e FOR EXAMPLE,

e AS THESE WARM WATERS ENTER POLAR REGIONS, THEY
GRADUALLY COOL.

Labrador

e EVENTUALLY, THEY REACH A LANDMASS AND BEGIN
FLOWING TOWARD THE EQUATOR.

Quebec

e THE RESULTING CURRENTS, SUCH AS THE LABRADOR
CURRENT

* (OCEAN CURRENTS AFFECT THE WEATHER OF A REGION.

e FOR EXAMPLE, THE GULF STREAM BRINGS
TO THE COAST OF THE PROVINCE, RESULTING IN
THAN THOSE
EXPERIENCED INLAND IN CANADA. FOR EXAMPLE, THE
AVERAGE LOW TEMPERATURE IN JANUARY IN ST. JOHN'S
IS =8°C. COMPARE THAT TO THE AVERAGE LOW
TEMPERATURE OF —14°C IN JANUARY IN OTTAWA.
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DEEP OCEAN CURRENTS

» [DEEPER OCEAN WATER MOVES AS A

RESULT OF
AND THE CONTENT
OF WATER. Great ocean conveyor belt
Heat release
L to atmosphere
. 50 Figure 1.20 The
AND DISPLACES WARMER WATER great ocean conveyor
AROUND IT. / : belt moves water and
i ety thermal energy around
. THAN WATER | i

THAT IS LESS SALTY. SO SALTIER WATER
AND DISPLACES THE LESS SALTY
WATER AROUND IT.

Heat release Cold saline
to atmosphere deep current

 BOTH OF THESE MOTIONS PRODUCE A
MASSIVE SYSTEM OF DEEP-WATER
CURRENTS CALLED THE GREAT OCEAN
CONVEYOR BELT.




1-2D EXTREME WEATHER RESEARCH ASSIGNMENT

» HURRICANES

* NOR'EASTERS

* THUNDERSTORMS
» TORNADOES

« EL NINO

* LA NINA

HOW DOES THE EXTREME WEATHER FORM¢
WHAT CONDITIONS DOES THE EXTREME WEATHER PRODUCE?
WHAT DANGERS ARE ASSOCIATED WITH THE EXTREME WEATHER?

WHAT TYPES OF WARNINGS ARE ISSUED BY THE WEATHER
SERVICE ABOUT THE EXTREME WEATHER?

HOW DO INDIVIDUALS, COMMUNITIES, AND/OR LOCAL OR
PROVINCIAL GOVERNMENTS PREPARE FOR THE EXTREME
WEATHER?

WHAT KIND OF DAMAGE CAN RESULT FROM THE EXTREME
WEATHER?¢

WHAT IS THE HISTORY OF THE EXTREME WEATHER AND ITS
EFFECTS IN YOUR AREA®C



QUIZ!




WEATHER, CLIMATE CHANGE AND SOCIETY

| AB MANUAL
e LAUNCH ACTIVITY 2
e MEASURING FOG




MEASURING WEATHER DATA

* WEATHER FORECASTING PROCESS OF
PREDICTING FUTURE WEATHER BASED

W h d cli 11,000 land stations (3000 automated)
eather and climate ggg radiosondes, 3000 aircraft

ﬁﬁﬂr‘-” ships, 1300 buoys

ON ONGOING OBSERVATIONS OF ' 5 polar, 6 geostationary satellites

GEOSTATIOMARY

e

4 SATELLITE

IMAGES

Ll -
-
*
.
*

ATMOSPHERIC CONDITIONS

 METEOROLOGISTS ALSO CONSULT i
WEATHER MEASUREMENTS AND i " el
RECORDS IN ORDER TO LOOK FOR il
PATTERNS THAT HELP THEM PREDICT R g
WHAT WEATHER CONDITIONS WILL BE el
LIKE IN THE NEAR FUTURE.

0 Agm‘nc
... STATION
A

« BOTH AND
ARE PART OF THE
PROCESS OF WEATHER FORECASTING.

source: WMO




MEASURING THE COMPONENTS OF WEATHER

* METEOROLOGISTS COLLECT DATA ON

TEMPERATURE

e WIND SPEED AND DIRECTION

* HUMIDITY

* AIR PRESSURE

e PRECIPITATION

* AND OTHER COMPONENTS OF WEATHER.




WEATHER COMPONENTS AND TOOLS

* AIR TEMPERATURE THE AVERAGE KINETIC
ENERGY OF MOLECULES IN AIR

» AIR TEMPERATURE IS MEASURED USING A

* LIQUID THERMOMETERS USE ALCOHOL
SEALED IN A NARROW GLASS TUBE.

» AS THE TEMPERATURE OF THE ALCOHOL
INCREASES, THE DENSITY OF THE LIQUID
DECREASES. THE DECREASE IN DENSITY
RESULTS IN AN INCREASE IN VOLUME OF
THE FLUID. AS VOLUME INCREASES, THE
FLUID RISES WITHIN THE TUBE.

e OTHER TYPES OF THERMOMETERS WORK
ON DIFFERENCES IN EXPANSION BETWEEN
METALS OR THE FLOW OF AN ELECTRIC

T CURRENT BETWEEN METAL WIRES.




* PRECIPITATION WATER, IN LIQUID OR
SOLID FORM, THAT FALLS FROM THE
ATMOSPHERE; INCLUDES RAIN, SNOW,
HAIL, SLEET, AND FOG

 RAINFALL IS MEASURED USING A RAIN
GAUGE OR A TIPPING BUCKET RAIN
GAUGE.

* A RAIN GAUGE HAS A FUNNEL AT THE
TOP TO CATCH RAINFALL ACROSS A
LARGE SURFACE AREA.

MARKED IN MILLIMETRES.

* A TIPPING BUCKET RAIN GAUGE
MEASURES RAINFALL ELECTRONICALLY.

e THE SIMPLEST WAY TO MEASURE
SNOWFALL IS WITH A STICK OR POLE
THAT IS MARKED VERTICALLY IN
CENTIMETRES.




e  ATMOSPHERIC PRESSURE
e  ATMOSPHERIC PRESSURE IS MEASURED WITH A

2 USES A FLEXIBLE SEALED
CONTAINER CALLED AN ANEROID CELL, WHICH
HOLDS A SMALL AMOUNT OF AIR.

» LOW ATMOSPHERIC PRESSURE COMPRESSES THE
CELL LESS THEN HIGH ATMOSPHERIC PRESSURE
DOES.

e RESULTING CHANGES IN THE VOLUME OF THE
CELL MOVE A NEEDLE THAT INDICATES AIR
PRESSURE ON A SCALE.

* ATMOSPHERIC PRESSURE CAN ALSO BE
MEASURED WITH ELECTRONIC SENSORS.

e  ATMOSPHERIC PRESSURE IS MEASURED IN
KILOPASCALS (KPA).

e SOME HOME BAROMETERS SHOW CHANGES IN
ATMOSPHERIC PRESSURE IN MILLIBARS OR
MMHG




" TEMPERATURE

» RELATIVE HUMIDITY AMOUNT OF WATER VAPOUR IN
THE AIR COMPARED TO THE MAXIMUM AMOUNT OF
WATER VAPOUR IN THE AIR AT THAT TEMPERATURE

* RELATIVE HUMIDITY IS MEASURED WITH A

Dry-Bulb
Thermometer

* A DIGITAL HYGROMETER, GIVES ELECTRONIC
READINGS.

Handle

¢ ANOTHER TYPE IS BASED ON THE EFFECTS OF e
EVAPORATION. IT USES TWO THERMOMETERS. fremenet

RELATIVE HUMIDITY TABLE  Tagler,

e ONE HAS ITS BULB OPEN TO AIR (DRY BULB); THE
OTHER HAS ITS BULB COVERED IN WET CLOTH (WET
BULB). A SLING PSYCHROMETER WORKS ON THE /
SAME PRINCIPLE \

: Evaporation
Air flow W v 4
B e— T — 1‘—

Dry Bulb Wet Bulb




THE DRY BULB MEASURES ACTUAL AIR TEMPERATURE.

EVAPORATION FROM THE WET BULB CAUSES ITS
TEMPERATURE TO DROP BELOW THE ACTUAL
TEMPERATURE.

IF NO WATER EVAPORATES, THE TEMPERATURE OF
THE WET BULB IS THE SAME AS THE TEMPERATURE OF
THE DRY BULB. IN THIS CASE, THE RELATIVE HUMIDITY
1S 100%.

|F THERE IS A TEMPERATURE DIFFERENCE, THE
RELATIVE HUMIDITY CAN BE FOUND FROM A CHART
THAT RECORDS PREVIOUSLY DETERMINED VALUES.

" TEMPERATURE

Dry-Bulb
Thermometer

Wet-Bulb
Thermometer

RELATIVE HUMIDITY TABLE

Temperature

"\

: Evaporation
Air flow W v 4
B e— T — 1‘—

Dry Bulb Wet Bulb




*  WIND SPEED AND DIRECTION WIND SPEED IS THE
SPEED AT WHICH AIR IS MOVING THROUGH THE
ATMOSPHERE PARALLEL TO EARTH'S SURFACE. WIND
DIRECTION IS THE DIRECTION FROM WHICH WIND
ORIGINATES.

e  WIND SPEED IS MEASURED WITH AN ANEMOMETER,
AND WIND DIRECTION IS MEASURED WITH A WIND
VANE.

* AN ANEMOMETER IS DESIGNED TO “CATCH" THE
WIND IN ITS OPEN CUPS. THE WIND ROTATES THE CUPS
AND THIS ROTATION IS TRANSLATED INTO A WIND
SPEED MEASUREMENT.

e A WIND VANE IS SHAPED LIKE AN ARROW WITH A
LARGE, FINNED TAIL. WIND TURNS THE TAIL, POINTING
THE ARROW IN THE DIRECTION FROM WHICH THE WIND
ORIGINATES.

*  WIND SPEED IS GENERALLY MEASURED IN KM/H.

e METEOROLOGISTS TYPICALLY USE THE 16 COMPASS
POINTS TO INDICATE WIND DIRECTION.




WEATHER OBSERVATION SYSTEMS

* REMOTE SENSING TECHNOLOGY TECHNOLOGY THAT COLLECTS WEATHER DATA FROM A
DISTANCE WITHOUT ACTUALLY BEING IN PHYSICAL CONTACT WITH THE OBJECT BEING

OBSERVED
7§ e Uil S
e Satelite Missions II Il \\“

-~
- -
|

o
FRAWY
A

= il {
HD Video Cubesats
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otherad
H A0
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WEATHER BALLOONS

e METEOROLOGISTS OFTEN SEND WEATHER BALLOONS INTO
THE ATMOSPHERE TO TAKE WEATHER MEASUREMENTS. THESE
MEASUREMENTS ARE TAKEN BY A RADIOSONDE. A
RADIOSONDE IS A DEVICE CARRIED BY THE BALLOON THAT
CONTAINS VARIOUS WEATHER-MEASURING INSTRUMENTS.

* |T ALSO CARRIES A RADIO TRANSMITTER. A RADIOSONDE'S
INSTRUMENTS MEASURE ATMOSPHERIC CONDITIONS, SUCH AS
TEMPERATURE, PRESSURE, AND HUMIDITY.

* THE RADIO TRANSMITTER CONTINUOUSLY SENDS THESE DATA
BACK TO RADIO RECEIVERS ON THE SURFACE.

* ADDITIONALLY, BY TRACKING THE BALLOON ITSELF,
METEOROLOGISTS GATHER DATA ON WIND SPEED AND
DIRECTION.

* AS THE BALLOON RISES IN THE ATMOSPHERE AND AIR
DENSITY DECREASES, THE HYDROGEN GAS THAT KEEPS IT
ALOFT EXPANDS. THE BALLOON EVENTUALLY BURSTS AND A
SMALL PARACHUTE CARRIES THE RADIOSONDE BACK TO
EARTH.




WEATHER RADAR

WEATHER RADAR REMOTE SENSING
TECHNOLOGY THAT MEASURES
WEATHER DATA BY ANALYZING RADIO
WAVES THAT ARE REFLECTED OFF
OBJECTS IN THE ATMOSPHERE

SENT OUT BY WEATHER
RADAR ARE BY RAIN,
SNOW, HAILSTONES, OR OTHER
OBJECTS IN THE AIR.

THE
REFLECTED SIGNALS ARE INTERPRETED
AND THAT
SHOW THE LOCATION AND INTENSITY
OF PRECIPITATION.

BECAUSE RADAR CAN PENETRATE
CLOUDS TO SEE IF PRECIPITATION IS
HOINVIIN[CAIN

o The radar sends out

d q

d rainl:lrcnps

@»
# |T||f ron 'U'EW'F“\

J—J“.—i\-_\.
—l
—
o The radio waves encounter

radio waves. and are reflected by
precipitation.

e The radar detects

the reflected signal.




e A SPECIAL RADAR TECHNOLOGY CALLED
DOPPLER RADAR ALSO DETERMINES
WHETHER THE OBJECTS IT DETECTS ARE

THE
RADAR ANTENNA.

e |T CAN ALSO MEASURE THEIR

» THIS ENABLES METEOROLOGISTS TO —~— g
CALCULATE THE DIRECTION AND SPEED _ |
OF A WEATHER SYSTEM. A e e _;_iﬂ_‘.ﬁ;@m,‘“’a" - -

* DOPPLER RADAR IS USED TO SHOW THE =
GEOGRAPHICAL EXTENT, THE INTENSITY, & ~
AND THE MOVEMENT OF PRECIPITATION. =




WEATHER SATELLITES

» WEATHER SATELLITES CONTAIN
SPECIALIZED REMOTE SENSING
TECHNOLOGY THAT HAS BEEN
LAUNCHED INTO ORBIT AROUND
EARTH. THE TECHNOLOGY ON THESE
SATELLITES MONITORS THE
ATMOSPHERE NEAR EARTH, AND IT
HELPS METEOROLOGISTS UNDERSTAND
THE DEVELOPMENT AND MOVEMENT
OF WEATHER SYSTEMS.

e THEY USE INFRARED LIGHT (HEAT) TO
DETECT TEMPERATURE OR SCATTERED
VISIBLE LIGHT TO DETECT
PRECIPITATION




THERE ARE TWO TYPES OF ORBITING WEATHER SATELLITES:

GEOSTATIONARY. OPERATING  ENVIROKMENTAL SATELLITES
(GOES) AND POLAR OPERATING ENVIRONMENTAL
SATELLITES (POES).

GOES ORBIT EARTH ABOUT 36 000 KM ABOVE THE
EQUATOR. THEY TRAVEL AT THE SAME SPEED AS EARTH
ROTATES. THESE SATELLITES ARE ESSENTIALLY HOVERING
OVER A FIXED LOCATION ON EARTH. THUS, THEY OBSERVE
THE SAME LOCATION ON A CONTINUOUS BASIS.

POES ORBIT EARTH ABOUT 14 TIMES PER DAY AT 879 KM
ABOVE IT. AS EARTH ROTATES BENEATH POES, THEY
COVER THE ENTIRE GLOBE DURING THE COURSE OF THE
DAY. THIS ALLOWS THEM TO TRACK VARIOUS WEATHER
SYSTEMS.

geostationary
- orbit

36 000 km

879 km

polar orbit
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 LAB MANUAL : ANALYZING A WEATHER
REPORT




SCIENCE WATCH

 |LAB MANUAL : THE
MAPLE LEAF LANDS ON
MARS




FORECASTING THE WEATHER

* SHORT-RANGE FORECAST A FORECAST THAT
PREDICTS HOW WEATHER CONDITIONS WILL
CHANGE OVER A PERIOD OF UP TO Sat

Sun Sun Sun Sun Mon

Overnight Morning Afternoon Evening Overnight Morning

Cloudy with clear Scattered flurries Scattered flurries Scattered flurries  Scattered flurries . Mainly cloudy
breaks

e THE SIMPLEST, CALLED
, ASSUMES THAT CURRENT
WEATHER PATTERNS WILL PERSIST (CONTINUE)
INTO THE FUTURE. BECAUSE ATMOSPHERIC
CONDITIONS ARE ALWAYS CHANGING,
PERSISTENCE FORECASTS ARE MOST
ACCURATE FOR UP TO A FEW HOURS. : T em

 ANOTHER TECHNIQUE, CALLED 26 nw
, FORECASTS WEATHER UP TO
ABOUT 6 HOURS. NOWCASTING RELIES ON
REMOTE SENSING TECHNOLOGY AND IS
ESPECIALLY HELPFUL IN PREDICTING STORM
MOVEMENT.




2-2A FORECASTING BY OBSERVING CLOUD TYPES
AND MOTION
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WEATHER SYMBOLS AND MAPS

Table 2.2 Some Common Weather Map Symbols

Explanation

cold front—the leading edge of an advancing cold air mass

-

warm froni—the retreating edge of a cold air mass as a warm air mass approaches

stationary front—the boundary between two air masses that are not moving
s o

occluded front—the boundary formed when a fast-moving cold front overtakes a slow-moving warm front

isobar—line showing locations of the same atmospheric pressure

—_— ) — isotherm—line showing locations of the same temperature

pressure system—indicates a high pressure system or a low pressure system

e -



ANALYZING WEATHER MAPS FOR SHORT-RANGE
FORECASTING

e LAB MANUAL : 2-2B INTERPRETING WEATHER MAPS

* WHEN ANALYZING WEATHER MAPS TO CREATE A SHORT-
RANGE FORECAST IS THE LOCATION OF WEATHER FRONTS,
AS WELL AS THE SPEED AND DIRECTION OF THEIR MOTION.

e THE LOCATIONS OF PRESSURE SYSTEMS AND THEIR
BOUNDARIES CAN ALSO HELP YOU PREDICT HOW THE
WEATHER WILL CHANGE. ATMOSPHERIC CONDITIONS
OFTEN BECOME UNSETTLED WHERE TWO PRESSURE SYSTEMS
MEET.

Figure 2.9 Quickly changing temperature or pressure often indicates that a frontal system is
approaching.

. A D DlTl O N A I_ I_Y ’ | F TH E MA PS | N C I_ U D E |S OTH E R MS O R Interpret What evidence of a frontal system do you see in this photograph?

ISOBARS, OBSERVE HOW CLOSE OR FAR APART THE LINES
ARE AND HOW THIS DISTANCE IS CHANGING WITH TIME.
THIS WILL GIVE YOU AN IDEA OF HOW QUICKLY THE
TEMPERATURE OR PRESSURE IS CHANGING. OFTEN,
QUICKLY CHANGING TEMPERATURE OR PRESSURE
INDICATES AN APPROACHING FRONT.




FORECASTING THE WEATHER

* LONG-RANGE FORECAST A FORECAST THAT

PREDICTS HOW WEATHER CONDITIONS WILL Next 7 Days
CHANGE OVER A PERIOD OF Sun Mon Tue o Sat

COMPUTER-BASED STATISTICAL ANALYSIS OF e
PAST WEATHER DATA AND COMPUTER

MODELS OF ATMOSPHERIC CIRCULATION
AND BEHAVIOUR - 3

. . . . : . - T

1e

% % % % % % 9,
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 |LAB MANUAL : CANADIAN CONTRIBUTIONS TO
METEOROLOGY
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* LAB MANUAL : USING WEATHER MAPS FOR
SHORT-RANGE FORECASTING




IMPORTANCE AND LIMITATIONS OF WEATHER
FORECASTING

» CANADA EXPERIENCES A WIDE VARIETY OF
WEATHER, MUCH OF WHICH CAN BE
EXTREME AND HAZARDOUS.

el T 4 UISE (R R
L AN
‘ S =

* SUCH WEATHER EVENTS INCLUDE FLOODS,
HURRICANES, ICE STORMS AND HEAT
WAVES

BECAUSE THE CONSEQUENCES OF
EXTREME WEATHER ARE FREQUENTLY IN THE SCSeag =g
NEWS, PEOPLE ARE VERY AWARE OF THEM. € X REEY

* OUR ABILITY TO FORECAST ALL WEATHER
PLAYS A SIGNIFICANT ROLE IN THE




