Module 1: What is Environmental Science?
· Earth’s 4 systems:
· atmosphere:
· includes the gaseous part of Earth from its surface to the exosphere; where atmosphere gradually merges with space 
· biosphere
· hydrosphere:
· includes the frozen part of the hydrosphere called the cryosphere  
· lithosphere (geosphere):
· lithosphere includes the soil system called the pedosphere 
·  
· deductive reasoning:deductive proof doesnt require premises to be true, only that reasoning be folproof
· premises are correct in inductive reasoning
·  
· natural uncertainty
· measurement uncertainty
·  
· distribution around true value
· values obtained have 2 characteristics: accuracy & precision
·  
· Module 2: Earth’s Atmosphere - Composition & Structure
· gases in the atmosphere have cycles of production - sources
· gases have cycles of removal - sinks
· trace gas: argon, under 1% of it in earth surface
· permanent/constant gas: evenly thruout surface, oxygen, nitrogen
· oxygen has 2 sources in atmosphere: photsynthesis & ultraviolet radiation (breaks down water & nitrous oxide in stratosphere)
· variable gases: gases whose concentrations vary greatly from place to place & time to time
· CO2 enters atmosphere tru decaying vegetation + other ways, also like water vapour traps portion of Earth’s outgoing radiant energy
· methane: effective absorber of terrestrial radiation & plays role in near-surface warming
· aerosols: any solid and/or liquid particle other than water which exists in atmosphere & are synonymous with the term particulate 
· -> aerosols contribute to precipitation processes cuz they act as condensation nuclei, decrease sunlight reaching surface cuz they absorb it & make clouds more reflective
· -> aerosols are both natural & human produced products
·  
· thermal structure of atmosphere:
· temperature drops w/ altitude, cooling trend, this rate of decrease is called the environmental lapse rate (degrees celsius C/1,000m)
· at top of mountain where no vegetation, coldest temp = above treeline 
· 4 layers of atmosphere: 
· troposphere, stratosphere, mesosphere, thermosphere
· ^( in order of increasing altitude)
· troposphere: temp. decreases w/ elevation like a mountain, thinnest, lowest of 4 layers, has most of atmosphere’s mass
· ->troposphere promotes atmospheric overturning, is the layer of all weather processes
· ->top of troposphere where temperature stops cooling is called the tropopause (& separates the troposphere from stratosphere)
·  
· stratosphere: temp. increases with elevation ( ^ ^)
· ^ this temperature inversion caused by absorption of uv by ozone
· contains ozone maximum
· has little weather (stratification)
·  
· mesosphere: temp decreases with increasing elevation like mountain
· mesosphere is the coldest atmospheric layer
·  
· thermosphere: very little heat content, most kinetic energy, increasing elevation with increasing temp (inverse)
·  
· ionosphere 
·   
· Module 3: Atmospheric Pollution & Ozone
· primary pollutants: direct products of combustion/evaporation, harmful to enviro more specifically to humans, can be directly harmful or react to become harmful, primary air pollutant sources: volcanic eruptions, burning of vegetation, dust storms which carry soil & fungal & bacterial spores
· secondary pollutants: products of the interaction of primary pollutants w/ constituents of the atmosphere & sunlight
· -> include chemicals like nitric acid, peroxyacetyl nitrates, formaldehyde, , ground lvl ozone
· point source is 1 relatively controllable site
· e.g. of point sources = smokestacks
· fugitive sources are open to areas that are exposed to wind action e.g. as a result of land clearing
· area sources: well defined areas within which there r several sources of air pollutants e.g. small urban communities
· mobile sources 
· volatile organic compounds (VOCs) are organic chemicals that have a low boiling pt, their molecules evaporate & enter surrounding air
· chlorofluorocarbons (CFCs) - greenhouse gases harmful to ozone release chlorine if UV hits it
· reduction in stratospheric ozone lvls over springtime Antarctica has plummeted at a fast rate that during September & October theres an ozone hole over the region, ozone hole is area of lowest ozone concentration over the Southern Hemisphere
· hole is larger than Antarctica
· ozone measured in Dobson units
· hydrochlorofluorocarbons (HCFCs)
·  
· Module 4: Global Energy Balance
· thermonuclear process generates energy which works its way to the 
· sun’s outer luminous surface called the photosphere (temp cooler here than in interior)
· energy transferred from sun to Earth is radiant energy/radiation
· the waves have electrical & magnetic properties so are electromagnetic waves 
· electromagnetic waves don’t need molecules to propagate them, in a vacuum they travel
· electromagnetic radiation- streams of photons that are discrete packets of energy
· when solar radiation enters atmosphere it can be scattered, this distribution of light is called scattering 
· the preferential scattering of the shortest wavelengths by air molecules creating a blue sky is called Rayleigh scattering 
· solar radiations that passes thru air unimpeded is called transmitted radiation , ultimately absorbed at surface
· insolation – incoming solar radiation
· higher solar angles reduce or increase? beam spreading = warming is more intense
· annual insolation – average radiation total for a yr
· insolation stronger at low latitudes
· albedo – is the percentage of shortwave radiation returning from a given surface compared to the amount of radiation initially striking that surface
· sensible heat – is a result of the kinetic energy of molecular motion. It is heat which is transferred by conduction, from molecule to molecule or by convection, as a fluid flows, sensible heat is tangible & measurable
· sensible heat transfer – moving air molecules exchanging energy with molecules at Earth’s surface
· conduction 
· convection 
· vertical exchange of heat is called free convection
· the rising air bubbles are known as thermals 
· cycles creates what we call convective circulation/thermal cell in atmosphere
· latent heat transfer important for long distance, latent heat- energy required to change a substance from 1 phase to another
· latent heat of condensation – energy released when water vapour (gas) condenses to liquid droplets
· latent heat of evaporation – liquid to gas
· latent heat of melting 
· latent heat of sublimation
· sublimation- solid to gas
· deposition- gas to solid
·  
· Module 5: Variation of Surface Temperature
· ecliptic plane – earth takes elliptical path on flat plane, takes 365 days to travel around ecliptic plane
· 
· this annual trip = Earth’s revolution 
· Earth closest to Sun in January, point known as perihelion (peri-near, helios –sun)
· Earth farthest from Sun in July, point known as aphelion (ap – away from)
· Daily variation in air temperature is controlled by net radiation
· Net radiation – the balance b/w incoming & outgoing solar & infrared radiation 
· When incoming radiation exceeds outgoing radiation, net radiation is positive, creating a sensible heat flux into air, air temp.  rises
· If outgoing energy exceed incoming energy net radiation is negative, air loses sensible heat, air temp falls
· June solstice – June 21, marks beginning of summer in north hemisphere, start of winter in south hemisphere; longest day in north hem, shortest day in south hem
· Subsolar point – latitude where the Sun is directly overhead at noon, Sun’s rays & Earth make 90 degrees
· On June solstice, subsolar point is at latitude of 23.5 degrees North = Tropic of Cancer, daylight in Arctic circle, darkness in Antarctic circle
· December solstice – Dec.22, start of winter in north hem, start of summer in south hem; shortest day in north, longest day in south
· On December solstice the subsolar point is at 23.5 degrees South also called Tropic of Capricorn, daylight in Antarctic circle, darkness in Arctic circle
· Circle of illumination – separates illuminated & non illuminated portions of Earth, touches Arctic & Antarctic circles at latitudes of 66.5 degrees North & South on both solstices
· At equinoxes subsolar point is at equator, everywhere on Earth 12hrs sunlight, circle of illumination touches both poles
· [bookmark: _GoBack]Vernal equinox – March 21, start of spring in north hem
· Autumnal equinox – Sept 22, start of fall in north hem
· On solstices incoming solar energy is greatest in hemisphere towards Sun
· On equinoxes incoming solar energy is equal in both hemispheres
· San Antonio more narrow temp. range than Winnipeg cuz sun’s rays are at a greater angle, and varies less thru yr
· Greater seasonal change with greater distance from Equator
· Equatorial zone – home to world’s rainforests, no seasonal cycle, high annual insolation = warm temp.
· Tropical zone – home to driest deserts, no seasonal cycle, high annual insolation = warm temp. 
· Midlatitude zone – Sun’s height in sky varies widely, differences in day length b/w summer & winter big, seasonal contrasts strong but less strong than subarctic zone 
· Subarctic zone – evergreen forest, extremely large variations in day lengths, enormous contrast in insolation from solstice to solstice
· San Francisco’s climate moderated by Pacific Ocean & San Fran Bay, it has a maritime climate 
· Yuma in Arizona is surrounded by desert, it has a continental climate
· Heat capacity – ability of material to absorb heat (how much heat absorbed as 1g of substance has its temp increased by 1 degree C, heat capacity = density x specific heat
· Specific heat – calories absorbed as temp of 1g of material increases by 1 degree C
· Wind-mixing produces a more uniform temperature in water bodies
·  
· Module 6: Climate Change
· anthropogenic climate forcing: a change in climate resulting from human activities at a local to global scale
· scientists have been able to reconstruct conditions of the Earth’s atmosphere over the past millennia using pieces of evidence called proxies 
· atmospheric sulfate contributes to cooling, released during combustion of fossil fuels
· South Asian Brown Cloud – a layer of air pollution that periodically covers parts of South Asia, results in regional cooling
· b/w China & Taiwan -> Corridor of Haze
· irrigation – convert dry deserts into productive cropland, changes local moisture & albedo
·  
· Module 7: Atmospheric Moisture
· humidity – amount of water vapour in air
· humidity = water vapour only! NOT solid or liquid states of water so NOT snow, ice, rain
· 
· absolute humidity – is the mass of water vapour/ volume of air
· not usually used cuz air volume changes frequently
· changes in air volume as result of pressure/temp changes effect absolute humidity even if vapour content hasn’t changed
· specific humidity – a given mass of water vapour in a given mass of air, expressed as mass of water vapour (g) / mass of total air (kg), specific humidity doesn’t change as air expands & contracts so volume changes aren’t important therefore this measure is more reliable
· vapour pressure – amount of pressure exerted on atmosphere by water vapour in an air parcel, value in hectopascals (hPA), vapour pressure dependent on density & temp of vapour
· no water vapour – unsaturated air 
· saturation – equilibrium b/w evaporation & condensation, upon saturation, condensation begins & water returns to surface, rate at which molecules evaporate is balanced by rate at which they condense
· saturated air 
· saturation vapour pressure – vapour pressure of atmosphere when its saturated, maximum amount of water vapour pressure that can exist at a given temperature
· saturation specific humidity – specific humidity of atmosphere when its saturated
· dew point temperature – temperature at which saturation occurs in air & is dependent upon amount of water vapour present, dew pt is measure of atmospheric moisture, dew pt can only be equal or lress than temperature of air
· frost point – when air reaches saturation at temperatures below freezing
· the curve for dew point temperature is the same as curve for saturation specific humidity
· relative humidity – amount of water vapour in air relative to the maximum that can exist at a certain temperature, measure of how close air is to saturation
· equation for relative humidity = (specific humidity/saturation specific humidity) x 100%
· relative humidity can change by addition/loss of water vapour
· relative humidity = actual vapour pressure/ saturation vapour pressure x 100%
· if change in relative humidity must be done by either changing temp OR change water vapour content
·  
· Module 8: Adiabatic Processes & Clouds
· if air parcel is warmer & less dense than surrounding air it’ll float up, as it floats up it’ll cool & due to less air pressure with higher elevation it’ll expand
· surrounding air pressure decreases with height, air in air parcel will expand with height, no outside energy source must use its own energy so slower speeds & lower parcel temp.
· if returning back to ground, surrounding air pressure increases, air parcel will compress & go back to normal size, squeezing increases avg. speed of molecules so air temp gets hotter
· rising parcel expands & cools
· sinking parcel is compressed & warms
· if a parcel of air expands & cools or compresses & warms (whats explained above) with no interchange of heat with its surroundings its called an adiabatic process
· as long as air in parcel stays unsaturated (relative humidity is less than 100%), adiabatic rate stays constant
· dry adiabatic lapse rate (DALR) – is a lapse rate cuz temperature decreases with increased elevation (like normal mountain), applies only to unsaturated air, this rate of heating or cooling is about 10 degrees C for every 1,000m of change in elevation (temperature of rising air drops at = 10C/1,000m)
· dry adiabatic lapse rate involves movement of air parcel
· environmental lapse rate (ELR) – doesn’t involve movement of air parcel
· as rising air cools its relative humidity increases as the air temp approaches dew point temp
· if rising air cools to its dew point temp., relative humidity becomes 100%, further lifting results in condensation, cloud forms, latent heat is released inside the rising air parcel
· heat added during condensation offsets some of the cooling, so air no longer cools, is now at moist adiabatic lapse rate/ saturated adiabatic lapse rate/ wet adiabatic lapse rate 
· wet adiabatic lapse rate  = temp of rising air drops at 5 degrees C/1 000m, rate is slower than dry adiabatic lapse rate
· dry adiabatic lapse rate is constant whereas wet adiabatic lapse rate varies greatly with temp
· lifting condensation level (LCL) -  height at which saturation occurs, DALR cant occur past this
· air rises & expands, it cools by the adiabatic process (heat neither lost or gained) until it reaches dew point, at dew point parcel has become saturated, condensation begins around nuclei that are present, visible cloud forms, = lifting condensation lvl
· when condensation happens, latent heat stored in water vapour is released & this latent heat warms the uplifted air
· 2 opposing effects occur as air continues to rise: 1) uplifted air cools further by continually reducing atmospheric pressure 2) the air is warmed by latent heat released from condensation
· now cooling effect is stronger so air will continue to cool as its uplifted, but at same time cooling is slower due to latent heat release
· this slower cooling of saturated air  is the moist adiabatic lapse rate (MALR) 
· 
· level of free convection (LFC) is altitude where temperature of environment is lower than rising air parcel (Parcel warmer than surrounding air). Cuz of the environmental lapse rate, the decrease in temp. for surrounding air occurs faster than along moist adiabatic lapse rate, rising saturated air follows, increases upward movement
· air stability measured by comparing temp of rising air parcel to surrounding
· if rising air colder than environment, it’ll be more dense (heavier) & tend to sink back to original lvl
· air stable if resists upward movement & no vertical movement occurs
· absolutely stable air – when rising air is colder & heavier than surrounding air, if given chance it’ll return to its original position, environmental lapse rate is less than saturated adiabatic lapse rate
· absolutely unstable air – air parcel continues to rise on its own cuz its warmer & less dense than surrounding air, environmental lapse rate is greater than dry adiabatic lapse rate
· when air parcel warmer & rises upward directed force called buoyant force acts on it
· conditionally unstable air/ conditional instability – if unsaturated air could be lifted to a lvl where it becomes saturated, instability would result, when environmental lapse rate is between the saturated adiabatic lapse rate & dry adiabatic lapse rate, clouds tend to be cumuliform (cloud types: cirrocumulus, altocumulus, cumulus, cumulonimbus)
· 
· Cloud Formation
· Cloud droplets form by collision & bonding of water vapour molecules
· Formation of droplets which would lead to clouds would occur under supersaturation 
· Their small size requires a catalyst called a condensation nuclei – a hygroscopic surface on which water vapour can condense
· Sea salt – most frequent condensation nuclei
· Orographic uplift – when a mass of air is deflected over and/or around terrain (hill/mountain), this upward movement of air results in adiabatic cooling
· Promotes clouds & precipitation
· Rain shadow as air compresses down terrain descent & little to no precipitation results
· Convergence – occurs when theres a horizontal movement of air into a region, when air converges its forced to rise
· Surface air converges towards low pressure, forcing air to rise
· Frontal lifting – occurs when 2 air masses converge at the front
· Cold front – when cold air advances towards warm air
· Warm front – warm air advances towards cold air
· Clouds form either way
· Stratiforms – blanket-like cover most of sky
· Cumuliform- vertical development, violent updrafts, heavy precipitation, large temp differences
· 

· Fog – surface cloud formed when air either cools to dew point, has moisture added to it, or when cooler air is mixed w/ warmer moist air
· Types of fog include: radiation fog, advection fog, upslope fog
· These produce saturation
· Radiation fog – tends to form on clear, calm nights when cool, moist surface air is overlain by drier air & rapid radiative cooling occurs
· In morn, ground surface warmed by solar radiation, air temp rises, relative humidity decreases, water droplets evaporate -> also called valley fog 
· Advection fog – advection fog forms when warm moist air moves horizontally (advects) over a cold surface & moist air cools to its dew point
· Upslope fog – forms as moist air slowly rises, cools & condenses over elevated terrain/ orographic barrier
· Evaporation fog – formed when cold air in contact with warmer water surface is warmed by water & becomes saturated thru evaporation, e.g. steam from river, also known as steam fog 
· 
· Module 9: Precipitation & Acid Rain
· Precipitation
· most precipitation formed thru accretion
· droplets that do collide usually do not coalesce (coalescence) 
· droplets coalesce (come together forming a bigger droplet) if they have opposite charges 
· supercooled drops leave behind ice crystals, if big enuf -> snow
· cold clouds - temp below 0 degrees
· cool clouds - temp above 0 degrees
· the coexistence of ice & supercooled water is critical to the creation of cool cloud precipitation - the Bergeron Process 
· the ice-crystal process is known as the Bergeron Process
· ice crystal absorbs water vapour & grows larger while water droplet grows smaller
· accretion - ice crystals grow thru accretion where falling ice crystals may freeze supercooled water droplets on contact & make large ice particles
· aggregation - aggregation is the process of ice crystals colliding, then sticking together, end product = snowflake
· cryosphere - water & soil, etc occur in frozen form
· permafrost - ground in which temp is less than 0 degrees for 2 or more yrs in a row
· permafrost can be found in diff forms: pingoes -  bodies of more or less pure ice & exist mainly in upper part of the ground
· reticulated ice - structure-forming ice which bonds sediments together
· snow line - pt above which snow & ice cover ground thru out yr
· snowpack 
· acidification - increase in concentration of hydrogen ions in water/soil
· wet deposition - depends on SO2 & NO emissions
· dry deposition - occurs b/w precipitation events, depends upon uptake of gases by vegetation, etc
· acid precipitation effects:
· surface waters are impacted by stream snow melt- which generates acid shock
·  
Module 10: Hydrologic Cycle & Water Balance
· residence time - time water spends in a given compartment of the Earth system
· when water percolates & seeps into the ground, becomes groundwater 
· water table - underground depth at which ground is totally saturated with water
· runoff - portion of precipitation that runs off ground surface 
· runoff can be overland flow as it reaches river/stream or can be interflow which is water that percolates just below land surface & moves in same direction as overland flow
· 3 types of soil water:
· capillary water - returns to atmosphere by evaporation & transpiration, held in micropores in soil, available water-plant roots can absorb this
· gravitational water - becomes groundwater, isnt in pores, drains out of root zone
· hygroscopic water - water tightly bound to soil particles, unavailable to plants
· 
· lag time - time it takes for precipitation to reach stream after a storm
· peak discharge - max volume of water flowing in a stream one at a time 
· percolated water - water that seeps into ground & becomes groundwater
· river - body of water w/ a main channel & tributaries that run into it
· headwaters - start of river, source 
· confluence - point where tributary joins main channel 
· upstream points towards headwaters
· downstream points to end pt known as mouth
· types of rivers:
· effluent - a gaining river, located above groundwater which increases their discharge, usually found in wet climates
· influent - losing river, discharge water by percolation & r disconnected from water table or slightly above it but still directly connected
· discharge - amount of water carried by a river at 1 time; volume of water flowing past a given point during a given period of time
· (cross section area x stream velocity)
· watershed - total land area that drains surface water to common point, also called a river basin, drainage basin, catchment
· water balance - represents hydrologic cycle, accounts for interactions of available energy & moisture at surface
· lysimeter - used to determine PE (potential evapotranspiration)
· ideal conditions AE is close to PE values
· deficit when PE cant be satisfied thru P
· surplus when PE is satisfied and ST full
· prolonged deficit = drought
·  
  Module 11: Winds
· vertical movement of air is called vertical winds/downdrafts/updrafts 
· pressure gradient force results from differences in pressure b/w regions, difference in pressure over distance, perpendicular to isobars from high pressure to low (crosses isobars at right angle)
· constant height map - isobars bend & turn around areas of high & low pressure, drawn relative to a constant elevation, constant height maps used to show variations in pressure at any altitude
· constant pressure map - show variations in altitude for a constant pressure, also known as upper lvl charts/isobaric charts
· large change in pressure over short distance - strong pressure gradient
· small change in pressure over great distance - weak pressure gradient 
· wind direction & speed is influenced by the Coriolis Effect which is the apparent force caused by Earth’s rotation
· in North hem, Coriolis effect pulls to right
· in South hem, Coriolis effect pulls to left
· with the Coriolis effect, a free-moving object heading in any direction will appear to deviate from its path as the Earth rotates beneath it
· Coriolis effect changes direction of a moving object, will increase as speed increases
· geostrophic winds - above lvl of friction caused by ground surface, air will accelerate until it flows parallel to isobars at steady speed with pressure gradient force balanced by Coriolis force
· centripetal force results from imbalance b/w pressure gradient force & Coriolis force, causing cyclones & anticyclones, rotating air parcels
· cyclone - center of low pressure, counterclockwise rotation in North hem, clockwise rotation in South hem
· when Coriolis force is smaller than pressure gradient force, winds flow more slowly, this is called subgeostrophic flow 
· near the equator, the Coriolis force is negligible and flow is called cyclostrophic flow 
· anticyclone - center of high pressure, clockwise rotation in North hem, counterclockwise in South hem
· when Coriolis force is greater than Pressure gradient force, winds flow more quickly = supergeostrophic flow 
· frictional force - works directly against wind, slows it
· surface convergence - air spinning into a cyclone
· surface divergence - air spiralling out from an anticyclone 
·  
Module 12: Atmospheric Circulation & Long Range Transport
· general circulation - avg atmospheric air flow caused by unequal heating
· one-cell model: uniform water surface + no rotation + Sun overhead at equator result -> Hadley Cell
· three- cell model accounts for rotations still assumes no land surfaces
· Hadley cell- creates doldrums
· Inter tropical convergence zone (ITCZ)
· Ferrell cell (pole ward size of subtropical high pressure belt, make midlatitude westerlies
· polar cells on poles
· Polar Front/Polar jet stream - warm air from Ferrel cells meets cold air from Polar cell
· subtropical jet stream
·  
· Module 13: Oceanic Circulation
· thermocline - zone of sharp decrease in temp, density barrier, below wam layer in ocean
· Ekman spiral - generated by surface currents that do not move in the same direction as the wind & whos speed & direction not uniform with depth 
· gyres - circular currents bounded by continents, turn under the Subtropical highs
· Western Boundary currents 
· Eastern boundary currents east edges of gyres
· upwelling - wind parallel to shore moves surface water away from shoreline, stable air & dry conditions
· thermohaline circulation - slow circuit of deep currents
· El Nino - Southern Oscillation 
·  
· Module 14: Global Climate
· Source region - air mass origination, light winds, uniform
· temperature regime - 
· steppe climate - transition b/w moist & dry climate, where soill remains moist for part of yr
· arid climate - soil is almost never moist 
· precipitation regime - 
· wet equatorial belt 
· trade-wind coasts 
· tropical deserts 
· midlatitude deserts & steppes
· moist subtropical 
· law of limiting factors 
·  
· Module 15: Water Resources
· wetlands - helps make up for lack of oxygen, builds nutrients, wetlands are areas of groundwater recharge/discharge
· sustainable use 
· flood irrrigation - delivers too much water to plants
· physical, chemical, biological weathering - break down material which make up soil
· soil profile - vertical arrangement of all soil horizons down to the parent material, bedrock 
· soil horizon - layer of minerals, organic soil, parallel to land surface, represents alteration by soil formation processes
· mineral horizon 
· topsoil 
· aggregates or pads - arrangement of primary soil particles to secondary
· flocculation of clays when small charged particles become attached & clump together as a floc 
· leaching - leaching process -> materials are removed from soil by water, reduces soil fertility, causes water pollution
· humus - partly decomposed organic matter 
·  
· Module 17: Soils & Water
· aquifer - layer of porous rock 
· aquitard - non porous rock
· evaporative water loss 
· cone of depression 
· saltwater intrusion - if pumping rate exceeds recharge
· waterlogging - soil is overirrigated, water fills pores
· salinization - accumuulation of salts in & on soil
· desertification - deterioration of land in arid, dy subhumid areas
· sheet erosion - even layer of soil lost from lan, when rain runoff & rainstorm infiltrates & penetrates soil
· rill erosion - caused by runoff water creating small, linear depressions in soil surface
· gully erosion - larges volumes of water
·  
· Module 18: Nutrients & Eutrophication
· micronutrients , macronutrients
· nutrient cycling
· fluxes - transfers of material b/w soil, air or biosphere, compartments etc
· nutrient budget - estimate of rates of nutrient input & output to and from an ecosystem & in it
· carbon, phosphorus, nitrogen cycle
· nitrogen fixation & denitrifcation
· photic zone 
· profundal - no sunlight
· lake zones
·  lake zones:
· epilimnion - shallow, wind stirred portion of lake, depth determined by strenght
· metalimnion - thermocline is in it, temp decreases rapidly
· hypolimnion - deep, cold portion of lake 
· isothermal - top cold, bottom warm, profile nearly uniform ( like mountain)
· thermal stratification  - warmer & lighter water on top of denser & colder water
· eutrophication - 
· oligotrophic lake - low nutrient supply
·  
· Module 19: Ecosystems
· ecotone - transitional region b/w diff ecosystems
· primary consumers ( herbivores)
· secondary consumers (carniovers)
· producers 
· detritus feeds & decomposers 
· biomass pyramid 
· trophic level
· food chain
· food web
· trophic level efficiency
· keystone species
·  
· Module 20: Water Pollution
· point source - where pollutants are discharged
· non-point source - diffuse source of pollutants
· non-persistent pollutant - can be broken down
· persistent - cant be broken down or does slowly
· pathogen
· BOD - amoiunt of oxygen consumed by microbes as they break down organic matter in water samples
· assimilative capacity - ability to degrade organic waste
·   
· Next 3 Modules
· preliminary treatment
· primary treament
· secondary treeatmnet
· sludge: solid organic rich materials that settle at bottom of tanks to use as fertilizer
· threshold lvl
· bioaccumulation
· stewardship
· ecological footprint- measure of all natural areas required to satisfy human needs
· population pyramid
· 
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