fig 4a). We found that an 
average of 72% of our TOA radiation reached the surface and used this estimate for 
clear day surface radiation (direct beam). This estimate will likely change based on 
zenith angle (times of year and latitude).

WBGT Observation Bias
In this study we found that the modeled WBGTs were often less than the observed 
WBGTs. While the result is not unexpected at face-value, we found the observed 
WBGT to regularly be unrealistically high based on KNAK ASOS observations. Figure 
4b shows three days worth of model results and observations in the middle of August 
2020. The maximum  observed WBGT on these days ranged from 92 to 93oF, which is 
6oF+ above the ambient air temperature. As a quick example, to achieve WBGT 
observations in the low 90s on an idealized day with no clouds or wind, the air 
temperature would need to be in the mid-90s with a dew point near 80oF. Those 
conditions were not observed, suggesting some discrepancy with the observations or a 
significant environmental difference between KNAK ASOS and NHC-Annapolis.

Discussion

Figure 4. a) Comparison of surface solar radiation from SRWO (red) with 
calculated top of atmosphere solar radiation (black). The difference is plotted 
in green. b) Modeled (grey) and observed (gold) WBGTs. KNAK ASOS air 
temperature (red) and dew point (green) also plotted..

Results

 Figure 2. Flow chart outlining the methodology used in this study to model WBGT using readily available 
meteorological data, statistically compare model results with observations, and optimize model coefficients. 

Model Testing 
During summer 2020, 509 WBGT and corresponding flag condition observations (Naval Health 
Clinic-Annapolis, 2020) from the NHC-Annapolis command duty logs were digitized. To test 
and optimize the WBGT model, we matched and statically compared model results with 
NHC-Annapolis WBGT observations. We linearly fit the results and used the Pearson 
Correlation Coefficient (R2) to asses the variance and mean absolute error (MAE) to determine 
the average error between paired WBGT values. This process was done for five sets of model 
coefficients (Table 1). The coefficients often used to calculate WBGT are listed in the first row 
of Table 1. We ultimately chose A = 0.5, B = 0.25, and C = 0.25 in this study (see row two in 
Table 1) as the best combination of R2 and the MAE, and to not stray far from the commonly 
used coefficients (Dimiceli and Piltz, 2017). 

Table 1. Coefficients used to fit and statistically test the WBGT 
model with observations. Resulting R2 and mean absolute error 
shown. Green detonates the coefficient ultimately selected in this 
study for the WBGT model.

Figure 3. a) Modeled (grey line) and NHC- Annapolis observed (orange data points) Wet Bulb Globe Temperatures (WBGT) in Summer 2020. b) Observed WBGT values plotted against 
paired WBGT model estimates (grey dots). Linear regression line (orange-red) with an R2 values of 0.7 and mean absolute error of 3.2 plotted.
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