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Figure 5-4. Discharge versus fish production in the Kuparuk River, Alaska. Instream biotic systems are linked closely to
the behavior of river systems, with dependencies on both the physical (scouring, habitat) and chemical (oxygen status,
primary production) setting. These dependencies on biotic systems are translated into dependencies on human society,
both industrial and indigenous. Above is a plot of the average arctic grayling adult growth and young-of-the-year weight
at 40-d versus mean discharge in the reference and fertilized reaches of the Kuparuk River, 1986, 1988–1998 (adult
growth was not available for 1993). The impact of hydrological processes on biological processes is evident (Linda
Deegan, Arctic LTER database).

Table 5-1: Examples of how observed environmental changes may affect arctic ecosystems. Note that some changes can
reverse direction depending on the local context.

CHANGING
PHYSICAL ECOSYSTEM IMPACTS
ENVIRONMENT Vegetation Wildlife Biogeochemical Trace gas Fire Lakes and

Fluxes Streams

Permafrost thaw Slumping soils Decrease in Increased export of Increasing Drainage Increased
disrupt trafficability C, N, P and flux to promotes productivity/
vegetation sediments atmosphere fire sediment load

Soil moisture Shifts in species Mixed response Increased export CO
2
 flux Fire frequency If runoff

changes distribution depending if runoff increases increases in and severity increases,
upon species drier soils, increases in productivity

methane flux drier soils will increase
increases in
wetter soils

Summer Higher gross Increase in Increased Decomposition Fire frequency Lake trout and
temperature primary insects decomposition leads to and severity grayling growth
increase production and liberates nutrients increases in increase decline

respiration fluxes

Snow cover Shifts in Less insulation Greater winter Fluxes may Increased fire Less spring
decline vegetation for rodents. export decrease if input of organic

stature and Predator species soils are colder matter and
species become more due to lack of nutrients lowers

advantaged insulation productivity

Winter Northward Winter mortality Decomposition Fluxes increase Longer fire Increases in
temperature migration of decreases. rates increase season baseflow
increase species, increase Ice layers reduce during winter throughout

in shrubs fresh air to increasing soluble winter
rodents nutrients in spring
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nutrient flows and hence phy-
toplankton production on which
marine food webs—and northern
Atlantic commercial fisheries—
depend (Gudmundsson 1998,
Astthorsson and Gislason 1995,
1998, Hamilton and Allanson
2001). Marine mammals have a
close dependence on sea ice for
mobility and access to food
sources.

Arctic Water Cycle Change
and Humans

Environmental change across the
Arctic influences human societies.
Table 5-2 shows some of these
“points of contact” between hu-
mans and the linked hydrological
system. Industrial enterprises such
as energy development, transporta-
tion, or commercial fisheries, and

Table 5-2: Points of contact, and areas of needed research, where changing physical environment parameters are likely to
affect human activities in the Arctic.

CHANGING
PHYSICAL HUMAN DIMENSION IMPACTS
ENVIRONMENT Infrastructure Transportation Other Economic Subsistence, Health

Activities Traditional Activities

Permafrost Buildings, water Roads, runways Pipelines Overland travel, Water supplies,
& power systems subsistence resources waste disposal

Precipitation, Riverbank Roads, navigable Mining & industrial Overland travel, Water-borne
runoff erosion, flooding, waters wastes subsistence resources illness

water supplies

Storms, fog Coastal wave Sea, air Fire prevention Subsistence Accidents
erosion hunting & fishing

Snow cover Snow removal Winter travel Water supply Overland travel, Water supply
avalanches subsistence resources

River & sea ice Coastal/riverside Shipping routes Hydropower Subsistence Accidents
erosion & season hunting, travel

Summer Foundation Permafrost and ice- Tourism Changes in species Insects, vector-
temperature instability road degradation and migration routes borne illness

Sea level Coastal flooding, Shipping facilities Village relocation Coastal cemeteries Freshwater
erosion or artifacts salinization

Ocean circulation Harbor siting Shipping Commercial fisheries Subsistence hunting Contaminant
& fishing transport

Contaminants Water supply/ Spill prevention Commercial fisheries Subsistence hunting Human
treatment remediation & fishing exposure

more traditional livelihoods and
communities of the Arctic’s indig-
enous peoples, are intimately con-
nected to elements of the arctic
hydrologic cycle. Changes to pre-
cipitation quantity and timing,
fog, snow, river and sea ice, sea
level, temperature, ocean circula-
tion, and contaminants have, and
will continue to affect individual
livelihoods, the viability of settle-
ments, and national economic
prosperity for many who live in
the Arctic. Precipitation changes
associated with climate warming,
such as that which killed thou-
sands of reindeer on Svalbard
(Aanes et al. 2000), point to the
vulnerability of human-managed
arctic ecosystems. Changes in per-
mafrost could affect thousands of
structures built on frozen
ground—including houses, hospi-

tals, pipelines, and community wa-
ter systems—well into the future as
the thermal and structural stability
of soils continues to degrade (Fig-
ures 5-5, 5-6, 5-7). While the true
impact of each of these changes
requires an understanding of the
complex interactions between
physical, biological, and human
systems, current studies are mostly
limited to educated guesswork. Be-
cause arctic physical processes are
tightly coupled to global processes,
shifts in arctic water cycles could
also have consequences for people
far outside the Arctic. As an ex-
ample, freshwater from the Arctic
basin is important to global ocean
circulation, including the North
Atlantic Current that moderates
the climate of northern Europe
and perhaps aridity in central
North America.

5. Impacts and Feedbacks Associated with Arctic Hydrological Change




