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 IPCC: History, Role and Functions 

 Observed Changes in the Climate System 

 Drivers of Climate Change 

 Understanding the Climate System and its 

Recent Changes 

 Future Global and Regional Climate Change 

Take-home Message 

Current 
knowledge 

Future 
opportunity 

GNSS 
relevance 



 Prior to the establishment of IPCC, growing number of literatures 

indicate the Earth’s climate system is warming due to increasing 

GHG concentration in atmosphere 

 Independent, objective, fair and transparent assessment of the 

state of global climate system is required 

 For this reason, United Nations General Assembly (UNGA) 42 

proposed the establishment of IPCC and in 1988 IPCC was 

established under WMO and UNEP 

 The IPCC provides such assessment and this becomes the 

source of information particularly to policy makers and UNFCCC 

on: 

1. Causes of climate change  

2. Potential impacts on built and natural systems and socio-

economic  

3. Possible response options 
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Scenarios of future emissions 

of greenhouse gases, aerosols 

Scenarios of future concentrations 

of greenhouse gases and aerosols 

Projections of future climate: 

The response,  global, regional 

Assessment of observations, 

     processes and models 

Mitigation 

Policy options 

Impacts 

Adaptation 

Courtesy of Kevin Trenberth 
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Observation 

Ch 2, 3, 4, 5 

Drivers 

Ch 6, 7, 8 

Understanding 

Ch 9, 10 

Projections 

Ch 11, 12, 13, 14 
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In-situ: new ones, 

data rescuration, 

new processing; 

 

Data gaps in un-

developed countries 

and data continuity 

in climate record! 

 

Satellite: 5-fold 

increasing, but 

reaching the life 

time! 

 

What is the role of 

GNSS obs? 
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0.85°C (1880-2012) 
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Surface Specific Humidity Column Integrated Water Vapor 

1988-2012 
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Colored Land: radiosonde data;  : GPS data  Ocean: MWR satellite data 

 Limited number of GNSS stations (~100) for trend! 

 Data gaps over African and S.A. 
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Temperature 

Ocean 

Cryosphere 
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Natural and anthropogenic substances and processes that 

alter the Earth’s energy budget are drivers of climate change. 
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Understanding recent changes in the 

climate system results from combining 

observations, studies of feedback 

processes, and model simulations.  

 

Evaluation of the ability of climate models to 

simulate recent changes requires 

consideration of the state of all modelled 

climate system components at the start of 

the simulation and the natural and 

anthropogenic forcing used to drive the 

models. 
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T21L9 (roughly 500 km 

horizontal resolution 

and 9 vertical levels) T95L95 (roughly 100 km horizontal 

resolution and 95 vertical levels) 
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Observation 

ENSO 

Volcanoes 

Solar 

Anthropogenic 

AMO and others 





What is a Climate Projection? 

•  A climate projection is a statement about 

possible climate changes decades to 

centuries in the future under certain 

assumptions, such as those regarding GHG 

emissions. It is usually made using climate  

system models forced with projected future 

GHG emissions.   

 

• Climate projections focus on the forced  

climate response to future GHG increases.  

The forcing estimates are very important.  

 

• In contrast, Climate Prediction tends to  

  focus on the natural climate variations,  

  thus the starting conditions are very  

  important.  

Courtesy of Aiguo Dai 



How Do We Make Climate Projections? 

Projections of future population 

growth, economy, energy 

sources, etc. 

Model projections of future GHG 

emissions scenarios 

Model Projections of future  

GHG concentrations 

Earth System Models 

Global climate projections from 

multiple models & multiple runs 

Regional climate model 

downscaling  

Regional & local climate changes 
Assessment of climate change 

impacts 
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0.3°C to 1.7°C (RCP2.6) 

1.1°C to 2.6°C (RCP4.5),  

1.4°C to 3.1°C (RCP6.0) 

2.6°C to 4.8°C (RCP8.5) 
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Projections: Temperature & Precipitation 



Summary of Projected Changes to the Water Cycle 

Change relative to 1986-2005 

Transport 



Projections: Sea ice 



Historical and Future Sea-level Rise 
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Red = RCP8.5 

Blue=RCP2.6 



GNSS4SWEC 1st Summer School, 9/10/2014, Burgaria 
37 

Warming of the climate system is unequivocal, and since the 1950s, 
many of the observed changes are unprecedented over decades to 
millennia. The atmosphere and ocean have warmed, the amounts of 
snow and ice have diminished, sea level has risen, and the 
concentrations of greenhouse gases have increased. 

Total radiative forcing is positive, and has led to an uptake of energy 
by the climate system. The largest contribution to total radiative 

forcing is caused by the increase in the atmospheric concentration of 
CO2 since 1750. 

Human influence on the climate system is clear. This is evident from 

the increasing greenhouse gas concentrations in the atmosphere, 

positive radiative forcing, observed warming, and understanding of 

the climate system. 

Continued emissions of greenhouse gases will cause further warming 

and changes in all components of the climate system. Limiting 

climate change will require substantial and sustained reductions of 

greenhouse gas emissions. 


