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Weather vs 
Climate 

What’s the 
Difference? 

Climate vs. Weather 
“Climate is what you expect … weather is 

what you get!” 

•  Climate is an “envelope of possibilities” 
within which the weather bounces around 

•  Climate is determined by the properties of 
the Earth system itself (the boundary 
conditions), whereas weather depends very 
sensitively on the evolution of the system 
from one moment to the next 

Predictability 
“If they can’t predict the weather, how can 

they possibly hope to predict the climate?” 
•  Weather forecasts are only useful for a 

few days, maybe a week at best 
•  Forecasting is limited by modeling skill and 

inadequate observations, but even if these 
were perfect, the limit of predictability 
would be about 2 weeks 

•  This limit is a property of the atmosphere 
itself, not a failure of our science! 

Limits to Predictability 
•  Instability and 

scale interactions 
make long-range 
weather 
forecasting 
impossible  
(not just hard!) 
  

•  This is not true 
for climate! 

Small errors on 
small scales

Larger errors 
on small scales

Small errors on 
larger scales

instability

scale interactions

instability

scale interactions

instability

scale interactions
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Airplane analogy 
•  The flow around an airplane wing is 

governed by the same strongly nonlinear 
Navier-Stokes equations that govern the 
atmosphere 

•  For the same reasons we will never 
forecast the weather a month in advance, 
we can never predict the details of the 
flow around the wing 

•  But given boundary values and parameters, 
we can predict with confidence the 
statistics of this flow, or flight would be 
impossible! 

Long-term Forecasting 
•  Can’t forecast the weather in Fort Collins on 

the day of the ATS 150 final exam in 
May(Snow? Sunshine? 50° F? 90° F?) 

•  Can “forecast” with complete confidence 
that –100 C < Tmax < +100 C, or even that  
May will be warmer than March 

•  Why?  

•  Boundary conditions!  
–  Solar constant, position of Earth in orbit 
–  Atmospheric composition 
–  Tilt of Earth’s axis, Fort Collins latitude, etc 

Weather 
•  Depends on time 

–  weather nearby (especially upwind!) 
–  weather yesterday 
–  which way the wind blows 

 

•  Changes a lot! 
–  from day to day 
–  from season to season 
–  from place to place on a given day 

•  Unpredictable more than a few days ahead 
 

Climate 
•  Depends on where you live: 

–  Latitude! 
–  Altitude (mountains vs plains) 
–  What’s upwind (ocean vs land) 

•  Changes very slowly 

•  Very predictable 

•  We can predict that Miami is warmer than 
Minneapolis for precisely the same reasons 
that we can predict a warmer future! 
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Climate is Geography 

an idealized continent 

How’s the Weather? 

Alert, Nunavut, 
Canada  -19° C 

83 N 

dawn in the south at noon 
the diffuse blue light of Arctic winter 
unseasonably warm  ~ 0° F 

Kiruna, 
Sweden 
-24° C 

68 N 

Long shadows at mid-day 
Squeaky dry snow crunches under boots 
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Pallas 
Tunturi, 
Finland 
-15° C 

68 N 

Arctic mountaintop weather station 

Fairbanks, AK 
-40° F 

65 N 

bad air quality 
under a strong 
inversion in the 
valley 
 
made worse because 
people leave their 
trucks running  

Anchorage, AK 
13° F 

61 N 

Homer, AK 
Sunny, 14° F 

60 N 
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Moscow, Russia 

56 N 

Edinburgh,  
Scotland 
??° C 

Connemara,  
Ireland 
??° C 

56 N 

54 N 

Edmonton, Alberta 
Canada   -10° C 

54 N Budapest,  
Hungary 
0 C 

47 N 
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Winterthur,  
Switzerland 
10° C 47 N 

Krasnodar, 
Russia 45 N 

Corvallis, OR  
48° F   rain 

45 N 

Milton, WI 
40° F 43 N 

Snow keeps coming, plows pile it onto sidewalks 
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New York, NY 
60° F   sun 

41 N 

Park City,  
UT  20° F 

41 N 

Beijing, China 
40 N 

Boulder, CO    53° F 
glorious sunshine! 

40 N 
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Ankara,  
Turkey   5° C 

40 N 

Arapaho Basin,  
CO  11° F 

40 N 

Ski lift 13,000 feet above sea level 

Beaver Creek, CO 
23° F 

40 N 

Valencia, Spain 
15° C 

39 N 
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Washington,  
DC   60° F 

39 N 
Parker, CO 
40° F 

39 N 

Columbia, IL 
42° F 

38 N 

Algiers, Algeria 
15° C 

37 N 
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Seville,  
Spain 
 

37 N 
Maryville, TN 
 

36 N 

Tsukuba, Japan 

Yokota, Japan 

36 N 

Snowflakes as big as the palm of my hand! 

Beaufort, NC 
63° F 

35 N 
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La Quinta, 
CA 
75° F 

34 N 

UC Santa Barbara, CA 
65° F 

34 N 

Approaching storm off the Pacific after 
several days of unreasonably gorgeous 
weather 

Athens, GA 
54° F 

34 N 

San Diego, CA 
75° F 

33 N 
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Grotto Bay, Bermuda 
65° F 

32 N 

Tucson, U of AZ 
74° F 

32 N 

Shanghai, 
China 
5° C 

31 N College Station,  
TX    68° F 

31 N 
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Houston, TX 
70° F … spring! 

30 N 

Tampa, FL 
83° F 

28 N 

Everest Base Camp 
Tibet, China 

28 N 
5 km  above sea level 

Key West, FL 
mid-80’s ° F 
warm breeze 

25 N 
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Masqat, 
Oman 
24° C 

24 N 

Hong Kong,  
China  64 F 
after days  
of cold rain 

22 N 

U of HI 
Honolulu, HI 
78° F 

21 N 

Hazy sun and “vog” 
(volcanically-induced fog) Guanajuato, Mexico 

Sunny, breezy, 80° F 

21 N 
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Santiago, Dominican Republic 
87° F … trees are leafing out 

19 N 

San Juan, 
Puerto Rico 
80° F 

18 N 

Bamako,  
Mali 
37° C  
very dry 

13 N 

Mysore, 
India 
23° C 

12 N 
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Rayfiled Jos 
Nigeria 
25° C 
drizzle 

10 N Phu Quoc, Vietnam 
25° C hot and windy 10 N 

Kwajalein Atoll, 
Marshall Islands 
82° F 

“heart of the dry season,  
trade winds are king …  
hold onto your hat!” 
 

9 N 

Columbo Sri Lanka 
27° C 

7 N 
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Fortaleza, Brazil 4 S 

Lima, Peru 
27° C 12 S 

Alice Springs, Australia 

24 S 

Very hot and muggy, actually 
rained last night, which is 
very unusual Sao Paulo, 

Brazil  29 C 

24 S 
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Pretoria,  
South Africa 

26 S 
Tamborine, 
Queensland, 
Australia 

28 S 

Tamborine, 
Queensland, 
Australia 

28 S 

Tamborine, 
Queensland, 
Australia 
Heavy 
thunderstorms 28 S 
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Tamborine, 
Queensland, 
Australia 
Heavy 
thunderstorms 28 S 

Perth, 
Australia 

32 S 

Stellenbosch, 
South Africa 
32° C 

34 S Hamilton, NZ 
Warm summer morning 

38 S 
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Rosetta, 
Tasmania, 
Australia 
19 C 

43 S 

Casey Station 
Antarctica 
2° C light snow 

66 S 

McMurdo Sound Antarctica 
Early morning 10° F windy 

78 S 

McMurdo Sound Antarctica 
Open water for the first 
time in decades! 

78 S 
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McMurdo Sound Antarctica 
Open water first time in 
decades! 78 S 

McMurdo Sound Antarctica 
Open water first time in 
decades! 78 S 

McMurdo Sound Antarctica 
Open water first time in 
decades! 78 S 

McMurdo Sound Antarctica 
Open water first time in 
decades! 78 S 
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McMurdo Sound Antarctica 
Open water first time in 
decades! 

78 S 90 S South Pole 

South Pole 
-44 
sunny with light 
breeze 

90 S 

South Pole 
-44 
sunny with light 
breeze 

90 S 
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South Pole 
-44 
sunny with light 
breeze 

90 S 

South Pole 
-44 
sunny with light 
breeze 

90 S 


