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New Unit: METEOROLOGY 1

Meteorology is the study of the _han \a)’m S condifions of e

atmesphece (dur o movement o€ heat eneray)

. N
The movement of energy in our atmosphere creates what we know as
“weather”.

Weather isthe _[0cad tonditrons of ¢he MS;&[L&&:M

dm,n%c ﬁ‘&fuem‘/}/ ( erery few hours oc even M nutes )

What causes weather?
Weather is caused by CHANGES in atmospheric energy from place to
place. This occurs because the energy the earth receives from the sun

(_Inselation )is _Uneven by distributed
over the earth. This causes the earth’s atmosphere to become a giant
engine moving heat energy around the world by Conve cHon

Energy from the Sun
Through the seasons,
it heats our world,
some parts more

morce infcnse. less infense
Hnshcr anﬁfc. | Lower angle



Weather is described by the action of /('ﬁafu)shﬁe,m‘c \/ai‘fa,é [es such as
] :
. femperature

[u—

2. Ol pressure
3. molsture eonfent (humidity)

4. wWind

5. doud cover (whospheric fransparency)

6. pna’pif’aﬁ'on

Weather Instruments:

sling psychrome e

_anemomeder
(wind speed) (wind directton)




Weather Variable: Temperature

1. Definition:__Ai 1 ' !
£ g :
2. Air heats by infea-red heat energy pe¢ - radiated  from

the ground (Terrestrial Radiation)

TROPOSPHERE

c,\“

")‘

3. HEAT ENERGY is responsible for __ A LL  changes in atmospheric
variables

4. Temperature can be measured in 3 scales: OF ¢ C. R
Convert between scales using chart in ESRT 10°C=50°F

D13 250'K =-23°C
140°F =333°K

5. Changes in air temperature are caused by:

a. Angle of Insolation (Incidence)= pg an 4 (¢ Inereases e p_increases

2 (’f,l;‘ pkr}r’«t E;"Y
é Sun’s
3
- b [ AL
0° angle oF (asclakon 0o/ R
b. Duration of insolation = >
—

05 durafton lnereases, femp increases
}, (seasonal + daily eyeles)
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duraton oF Wwaolekion 2 3



c. Altitude = M_&MJMS&TM_QQ_QM

decceases

3

2
”

| alHtude
d. Amount of reflection by clouds, pollution, etc. = 5 rg;ﬁcgﬁm

increases  femp deereqses

Temp

 amount of re@[.«:c,ﬁo\

e. Closeness to a large body of water =
lﬂga_ziy_aﬁMAa_ugﬁaﬂmp_L ange
(mo dam;fc)

Continental (Inland) locations

and has low Cp so land heats

Coastal locations

Watu has jfl Cpy o [
water heats+ cools slowly ¢ ety Bk
= tooler summers ) moderade = hotfer summers { exfreme
warmer- win FeMps Golder winters +emps
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Temperatures are shown on a WEATHER MAP by lines connecting points of

equal temperature called __ [Sotherm < . The same rules
for drawing all isolines must be followed.

On the map below, draw isotherms beginning with the 30 °F line and
following a 10° F interval. 30" #0° s0° 4p° 74 86
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The greatest temperature GRADIENT is found between Richmond. _
and H fl‘H Cria4 because the isotherms are _tpse. -{z, 3 e}Mgr

Calculate the temperature gradient between Cincinnati and Chicago below:
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Weather Variable: Air Pressure

. Definition : Jhe foree. pe a)f,t'\cjiM' of azLL’lﬂ-ipbﬁLa_Qa_a@zgl‘s

The force of Gravity causes the air to have weight - This creates

air pressure.

Densec air has more weight and force and so has

_fﬁ'ﬁhrr aiC_pressure,

o] - _less. dense 3

; . i |3
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2. Changes in air pressure are caused by the SAME factors that change air
density:

a. Temperature = qs ‘f'cmp. incceases (air molecules mpye
facther apart + become [ess dense)  grr DCESSUre

N |

l

decreases

P Tcwvwup g

(9 temperature



b. Moisture (or Humidity) =

' fer_ [ess dense

v lower pressuct. an a!r}/ aic _As water vagor (s

!
odded b air_ air pressure decreases.
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moisture/humidity

The diagrams represent a
specific volume of air in three
different circumstances.

They show.how the density
or mass of this volume of air
changes when water vapor
enters the air.

2. [,U(A@- Vapomolecules
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c. Alitude=_As a/fiYude increases aic pressure
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3. Instrument used to measure air pressure is the __ § acomedes

A Mercury Barometer is a scale
that balances the weight of air
against a column of mercury.

ek

14

2992

incheg

N\

b

A 36 inch tube of mercury is filled
and inverted into a dish. Mercury
runs out of the tube into the dish
until the weight of the air pressing
on the mercury in the dish supports
the height of the mercury in the
tube.

DN
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As the air becomes Heavier
(=denser), less mercury flows out
of the tube supporting a HIGHER
column = HIGHER pressure air
reading.

As the air becomes Lighter (=less
dense), more mercury flows out of
the tube supporting a LOWER
column = LOWER pressure air
reading.
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Dish of Mercury '

S3HINT

4. Air pressure can be measured in different units: _{nches of mecru r}{l

mi!{iﬁam' d)LnLosthe,rm' pounds :’Mﬁ imneh

Sea Level air pressure is:

29.92 inches of mercury =1 atm = [013.2mb  =14.7 Ibs/sq in
P13
Convert between scales using chart in ESRT 999 mb = 24. S _in
[ b= 30.15 i
WEnb = 2¢.9% 1 i > I

~ 91 mb= 2891 in
/006 mb: a4 .7/ ,»

/1019 m§ - 30.09 n 5)’
/1000 mb = 29 33 in



Falling Barometer Reading= Loweri g Qur pressuse.

Generally means Warmec femps
h«i‘jhu’ elevation
moist air (ralny /51’3rmy)

Rising Barometer Reading = Hrgher aur pressuce
Generally means tooler -f‘e,m_P5

low er edevation
dN{ aur (elear 5#{25)

Alr pressure is shown on a WEATHER MAP by lines connecting points of

equal air pressure called RY) 6 acs . The same
rules for drawing isolines must be followed.

a. A standard isobar interval of 4/ 4 is used on weather
maps.

b. The common pattern for isobars on weather maps is __(/05ed.

Clreles enclosing a pressure system. The type of
system is NAMED by the values in the center of the system.
A “L” is placed in the center circle of a LOW pressure system;
A “H” is placed in the center circle of a HIGH pressure system.

40 29



How is weather data for cities placed on a weather map?

A __Station Model is a group of standardized symbols

used on a weather map to record atmospheric information taken at the
same time (synoptic) in a known location.

All information MUST be placed in the same spot and follow the same
symbols in the station model. See ESRT p- 13 for key to symbols.

AMOUNT OF CLOUD COVER
O Clear s 09,

Partly Cloudy = 559, _BAROMETRIC PRESSURE
TEMPERATURE 2 i d kel dy<ioog  C ™Wbars) -
( d F) P Y Humhfr Y9eor 10 and decimol Pcal‘\*
arée om, .
' Aboie 500, place G in fvontoF recdin.j
. '(s:n?\leLS;T Y‘ Below 5001 P‘Rce 10 in Yreat csrend Ny
\ 55 N f{??,\ﬁ’;ﬁ( d.3 mo o [00/, ?'a{-
PRESENT WEATHER 'JA‘. ° =23\ < BAROMETER TREND(P‘*S+ 2 hrs.)
e RAIN R T}AuuW —ér"“bﬂls before num ber
* SNOW FroemMe sl 25 +' pressure higher than 3 hrs.age
= FoGe" V SHOWERS . ngs“rg lower -{-han 3 hrs. a.ﬂc
9 DRIZZLE 2;&“8—1" / S}’mbuis a‘H’Gr h“m*zﬁ.lr
. riSing Steadt
Dflv( ogc;mTGemp-) { Fressave Falling sheadil),

— pressure has remained steadily
Decimal Pont omted Hrom

WIND SPEED veading 199 <
Whele feccther = 10 Knots PRECIPITATION 1 3
Hatf Feather = 5 Knets (inches Pas\' L \'\out‘s) 100 1.8 wi

WIND DIRECTION

Wind a\usays blows wlon -sl"lag-“l'
toward center of S“"a..‘ﬁun model .

Practice air pressure millibars to 3 digit symbol conversion:

1012.6 mb=___ [26 982=___ 448 4 nh
996.2 mb = 90 401 =__ Jo4D.l mé
1010 mb = [00 876 = 987. 6 méh
1003.5 mb = 035 001 = [000. /] mh
989.9 mb = 849 678 = 2678 mh

0



Statton Model Praptice :
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Weather Variable: Humidity

1. Definition:
Alr can hold moisture as a solid (_Snow o A EE ), liquid

(Ladn  wake droplets), or gas (_pder vapor )

2. The amount of water that air can hold is DIRECTLY related to

E g
ﬁm_{\&f“fbkl.rﬂ, . The higher the .;; :: 1:’
= +
temperature, the ___maoce, moisture g w _,,/ ;
2 %o > 0w e

the air can hold.

4 % 32 (3 0% °F
temperature

When air is holding ALL the moisture it can hold at a specific

temperature, it is _SaYurade A (=' Liled + rmi'fy)

That temperature at which air is saturated is called
Dew Potnt Temperature.

3. The saturation point is an equilibrium. Changing Temperature can cause

the air to either RELEASE moisture through COn de Nsa ;Hgn

or to ADD moisture through im_mo n

***When air temperature cools below Dew Point, the capacity of the
. ar 1s over full

air to hold moisture gl £rease s and __ndensabion
occurs (It rains or snows! = higher humidity)

***When air temperature warms above Dew Pojnt the capacity of the
adr is [ess Qt{

- T
air to hold moisture [/ (r¢a<e4 and SVapocation
occurs (Air becomes drier! = lower humidity)

I



4. On a station model, when air temperature and dew point temperature

become more similar, the probability of condensation jp CLEPALLS

and the humidity of the air __jn oo 528

151

3

5. Relative Humidity isa&omMﬂ.son of Yy amount of moisdure 1

e wdh s Setwuration amount ot Yt tens,

It is a measure of how full of moisture the air is at that temperature

)}
. ¢
o7 !
“Tem ﬁtf a& — E
1607, i Y

- e Relative //qmw/

@ lf_ﬁz&p_maﬁmszs_amécu_g(
Lrlmam.’:_.smmx-_&[zﬁ[(_&maw/v

wiil decrease
(3) Time of Day:

(a) Highest Relative Humidity = _Mdﬁg‘sf_ﬁﬂ(‘& o( ddy
S am
(b) Lowest Relative Humidity = LJgzrmest fme of 5(47

— pn
3




How are Dew Point Temperature and Relative Humidity determined?

A instrument called a

Sfi :Psycflramr ter is used to determine

both dew point and relative humidity.

A sling psychrometer consists of two thermometers: a
dry bulb and a wet bulb placed side by side. The dry
bulb measures normal air temperature. The wet bulb
has a wet piece of material or “sock” onit. The
instrument is then swung through the air for a minute.
The temperature readings from each thermometer
will differ.

The wet bulb thermometer will always register a
LOWER temperature because the evaporation of the
water from the “sock” draws heat energy away from
the bulb of the thermometer. The dew point
temperature and relative humidity are then
determined by using the two temperature readings
and the chart on p. 12 of the ESRT.

Determine the dew point temperature for thé/ following data:

DRY BULB
carth Science |levp.  baoc |22 | 209 15°c| 9°% | 8°c| 17°C
Reference 'WET BULB
Tebles: page L& |lrewp,  fao°c [13% |149¢] 12°¢] 3% | g% 1796 P
dew poin [{°C | 5°C| [0°C| [0°C|-F%C| 3°C 17 WW; d
| Nt &, &)
Determine the relative humidity 100 M“JJ
for the following data: 53‘;:}\)
Dry Bulb | 20% | 8°C | 22°¢| 22%| 15%]| 15%| 3°c
Temp. '
WetBulb | 14c| 6°c | 13¢C 20c| 12¢c|{15¢C] -1
Temp.
Relative |, : - _ | Y T
Hmidity |2 /2174433182 707 Voo/|397

i
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How does moisture enter and leave the atmosphere?

1. Moisture enters the atmosphere by two processes:

Ev aho rasion = changing liquid water from oceans (most
lmportant) rivers, streams, etc. into water vapor

= plants release water vapor to atmosphere
through their leaves.

- is the term used to describe all water
vapor added to the atmosphere through evaporation and transpiration.

2. Adding moisture to the atmosphere ALSO adds  &p &r‘&(/

- [.m(fmf'
in the form of more energized molecules (_1 2 0 ] / q_ = Hedf #V

3. The Rate of Evaporation is affected by:

a. Temperature = Gf',A.ié{' Yhe m Vhe mare + o ster
M tlfaboraﬁan can Occu /.6/{» arcmlu‘ M g&‘;@g

s mmr/aé/&. é

I

B

Temp

b. Exposed surface area of the water = V1 mope. 2xpo <ed
Sucfiu area. of wedd th mare ¢ fsir
e'spocaHion esn Octus

less [slow evepocation

nore [fast evaporation

===

(6



b. Hutwd.:{-r
4. Moisture leaves the atmosphere by two processes:
a. _Copndens G)H on = water vapor changes to liquid water
at temperatures above 0° C
b. _Sublim aMon = water vapor changes to solid (ice

crystals or snow) at temperatures below 0 °C

5. Removing moisture from the atmosphere ALSO removes €n e rq V
La¥ent

in the form of less energized molecules (/) b0 J 'A Y oAt ) Hy
This is the energy that drives many storms systems (e)t’ Hurricanes).

6. For condensation to occur, a solid surface for the vapor to condense on
MUST be present. This solid surface may be dust, dirt, pollen,

pollution, aerosols, etc. and is called 60/] d thSatio n Nu 6/ el B
No condensation can occur in perfectly clean air.

7




7. Cloudsare _en(leetfrpns of 1‘m§/ watu droplets or ice

_Qttﬂsﬁls suspended. (p Yhe asmosohiere.

Clouds are visible therefore they are NOlz made of gases, but are
made of liquids or solids.

Clouds form when: Warm MOIJIL air Ises
it wols Sefowy dew point
Condensaton oceurs
“poof " a eloud [

8. When water droplets and/or ice crystals become Iarg'e enough to fall

down to the ground, Pre (',t'ln itatio n occurs.

Precipitation Q/{ Lania the atmosphere by removing dirt
and aerosols (condensation nuclei) from the atmosphere by bringing
them down to the ground.




LYauie TS Date _ki/q_ﬂ_ L E
Part 1: Multiple Choice. (3 points cach, total 84 points) o

1. Base your answer to the following question on the . 3. The change from the vapor phase to the liquid
Earth Science Reference Tables. phase is called

@ condensation (3) transpiration

Which station model correctly shows the weather (2) evaporation (4) precipitation

conditions of a thunderstorm with heavy rain?

(1)

(3)
4. Which graph best represents the most common
relationship between the amount of air pollution
i K and the distance from an industrial city?
o () ¢ OF
3 5
i 3
= <
@) 4
Distance Distance
(2) (4)
o0 — .5 ‘5
< 5 :
< «
< <
. —
Distance Distance
2. Which graph best represents the relationship . _
between the moisture-holding capacity (ability to Base your answers to question " 50on The
hold moisture) of the atmosphere and atmospheric graph below which shows the air temperature and
temperature? dewpoint temperature over a 24-hour period for a
A location in New York State.
@ ¢ ©F
5 5
o] oz AIR TEMPERATURE === -
e e DEWPOINT TEMPERATURE ——
g TS =16
= L [ ] o -
g g 214 //:.:."\.._.
= R = —_— w2 // \
ATMOSPHERIC ATMOSPHERIC N il , \
TEMPERATURE TEMPERATURE ) o N /’
= a i pd
é c _\ ‘\ N 4
2) ¢ 4 e & N | 7
( ) g % | % 4 \‘\..._"_ -
= > = wl
Sz ¢z 1 =
W bl 0
£ LS 6pm  9pm  12mid 3am Gam 9am  i2noon 3pm, 6pm.
B2 5o F—Monday Tuesday ——— |
5° | 2 TIME
= e —— = —
ATMCSPHERIC ATMOSPHERIC
TEMPERATURE TEMPERATURE

g.
When was the air at ground level saturated with
water vapor?

(1) 6 p.m. Monday (3) 3 p.m. Tuesday
@ 6 a.m. Tuesday (4) 12 noon Tuesday

Weather 1 Test. R Page /(?



6. Base your answer to the following question on the ' 10, Why are temperature variations usually not as
Earth Science Reference Tables. great on Long [sland as they are in central New
York State?

At which temperature could water vaporinthe (1) Central New York State has 2 higher
atmosphere change directly into solid ice crystals? T d evation.

@ 20°F (3) 10°C i o® (2) Central New York State is more heavily
(2) 40°F (4) 100°C 0gee? L wooded.

(3) Long Island has a more southerly latitude.

@ Long Island is surrounded by a large body of
7. Which weather station model represents the water.

location with the greatest probability of
precipitation?

(D) 31 001 @5 0 . 11. Which statement best explains why the wet-bulb

thermometer of a sling psychrometer usually
shows a lower temperature than the dry-bulb
thermometer?

@O Water evaporates from the wet-bulb

(2) (4) , thermometer.
70 ' (2) Water vapor condenses on the wet-bulb
40 60 i thermometer.
24 t (3) The air around the wet bulb prevents
absorption of heat.

(4) The air around the dry bulb prevents
absorption of heat.

28 48

8. Which graph best shows the relationship between
atmospheric pressure and water vapor content at

: . 12. According to the Earth Science Reference Tables
the Earth's surface?

and the thermometer readings below, what is the

(1)} @j, approximate dewpoint?
5 5
z 2
'é‘ _ E Wet Bulb 15°C-
TER VAPOR R
wt‘.‘.AONTENT—- ‘E%LEFREJ‘?P-—E- m‘ﬂb—‘_b_lf?jﬂ L SR LA L L | D -

i 4
(2) & ( )é Dry Bulb 200C
2 2
£ g
R ok (1) 16°C () 5.0°C
(2) 20.°C @ 12°C
9. The highest air temperature ever recorded in 13. As warm, moist air moves into a region,
Alball)’. New ‘YOI'k1 was ]U4OF, which occurred on barornc“‘ic pressure l'cadings n the I-egjon \Nil]
July 4, 1911. This temperature is equal to generally
(1) 50°C O 40°C (D) decrease (3) remain the same
(2) 45°C (4) 35°C (2) increase

Weather 1 Test. R Page oLO



14. The primary source of moistu
is the Earth's

(1) rivers and lakes

@ oceans

re for the atmosphere

(3) ground water
(4) vegetation

I5. An observer reports the following data for a
location in New York State:
Air temperature =35° C = {6°F
Pressure = 996 mb
Relative humidity = 84 %

The weather conditions at this location would best
be described as

@hot and humid
(4) hot and dry

(1) cool and humid
(2) cool and dry

16. Base your answer to the following question on the
Earth Science Reference Tables.

When the dry-bulb temperature is 14°C and the
wet-bulb temperature is 8°C, the relative humidity

15
(1) 6% (3) 25%
2 22% (H41%

23.

. According to the Earth Science Reference Tables,
an atmospheric pressure of 1,019 millibars is equal
to

(M
2)
(3)
©

30.15 inches of mercury
31.05 inches of mercury
30.00 inches of mercury
30.09 inches of mercury

. Condensation will most likely occur in a given
volume of air when the air is
(1) saturated and contains no condensation nuclei
@ saturated and contains condensation nuclei
(3) unsaturated and contains no condensation
nuclei
(4) unsaturated and contains condensation nucle;

Weather 1 Test. R

20.

21

19. Which gas in the atmosphere has the most

influence on day-to-day weather changes?
(1) carbon dioxide (3) oxygen
@ water vapor (4) ozone

Which processes provide the greatest amount of
moisture to the atmosphere?

(D evaporation and transpiration

(2) evaporation and infiltration

(3) condensation and transpiration

(4) condensation and infiltration

Which atmospheric condition will cause the
greatest amount of evaporation from the surface of

22,

@ condensation

25.

a lake?
(1) calm, dry, cold (3) calm, moist, hot
(2) moist, cold, windy @dry, hot, windy

Which event usually occurs when air is cooled to
its dewpoint temperature?

(1) evaporation
(2) freezing

(3) transpiration

@ condensation

Which atmospheric variable usually increases
before precipitation occurs?

(3) visibility

@ relative humidity

(1) insolation
(2) air pressure

. By which process are clouds. dew, and fog

formed?
(1) evaporation (3) melting

(4) precipitation

Which natural process best removes pollutants

from the atmosphere?
(1) convection (® precipitation

(2) condensation (4) evaporation

Page ) [



Base your answers to questions 26 through 28 on
The table shows weather conditions for 4 consecutive d
taken at 1 p.m.

the Earth Science Reference Tables and the data table belo

Wind Speed, Barometric
Day Temperature | \yinq Dirgction, Pressure Present
(°F) Cloud Cover (mb) Weather
Monday 6 \O 1,028.0 Clear
Tuesday 4 \I\O 1,029.0 Sunny
Wednesday 24 x 1,017.0 Light snow
Thursday 26 \Pl 1,011.0 Light snow
26. On which day was the wind speed at | p.m. the greatest?
(1) Monday (2) Tuesday (3) Wednesday @ Thursday

27. Which symbol best indicates the weather conditions at 1 p.m. on Wednesday?

O 5 > ® o

(4) ’

28. If the weather trend continues, the most probable air temperature for 1 p.m. on Friday is

(1) 20°F @ 28°F (3) 36°F

Weather 1 Test. R Page 14

(4) 4°F

Ww.

ays at a location in New York State. Each reading was



Part 2. Answer each question in the space provided. (16 points total) P* y}fxb lrt=
1

1. (A) Use the data shown on the map below to draw isolines using an interval of
5 c 10°C and beginnipg with the 0 °C line. (3 points) 5
o°C
20°C

Moring Temperatures
in the United States (°C)

(B) The name given to the specific type of isoline shown on the map above is

|t Isa A erne

2. The interiors of continents (inland areas) become centers of High Air Pressure in
the Winter. Explain why this High Air Pressure occurs. (2 points)

i f‘/‘ 4, DR ) ;n / ',"_g -."i_‘l | Ar.’r{‘_.{l | i é‘(/( -"."\_,rJ IV Jé/i(_f-{{‘.l} : ‘/J: /l
U..} \."'_J_._. ;"L,'f-l., l._,; _; r.L 'f"l_. f,[ g, IL-}‘(Q-/ /.Ir /W ":/( [l A Fi [ ! - g
. ) o Ly v of Mo d -5
r '._{L 3\”:.'\. ¢ 6{“{} '/.'-f;'f-!.--/ Fi (§ ¢ a {.t_,'l'.c_- K}'l { j, LA (; %
L ,"I
W Calds aid) ve/ Mgl plesdenis i/

= /
J

43



3. Correctly complete the station model drawing using the information given at the
left (10 points).

Air temperature 82°F

Air Pressure 992,7 mb 21
Cloud Cover 75% s =
Dew Point Temperature  83° F .\
South wind at 20 knots 83
Visibility .5 miles

Air Pressure fell 1.5mb over the past 3 hours
and continues to fall

Precipitation is currently falling. Name the form of this precipitation _ /L4 / 3

- ; ; : Ny )
On the model, indicate the current weather mentioned in the question above.j\ M -
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«2 inches of precipitation fell over the past 6 hours ~ "
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