
 Research Questions and Objective

Changes in the polar system due to changing global climate are both rapid and dramatic. ‘Polar 

change’ is one of the main themes of the International Polar Y ear 20 0 7 -20 0 8 . Changing N orthern 

H emisphere temperatures, thinning of the sea-ice, and melting of the glaciers hav e all been re-

cently reported. 

T he m ain research q uestion: 

H ow  is the sedim ent sup p l y  to the Arctic coastal sy stem  inf luenced 

by  chang ing  clim ate?

A ccurate understanding of the ef fects of  climate change on riv er sediment f lux es is needed to 

predict changes in the biological productiv ity of  the A rctic coastal ecosystem, w hich is ex tremely 

v ulnerable to changes in sediment and associated nutrient supply.

T he responses are complex ; w ill increased glacier melting and increasing precipitation result in 

increased w ater and sediment discharge?  O r w ill the decrease of glacier area result in decreased 

sediment production?  D oes the sediment transport capacity of  the riv er systems decrease w ith 

decreasing glacial meltw ater?  A nd how  much sediment is stored in the glacio-f luv ial f loodplains 

and how  long does it lag in the basin before it reaches the coast?  W e need to unrav el these com-

plex ities in the direction and timing of the system responses to perturbations, only then can w e 

mak e predictions of the sediment and nutrient supply to the ocean. 

Objective: built a num erical p rocess m odel.

W e aim to dev elop a process-based model link ing parameters routinely predicted by glacier dy-

namics models, such as glacier dimensions and basal sliding speed, to a climate-driv en sediment 

f lux  prediction model. F or the f irst time, this framew ork  w ould mak e it possible to mak e q uantita-

tiv e predictions of riv er sediment f lux es to the coast under a number of changing climate and 

glacial conditions. T he framew ork  allow s assessment of rapidly melting glaciers, or disappearance 

of glaciers; all in uniq ue basins w ith dif ferent area, relief, and climatic conditions.

M odeling  needs f ield validation

K angerlussuaq  riv er system drains the activ e G reenland Ice Cap (G IC). T his system is the base-case 

for model v alidation of short-term climate changes and effects on glacier and sedimentary 

system. T o get an understanding of the longer-term response w e w ill study Clyde and M cB eth 

riv er system on B af f in Island. M cB eth riv er is decoupled from the last remnant of the L aurentide 

Ice S heet, the B arnes Ice cap and allow s a source-to-sink  sediment supply reconstruction since the 

last deglaciation.

H y drolog ical M odel (  ~ 1 0 0  y r)

H ydroT rend is a climate-driv en hydrological model that predicts time-series of  daily 

discharge and sediment load at the riv er mouth, based on drainage basin characteristics, 

glacier characteristics and local climate (precipitation and temperature). 

A s  an ex ample, w e use a D igital E lev ation M odel of  the Canadian T opographic S urv ey to 

delineate the contributing basin to Clyde riv er on B af f in Island (F IG  1 ) . T he drainage basin is 

~ 25 26  k m2, Clyde riv er is about 6 6 k m long and drains the S E  part of  the B arnes Ice Cap. 

T he max imum elev ation in the drainage basin is 1 4 5 0 m and the estimated glacier 

eq uilibrium line is 1 0 0 0 m. D aily temperature  and precipitation data hav e been measured at 

the tow n of Clyde R iv er. M ean annual T  is -1 2°C, av erage monthly temperatures are abov e 0 °C 

in J une, J uly and A ugust and mean annual P is 21 cm.
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L ong term  reconstructions ( 5  k y r)

W e mapped the elev ation of main riv er terraces at Clyde R iv er mouth from the coast to 

about 1 0 k m landinw ard, w here the channel becomes bounded by bedrock  ( F IG . 3). 

T he deglaciation of Clyde F jord has been reconstructed by B riner et al., 20 0 3 based on 

C1 4  and cosmogenic dating of erratics. S hells and organic matter samples hav e been 

dated and related t sedimentary section in the delta deposits close to the present f jord 

head.  T he w ithdraw al of  the main ice f low s from the f jordhead area occurred betw een 

roughly 8 0 0 0  C1 4  yrs ( v ery close to the f jord head) and 6 6 0 0  C1 4  yrs more land inw ard. 

T he emergence curv e of  Clyde F jord  is still rather uncertain, because the dated marine 

shells are not definitely tied to a certain sea lev el.

A ssuming that terrace lev els are tied to sea lev el w e superimposed the terrace heights 

onto the emergence curv e to estimate their ages. G IS  analysis of  the mapped terraces 

prov ides us w ith surface areas of each terrace; based on that terrace v olumes hav e 

been estimated and combined w ith the age estimates w e can compare sedimentation 

rates in the f luv io-deltaic plain (F ig 3c).

T here is a distinct increase in sedimentation just after the retreat of  the B arnes Ice Cap 

out of the present-day f luv io-deltaic area (upto ~ 1 0 0 ,0 0 0 . m3/ yr). S edimentation rates 

in the f luv ial domain ov er the L ate H olocene are v ery low   (28 5 0  m3/ yr).  If  this rates is 

placed into the framew ork  of  the present-day riv er simulations, w e hav e to conclude 

that storage of sediment in the f loodplain is relativ ely limited (~ 3% )  ov er the L ate 

H olocene.
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F ig ure 3  T errace reconstruction

L arg est sedim ent p ulse lag s behind deg laciation.

S hort- term  sedim ent f lux es: deg laciated sy stem

H ydroT rend predicts highly v ariable, but relativ ely low  seasonal discharge and sediment load 

at the riv er mouth for the deglaciated A rctic riv ers on B af f in Island.  

W e suspect that tw ofold riv er classif ication can be made; ice-cap inf luenced v s. 

mountain glacier inf luenced, w here the latter systems w ill carry the bulk  of  the 

sediment loads reaching the A rctic coast. 

D iscussion

T he comparison betw een the modern N E  B af f in riv er, the q uiet L ate H olocene and the 

deposition during ice retreat indicates that the prox imity of the ice margin is a strong 

factor determining the sediment f lux . T he period of prox imity of the melting glacial edge 

show s the highest sedimentation rates. W hen the riv er channel is w ell-dev eloped and 

incised due to isostatic rebound, sediment is hardly stored in the f loodplain any more. T he 

system is 'shut-off '.

T his implies that 2D  sedimentation models that do not include a f loodplain module could 

still be usefull for giv ing sediment predictions under changing climate scenarios for the 

riv er systems draining a present-day ice-cap. A  tw ofold riv er classif ication can be made; 

ice-cap inf luenced v s. mountain glacier inf luenced. F or ungauged basins numerical 

models form a tool to predict w ater and sediment f lux es under changing climatic 

conditions.
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