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UNIVERSITY STUDIES




Master Syllabus

Course: PHY 182, Introduction to the Weather
Cluster Requirement: 2A, Science of the Natural World
This University Studies Master Syllabus serves as a guide and standard for all instructors teaching an approved in the University Studies program.  Individual instructors have full academic freedom in teaching their courses, but as a condition of course approval, agree to focus on the outcomes listed below, to cover the identified material, to use these or comparable assignments as part of the course work, and to make available the agreed-upon artifacts for assessment of learning outcomes.

Course Overview: 

The course focuses on understanding the fundamentals of atmospheric processes that combine to produce the weather we experience. Results of these complex processes include rainstorms, heat waves, blizzards,  and hurricanes. A reasonably good understanding of these phenomena can be attained with the use of conceptual and quantitative reasoning. Lectures, exams, and class assignments involve the use of basic mathematics, including scientific notation and algebra. This course covers the physical principles which affect the general circulation of the atmosphere. The relationship of this to the day-to-day sequence of weather events is discussed. As part of the course, students generate short-term forecasts using real time information available from the internet.
Learning Outcomes:

Course-Specific Learning Outcomes:
After completing this course, students will have gained an understanding of:

• atmospheric and oceanic processes that combine to produce the weather and the basic scientific principles that govern the weather.

• which observables help us predict the weather and how are they measured. 
• how basic scientific principles be used to explain the climate and weather of different regions of our planet. 
• the predictability of weather around the globe, and how it is affected by latitude, proximity to the ocean, and seasons.
• how the weather affects mankind. 
• how can some simple classroom demonstrations explain the phenomena behind the weather.
University Studies Learning Outcomes:
After completing this course, students will be able to: 
• Recount the fundamental concepts and methods in one or more specific fields of science. 
• Explain how the scientific method is used to produce knowledge. 

• Successfully use quantitative information to communicate their understanding of scientific knowledge. 
• Use appropriate scientific knowledge to solve problems.
Examples of Texts and/or Assigned Readings:


Meteorology: Understanding the Atmosphere, 3rd edition, by Steven Ackerman and John Knox. ISBN-10: 1449631754 | ISBN-13: 978-1449631758 | Publication Date: April 22, 2011.
Outcomes Mapping

OUTCOME 1: Recount the fundamental concepts and methods in one or more specific fields of science (here, weather and atmospheric science).
SAMPLE  TEST QUESTION FOR THIS OUTCOME: 

What is the Doppler effect ? How is this principle used to measure rainfall?
JUSTIFICATION AND GRADING RUBRIC: 
This question requires the students to (a) understand the fundamental concept of Doppler effect – frequency shifts when rainbands are moving towards or away from the measuring instrument, a radar which sends and receives signals. (b) understand the method – that the backscatter signal measured off of water droplets in the atmosphere is used to display the “Doppler Radar” rain maps. For a score of 100% they should be able to articulate both the answers. Partial credit is given if either the principle or its use is not articulated correctly.
OUTCOMES 2 & 4: Explain how the scientific method is used to produce knowledge. Use appropriate scientific knowledge to predict the weather.
The two outcomes above are addressed in the course multiple ways. An example of each is presented here. The lectures use the building blocks (Course Outline#1 section B: BASIC BUILDING BLOCKS). The students then learn in (C: HEAT IMBALANCES AND WEATHER) how these building blocks can be used for weather prediction. This is tested by making students do forecasting exercises as part of their in-class activity. A sample forecasting activity is as follows.
IN-CLASS ACTIVITY EXAMPLE:
By using the (i) surface weather map chart showing fronts (ii) Surface temperature map:
1.     Predict for city X over the next 24 hours: (a) maximum temperature (b) rainfall amount (c) wind and wind-direction.
2.     How are the pressure systems related to the rainfall? Why?
JUSTIFICATION AND GRADING RUBRIC: 
The information projected in class includes the surface weather map and the surface temperature maps. Question 2 from an in-class activity above addresses the outcome “how the scientific method is used to produce knowledge” and Question 1 addresses the outcome “Use appropriate scientific knowledge to predict the weather”.  If the max temperature is within 5F,  the rainfall amount is within 0.25in and wind is within 5m/s of the "official" forecast, they get full credit for Question1, 50% for double these errors, and 0% beyond. To correctly answer Question 2, the students need to understand and articulate the relationship between low pressure system and rain, which requires several building blocks, i.e., how the wind flow around a low pressure system requires convergence at the surface, causing air to rise, gets saturated. It is this saturation that causes rain). They also need to understand how the principle of advection past city X that they learned in the course is used to predict (a-c). Partial credit is given if they can articulate some of the connection between low pressure systems and rain.
 
OUTCOME 3: Successfully use quantitative information to communicate their understanding of scientific knowledge.
SAMPLE QUESTION FROM THE HOMEWORK:
Using a calculator, compute the magnitude and direction of Coriolis force per unit mass of air on a southerly wind of 5m/s for UMass Dartmouth, assuming a latitude of 42oN.  Recall that the rotation  rate of the Earth is given by 1 revoution in 24 hours.  What would this force be at the equator?
JUSTIFICATION AND GRADING RUBRIC:
 The students need to convert 1 revolution in 24 hours into radians/second (7.29*10^-5/s) and multiply it with the wind speed 5m/s to get the force per unit mass. They also need to get the direction correctly (in northern hemisphere, 90 to the right of the wind, i.e., eastward), and answer that the Coriolis force is zero at the equator, to get 100% credit. Partial credit is given if they answer the question partly correct.
 
Sample Course Outline #1:

A)   The Overview of Weather and Forecasting: (EST=GMT-5, DST=GMT-4), Net radiation balance and poleward transport of heat by the Atmosphere-Ocean system. We talk about the former here in terms of planetary scales, Synoptic scales, mesoscale and microscale weather systems. Synoptic scale brings in storms, air-masses and their boundaries as fronts, Mesoscale as thunderstorms and sea breezes and microscale as tornadoes. Fronts on Surface Weather maps, Highs and Lows and Circulation around them, weather associated prior and after their arrival. Ways of characterizing weather.

B) BASIC BUILDING BLOCKS:

1.Vertical structure and composition of the atmosphere, Temperature units and interconversion from oC to oF and vice-versa. 

2.The radiation: Solar radiation and its spectrum, Earths radiation, Greenhouse effect. Reception of radiation at a location: Earth’s tilt and seasons, Albedo, temperature variations around the globe (latitude, surface, elevation/aspect, bodies of water and cloud cover. 

3. Heat and temperature: Definitions, units and ways of transporting heat: conduction, convection and radiation; Sensible heating, Latent heat of melting/fusion, evaporation/condensation, sublimation; Specific heating and degree days; windchill effect.

C) PUT TOGETHER THE BUILDING BLOCKS 1,2 AND 3: HEAT IMBALANCES AND WEATHER: From net radiation, earth warms in the net and atmosphere cools, so sensible and latent heating counteract this. Heat imbalance by latitude, what determines local temperature. Variation with day-night and height, temperature inversions. Add more STRUCTURE to these building blocks above by understanding more basic concepts.

D) FIRMING UP THE STRUCTURE : WHY AND HOW DO THE WINDS BLOW?

Winds: Forces: Pressure gradient force, Centripetal force, Coriolis force, Friction and Gravity. Hydrostatic equilibrium, Geostrophic wind, Gradient wind in Northern Hemisphere: Why Clockwise around High, Counter-Clock-Wise around Low, Modified for Surface winds when friction acts too. Continuity of wind: Ascent near the Low center and descent associated with a High.

E) Humidity and Observations: 3 phases of H2O, hydrologic cycle, Unsaturated and saturated air. Stable and unstable air due to local radiational cooling/heating, air mass advection, descent/ascent of air; LIFTING mechanisms by convective heating, Fronts approaching , Mountain range, convergence, air-mass mixing. Condensation near the surface: Dew, Frost, Fog (radiation and advection).  Condensation higher up: Cloud development –Cloud classification: HIGH (Cirrus, cirrostratus, Cirrocumulus); MIDDLE (Altrostratus, Altocumulus), LOW (stratocumulus, Stratus, nimbostratus), VERTICAL development from Cumulus to Cumulonimbus; Mountain wave clouds. Precipitation: Types of precipitation, difference between freezing rain and Sleet. Halos and Rainbows. Humidity, Saturation and Lifting Mechanisms, dew/fog/clouds, Precipitation and Optics. 
F) Observations: How do we know what we know about the weather-ASOS, temperature, humidity, pressure and wind instruments. Scattering. Satellite observations. (POS and GOES.: differences), What radiation does the satellite see? (Reflected visible and Emitted IR), Data depiction on weather maps: Surface, Upper Air (height of isobaric surfaces, Radar observations. Vertical and horizontal variation of pressure (due to temperature and humidity: at same temperature, humid air is lighter!), divergence and convergence.

COMBINING ALL OF THE ABOVE AT THE PLANETARY SCALE AND FOLLOW THE ACTIVE AND DYNAMIC WEATHER AT PLANETARY, SYNOPTIC, MESOSCALES (AND MICROSCALES)!

G)  Global Winds: Planetary scale (6-25 k mi; weeks-months): Hierarchy of models – non-rotating; rotating; convergence at equator, divergence at 30N and convergence at 60N; add continents and oceans. Pressure systems and wind belts : ITCZ, trades, Subtropical anticyclones, Westerlies, polar front, polar north easterlies, polar anticyclones. 

H) AirMasses-Fronts Synoptic scale (60-6000 mi, days-weeks): Air masses, fronts and weather systems. Where we tie-up many concepts together! Air masses (by source and type); Air mass modification by heat and moisture exchange, radiational cooling, Orographic lifting (Mountain range lifting). 

I) FRONTS, overrunning: Stationary, Warm (Cirrus→cirrostratus→altostratus→stratus), gradual precipitation, Cold – steeper, Cumulus clouds, thunderstorms, may be a squall line!, Backdoor cold fronts in New England, Occluded fronts.

J) Midlatitude cyclones: Extratropical cyclone growth East of a trough and under left front quadrant of jet maxima, deepening→comma cloud, Secondary Lows, Coastal storms, How the track of storms tells us whether UMassD gets a snowstorm(N/NE winds) or rainstorm (S/SE winds), Seasonal changes in storm tracks/JetStream and its effect on weather. Anticyclone weather, Upper air circulation: Hadley cell near the equator; Midlatitude westerlies – Rossby waves, zonal and meridional flow patterns and Blocking systems. The Jet Stream: Near tropopause, strong temperature gradient near polar front, jet maximum, development of cyclone in the left front quadrant, cold air mass to the North and warmer to South of the jet stream, short waves.
K) CLIMATE  : What is Global Warming, and what possible solutions do we have? http://www.pbs.org/wgbh/pages/frontline/hotpolitics/ and http://www.pbs.org/wgbh/warming/ 
Sample Course Outline #2:

COURSE SCHEDULE:

Week of
                 Topic






Reading

Sep/5
Introduction to Weather Forecasting and Discussions           

p18-24;

Sep/10     Introduction to Weather Forecasting and Discussions         

------     

Sep/17
Introduction to the Atmosphere
                     



1-18

TEST #1: Sept.24

Sep/24
The Energy Cycle
                                                                     

26-55

Oct/1
Temperature
                                                         



56-83

Oct/9
Forces and Wind        






157-170 

(Oct 9 is Monday’s Schedule)

Oct/15
 Forces and Wind






171-187

Observing the Atmosphere






126-157,

TEST #2: Oct.22

Oct/24
Water in the Atmosphere
                                             

85-125

Oct/29  Global Scale Winds
                                                                             
189-207

Nov/05  Air Masses and Fronts
                                 



248-269

Nov/12 Atmosphere-Ocean Interactions; Hurricanes
                 

208-247

Nov/19  Extratropical Cyclones and Anticyclones
                             

270-305

TEST#3: Nov.21 – Plan to leave for thanksgiving break accordingly!

Nov/26Thunderstorm and Tornadoes; Small Scale Winds
OR

306-337, 338-348


Forecasting and Climate Topics
                                                           
362-399,400-404

Dec/3-10   CLIMATE TOPICS and Review                                                  

430-455

TEST#4: Dec.7th – Last Test


       GRADING The course grade will be determined from the following:

1.
WEB HWs         



               


20%

2.
Quizzes and Final       
                                 



45% 

3.
In-Class Activities and Class participation
 


15% 

4.
Experimental demonstration activity and DEMO/HW sheets
 
10%

5.
Pre/Post Test Survey (for taking the survey seriously)


10%

I take attendance seriously and consider it absolutely essential that you attend all the lectures. Besides, you would not earn any points for class participation and In-Class activities if you miss the class.

REQUIRED: 

WEB Homeworks:  The class website contains the homeworks, and it is your job to (i) find them (ii) note when they are due. Note that the web-server does not allow late submissions. If you face technical difficulties, bring printouts of computer messages and your printout of the homework.

In Class Activities: The experimental demonstration activity and HW sheets are different than the web HWs, and are handed out in class. Also, from time to time you will be involved in oral/written in-class group activities in class. There are no make-ups if you miss a class.

QUIZZ/EXAMS:  The quizzes are always for individual credit and their dates are. Sep.24th , Oct 22nd ,  Nov 21st  and Dec 7th. If you miss a quiz, that counts as zero, unless a valid medical certificate is given to me ASAP after missing the quiz. Note: No early thanksgiving break!

This is an "Intro" course, but this does not mean that it requires very little work. If you work on the material consistently and submit all needed work you have a very high chance of earning an A grade. You need to spend at least 6 hours/week of your time on this course outside of class.
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