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Now that summer has spread its oppressive ridge over most of the Southern Region, NWS phones
areringing off their hookswith questions about the Heat Index. Many questionsregard the actual equation
used in cdculating the Heat Index. Some cdlers are satisfied with the response that it is extremely
complicated. Some are satisfied with the nomogram (see Attachment 1). But there are a few who will
stle for nothing lessthan the equation itsdf. No true equation for the Heat Index exists. Hest Index
vaues are derived from a collection of equations that comprise a modd. This Technica Attachment
presents an equationthat approximatesthe Hest Index and, thus, should satisfy the latter group of cdlers.

The Hesat Index (or gpparent temperature) is the result of extensve biometeorologica sudies. The
parametersinvolved initsca culationare shown bel ow (from Steadman, 1979). Each of these parameters
can be described by an equation but they are given assumed magnitudes (in parentheses) in order to
smplify the modd.

# Vapor pressure. Ambient vapor pressure of the atmosphere. (1.6 kPa)

# Dimensionsof ahuman. Determinesthe skin'ssurfacearea. (5 7" tal, 147 pounds)

# Effectiveradiation area of skin. A ratio that depends upon skin surface area. (0.80)

# Significant diameter of a human. Based on the body's volume and density. (15.3 cm)

# Clothing cover. Long trousers and short-deeved shirt is assumed. (84% coverage)

# Coretemperature. Interna body temperature. (98.6°F)

# Corevapor pressure. Depends upon body's core temperature and sdlinity. (5.65 kPa)

# Surfacetemperaturesand vapor pressuresof skin and clothing. Affectshest transfer fromthe
skin'ssurface either by radiationor convection. These values are determined by an iterative process.

# Activity. Determines metabolic output. (180 W m? of skin area for the model person walking
outdoors at a speed of 3.1 mph)

# Effective wind speed. Vector sum of the body's movement and an average wind speed. Angle

between vectors influences convection from skin surface (below). (5 kts)

Clothing resistanceto heat transfer. The magnitude of thisvaueis based on the assumption that

the clothing is 20% fiber and 80% air.

Clothing resistance to moisture transfer. Since clothingismaosily air, pure vapor diffusonisused

here.

Radiationfromthe surface of the skin. Actudly, aradiative heat-transfer coefficient determined

from previous studies.

Convectionfromthe surface of the skin. A convection coefficient a so determined from previous

gudies. Influenced by kinematic viscosty of ar and angle of wind.

# Sweating rate. Assumesthat sweat is uniform and not dripping from the body.
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As an asde, these assumptions are important for the forecaster to keep inmind. For example, a
common perception is that wind is not takeninto account inthe Heat Index. In actudity itis. It isassumed
to be 5 knots. This may seem trivid but aforecaster may be able to use this information crestively when
writing Public Information Statements regarding heet stress, heat stroke, etc.

# Ventilation rate. Theamount of heat logt viaexhding. (2-12%, depending upon humidity)

# Skin resistanceto heat transfer. A function of activity, skin temperature, anong others.

# Skinresistancetomoisture transfer. A function of the vapor-pressure difference acrossthe skin
(and, therefore, relative humidity). It decreases with increasing activity.

# Surfaceresistancetoheat transfer. Asradiation and convection from the skinincreases, thisvaue
decreases.

# Surfaceresistanceto moisture transfer. Similar to heat transfer resistance but also depends upon
conditionsin the boundary layer just above skin's surface.

These ladt five varidbles are used expliatly to derive the apparent temperature. By an iterdive
procedure which relies on the assumptionsin the first list, the mode is reduced to arelaionship between
dry bulb temperature (at different humidities) and the skin'sresistanceto heat and moisturetransfer. Since
these resistances are directly related to skin temperature, we now have a rdaionship between ambient
temperature and reative humidity versus skin (or apparent) temperature. Asaresult of this procedure,
there is a base rdative humidity at which an apparent temperature (e.g., 90°F) "feds' like the same ar
temperature (90°F). Increasing (decreasing) humidity and temperature result in increasing (decreasing)
apparent temperature, and, yes, apparent temperature can be lower than ar temperature. Steadman
(1979) devel oped a table based on this relationship and the nomogram in Attachment 1 summarizes that
table.

In order to arrive a an equation which uses more conventional independent variables, a multiple
regression andyss was performed on the data from Steeadman'stable. The resulting equation could be
considered aHeat Index equation, although it is obtained in a "round-about” way. Thus, hereis an ersatz
version of the Heat Index equation:

HI = -42.379 + 2.04901523T + 10.14333127R - 0.22475541TR - 6.83783x10°°T?
- 5.481717x107R2 + 1.22874x10°T?R + 8.5282x10°TR? - 1.99x10°T2R?2

where T = ambient dry bulb temperature (°F)
R = relative humidity (integer percentage).

Becausethisequationis obtained by multiple regressonandysis, the heat index vdue (HI) hasanerror
of +1.3°F. Even though temperature and relative humidity are the only two variablesin the equetion, dl
the variables on the lists above are implied.
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