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The IPCC Sequence of Key Findings…… 
IPCC (1990)   Broad overview of climate change science,
 discussion of uncertainties and evidence for warming. 

IPCC (1995)   “The balance of evidence suggests a
 discernible human influence on global climate.” 
IPCC (2001)  “Most of the warming of the past 50 years is
 likely (>66%) to be attributable to human activities.” 
   • Observed 20th century sea level rise rate: 1–2 mm/yr(1.8 mm/yr);  
   • Explained (ice source: 0.2 mm/yr, thermal expansion: 0.5 mm/yr), 

 Unexplained: 0.3–1.3 mm/yr  

IPCC (2007)  “Warming is unequivocal, and most of the
 warming of the past 50 years is very likely (90%) due to
 increases in greenhouse gases.” 



Ice Age Forcing and Response 
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[After Figure 6.3, ©IPCC 2007: WG1-AR4] 

Warmest years: 2005 and 1998 (since 1850
 when instrument record started)


Natural Climate Forcing:

Rahmstorf & Schellnhuber [2006]
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IPCC - WGI, Modified from Solomon [2007] 

• Snow cover, March–April changes
 with respect to 1961–1990 average 
• Uncertainty (blue), 10-yr average
 (black curve), yearly average (circle) 
• Satellite observed sea level (red) 

Warming of the climate
 system is unequivocal, as
 is now evident from
 observations of increases
 in global average air and
 ocean temperatures,
 widespread melting of
 snow and ice, and rising
 global average sea level 





Lambeck et al., Nature, 2002  



Glacial Isostatic Adjustment

The phenomena of solid Earth visco-elastic rebound due

 to deglaciation from the last Ice Age (Last Glacial
 Maximum, 18,000 yr ago, melting ended ~6000 yr ago).


GIA changes land and ocean basins to which instrument
 (tide gauge/altimetry) are based and referenced.


Uplift
 predicted by
 ICE-4G (VM2)
 model

(Peltier, 2000)




Thermal Expansion of the Ocean (1955–2000)


Historic data
 coverage
 extremely sparse
 in the Southern
 Ocean (improved
 with ARGOS)


Thermal Trend: 0.24 mm/yr (0–700 m) 

 Biases are
 uncovered in
 Argos data and
 XBT data, which
 could affect the
 long-term trend


Data Source:  Masayoshi Ishii et al. [2006] 



GLOSS/PSMSL Global Tide Gauge Network


http://www.pol.ac.uk
Selected RLR gauges used


Tide gauges measures relative sea level,
 requires GPS for measuring vertical
 motion (Recent results: 1.8 mm/yr [Snay et al.,
 2007]; 1.31 mm/yr [Woppelmann et al.,



  2007], after applying GPS ʻcorrectionʼ)


Sea level rise: ~ 1.7–1.8 mm/yr

100–200 year records [e.g., Douglas, 2001]




Altimeter Crossover


Altimeter measures
 geocentric sea
 level and ice sheet
 elevation change


JASON-1

(Credit: JPL)




Global Sea Level Rise Observed By Satellite Altimetry (1985–2008)

Estimated sea level trend (1985–2008): 2.6±0.4 mm/yr   


Thermal trend (1985–2006): 0.58±0.02 mm/yr  (1955–2006): 0.24±0.01 mm/yr

After sea floor basin “geoid” GIA correction (ICE4G): Trend = 2.7 mm/yr


IB corrected

Seasonal signal not removed 



Sea Level from Multiple Atlimetry & Tide Gauge (1900-2002) 

IB correction (NCEP & ECMWF) applied, 651 
tide gauges, ICE-4G nominal GIA model 

ICE-4G Geoid effect on altimetry (±81.5)=0.2 mm/yr 
ICE-4G Geoid effect on altimetry (around TG)=0.1 mm/yr 



Observed: 0.9–1.84 mm/yr




Averaged
 Greenland
 mass loss


ICE-5G (VM4) GIA correction
 model (Peltier, 2004) used


W. Antarctica


E. Antarctica


Credit: NASA, CSR 



Global Sea Level Rise: Estimation & Prediction (1500-2100) 

“Geological” Estimate/Climate Models


Observations

& Uncertainty


Prediction by Models
Predictions using Hadley models [Courtesy, J. Gregory]


, [R. Peltier, person. comm.] 


0.1 mm/yr 

1.8 mm/yr 
0.4–0.6 m above 
the 1990 level?? 

Other estimates: 
0.5–1.4 m [e.g.,
 Rahmstori, 2007] 




