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First, let’s be clear about the differences between 
“weather” and “climate”

WEATHER

• Conditions in the atmosphere at a given place 
and time

• “Snapshot”

Includes such variations as:

➢Temperatures

➢Pressures

➢Precipitation

➢Wind speed and direction

➢Cloud cover

➢Dew point and humidity

Special conditions (ex. Lightning)

• “Operational” goals

CLIMATE

• Long-term (at least 30 years) of atmospheric 
conditions

• Averages, extremes (maxima/ minima)

• Patterns and trends

• Paleoclimatology (Climate in the recent and 
distant Past)

• Aims include understanding past patterns so 
as to predict future patterns

Seasonal
Coming year
Longer-term (out to end of this century) 

• “Science-based” policies goals
(Dates back to at least Joseph’s dreams)



Direct weather and climate records only go 
back a few centuries
• Thermometers and barometers invented in 17th centuries

• Not widely used until 19th century (colonial expansion)

• Sunspot patterns, first observed by Galileo

• National weather systems developed beginning in mid-19th century

• Weather radars mostly after WW II; major improvements in 1990s 

• Geosynchronous weather satellites beginning in 1960 (TIROS)

• Dedicated polar-orbiting satellites from 1980s (e.g., Jason, ‘A-Train’)



Representing Weather -- Examples





Examples of other ways we 
represent weather



Weather Prediction Center Forecast Tools
http://www.wpc.ncep.noaa.gov/#page=tls

• Real-time 1/3/6/24-hr changes

• Local storm reports

• Probabilistic forecasts of precip, temp. and sea-level pressures

• Ensemble situational awareness

• Analog guidance (finding similar historical events)

• National blend of models

• Storm Prediction Center forecast tools

• Other computer-generated predictions based on complex 
mathematics (algorithms) and massive, high-speed calculations

http://www.wpc.ncep.noaa.gov/#page=tls


What Are Some Important Climate Influences?

• Earth-Sun interactions -- Milankovitch cycles

• Greenhouse gases (GHG)
especially H2O, CO2, CH4

• Albedo (changes in reflectivity, related to cloud cover, land-use 
changes, etc.

• Geographical factors (latitude, orographic effects, proximinity to large 
bodies of water, etc.)

• Human activities (heat islands, land-use modification)

• Periodic changes (e.g., El Nino-La Nina, North Atlantic Oscillation)



Climate uses weather data to identify patterns

• Originally focus on describing and classification



NOAA Climate.gov  https://www.climate.gov/maps-data
color-coded images

https://www.climate.gov/maps-data


Table format

January February March April May June July August September October November December

Avg. Temperature (°C) -0.6 0.5 4.9 10.6 16.5 21.5 24.5 23.8 19.5 13.5 7.9 2.2

Min. Temperature (°C) -4.2 -3.4 0.7 5.8 11.5 16.7 19.9 19.2 14.9 8.8 4 -1.2

Max. Temperature (°C) 3.1 4.5 9.2 15.5 21.5 26.4 29.2 28.4 24.2 18.2 11.9 5.6

Avg. Temperature (°F) 30.9 32.9 40.8 51.1 61.7 70.7 76.1 74.8 67.1 56.3 46.2 36.0

Min. Temperature (°F) 24.4 25.9 33.3 42.4 52.7 62.1 67.8 66.6 58.8 47.8 39.2 29.8

Max. Temperature (°F) 37.6 40.1 48.6 59.9 70.7 79.5 84.6 83.1 75.6 64.8 53.4 42.1

Precipitation / Rainfall 

(mm)

84 78 98 103 107 90 106 102 95 84 104 93

https://en.climate-data.org/location/1091/



Graphical and map formats



Photography over time

https://newatlas.com/before-after-photos-glaciers-climate-change/49143/



https://wattsupwiththat.com/2013/11/27/co2-in-the-air-co2-in-the-seawater/

Data collected in past few decades in the atmosphere and ocean

https://wattsupwiththat.com/2013/11/27/co2-in-the-air-co2-in-the-seawater/


Polar Ice changes

http://nsidc.org/arcticseaicenews/

https://www.epa.gov/climate-indicators/climate-change-
indicators-arctic-sea-ice

http://nsidc.org/arcticseaicenews/
https://www.epa.gov/climate-indicators/climate-change-indicators-arctic-sea-ice


AMS Real-Time Climate Portal
http://www.ametsoc.org/amsedu/ecs/home.html

http://www.ametsoc.org/amsedu/ecs/home.html


Climate Modeling 101
http://nas-sites.org/climate-change/climatemodeling/

NASA Sea Level Change– Observations from Space 
https://sealevel.nasa.gov/understanding-sea-level/projections/overview

http://nas-sites.org/climate-change/climatemodeling/
https://sealevel.nasa.gov/understanding-sea-level/projections/overview


Paleoclimate proxies – evidence that can 
serve to reconstruct past conditions
• Environmentally-sensitive microorganisms (e.g., forams and diatoms)

• Ice-rafted debris (IRD), volcanics, turbidites (underwater landslides)

• Oxygen isotopes (O18/O16), together with radiochronologies (e.g., 
C14/C12)

• Dendrochronology (tree tings)

• Phenology (seasonal patterns such as first flowering, grape harvests)

• Cosmogenic surface exposure

• Ship logs, river ice-closings, etc.

• Other data of varying reliability and length



LDEO Coring History

• “Doc” Ewing’s Core-a-Day Policy

http://www.ldeo.columbia.edu/core-repository/about-us/core-repository-history

http://www.whoi.edu/page.do?pid=8415&tid=7842&cid=5273

http://www.ldeo.columbia.edu/core-repository/about-us/core-repository-history
http://www.whoi.edu/page.do?pid=8415&tid=7842&cid=5273


Materials found in cores vary widely due to depositional 
conditions

• Continental margin 
(shelf, slop, rise)

• Abyssal plains and hills

• Mid-Ocean Ridge and Rift Valley

• Terrigenous (land-derived)

• Deep-sea deposition
above and below the “Calcium
Compensation Depth”

https://www.youtube.com/watc
h?v=K5ZBtc1OSoI

• Turbidites (underwater 
landslides)

• Volcanic ash and debris

https://www.utdallas.edu/~pujana/oceans/northbasin.html

https://www.youtube.com/watch?v=K5ZBtc1OSoI


Finally, Selected Key Documents Guiding Governmental 
and Other Policy Planning

Intergovernmental Panel on Climate 
Change (IPCC) ARS 5 (2014)

National Climate Assessment (NCA 
2014)

http://www.globalchange.gov/sites/globalchange/files/NCA3_Highlights
_LowRes-small-FINAL_posting.pdf

http://www.ipcc.ch/report/ar5/index.shtml

http://www.globalchange.gov/sites/globalchange/files/NCA3_Highlights_LowRes-small-FINAL_posting.pdf
http://www.ipcc.ch/report/ar5/index.shtml

