1.  Atmospheric and Oceanic Variables, Constants, Units and Dimensions
1.  
Introduction


One of the challenges in learning a new discipline is mastering its nomenclature.  In the physical sciences, symbols are used to represent physical quantities.  Table 1-1 lists many of the common meteorological variables and mathematical operators used in this and subsequent meteorology courses.
2. Dimensions and Units


Dimensions are the building blocks of physical quantities.  The fundamental physical dimensions are mass, length and time.  In meteorology, we include temperature as a fourth physical dimension for convenience.  All meteorological quantities can be expressed in terms of different combinations of the dimensions (e.g., speed is length over time).  


Units are the means by which these dimensions are measured.  For example, length can be measured in inches or kilometers.  Table 1-2 presents some of the units used to measure different meteorological quantities, along with the corresponding conversion factors.  


As can be seen table 1-2 there are many different ways to express the physical quantities and dimensions of given system. It is unfortunate that scientist have still been unable to agree on a standard set of units for tackling modeling and various problems.  In defense of this fact, one may find that a problem is much more tractable when a unique set of units is applied. For example, in special relativity it is convenient to choose units such that the speed of light is equal to a dimensionless 1. It makes sense to alter units in this fashion because one of the purposes is to examine the physics of objects as they travel near the speed of light or c=1.  This is much easier to analyze than to continually examine objects whose speeds are near 299,792,458 m/s.  The downside is that time takes weird units of length in this new convention.  There are other examples of using weird units such as this that also occur in astronomy and quantum mechanics.  We find ourselves with similar difficulties in terms of swapping units of height with pressure in meteorology and oceanography.  This is because we look at different height levels of the atmosphere and ocean based on pressure levels which vary with terrain.

 For the time being, the main point to take away is that it will be essential for us to keep 
track of our units.  In particular, when adding terms together we must ensure that each term 
has the same units.  It makes no sense to add terms of different units.  For example, one would 
never add 10 m/s with 5 mbars. 

There is a specific notation used to specify when you are examining the units of an

expression and that is to place brackets around the term.  For example, if I wish 
to express the specific units of force in mks units, I can write the expression mathematically as
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Example 1 – Gradient winds :

Paying attention to proper units, add the following terms together given the following values (Use table 1-2 for proper conversions)
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3.  Dimensional Analysis: Comparing scales

An extremely valuable area related to unit analysis is comparing the dimensional scale of 
various terms of an expression.  Often-times, we can gain physical insight and simplify an 

expression by looking at the sense of scale of the various dimensions of the problems 

and eliminating terms that are relatively small.  
Example 2 – Shallow fluid system

Given the horizontal scales, L,  of a system are of order,  
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And vertical scales of a system, Z,  are of order,   
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What can you deduce about the relative values of vertical speeds, W, as compared to horizontal speeds, U, given the following expression?
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(We will see this expression again when we learn about conservation of mass)

Students often neglect the benefit of the use of units and dimensions on exams and labs as a great tool to check their work.  It is often a very quick and easy way to confirm that you might be heading in the wrong direction on a problem if your units do not work out between terms of an equation. It also sends a message to the grader that you are thinking about the quantities of the problem rather then just plugging numbers into your calculator if you recognize this fact.  In labs (and in presentations and papers later on) students should always verify that every measurable quantity has a proper dimension and unit.  What this equates to is that every graph that you produce must have all axes labeled properly. A graph without proper labeling is pointless to an observer that does not know the background of the material. It is up to you to provide the basic details to ensure that the reader can understand your information.  That is why labeling your figures and explaining your results properly is so important. As students entering the second half of your undergraduate education, it is assumed that you have the sense to label all your graphs properly and you will be marked off significantly for leaving the axes and labels of a graph blank.  

Table 1-3.  Useful meteorological constants.
R   -
gas constant 



= 287.04 (1 + .609q) m2 s-2 K-1
cv  -
specific heat at constant volume

= 717 (1 + 1.02q) m2 s-2 K-1
cp  -
specific heat at constant pressure
= 1004 (1 + .84q) m2 s-2 K-1
Llv  -
latent heat of vaporization

= [2.5003x106 - 2.396x103 T((C)] m2 s-2 

Lli  -
latent heat of fusion


= 3.34x105 m2 s-2
Liv  -
latent heat of sublimation

= [2.834x106 - .148x103 T((C)] m2 s-2
(     -
Poisson coefficient = R/cp

= .286 (1 - .23q)

g    - 
acceleration of gravity


= 9.80616(1 - 2.637x10-3cos 2( + 5.9x10-6 cos²2() m s-2
(   -
angular speed of the earth's rotation
= 7.292x10-5 s-1
f    -
Coriolis parameter = 2( sin (

= 14.584x10-5 sin (  s-1
(d  -
dry adiabatic lapse rate


= 9.8 (C km-1
(std -
standard atmosphere lapse rate 

= 6.5 (C km-1
re   -
mean radius of the earth


= 6371 km
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Table 1-1.  Common symbols used for meteorological  and oceanographic variables and mathematical operations.

Mass Variables
(     - 
density

(    - 
specific volume

σt       -         Sigma-t
Pressure Variables
p     - 
pressure

ps      - 
surface pressure

psl    -
mean sea level pressure

palt   -
altimeter setting

Temperature Variables
T     -
temperature

Tv    -
virtual temperature

Td    -
dew point temperature

Tw    -
wet bulb temperature

Tf     -
frost point temperature

(      -
potential temperature

(e     - 
equivalent potential temperature

(w      -
wet bulb potential temperature

(      -
lapse rate (height coordinate)

(- 
lapse rate (pressure coordinate)

Moisture Variables
(v    - 
water vapor density

e     -
vapor pressure of water

es    -
saturation vapor pressure

q    -
specific humidity

r     -
mixing ratio

(  )s  -
saturation quantity

RH -
relative humidity

Salinity Variables
S – salinity (psu)
Wind/Current  Variables
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    -wind/current velocity
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- wind/current speed

u    -
eastward wind/current component

v    - 
northward wind/current component

w   -
vertical wind/current component 

(  (= eq \f(dp,dt))  - vertical wind (pressure coordinates) 

(      -
vertical component of relative vorticity

(      -
horizontal divergence

(   )g -
geostrophic quantity

(    -
streamfunction

(    -
velocity potential

(   -
geopotential

(m  -
Montgomery streamfunction

Geometric and Mathematical Symbols

x    -
east-west position

y    -
north-south position

z    -
height above mean sea level

            depth below mean sea level       

(    -
latitude (+ north)

(    -
longitude (+ east)


[image: image12.wmf]i

ˆ

    -
eastward unit vector
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    -
northward unit vector
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  -
upward unit vector
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    -
unit vector tangent to the wind
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   -
unit vector normal to the wind
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  -
gradient operator
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 -
Laplacian operator

•    -
vector scalar product

(   - 
vector cross product

Table 1-2.  Meteorological units and unit conversions.


Common Meteorological Units
Mass

gram (g)


kilogram (kg)

pound (lb)**
Length 


meter (m)


centimeter (cm)


millimeter (mm)


micron (m)


decameter (dam)


kilometer (km)


inch (in)


foot (ft)


statute mile (mi)


nautical mile (nm)


degree of latitude ((lat)
Speed

meter/second (m s-1)

centimeter/second (cm s-1)


mile/hour (mi hr-1 ; mph)

knot (kt = nm hr-1)

Force

Newton (N = kg m s-2)

dyne (g cm s-2)


pound (lb)
Pressure

millibar (mb)


pounds per square inch (psi = lb in-2)


inches of mercury (in Hg)


millimeters of Hg (mm Hg)


Pascal (Pa = N m-2)


hectoPascal (hPa)


kiloPascal (kPa)


standard atmosphere

Temperature

Celsius degree ((C)

Fahrenheit degree ((F)


Kelvin degree (K)

Energy

Joule (J = N m = kg m2 s-2)


erg (dyne cm = g cm2 s-2)


calorie (cal)



Conversion Factors
1 kg = 1000 g = 2.2046 lb

1 lb = 453.59 g

1 m = 100 cm = 1000 nm = 106  m

1 dam = 10 m

1 km = 1000 m = 0.62137 mi 


= 0.53959 nm

1 m = 3.2808 ft = 39.37 in

1 mi = 1.6093 km = 0.86839 nm

1 nm = 1.15156 mi = 1.85323 km

1 (lat = 111.137 km = 69.057 mi


  = 59.969 nm

1 m/s = 100 cm/s = 1.9425 kt 


 = 2.2369 mph

1 kt = 0.51479 m/s = 1.15156 mph

1 mph = 0.44704 m/s = 0.86839 kt

1 N = 105 dynes = 0.22481 lb

1 lb = 4.44822 N

1 mb = 100 PA = .1 kPa = 1 hPa

     = 0.014504 psi = 0.75006 mm Hg

     = 0.02953 in Hg

1 in Hg = 33.864 mb

1 mm Hg = 1.3332 mb

1 std atmosphere = 1013.25 mb


= 760 mm Hg = 29.9213 in Hg


= 14.696 psi

(C = (5/9)((F - 32()

(F = 1.8(C + 32(
K = (C + 273.16

1 J = 107 ergs

1 cal = 4.1868 J

** pounds are really a unit of force; conversions shown here are for mean sea level
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