September 13, 2016

What is the difference between weather and climate?
· Weather is what you get, climate is what you expect
· Weather short term, climate long term

Climate normal - 30 year average (1981 - 2010)

Systems concept
· The lithosphere
· The atmosphere
· The biosphere
· The oceans
· The cryosphere



Ice albedo feedback (positive feedback loop)
Conceptual model - abstract or schematic relationships represented, no numbers
Lowered polar albedo -- increased proportion of kdn absorbed = heating -- snow and ice melted

Models - brief overview of a heavily used word

Physical model - physical recreation of simplified version of system

Numerical model  - mathematical representations of physical processes cided and run on digital computer

IPCC - Intergovernmental Panel on Climate Change 

Structure and composition of the atmosphere
· Exponential rate of change NOT linear
· Hecto pascals - pressure
· Pressure decreases drastically in the first several kilometres of altitude and then slows

What would a vertical T structure look like?

Composition:
O2 - ~21%
Nitrogen - ~78%
Argon - ~1%
Helium and Neon too
Ozone water vapour, C02
Helium Neon and Argon are all noble gases
· Once noble gases are in the atmosphere they don’t react with anything so they just stay there

Ozone - good and bad because
· Good because it sits on the stratopause which is why there is an increase in temperature in the upper part of the atmosphere (temperature inversion) by absorbing energetic radiation 
· Bad because tropospheric ozone (ground level) is super toxic and reactive so we don’t want to breathe it, pollutant
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Notes: 

Solar irradiance (short wave radiation)
· Solar energy hits the atmosphere
Solar irradiance vs insolation
· Solar irradiance is the term for the amount of solar radiation per unit area (power/area)
· Usually W/m^2
· Insolation is the term for irradiance per unit time (power*time/area)
· Usually Wh/m^2 or kWh/m^2
· Note: kWh is a unit of energy not a rate. This is how you are typically billed for electricity 

Theory
1. Latitude: affects solar altitude whereby a lower latitude will give a greater solar altitude 
- atmospheric path length: higher solar altitude (angle of sun to the horizon) gives shorter path length. Higher solar irradiance
- angle of incidence: more perpendicular the angle with the earth’s surface, the more energy received. Higher solar  altitude creates higher angle and more irradiance reaches the surface
- latitude also controls the day length (shorter days in winter than summer)
2. Elevation: a higher elevation gives a shorter atmospheric path length, so there is less atmospheric absorption and reflection of solar radiation
3. Clouds: the clouds reflect and absorb solar radiation. Therefore, the more cloud cover there is then the less solar irradiance reaches the surface. Clouds in general are liquid water or ice crystals, not water vapour
4. Water vapour: water vapour is a good absorber of solar radiation. Higher amounts of water capour means less irradiance at the surface
5. Air density: denser air has more molecules per unit volume to absorb and reflect solar irradiance. Higher density air means less solar irradiance at the surface

How to write a good lab report
· Concise
· Neat 
· Tables
· Compare each variable independently 
· Show data
· Theory
· Case study (tables and discussion of each)
· Summary (short recaps and nothing new)

Lab #2

Absolute temperature or thermodynamic temperature
It’s the temp of an object in reference to absolute zero (the temp where there is no molecular motion or at which the volume of an ideal gas reaches zero

K = Celsius + 273

Blackbody

A black body theoretical object that absorbs all radiation incident onto its surface and reradiates al that energy. 
Black body formula _______________
A better approximation for the energy radiated by real materials “grey body” results by introducing emissivity (E: emitted radiation/incident radiation)
Grey body formula _______________

Theory
1. Air Temp: warmer objects emit more long wave radiation. Long wave emission is proportional to the fourth power of temp. Therefore a higher sky temp gives more incoming long wave radiation from a warmer sky
2. Atmospheric water vapour: water vapour is a good emitter of long wave so it has a high emissivity, can be said that water vapour is a good absorber and re emitter of long wave. Therefore more water vapour in the atmosphere means more incoming long wave radiation. WATER VAPOUR DOES NOT REFLECT LONG WAVE
3. Clouds: clouds affect both the emissivity and radiant temperature. Clouds are good emitters and it can be said to be a good absorbers and re emitter of long wave. CLOUDS DO NOT REFLECT LONG WAVES. Although most long wave radiation comes from, the lower atm, the entire air temp profile contributes when the atm is clea. This includes the warm lower air and the very cold upper air. Because clouds are such efficient emitters they act like a solid object for long wave. They cut off the cold upper atm increase the weighted average temp of the radiation atm thus contributing to the incoming long wave radiation and the increasing the radiant temp. Important distinction here: radiant sky temp vs air temp. 

October 4, 2016

Air pressure and winds

Atmospheric pressure
· Air pressure changes with height. Force of gravity acting on air molecules
· What causes air pressure to change horizontally?
· Why does the air pressure change at the surface?

Hydrostatic balance: 

Look at figure 8.1 in textbook

Horizontal pressure variations
· Short column of dense, cold air exerts the same pressure as taller column of less dense, warm air
· Warm air aloft is associated with high atm pressure, cold air aloft with low atm pressure
· Horizontal differences in temp = horizontal differences in pressure = WIND

Tropopause is much higher over the tropics compared to the polar regions

Daily pressure variations
· Most intense in tropics, lesser in higher latitudes
· Driven by absorption of solar energy by  ozone and water vapour
· Mid-latitude variations primarily driven by transitory pressure cells

1 bar = 100000 pascals
1mb = 100 pascals = 1 hPa

Pressure measurements
Aneroid barometers
· Contain small, flexible metal box that expands or contracts
· Altimeter - calibrated to measure altitude
· Barograph - continuously documents air pressure over time

Pressure readings
· Station pressure readings are corrected for temperature

Surface and upper level charts
· Sea level pressure chart
· Constant height
· Isobar - line of equal pressure
Constant pressure of isobaric chart
· Constant pressure surface

October 5, 2016

Lab 4 - convective heat flux density

Observations needed:
· Net al wave radiation
· Ground heat flux density
· Evaporative heat flux density
· Dry bulb temperature - at waist height
· Wind speed
· Weather conditions and surface roughness

Convective heat flux density (sensible heat flux): the process where heat energy is transferred from the earth’s surface to the atm by conduction and convection 
Thermals can sometimes grow into thunderstorms
· Hot ground makes hot air above which then floats up on top of cold air

Controls of Convective Heat Flux Density
1. Available energy (left Q* for processes)
- provides energy for QH
- provides energy to increase ground surface temperature and the the temperature gradient (surface to air 
- the greater the available energy then the greater the QH
2. Air temperature
- forms a temperature gradient between the surface and the air
- the lower the air temperature, the greater the gradient, and the greater the QH
3. Surface roughness
- wind interacting with a rough surface creates turbulence that rapidly moves heat away from surface
- the rougher the surface the more turbulence and the higher the QH
4. Wind speed
- in the thin laminar boundary layer, airflow is parallel to the surface, there is no vertical mixing, and vertical heat transfer is only via conduction (very slow process, only in the lowest 2 cm of air)
- vertical heat flow via rapid turbulent eddies
-stronger winds decrease the depth of the laminar boundary layer and create more turbulence, speeding up the transfer of heat in the turbulent boundary layer
- higher wind speed means a higher QH
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Hydrology: humidity and water vapour

Water importance 
· When water vapour in the atm reaches saturation, it begins to condense, producing clouds and precipitation, fog or dew

Hydrological cycle diagram

Vapour pressure
· All gasses exert their fair share of P
· Proportional to their proportion 
· What is boiling? Look at a saturation vapour pressure curve. 
· If you’re in a higher pressure area it would take longer to boil water

Relationships and patterns of vapour pressure
· Saturation VP is a function of Temperature
- think about implications tropical vs temperate vs polar
· Saturation VP is not directly proportional to T but displays a logarithmic profile 
- warm air can contain MUCH more vapour\

Evaporation and condensation

Evaporation requires energy
· This energy is transferred as latent heat from the surroundings
· As a result the surroundings coll
· This makes evaporation a cooling process

The rate of evaporation increases as temperature increases
· As temperature increases, more liquid molecules will have enough energy to become vapour

Evaporation and condensation continued

The rate of condensation increases as T decreases
· At lowed T many water vapour molecules will not have enough energy to remain in their gaseous state
· When evaporation is larger than condensation the amount of water vapour increases
· When evaporation is less than condensation the amount of water vapour decreases
· When the two rates are equal, the amount of water vapour stays the same
-  this is saturation
- saturation will eventually occur at any T

Saturation vapour pressure
· Higher for water than for ice at the same T
- evaporation requires less energy than sublimation
· This is significant in clouds with both ice and supercooled water droplets
· Water molecules are not held as tightly to a curved surface
- higher for curved surfaces than for flate ones
· This is only important whe the curve is very high
- ex. Tiny cloud droplets

Concept of saturation
· Three processes can lead to saturation
· 1. Cooling the air
· 2. Evaporation water into air
· 3. Mixing warm and cold air parcels that are both close to saturation

Absolute and relative measures of humidity
· There are 2 groups of measures for indicating the amount of water vapour in the atm
- absolute measures
- relative measures

Absolute humidity
· Measures the actual amount of water in the air
· Mass of water per volume of air: g/m^3
· Can be determined using the ideal gas law
· Absolute humidity will decrease if the volume of the air parcel increases

Dew point T
· Dew point T is the T to which the air must be cooled to achieve saturation
· A measurement of water vapour
· - high e corresponds to height T(d)
· When e=e(s) then T=T(d)

Dew points are always lower than or equal to dry bulb T

October 19th, 2016
LAB 5
Air temperature

Observation sites
1. Grass site with open sky
2. Grass site under tree canopy 

Controls of air T

Solar irradiance
· Provides energy that can be directly absorbed in the air
· Radiation must be absorbed by the air to increase internal T
· The more solar radiation absorbed the higher the internal energy content of a given volume of air, and the higher the air T

Total longwave radiation
· Longwave radiation provides energy that can be directly absorbed in the air to heat the air
· The more LW radiation absorbed the greater the air T

Humidity
· Water vapour is a good absorber for both LW and solar radiation
· The greater the humidity the more absorbed radiation. The more absorption the higher the internal energy content and higher air T
· More humidity means more energy absorption and therefore a higher T
Convective heat flux density
· CHFD provides energy from surface to air
· Therefore the higher the CHFD the higher the internal energy content, and a higher air T

Advection - horizontal
· Air coming from a warm source brings higher temps
· Air coming from a cold source brings low temps

Air temperature -- dry bulb at mid chest
Solar irradiance -- measured solar irradiance
Total LW radiation -- sum of ground and sky LW
Humidity -- calculated vapour pressure at mid chest height
CHFD -- calculated value
Advection -- wind direction, estimate if coming from warm or cold source. (justify where and why)

2mx2m area, measure the sky temp in the middle of the square. Then measure the LW emitted from the ground, 9 times, around the edge and one in the middle. Then take the average

November 1, 2016

Adiabatic processes control temperature changes in rising and sinking air parcels
· Atmospheric stability

Two adiabatic lapse rates
· Dry air 
· Saturated air

Adiabatic processes
· An adiabatic process causes a change of T without adding or removing heat
· Rising air parcels expand due to reduced P - performs work on their surroundings, T decreases
· Singing parcels are compressed

DALR
- a rising unsaturated dair parcel will cool at a constant rate

Potential T
· The T a parcel would have if it were brought to a pressure of 100 kPa
· Vertical movement will not change

Saturated adiabatic lapse rate (SALR)
· When saturated air rises, moisture condenses
· Latent heat is released - diabatic heating, offsets some of the adiabatic cooling, clouds form, net cooling is dependent on the rate of condensation

Lifting condensation level (LCL)
· Height at which clouds form
· Dry bulb air temp = dew temp
· In a rising parcel dew temp drops by 1.8 C/km
Environmental lapse rate ELR
· The lapse rate of the air surrounding a rising or sinking parcel of air - on average, 6.5 C/km in the midlatitude troposphere, but is a function of T change over a certain vertical distance
· Highly variable in time and space, even the direction of change can vary

4 types of air stability
1. Absolutely unstable: inversion
2. Conditionally unstable: rises if it gets condensed
3. Stable: won’t rise
4. Unstable: rise no matter what

November 16, 2016

Lab 8 precipitation and hydrological response
Lab due by december 2nd

Theory
Precipitation, especially amount and intensity affects stream discharge
· A greater amount of rainfall generates a greater amount of surface runoff and stream discharge
· The frequency of low P systems and fronts largely controls the amount of stream discharge
· Discharge = area x velocity
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