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Q: Why is temperature higher during the day 

than at night?

Diurnal cycle
https://en.wikipedia.org/wiki/Earth%27s_rotation#/

media/File:Globespin.gif

Q: Why is summer warmer than winter?       Q: Why does temperature

change from year to year?

A

B

Seasonal cycle      

Inter-annual: 

El Nino and La Nina

https://en.wikipedia.org/wiki/Earth's_rotation#/media/File:Globespin.gif


4

Pacific Decadal Oscillation

(positive phase)

11-year Solar Cycle

Q: Why does temperature and 

other quantities vary from decade 

to decade? 

Atlantic Multi-decadal Oscillation

(positive phase)
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Pre-season prediction of 2017 hurricane activities
Others          UA       OBS

Hurricane #                    6-7             11         10

Major hurricane #          2-3               6           6

ACE                             ~100            181       223

One reason: we carefully consider El Nino/La Nina and 

Atlantic multidecadal oscillation

Example #1: Importance 

of interannual and 

interdecadal variabilities 

from our research
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low (< 1500 m; red lines), middle (1500-2500 m, green), high (≥2500 

m, blue), and all elevations (black solid lines)

Example #2: Snow mass variability over U.S. 
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Interannual

Variability 

(TA – TA10)

Obs and model 

80yr running 

mean

Decadal 

Variability 

(TA10 – TA80)

• Use 80 year running mean, rather than annual, to represent 

anthropogenic effect

• Separating decadal from unpredictable interannual variability 

HadCRUT4

annual data
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Key ideas of our data based-model 

• Mathematically derive a model (with coefficients determined by 

observational data) for the 80-year running mean temperature 

caused by greenhouse gases emitted to the atmosphere due to 

human activities

• Use an ensemble of sine waves to fit the natural multi-decadal 

variability

• Focus on 10-year running mean (as year-to-year variabilities are 

not predictable)                                         
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End of 21st century projection based on 

RCP8.5 [CO2] (where interannual and multi-

decadal variability is not shown)

0.56°C uncertainty (HadCRUT4 data) 

0.61°C uncertainty (using five global datasets)

• Our projected 4.5°C warming is consistent

with IPCC range (3.5- 6.5°C) 

• Our uncertainty range is just one-third of 

IPCC (3.0°C). 
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Decadal hindcasts of 10-yr running mean (based on the HadCRUT4 

data) initialized from 1984, 1994, and 2004. 

For hindcast from 1984, 

ΔT between 2005-2014 

and 1975-1984 

• is 0.55°C (versus 

observed 0.49°C), and 

• the error is just 1/3 of 

the CMIP5 ensemble 

mean error. 

This and earlier results demonstrate that global warming slowdown since 

late 1990s is due to natural multi-decadal variability, as anthropogenic 

warming itself is still accelerating.
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Three -decade prediction 

of 10-yr running mean 

initialized from 2014 for 

RCP4.5.

The warming at 2016-

2035 relative to 1986-

2005 is 0.3-0.4C (versus 

0.3-0.7C from IPCC).

Next few years: warming rate is slower than in the 1980s and 1990s

In ~ 10 years:    global warm rate will accelerate (faster than in the 

1980s and 1990s)
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What is the confidence level on ESM projections?

RCP8.5

RCP2.6

End of 21st century warming prediction is consistent with ours.

ESM warming prediction for the past couple of decades is too 

strong 

IPCC AR5
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Linear trends during different periods

Trend (°C/dec)   1850–2014    1965–2014       1990–2014 

OBS                       0.048              0.15                  0.15 

ESM                       0.059              0.21                  0.28
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Key Points

• Natural cycles exist in the earth system, but they don’t 

produce long-term trend

• Long-term global warming is caused by human activities

• The earth’s temperature variation is caused by both factors, 

and their relative importance varies with time scales:

• for year-to-year variations and extremes, natural cycles 

are most important; 

• for decadal variations, both natural cycles and human-

caused global warming are equally important; 

• for longer-term variations, human-caused global 

warming becomes most important

• For Earth System Models, long-term warming projection is 

more reliable than decadal warming projection, because 

they don’t simulate the multi-decadal natural cycles well.

• Our data-driven model considers both factors, and it can be 

used for both decadal and long-term climate prediction.


