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Why do we observe weather and climate?

To understand variability in weather (and climate) 
To enable us predict the weather (and climate)
We have been observing weather and climate globally for 
well over a century
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Data assimilation defines the initial state . . .
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. . and the more observational data we assimilate . . . 
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. . . . . the better the forecast . . . . 
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. . . . . the better the forecast . . . .
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. . . . . the better the forecast . . . .
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. . . . . the better the forecast . . . .
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. . . . . the better the forecast . . . .
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This is why we observe weather and climate
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To generate a benefit for society

observations
+ climate systems science

+ computer models
= societal benefit 

(environmental intelligence!)
Example – cyclone Yasi track forecasts
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To generate a benefit for society
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Daily weather observations → climate data

WMO requires >30 years of data in a climate record
Requires careful curation of data records to understand and 
account for non-climatic influences
Cannot accumulate the plethora of available weather data in 
this way – so focus usually is on a climate reference 
network to yield a national climate database
Analysis of such a record provides a basis for doing climate 
science in a variety of ways
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Example – analysis of global signals

Here we consider just 4 indices created from observational 
data records (after Lean & Rind, 2009):
o Multivariate ENSO index (Wolter and Timlin, 1988)
o Volcanic aerosols (Sato et al., 1993)
o Solar irradiance (Lean et al., 2005)
o Nett anthropogenic (Hansen et al., 2007)

Along with the global average temperature anomaly
o HadCRUT3v available from the University of East Anglia 

Climatic Research Unit (Brohan et al., 2006)
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→Observationally based “indices”
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Global average T anomaly (monthly)

What happens if we 
analyse the global T 
anomaly in terms of 
the 4 ‘indices’ (3 are 
forcings - volcanos, 
solar, anthropo -
while ENSO is about 
internal climate 
system variability) 
using multiple 
regressionΔT = a + b1.E + b2.V + b3.S + b4.A

(Lean & Rind, 2009)
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ΔT components – 83% of variance explained

ΔT = a + b1.E + b2.V + b3.S + b4.A
(Lean & Rind, 2009)
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Now subtract ANTHR effect from observed global T
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Conclusions

Climate observations synthesised into global indices 
confirm that: 
o Variability and trend in global T anomalies can be very largely 

explained empirically by variations in indices representing 
three drivers of climate – GHGs, volcanos and solar 
irradiance – plus one measure of internal climate variability at 
global scale – ENSO

o The only one of the four observationally-derived indices that 
explains the observed global temperature trend is nett 
anthropogenic (greenhouse gas) forcing
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Can this approach be extended?

Yes – in four ways
o Improved fit using additional lagged  time series of the same 

4 indices (Judith Lean)
o Application to other global T anomaly records, such as mid-

troposphere and upper atmosphere (Judith lean)
o Application to regional T anomaly records, such as for the 

Australian region
o Application to global climate model output
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1. Improved fit
Kopp, G., and J. L. Lean (2011)
A new, lower value of total solar 
irradiance: Evidence and climate 
significance
Geophys. Res. Lett., 38, L01706, 
doi:10.1029/2010GL045777. 
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2. Application to other T records
Judith L. Lean (2010)
Cycles and trends in solar irradiance and climate
Wiley Interdisciplinary Reviews: Climate Change
Volume 1, Issue 1, pages 111–122.
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3a. Application to Australian land T records
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3b. Application to Australian SSTs
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4. Application to climate model output
CMIP3 20th century runs – runs started ~1860

Model average compares well with CRU observed T record
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4. (cont.) Multiple regression using indices
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Now subtract ANTHR effect from CMIP global T
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We do this to generate a benefit for society 
Consider the European heatwave of 2003

Source: UK Met Office
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Conclusion: the foundation for climate science is to 
be found in climate observations

observations
+ climate systems science

+ computer models
= societal benefit 

(environmental intelligence!)

Example 1 – cyclone Yasi track forecasts
Example 2 – observed 20th C global T anomalies
Example 3 – observed upper air T anomalies
Example 4 – Australian 20th C air and SST anomalies
Example 5 – modelled 20th C global T anomalies
Example 6 – European heatwave extremes
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