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The main function of the weather-
climate system is to erase differences 
in temperature and density caused by 
seasonal and regional variations in 
solar heating. 



Where Forecasts Come From 
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Relationship between Climate and Weather 

Events on short time scales (weather)  
are related to longer-lived events (climate) . 5 

31 days 

weather events 

climate events 
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Sources of Predictability: Weeks  Years 

• Tropical ocean temperatures drive low-frequency 
variability 

• El Nino and La Nina (ENSO) – Walker & Bliss (1932), 
Bjerknes (1969), Rasmussen and Carpenter (1982) 

• Trend (Court (1967), Huang et al (1996)) 
• Linear Statistics (Barnston, 1994) 
• Ocean-Land-Atmosphere (van den Dool (2006) 
• Pacific Decadal Mode (PDO) (Hare, 1997) 
• 30-60-Day Tropical Mode (MJO) (Madden, Julian, 1994) 
• Dynamical model-derived signals (Saha et al, 2006) 
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The  Walker Circulation: 
Weaker=El Nino, Stronger=La Nina 
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SST Observations, Aug-Nov, 2011 
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ONI (oC): Evolution since 1950 

El Niño 

La Niña 

neutral 

ONI:  

AN INDEX OF 
ENSO STATUS 
The Oceanic Nino 
Index (ONI) is the 3-
month average Nino 
3.4 value.  The most 
recent ONI value 
(August – October 
2011 average) is -
0.4oC. 

1950-71 

1971-92 

1992-2011 
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Near- and Long-Trends and Prediction 

• Short-term trends over the last 10-15 years work very 
well, until they change. 

• Long-term trends:   
– Precipitation time series is non-stationary 
– Temperature is rising rapidly 
– CO2 concentration is ~400 ppm, ~ 150 ppm higher than the 

prior 650K years. 
– The absolute moisture content of the atmosphere is rising. 
– We are currently in a relatively wet period, relative to 1250-

1800 or so. 
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Dynamical Model Forecast:  NCEP CFS Nino 3.4 Sea 
Surface Temperature Forecast 13 Nov 2011 

The CFS ensemble mean=dashed line  

forecasts 
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Dealing with 
Uncertainty at 

CPC: Skill 
Masking 

Canonical Correlation Analysis 
(regression) temperature 

forecast at stations,  
in units of 1/10  

standard deviation. 
Font size indicates 4 
Categories of skill: 

“+” ~ 0.3>AC 
“8” ~ 0.3<AC<0.44 

“8” ~ 0.45<AC<0.59 

“8” ~0.6< AC 
AC = Anomaly Correlation 

Source:  NOAA-NWS-Climate 
Prediction Center 
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15 La Nina Composites: 
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16 La Nina Composites: 
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CPC Probabilistic Forecasts 

1-Week Total 
Precipitation  
Forecast for 

November 21-27 

1-Month 
Total 

Precipitation 
Forecast for 
November 

3-Month Total 
Precipitation 
Forecast for 
Nov-Dec-Jan 

8-14-Day Forecast,  
Made Daily 

1-Month Forecast,  
Made 2x / Month 

3-MonthForecast,  
Made 1x / Month 

A N B 

MADE 
20 OCT 

MADE 
31 OCT MADE 

13 NOV 

10% 
33.3% 66.7% 

90% 
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SKILL:  A RELATIVE MEASURE 
OF PERFORMANCE 

 
Skill =  # Forecasts Correct - # Correct by chance 
            # Forecasts, Total   - # Correct by chance 
 
Skill = Fractional Improvement by forecast over random 
 
                      for a 2-class (Above, Below only) system. 
                      3-class (Above, Normal, Below) system. 

11 ≤≤− Skill
15. ≤≤− Skill



 



 



• Tropical ocean temperatures drive low-frequency variability 
• El Nino, La Nina, PDO, MJO are nominally predictable 
• Statistical and dynamical models are used. 
• Uncertainty in observations, models, and the chaotic nature of 

the atmosphere lead to probabilistic forecasts… 
• Which have some accuracy, relative to random. 
• Most applications focus on energy trading, and extreme event 

impacts. 
 

SUMMARY 
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