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Fundamental Considerations
Risk Assessment in Ice

• Area 
• Date 
• Ice-Class 
• Identification of ice 
• Speed/Power 
• Manoeuverability 
• Redundancy 
• Sustainability 
• Survivability 
• Experience



Risk Assessment in Ice

Outline 

• Ice Class 

• Access to the Cdn Arctic 

• Tactical Risk Assessment 

• Strategic Risk Assessment 

• “Safe” Speed? 

• Experience 

• Ice Navigators



Key References 
For Ice Navigation*

* And many others…

* *

*



Risk Assessment in Ice

ZDS – Zone/Date System

• Historical/empirical approach 
• Zones in descending order of difficulty 
• Allowed access dates by CASPPR Ice Class 
• PC1-7 equate to Type A (?) 
• System rigid, inflexible … not compatible with climate change 
• Depends on established equivalence with Cdn ice classes



Risk Assessment in Ice

Ice Class - Equivalents
Ref: ASSPPR, Schedules 1 & 2

Canadian ASPPR classes from ZDS table (Sched 1, left) 
Equivalents to foreign ice classes (Sched 2, above) 

• Difficulty of establishing ice-class equivalents 
• Applicable for ZDS/AIRSS 
• Also “Categories”: A (PC1-5), B (PC6-7), C (others)



Risk Assessment in Ice

AIRSS - Arctic Ice Regime Shipping System

Ice Numeral (IN) = cumulative addition of partial 
concentrations if ice types weighted by multipliers for 
ice type and ice class 
Eg: (C1xM1)+(C2xM2)+…+(CxxMx) = IN	

• Flexible to changing ice conditions in Zones 
• Allows access outside of ZDS limits 
• Allows access on basis of reported or observed conditions 
• Adjustments of IM for rough or decayed ice 
• Must be observed/calculated by an Ice Navigator 
• CAC1/2 effectively unrestricted (outside system)

◆ If IN=>0, “GO”; if IN<0, “NO GO”



Risk Assessment in Ice

POLARIS – Polar Operational Limits and Risk Assessment System

Risk Index Outcome (RIO) = cumulative addition of partial 
concentrations if ice types weighted by Risk Index Values (RIV) 
for ice type and ice class 
Eg: (C1xRIV1)+(C2xRIV2)+…+(CxxRIVx) = RIO	

◆ If RIO=>0, “GO”;  
◆ if -10<RIO<0, “NO GO,” (Type ships) or    “GO 

with operational precautions iaw PWOM” 
(PC3-7); 

◆ if RIO <-10, “NO GO”  (except PC1-2)

Implemented icw the Polar Code 
Oriented to PC/Type-class vessels,  
vessels built after 1 Jan 17 

• Fundamentally similar methodology 
to AIRSS 

• Allows more flexibility (dependent 
on Ice Class) to proceed with 
operational precautions (speed 
reduction) iaw PWOM 

• Some differences in definition of ice 
types 

• Allows considerably more flexibility 
for PC vessels which are significantly 
undervalued in ZDS 

• No continuous hierarchy of PC/Type 
except in POLARIS



Ice Class Tables from TC “Guidelines for Assessing Ice Operational Risk”

• Applicable for POLARIS (PC/Type) or AIRSS (Type)



SOLAS Pass Vsl, or 
DG or Pollutants, or 
>300GT, or 
>500GT comb. towing/pushing

Report 
NORDREG

PC Vsl?
ASSPPR  
listed 

Ice Class?

Apply for  
Equivalency*

In ZDS?

In  
ZDS for 
Type A?

POLARIS
RIO 
=> 
0 ?

RIO 
=> 

-10?

Constr.  
before  

1 Jan 17?

AIRSS
IN 
=> 
0?

Ship  
Type? Proceed at own risk

Optionally

Proceed
PC3-7 Escort,  

Op Mitigation 
Avail?

Reroute

Recalculate

Proceed PC1-2

Proceed 
iaw PWOM

Type A-E

PC1-7

ZDS/AIRRS/POLARIS Flow

Optionally

*

* Must use POLARIS, not AIRSS
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AIRSS
IN 
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Ship  
Type? Proceed at own risk
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Proceed
PC3-7 Escort,  

Op Mitigation 
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Reroute

Recalculate

Proceed PC1-2

Proceed 
Iaw PWOM

Type A-E

PC1-7

ZDS/AIRRS/POLARIS Flow

Optionally

*

* Must use POLARIS, not AIRSS

COMPLIC
ATED, C

ONFUSING!

Boils down to: 

• Determine PC/Type Ice Class 
(or equivalence) 

• Use POLARIS 

• If RIO =>0, GO, if not, reroute 
or consult PWOM (if PC3-7)



Risk Assessment in Ice

IceNavTM 

(Proprietary system of Enfotec) 

• Presentation of CIS shapefiles in GIS application 

• Superimposed ship position, route, radar input 

• Ability to display geo-ref’d photos and satellite radar files 

• Calculation of AIRSS and POLARIS IN/RIO from shapefiles 

• Generation of Ice Regime Routing Msg as req’d by TC



Risk Assessment in Ice

IceNav

Superimposition of CIS ice charts, satellite observations 
and ship route from MSV Nordica 2017 NWP transit



Understanding and Identifying Old Ice in Summer, 
National Research Council of Canada 
http://globalcryospherewatch.org/cryonet/methods_docs/
ICETECH_08_Old_Ice_Guide.pdf 

http://globalcryospherewatch.org/cryonet/methods_docs/ICETECH_08_Old_Ice_Guide.pdf
http://globalcryospherewatch.org/cryonet/methods_docs/ICETECH_08_Old_Ice_Guide.pdf


Strategic Assessment (feasibility)Risk Assessment in Ice

Ref: Stoddard et al, Making Sense Out of Arctic 
Marine Traffic Using POLARIS, 2016   

• POLARIS enables  computer-based 
feasibility of specific tracks, dates, based 
on long-term averages of ice conditions



Risk Assessment in Ice

CASRAS – Canadian Arctic Shipping Risk Assessment System  
(developed by National Research Council Canada)

CASRAS is an integrated risk assessment system for marine transportation in the Canadian North that enables 
sound decision-making leading to safer, more efficient shipping in this harsh environment while ensuring the 
minimal negative impact on the life of Northerners, and decreasing the risk of polluting the environment. 

Current content: 76 datasets; 230 GB; over 200,000 files

◆  CASRAS provides a picture of risk assessment factors, either actual or 
statistical, based on multiple geographic-historical data sets (bathymetry, ice, 
metocean, wildlife, conservation areas, community services/infrastructure, 
places of refuge, nautical knowledge, chart coverage, etc…) 

◆  Parameters or filters (time, area, route, conditions, etc) are determined by the 
user 

◆  CASRAS then uses cumulative ice data since 1980 to calculate AIRSS IN for 
projected routes and determine % frequency of passable conditions in specified 
timeframes (eg: month by month)



Examples extracted from CASRAS

17

Courtesy Captain Fowler

Location of mammal sensitive sites within 150NM:

Rankin Inlet

Mean Daily Low Temperature - 30 Year 
Average, November 2nd 

Polar Service 
Temperature 
Assessment

AIRSS Ice Numeral evaluation CASRAS Interface

Slide courtesy of Ivana Kubat, NRC



CASRAS – Canadian Arctic Shipping Risk Assessment System  
(developed by National Research Council Canada)

CASRAS use: 
• CASRAS has been used and tested onboard CCG icebreakers 
• Onboard several commercial vessels (by Captains who have provided 

feedback on CASRAS development) 
• CASRAS has been licensed to the Marine Institute as a training tool - 

Polar Code and Ice Navigation training program at the Centre for 
Marine Simulations

Current work:  
Two main objectives are: 
1. Develop mariner 

knowledge specific to 
the Wester Arctic 
trade corridors, with a 
focus on community 
resupply and 
commercial activities 
in the Northwest 
Territories 

2. Integrate advanced 
sea-ice forecasting 
models into the 
CASRAS platform 

Pressured Ice Model - forecast

Slide courtesy of Ivana Kubat, NRC

CASRAS can run on a stand-
alone PC laptop 
Cost: TBC … $$$ 



Russian Ice Certificate/Passport

Risk Assessment in Ice

Ref: CMIINF, Ice Certificate for 70,000DWT 
Arctic Shuttle Tankers, 2007 

• Tailored examination of performance 
for each ship (class) 

• Examines attainable speeds in different 
ice regimes and resulting effects, to 
draw limits of prudent operation 

• Recognizes that ships may be powered 
to exceed safe speed in some ice 
conditions 

• Examines pressure/no-pressure 
scenarios, different load conditions 

• Proposes safe speeds, safe following 
distance for escort 

◆ “Passport” issued for specific ship/
dates, assigning equiv. Russian ice class 
and approving independent/escorted 
operations in varied ice conditions 
(pre-PC)

Safe Speed?



Ref: Enfotec, Safe Speed in Ice, Dec 1996

• Enfotech study done in 
1996 to help validate 
early AIRSS work in 
determining how safe IR 
were 

• Safe Speed in range 
2-6kts  as Ice Numeral 
approaches (+) 0-10

Risk Assessment in Ice

Empirical Approach 
to Safe Speed



Analytical Approach to Safe Speed:

• Sustainability 
• Damage control 
• Redundancy 
• Top-side icing 
• Sea Intakes 
• Metallurgy 
• Structural strength 
• Shell plating strength 
• Power 
• Hull form 
• Speed

Used with permission of Dr C. Daley

Considerations of Naval Ops 
in Polar Waters

Computer based simulation of hull form/
structure response to ice interactions



Modeling of ice impacts: 
• “Notional Destroyer” of  ~7700t 
• Hard ice, TFY or MY  (6MPa) 
• Glancing blows on the bow (~fr14) 
• Direct Load Limit and Large Deflection cases 
• Modeled isolated floes and pack ice 
• Ice thickness variable 0.2-1.0m 
• Result indicates “Technical Safe Speeds” 

Note: no modeling of bow sonar dome!!

Used with permission of Dr C. Daley



Figure 52: Summary plot of 5 cm deflection limit 
speed curves versus ice thickness and floe size

* Assumes shell-plating deformation acceptable…

• Marginal capability to 
operate in pack ice 

• Cautious operation in 
very light pack ice of 
small floes, limited 
thickness 

• At 6kts, limited to 
operations in brash ice 

• Contact at 6kt with floes 
of 20m diameter and 
60cm thickness 
acceptable (with 
deformation) 

• Increasing probability of 
deformation with 
increasing concentration

Used with permission of Dr C. Daley



Ref: Dolny, SSC-473, Methodology For Defining Technical Safe Speeds 
For Light Ice-strengthened Government Vessels Operating In Ice, 2018

For 5000t, PC5, Patrol Vessel  (RCN AOPS ~ 6600t) 



Ref: IMO MSC Circ-1 1519

POLARIS 
and Speed



Variability of Ice Coverage from Year to Year



Variability …

WMO #
▲*

MY-r
MY 9*
MY-d
Old-r
Old 7*
Old-d
SY-r
SY 8*
SY-d
TFY-r
TFY >120cm 4*
TFY-d
MFY-r
MFY 70-120cm 1*
MFY-d
FY2 9
ThinFY2 30-70cm 7
FY1 8
ThinFY1 30cm 6
G-W 15-30cm 5
Young 10-30cm 3
Grey 10-15cm 4
Nilas <10cm 2
New <10cm 1
Brash
Bergy ▲

Open Water OW

New & 
Young Ice

Misc

Stage of Development

Ice of Land origin

Multi-year

Second Year

First Year



Risk Assessment in Ice

Experience
CASPPR “Ice Navigator” 
• Canadian requirement under ASSPPR for operation under AIRSS 
• 30 days “in ice” 

Canadian Polar Waters Advanced Trng Certificate 
• Adv Trng + 2mo sea service in PW or in waters with acceptable ice conditions 
• (til 2020) 3mo of sea service in last 5yr, of which 1mo in PW and 2mo in ice* 

Nautical Institute “Ice Navigator Certification” 
• Professional certification scheme introduced by the NI in 2017 
• Level II = Adv Trng + 50d at sea as Master/OOW, of which 30d “in ice” 
• Grandfathering:   Level II = 90d “in ice”   or    Trng + 50d “in ice” 
• 5 yr renewal = 30d in ice 

◆  Canadian recognized Ice Navigators provide more than Ice Advice;  
o they provide local knowledge, experienced interface with local authorities and  
o a network of info exchange, interpretation and understanding of Cdn Regulations

*  IMO does not require the time in ice



RV Xue Long, NWP 2017



Risk Assessment in Ice

Conclusions: 

• P5   (“P***-Poor Planning Predicts Performance”) 

• More info is better (limited internet is false 
economy!) 

• Distinguish between Old and FY ice 

• Avoidance is key 

• Know your capabilities & limitations 

• Practice patience 

• Engage experience



Questions?

www.martechpolar.com 
info@martechpolar.com 

http://www.martechpolar.com
mailto:info@martechpolar.com

