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Figure 2a. Surficial geology (modified from Fulton, 1995).
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Figure 2b. Proportion of land area underlain by permafrost (from Kettles et al., 1997).
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Figure 2c. Natural land surface conditions moderating the impact of climate change (from Tarnocai et al., 2000).
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Northern Innuitia and Southern Innuitia: sensitive and less

vulnerable

Streamflow

- Glacial retreat and/or increased glacial ice accumulation and loss may increase streamflow in proglacial
streams, especially in southern Innuitia

Fluvial processes

- Potential increase in sediment movement and channel instability in proglacial streams

6a | 6b SENSITIVITY ASSESSMENT

Sensitivity denotes the propensity for change in hydrology and fluvial processes.

Vulnerability denotes the propensity for changes to fluvial processes to increase fluvial hazards, to hamper human activity,
and to damage structures. Vulnerable regions are those with relatively high population density and extensive infrastructure.
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Northern Cordillera, 'Northern Plains’: sensitive and less vulnerable

Streamflow

- Flood flows are sensitive to increased precipitation in Cordillera

- In some stream systems glaciers may moderate the effect of changes in precipitation
Fluvial processes

tributaries of the Mackenzie River
- Potential increase in damaging dynamic ice break-up occurrence

- Permafrost degradation may change runoff characteristics, and increase sensitivity of channels to damaging floods

- Increased instability, erosion, channel widening, and potential channel pattern change in Cordilleran rivers, and western

- Permafrost degradation may cause increased slope failure and sediment supply to headwaters streams

Southern Cordillera: more sensitive and vulnerable

Streamflow

- Increased flood flows in general, especially in basins up to 10 000 km?

- Increased risk of intense flooding in small, interior streams, and east slopes of southern Rocky Mountains
- In some stream systems glaciers may moderate the effect of changes in precipitation

Fluvial processes
a braided state

- Steep watersheds in coastal regions may be most sensitive
- Increased fine sediment delivery in southern interior, but strongly influenced by human activity

- Some increase in stream channel size, potential for substantial increase in width and instability in streams close to
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'Southern Plains’: more sensitive and vulnerable E-

Streamflow

- Small mountain-source streams at risk of increased flood magnitude

- Prairie-source streams likely to have lower but more variable streamflow and the possibility of
larger extreme flows in smaller drainage basins

- Flow regulation on major rivers mitigates climatic impact

Fluvial processes

- Unregulated mountain-source streams at risk of widening, erosion, and lateral instability

- Sand-bed streams in Prairies are most sensitive and may shrink, but could be subject to occasional
very damaging floods from rainfall events

- Increase in fine-sediment delivery from valley walls

Lake Michigay
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1. CORDILLERA
Southern Cordillera

'Exposed Coast'

Coast Mountains

'Interior Mountains'

1e 'Central Uplands'

Northern Cordillera

2. PLAINS
'Southern Plains'

'Northern Plains'

3. ST. LAWRENCE LOWLANDS

Great Lakes

St. Lawrence Valley

LEGEND

'Dry Interior Plateaus'

1f Mackenzie Mountains

19 "Yukon Territory Interior'

'Southern Boreal Plains'

'Northern Boreal Plains'

'Western Arctic Coast'

4. APPALACHIA

4a 'St. Lawrence Uplands'

4b 'Maritime Plain'

- 'Atlantic Coast'

5. SHIELD
'Southern Shield'

'Southern Shield'

'Southern Boreal Shield'

'Northern Shield'

- 'Northern Boreal Shield'

5d 'Low Arctic Tundra'

6. ARCTIC

6a Southern Innuitia

6b Northern Innuitia

6¢c "High Arctic'

6d 'Middle Arctic'

7. 'HUDSON PLAIN PEATLANDS'

'Southern Peatlands’

'Northern Peatlands'

NOTES

The map summarizes regional differences in river characteristics and sensitivity to climate change.
The regions are delineated on the basis of broad physiographic, climatic, and hydrological differences.
Details are given in the accompanying report. Within any one region, fluvial characteristics and the
response to climate change are distinctive. The sensitivity legend and notes highlight the particular
concerns in each region. The inset maps provide additional background and interpretative information.

The effects of climatic change in many regions will occur in addition to existing and future human
impact on fluvial processes. In some cases, the human impact will be, or is already, greater than any
probable climatic impact. In other cases, climatic change may compound the existing impact. The
legend and notes point out areas of the country in which human impact on streams and landuse are
already, and will continue to be, animportant influence.

Interpretation of sensitivity at the regional scale downplays the real importance of local conditions in
the actual response and ignores the presence of factors which cross regional boundaries. Human
activity is one of these and the other significant influence of this type is surficial geology. Glaciation in
Canada has produced complicated spatial patterns of surficial materials which do not correspond well
with the regional geological and physiographic boundaries. Certain types of material are found in all
regions of the country. The presence of, for example, fine-grained silt and sand, may be a more
dominant influence on river channel type and sensitivity than any regional terrain or hydrological
characteristic. For this reason the regional patterns depicted on the map must be interpreted
cautiously, and should not be applied to any particular location without additional local information.

The actual response will, within each region, also depend on the size of the drainage basin.
Smaller basins (< 1000 km®) are affected by convectional rainstorms as well as frontal precipitation,
whereas streams with larger basins (with areas of the order of approximately 100 to 10 000 km?) are
affected primarily by larger cyclonic storms. Streams with very large drainage basins (drainage areas
greater than 100 000 or 1 000 000 km®) are sufficiently large not to have the entire drainage basin
affected by a single synoptic event, and these respond primarily to seasonal-scale runoff events such
as spring nival floods, or successions of large storms. The sensitivity of streamflow to climatic change
will depend on changes to the types of runoff-generating events prevalent in a particular scale of
drainage basin. The sensitivity assessment is most relevant to synoptic-scale events (convectional and
cyclonic), but the effect of basin size is not depicted on the map.

Local hydrological conditions also affect streamflow regimes and will modify the response of some
streams to climate change. The most important influences of this type are glaciers, lakes, and wetlands.
These effects are more significant in some regions than others, but local conditions of this type must be
considered in any particular river system. Glacier influence is significant in the 'Exposed Coast', Coast
Mountains, and ‘'Interior Mountains' regions of the southern Cordillera, and in southern and northern
Innuitia. Wetland extent is greatest in the 'Southern Shield', 'Boreal Plains', '"Hudson Plain Peatlands',
and parts of Appalachia. Lake effects are most significant and widespread throughout the shield, but
gay also be relatively important in the 'Boreal Plains', and in parts of Appalachia and the southern

ordillera.

The map includes a depiction of areas potentially subject to significant reductions in permafrost
extent. These are based on an assumption of a doubling of atmospheric CO, and are intended to
identify the potential problem, rather than delimit it precisely.
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'Southern Shield’ and 'Northern Shield’, 'Middle Arctic' and 'High Arctic’,
60 "Hudson Plain Peatlands’: less sensitive and less vulnerable

- No major changes in precipitation regime anticipated
- Permafrost degradation may affect runoff in large areas of northern shield but this will be mitigated
by lake and wetland storage

Fluvial processes

- Rivers are generally insensitive to change (bedrock and permafost), but alluvial sections of rivers
are sensitive to change, especially in southern shield and especially where they flow through
fine-grained surficial material such as Quaternary glacial lake deposits

- Potential valley-side erosion along confined streams in erodible material

Appalachia: more sensitive and vulnerable 4a | 4b .

Streamflow

- Increase in importance of rainfall-generated floods, potential significant
increase in storm events, producing damaging floods, especially on the Atlantic
coast

Fluvial processes

- Bedrock streams reduce the overall sensitivity but alluvial streams are at
risk of substantial width increase, bank erosion, and floodplain inundation or
erosion

Streamflow

Fluvial processes

Great Lakes/St. Lawrence Lowlands: more sensitive and vulnerable -

- Greater influence of rainfall-generated flows from local convection (summer), and cyclonic storms
- Amplification of impacts in small urbanized catchments

- Alluvial streams at risk of widening, erosion, and incision
- Increased valley-side instability in confined streams, especially in ’sensitive’ clays

Figure 2d. Average annual peak flow (in m’/s) for 1000 km® drainage basins (Energy, Mines and Resources Canada, 1993).
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Figure 2. Fluvial regions of Canada and sensitivity to climate change.
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