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• ~195,000 glaciers 
• 727,000 km2 including glaciers in the 

periphery of Greenland (89,700 km2 ) 
and Antarctica (133,200 km2)

• Sea-level equivalent 0.4-0.5 m 
(Greenland 7.4 m, Antarctica 58.3 m)

Mountain glaciers and ice caps

Alaska Range
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• 2003-2009: glacier contribution roughly equivalent to ice 
sheet mass loss 

• Largest contributors: Arctic Canada, Alaska, 
                                     Greenland periphery, Southern Andes
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% inventoried glacierized area (WGI)
% NOT inventoried glacierized area 

Incomplete glacier inventory

• until 2012 only less 
than half of the 
glaciers in the world 
inventoried

• area-altitde 
distributions 
unknown

• only (rough) total 
regional areas 
knowns

@Radic



  

Incomplete glacier inventory
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ABSTRACT. The Randolph Glacier Inventory (RGI) is a globally complete collection of digital outlines of
glaciers, excluding the ice sheets, developed to meet the needs of the Fifth Assessment of the
Intergovernmental Panel on Climate Change for estimates of past and future mass balance. The RGI was
created with limited resources in a short period. Priority was given to completeness of coverage, but a
limited, uniform set of attributes is attached to each of the !!198000 glaciers in its latest version, 3.2.
Satellite imagery from 1999–2010 provided most of the outlines. Their total extent is estimated as
726 800" 34000 km2. The uncertainty, about"5%, is derived from careful single-glacier and basin-scale
uncertainty estimates and comparisons with inventories that were not sources for the RGI. The main
contributors to uncertainty are probably misinterpretation of seasonal snow cover and debris cover.
These errors appear not to be normally distributed, and quantifying them reliably is an unsolved problem.
Combined with digital elevation models, the RGI glacier outlines yield hypsometries that can be com-
bined with atmospheric data or model outputs for analysis of the impacts of climatic change on glaciers.
The RGI has already proved its value in the generation of significantly improved aggregate estimates of
glacier mass changes and total volume, and thus actual and potential contributions to sea-level rise.

KEYWORDS: Antarctic glaciology, Arctic glaciology, glacier delineation, glacier mapping, remote
sensing, tropical glaciology

1. INTRODUCTION

The Randolph Glacier Inventory (RGI) is a collection of
digital outlines of the world’s glaciers, excluding the
Greenland and Antarctic ice sheets. The RGI was developed
in a short (1–2 year) period with limited resources in order to
meet the needs of the Fifth Assessment Report (AR5) of the
Intergovernmental Panel on Climate Change (IPCC) for
estimates of recent and future glacier mass balance. Priority
was given to complete coverage rather than to extensive
documentary detail. The rationale of the RGI (Casey, 2003;
Cogley, 2009a; Ohmura, 2009) is that fewer attributes and, if
unavoidable, locally reduced accuracy of delineation
(Section 3) would be a price worth paying for the complete

coverage that is essential for global-scale assessments.
However, of the few attributes attached to each RGI vector
outline, some are analytically valuable. For example the
terminus-type attribute and the complete coverage combine
to yield the first estimate of the global proportion of
tidewater glaciers.

Complete coverage is desirable for a broad range of
global-scale investigations. Volume–area scaling (e.g. Bahr
and others, 1997) and other procedures to derive glacier
volume (e.g. Farinotti and others, 2009; Linsbauer and
others, 2012) require detailed knowledge of glacier areas,
and in some cases a digital elevation model (DEM) as well.
Glacier outlines are needed in geodetic estimation of
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Randolph Glacier Inventory (RGI)
http://www.glims.org/RGI/index.html

• first globally complete glacier 
inventory
• glacier outlines, areas, 

hypsometries and more attributes 

@Radic
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Global scale                                     Regional scale           

Global scale
--> similar projections
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Glacier Model Intercomparison 
Project (GlacierMIP)

to provide a framework for a coordinated intercomparison of 
global-scale glacier mass change models 
to foster model improvements and reduce uncertainties in 
global glacier projections



  

Glacier MIP address three of the six Grand Challenges identified by 
the WCRP: 

• Cryosphere in a Changing Climate by making regional and 
global scale glacier projections and reconstructions

• Sea-level Rise and Regional Impacts by providing 
estimates of mass input in the ocean, and information about the 
source regions of this mass

• Changes in Water Availability by quantifying the effects of 
glacier mass loss on the seasonal input of water in glacierized 
drainage basins

GlacierMIP

Alaska Range



  

 to coordinate a model intercomparison of global-scale 
glacier models (century scale projections and possibly past 
reconstructions)

GlacierMIP: Specific objectives



  

 to coordinate a model intercomparison of global-scale 
glacier models (century scale projections and possibly past 
reconstructions)

 to identify current model deficiencies and data needs, and 
work towards a new generation of global-scale glacier 
models that allow more accurate projections

GlacierMIP: Specific objectives
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Mass balance model

 Inventory 
•Initial volume
•Size 
distribution

Calibration
•Availability of validation 

data

Surface mass balance
•degree-day approach
•sensitivity approach

Ice dynamics
•V-A, V-L scaling

Frontal ablation
(calving+submarine melt)

Uncertainties and challenges

Projections
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•Availability of validation 

data

Surface mass balance
•degree-day approach
•sensitivity approach

Ice dynamics
•V-A, V-L scaling

Frontal ablation
(calving+submarine melt)

Uncertainties and challenges

• Complete RGI 
inventory

• Ice thickness 
distributions 
for all RGI 
glaciers

New opportunities through new 
global datasets:

not included 
in published 

studies

Projections



  

 to coordinate a model intercomparison of global-scale 
glacier models (century scale projections and possibly past 
reconstructions),

 to identify current model deficiencies and data needs, and 
work towards a new generation of global-scale glacier 
models that allow more accurate projections

 to work closely with other internationally coordinated 
activities/organizations such as the Ice Sheet Model 
Intercomparison Project for CMIP6, IACS working groups on 
“Randolph Glacier Inventory” and “Glacier Ice Thickness 
Estimation”

GlacierMIP: Specific objectives



  

~

~2007-2008

EISMINT European Ice Sheet Modeling Initiative, 
program by European Science Foundation, 
~1993 - 1997

Previous model intercomparisons



  

~

~2007-2008

• EISMINT European Ice 
Sheet Modeling Initiative, 
program by ESF

• 1993-1997
• ice-flow models
• 12 glaciers

EISMINT European Ice Sheet Modeling Initiative, 
program by European Science Foundation, 
~1993 - 1997

Previous model intercomparisons
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 global/regional scale models
GlacierMIP



  

 global/regional scale models
 announce the activity on suitable list servers and invite 
further participation 

GlacierMIP
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“kick-off” meeting at IUGG Meeting Prague in June
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 a community-based definition of standardized experiment 
designs, forcing data, and deliverable output variables
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 global/regional scale models
 announce the activity on suitable list servers and invite 
further participation 

“kick-off” meeting at IUGG Meeting Prague in June
 a community-based definition of standardized experiment 
designs, forcing data, and deliverable output variables

 produce ‘consensus’ estimates for past and future glacier 
mass changes and sea-level contributions

GlacierMIP



  

 global/regional scale models
 announce the activity on suitable list servers and invite 
further participation 

“kick-off” meeting at IUGG Meeting Prague in June
 a community-based definition of standardized experiment 
designs, forcing data, and deliverable output variables

 produce ‘consensus’ estimates for past and future glacier 
mass changes and sea-level contributions

GlacierMIP

Any questions?
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Global glacier mass changes 2003 - 2009



  

Mass 
budget
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all glaciers other than the ice sheets

38% of area tidewater glaciers

Gardner et al., 2013, Science

Glacier 
area

blue = 
tidewater 
glaciers

• Mass loss = 259 ± 28 Gt yr-1, 0.71 ± 0.08 mm SLE  yr-1 , -0.35 m yr -1

             --> 29% of observed global sea-level rise (2.5 mm yr -1)

• Roughly equivalent to ice sheet mass loss (289 ± 49 Gt yr-1)
• Mass Largest contributors: Arctic Canada, Alaska, 

                                               Greenland periphery, Southern Andes

Global glacier mass changes 2003 - 2009



  

Radic et al., 2013, 
Clim. Dyn.

!
19 regions

Regional glacier volume projections 2006 - 2100

•14 GCMs
•RCP4.5 
emission 
scenario
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Glacier runoff projections 2006 - 2100
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Glacier runoff projections 2006 - 2100
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Glacier runoff projections 2006 - 2100
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