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ABSTRACT 

Prinsenberg, S. J., Loucks, R. H., Smith, R. E. and Trites, R. W. 1987. Hudson Bay and 

Ungava Bay runoff cycles for the period 1963 to 1983. Can. Tech. Rep. Hydrogr. 

Ocean. Sci. 92: viii + 71 p. 

Time series of monthly mean runoff rates for a twenty-one year period from 1963 to 

1983 are presented as  plots and listings for eight drainage areas of Hudson Bay and Ungava 

Bay. A detailed description is given for the method to derive the runoff values for regions 

where no gauged data were available. Using surface oceanic currents, a time series of the 

freshwater flux exiting Hudson Strait is calculated and its seasonal variability compared to 

salinity variations over the Newfoundland Shelf and to the runoff rates of the St. Lawrence 

River. 

RESUME 

Prinsenberg, S. J., Loucks, R. H., Smith, R. E. and Trites, R. W. 1987. Hudson Bay and 

Ungava Bay runoff cycles for the period 1963 to 1983. Can. Tech. Rep. Hydrogr 

Ocean. Sci. 92: viii + 71 p. 

Les auteurs presentent ici sous forme de graphiques et d'6numerations des series 

chronologiques de debits de ruissellement mensuels moyens pour une periode de vingt et un 

ans qui va de 1963 a 1983, pour huit bassins versants de la baie d'Hudson et de la baie 

d'ungava. Est aussi donnee la description detaillee d'une methode permettant de determiner 

des valeurs de ruissellement dans les regions depourvues de donnees de jaugeage. A l'aide des 

courants oceaniques de surface, une serie chronologique du flux d'eau douce sortant par le 

dbtroit d'Hudson est calculee et sa variabilite saisonniere est comparee aux variations de 

salinite au-dessus de la plate-forme de Terre-Neuve et aux debits de ruissellement du fleuve 

Saint-Laurent. 
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1.0 INTRODUCTION 

Monthly runoff data between 1965 and 1975 for rivers draining into Hudson Bay 

and James Bay have been used by Prinsenberg (1980) to obtain a climatic seasonal runoff 

cycle prior to man-made alteration due to hydroelectric developments in James Bay. This 

climatic runoff cycle was further used to interpret possible runoff effects on biological 

production downstream in coastal areas (Sutcliffe et al. 1983). In order to study the 

relationships between runoff and marine environment more closely, and in particular, their 

year-to-year variations, one requires a time series of Hudson Bay system runoff over an 

extended period. 

There are now approximately twenty years of river discharge observations 

available from several rivers in the Hudson Bay system. The purpose of this report is to 

assemble this data by regions around Hudson Bay and use them to estimate eight regional 

discharge time series. Later these regional series are combined, using two ocean drift speed 

scenarios, into a time series for a freshwater flux exiting Hudson Strait between 1963 and 

1983. The important freshwater contribution arising from ice melt is not treated here but it 

should be noted that during the spring, ice melt dominates river runoff in a ratio of 2:l 

(Prinsenberg, 1984). Finally, correlation analysis was done between the freshwater fluxes 

exiting Hudson Strait, the salinity variation on the southern Newfoundland shelf and St. 

Lawrence River discharge to determine if any associations and plausible cause-effect 

relationships are present. 
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2.0 DESCRIPTION OF DRAINAGE AREAS AND RUNOFF CALCULATIONS 

Hudson Bay, James Bay, Foxe Basin and Hudson Strait were divided into eight 

regions; five for Hudson Bay, and one each for James Bay, Foxe Basin, and UngavaIHudson 

Strait (Figure 1, Table 1). Runoff received by each region was obtained by combining all 

available gauged river data from each drainage area or if ungauged using proxy data from 

neighbouring drainage areas for which gauged data was available. 

The total drainage area under consideration covers 3.64X lo6 km2. It is twice as  

large as  the neighbouring MacKenzie River drainage area (l.8X 10' km2) located to the 

northwest and three and one-half times as large as the St. Lawrence-Great Lakes area 

(1.OX 11O6km2) located to the east and south (Canadian Government, 1973). As expected, 

ungauged areas are mostly located in the northern part of the drainage area (Table 1). 

Rivers are usually gauged by Water Survey of Canada (WSC) a t  locations inland 

from the coast, therefore gauged data requires a correction factor to account for the drainage 

area between the location of the gauge and the river mouth as  well as  drainage areas of the 

ungauged smaller rivers near the coast. 

Some records are incomplete, particularly in the early years of the period of 

interest (Table 2). Records for several rivers also contain small random data gaps throughout 

the period. These data gaps were filled by interpolating from monthly means and records of 

adjacent rivers. 

Lack of data for coastal areas and lack of data due to incomplete records are taken 

into account by prorating surrogate gauged data by the ratio of total regional ungauged area 

to gauged area. 

In cases where gauged data becomes available part way through the period of 

interest (Table 29, this simple prorating technique could be checked. In some cases the 

derived estimates were poor in comparison to gauged data. Two areas may be incompatible 

for interpolation using the prorating technique because of various time lag effects due to 

length of rivers, presence of lakes and variability in vegetation and climate. To improve the 
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estimates, monthly discharge factors were used which varied seasonally for each river set. 

For the particular month, the discharge factor is the ratio of the average discharge for the 

presently ungauged river to the average discharge from the reference river. These estimates 

are referred to as yieldlareal prorating estimates and improved the estimates for ungauged 

drainage areas compared to those from the simple areal prorating method where the 

discharge factor was held constant throughout the year. Discharge factors are listed in 

Appendix A.. 

2.1 Region I . the SW sector of Hudson Bay 

Gauged data exists for several major rivers; the Seal, Nelson, Churchill, Hayes and 

Gods. Data from the Severn River was added to this region's total because it discharges into 

Region 1 of Hudson Bay even though it orginates from another major drainage basin located 

in northern Ontario (Table 1). 

The Churchill River has been regulated since 1928 and the Nelson River since 

1 960. It was necessary to estimate data from 1963-71 for the Churchill, from 1963-73 for the 

Hayes and from 1963-69 for the Gods and Severn Rivers. The longer records of the Seal and 

Nelson Rivers were used as references to estimate data for these rivers using the yieldlareal 

prorating method. 

Coastal drainage estimates for the northern section (principally, the Seal River) 

were obtained by using a factor of 0.87 on the Seal.River data. The factor was derived from 

drainage area estimates for the Caribou, North and South Knife and lower Churchill Rivers. 

Coastal drainage estimates for the southern section were derived by using a factor 

of 1.5 on the Gods River data. (The Gods River is a tributary of the Hayes River). The sum of 

estimated drainage areas of several smaller rivers (i.e. Burntwood, Grass, Limestone, Kettle, 

upper Nelson, lower Nelson, lower Hayes, Kaskattawan and Owl Rivers) is 1.5 times the 

published (WSC) drainage area of the Gods River. 
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The coastal region of the Severn River is accounted for by using a factor of 0.28 of 

the Severn data (the factor derived from combining estimated drainage areas of the lower, 

Severn River and ungauged areas east and west of the river). 

The runoff into the southwestern sector of Hudson Bay (Region % ) is thus obtained 

by the following equation whose values are listed in Appendix B (Table B. 1). 

Runoff into Region I = Nelsoni- 1.87(Seal) + Churchil% -i- Hayes+ %.fi(Gods) + 1.28(Severn) 

2.2 Region 11, the NW sector of Husdon Bay 

The major runoff contributors to this region (Chesterfield Inlet) are the Thelon, 

Kazan and Quoich Rivers. Only the Kazan has a 20-year record (1965-84). It was necessary 

to estimate data for 1963-65 for the Kazan and 1963-72 for the Thelon Rivers by extrapolating 

data from the Seal, a neighbouring river in the adjacent region (Table 2). A monthly variable 

calibration coefficient was used on the Seal River data to account for differences in the timing 

of the spring runoff peak. 

Estimates of discharge values for the coastal region were obtained by using the 

Quoich River data corrected by a factor of 8.36. The Kazan River was not used as  a surrogate 

for the coastal region, although it has the longer period of record because it lies too far inland 

and to the south of the coastal area in question. 

The runoff into the northwestern sector of Hudson Bay is thus obtained by the 

following equation whose values are listed in Appendix B (Table B.2). 

Runoff into Region 11 =Thelon + Kazan + 9.36(Quoich) 

2.3 Region III and IV, the NE sector of Hudson Bav 

The Innuksuac, Kogaluk, Povungnituk, Kovik and other smaller rivers in 

Northern Quebec drain into the northeast sector of Hudson Bay. None are gauged. The 

drainage area of the Innuksuac is equivalent to the Little Whale, an adjacent gauged 
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northern river in middle Quebec; the total drainage area of the Kogaluk, Povungnituk and 

Kovik Rivers are equivalent to that of the Arnaud River (a neighbouring gauged river in the 

northern Ungava Bay region) and combined area of the other smaller rivers as  equivalent to 

the Little Whale drainage area (Table 2). The ungauged coastal region of all is equivalent to 

another drainage area of the Arnaud River. 

The runoff into the northeast sector of Hudson Bay was thus estimated by the 

following equation whose values are listed in Appendix B (Table B.3). 

Runoff into Region III/N = Z.O(Arnaud+ Little Whale) 

2.4 Reg;ion V . the SE sector of Hudson Bay 

The rivers included in the SE drainage sector of Hudson Bay are the Denys, Great 

Whale, Little Whale and Nastapoca Rivers.The Winisk River from northern Ontario was 

included in this middle Quebec region because its discharge quickly drifts into Region V of 

Hudson Bay. The coastal areas north of the LaGrande River including the Roggan River of 

northern James Bay are also included. The Nastapoca River is not gauged and the records for 

the Winisk and Little Whale Rivers are incomplete for the early years. The coastal regions 

are accounted for by including two additional gauged Denys units and a factor of 1.6 on each 

unit of river data (Table 2). 

The runoff into the southeast sector of Hudson Bay is thus given by the following 

equation whose values are listed in Appendix B (Table B.4). 

Runoff into Region V = 1.6 [3.0 (Denys) +Great Whale + Little Whale + Winisk] 

2.5 Region VIa, James Bay (Ontario) 

Ontario's runoff into James Bay was calculated from the gauged Ekwan, 

Attawapiskat, Albany, Moose and Abitibi Rivers. The Albany has been regulated since 1939, 

and the Moose and Abitibi since 1963. The coastal area for ail these gauged rivers roughly 
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equals the Attawapiskat drainage area multiplied by a factor of 3 (Table 2). It was necessary 

to estimate data for portions of the 1963-68 period for the Ekwan, Attawapiskat and Albany 

Rivers using data from the Moose and Abitibi Rivers. 

The runoff into western James Bay was estimated by the following equation whose 

values are listed in Appendix B (Table B.5). 

Runoff into Region VIa =Ekwan+ 4.0(Attawapiskat) +Albany +Moose +Abitibi 

2.6 Region VIb. James Bav (Quebec) 

Quebec's runoff into James Bay was derived from three river systems: the 

Nottaway, Broadback and Rupert; the Eastmain and Caster; and the LaGrande and Roggan. 

The Caster and Roggan Rivers are not gauged. The LaGrande and Eastmain Rivers are 

subject to hydroelectric development with the Eastmain being diverted into the LaGrande 

Complex during 1980. 

There are data gaps for the Rupert throughout 1963 and for the Nsttaway and 

Broadback during 1982-83. The Rupert was prorated in terms of two additional Broadback 

drainage areas to estimate 1963 data (Table 2). After 1981, data for the Nottaway and 

Broadback Rivers was estimated using the Rupert River as  a surrogate. A monthly variable 

coefficient was used to accommodate differences in the timing of the discharges. The coastal 

area for the first two river systems was prorated as of two Broadback drainage areas. For 

simplification, the coastal area north of the LaGrande River was transferred to Region V . 

The runoff into eastern James Bay was estimated by the following equation whose 

values are listed in Appendix B (Table B.6.). 

Runoff into Region VIb = Nottaway + 3.0(Broadback) + Rupert + Eastmain + LaGrande 



2.7 Region W, Ungava and Hudson Strait 

This drainage area includes the Arnaud, Feuilles, Koksoak, Caniapiscau, Baleine 

and George Rivers. All are gauged. The Koksoak and the Caniapiscau Rivers were partially 

diverted into the Caniapiscau Reservoir as part of the LaGrande Complex during 1983. The 

Koksoak River is gauged where the Melezes River enters. 

After August 1979, no record exists for the George River. In order to estimate its 

runoff after 1979, the George River drainage system was taken to be equivalent to 1.1 Baleine 

and 0.1 Arnaud drainage areas. 

The Ungava coastal region was taken to be 1.3 times the combined drainage areas 

of the Arnaud and Baleine Rivers. The coastal drainage area of Hudson Strait was prorated 

on the basis of Region I1 data (5%) with widened uncertainties. 

The runoff into Hudson Strait and Ungava Bay was estimated by the following 

equation whose values are listed in Appendix B (Table B.7). 

Runoff into Region W = 2.3(Arnaud + Baleine) + Feuilles + Melezes + Caniapiscau + 
George + Hudson Strait coast 

2.8 Region WI. Foxe Basin 

Gauged data is unavailable. For this reason, estimates were made by prorating 

Region II  data by an areal factor of 0.31 and appropriately widening the estimates of 

uncertainty (Table 4). 

2.9 Uncertainties in Regional Time Series 

An attempt was made to determine the uncertainties in runoff data. The Water 

Survey of Canada provides only a qualitative statement of the accuracy of river discharge 

data. Given that Hudson Bay system rivers are difficult to gauge because of frequent ice and 

enormous spring runoffs, we took, due to lack of any other information, the standard 

deviation uncertainty of gauged data to be -+ 5%. For data synthesized for an  ungauged 
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period by hindcasting using yields from a gauged period and or from a neighbouring gauge 

record, the standard deviation uncertainty is determined from the 'fit' of the 'model'. For data 

synthesized for an ungauged drainage basin by simply multiplication of a neighbouring 

gauged discharge by the ratio sf total area to gauged area, the standard deviation uncertainty 

was taken again due to lack of further information as  15%. Further we make the assumption 

that the uncertainties appropriate to the various component river basins combine as  the 

square root of the sum of squares to yield the estimated deviation uncertainty in the regional 

signal. Since many assumptions were used in the calculation of the uncertainties, their 

numerical values should only be used as  a guide to show that the reliability of the data has 

increased with the years and which region has more reliable data than another. 

2.10 Total-Svstem Time Series of Runoff 

The second objective of this work is to obtain a monthly series of the total runoff 

landward of the mouth of Hudson Strait using time lags reflecting available information on 

the mean surface-layer circulation of the system. It should be noted that precipitation and 

evaporation over the receiving waters are ignored for the present even though over Hudson 

Bay they account for a net yearly loss of a 20 cm layer of freshwater (Prinsenberg, 1980). 

Summation of the runoffs from each region was done using two diff'erent estimates 

for the surface circulation speeds which move the freshwater between the regions. The base- 

drift case (Table 3) uses documented speeds of data collected in late summer a t  offshore 

locations. These circulation speeds most likely underestimate the speeds occuring during the 

spring in the inshore regions where most of the runoff dilution is found. The fast-drift 

scenario uses higher estimates of drift speeds, supported in some cases by measurements. 

Runoff totals for a third zero-drift case using zero phase lags were also obtained. It sums the 

runoff rates entering the total area regardless of the location. To start the time series at  

January 1963, historical 21-year mean runoff rates were used prior to January when 

required, due to phase lags. 
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2.11 Effect of Uncertainties in Drift-Speed and Lag 

The uncertainties in the estimates for the total runoff time series arise in two ways; 

from the measurement uncertainties in the regional series and from possible timing errors in 

estimating the drift-speeds and lags (Table 3). The effect of a one-month uncertainty in 

timing has been evaluated for the fast-drift scenario for each month throughout the year. 

For example, to estimate the timing error for the total August runoff, one works 

backward by the number of months lag from each region. The effect of a one-month timing 

error for this region for this month is measured by the standard deviation of the difference 

between the region's runoff for that particular month and that for the next month. Taking 

Region I with six months lag as an example, the standard deviation of the February-March 

difference in runoff is used as an estimate of the standard deviation uncertainty due to a one- 

month error in lag for this particular month and Region I contribution to the uncertainty of 

total August runoff. 

The standard deviation contributions to the uncertainty of the total are combined 

by converting measurement and timing errors to percentage variances and adding, then 

weighting by the fraction of total runoff contribution by the particular area, and finally 

taking the square root of the sum to give the standard deviation uncertainty of the total 

August runoff. 

In summary, the basic assumption utilized is that the uncertainties are random, 

not systematic, so that 

(A+a)+Af  b)+ .... =A+B+ .... +(a2+b2+ .... 

and, standard deviation measurement uncertainty (m) combines with the deviation timing 

uncertainty (t) to yield a total uncertainty u given by 

u = [m2 + t21' 



3.0 RESULTS 

3.1 Runoff Rates of R e ~ o n s  

The data listed in Table 4 show the relative importance of the eight regions of the 

total Hudson Bay drainage area. The percentage of the total average runoff received is listed 

along with the fraction of the gauged area of each region, and finally the composite standard 

deviation measurement uncertainty for each region. Separate entries are given for time 

periods of different gauge coverage. More details concerning the uncertainties attributed to 

data from particular rivers are given in Appendix A. 

The results of Table 4 show that the total runoff of the Hudson Bay system is 

partitioned mainly between three areas-Hudson Bay proper, James Bay and Ungava Bay in a 

ratio of 4.5 to 3 to 2. The seasonal cycles of historical 21-year averaged runoff rates for these 

main drainage areas are shown in Figure 2 with HB-W as western Hudson Bay, HB-E as 

eastern Hudson Bay, J B  as  James Bay and UB as Ungava Bay. James Bay's spring runoff 

peak occurs the earliest due to its southern location, followed by Ungava Bay and Hudson 

Bay. James Bay's cycle also shows the fall peak associated with increased precipitation in the 

fall. Although, the yearly mean runoff rates into both James Bay and Ungava Bay are lower 

than into Hudson Bay, the runoff per unit area of ocean is larger and thus have a greater 

affect on the salinity stratification in the adjacent receiving areas. In general more gauged 

data has become available in later years with the northern areas lagging those in the 

southern areas (Table 4). This spatial and temporal shift to more gauged data is also reflected 

by a decrease in the estimated uncertainties for these areas and time periods. 

3.2 Tabies and Plots of RePional Time Series 

The time series for the eight regions are tabulated in Appendix B, Tables B. 1 to 

B.8, and plotted in Figures 3 to 9. The time series for Foxe Basin, prorated from Region 11, is 

not plotted. The plots show the monthly runoff and the monthly anomaly for the period 1963 

to 1983. The monthly runoff values show a strong spring freshet ranging from below three 
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times the winter low values for Region I to twenty-five times for Region W. Southern 

regions also show an autumn peak due to rain storms in the fall. 

The effects of river regulation by hydroelectric developments, which transfer runoff 

from spring to subsequent seasons, can be seen, for example, in Region I for the Churchill 

River diversion in 1977 and in Region VIb for the LaGrande Complex in James Bay after 

1980. Appendix B also show time-series plots except that each year is folded back over the 

previous year in order to show visually the interannual runoff variability for each subregion. 

The magnitude of the interannual variability shown by the figures are numerically given 

below the tables of Appendix B as the standard deviation from the 21-year mean for each 

month and yearly mean. 

3.3 Composite Hudson Strait Estimated Runoff Time Series 

Table 5 shows the combined standard deviation uncertainty for 1963 for the total 

runoff signal (fast-drift and base-drift scenarios) exiting Hudson Strait. The one-month 

timing uncertainty for each contributing region was calculated and combined with the local 

measurement uncertainties. Finally the uncertainties of the contributions were combined to 

yield a standard deviation uncertainty for each month total runoff exiting from Hudson 

Strait. The result is that individual monthly estimates of total system runoff have a high 

standard deviation of uncertainty arising more from lack of information about ocean drift 

rates then from measurement inaccuracies. The uncertainties can exceed the coefficient of 

variability in data. Thus we are forced to retreat to consideration of seasonal or annual 

averages. 

The time series of Hudson Bay system accumulated river discharge are plotted in 

Figures 10 and 11, using the base-drift and fast-drift scenarios respectively. These signals are 

also tabulated in Appendix B, Tables B. l l  and B.12 along with the zero-drift case in Table 

B.lO. 
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The zero-drift case's seasonal cycle of low winter and high spring runoff rates 

clearly visible in Figure B.10 are not detectable in the base-drift case Figure B. l l  and 

Figure 10. The runoff peak of the various regions arrive a t  different times a t  the entrance of 

Hudson Strait and reinforce each other less as is the case for a simple summation of the 

runoffs using zero phase lags (Table B.lO). The freshwater flux cycle for the base-drift case 

(Table B. l l )  is inconsistent with the occurrence of a strong salinity minimum occurring in the 

Labrador Current off St. John's in October (Table 6) and presumed to occur in Hudson Strait 

in August. A Labrador Current speed averaging 50 cmls would account for a time lag of 40 

days. The fast-drift case would provide a peak of freshwater flux off St. John's in October. 

However, the strong salinity minimum may not be related directly to runoff but instead to the 

ice-melt of the annual ice-cover. Runoff does however influence the surface circulation and 

together with the wind stress determines the movement of the ice-cover. 

The 21-year mean freshwater fluxes for the two drift scenarios leaving Hudson 

Strait (Figure 12) show that the spring peak seen in the zero-drift case in June is spread 

throughout the year for the base-drift case but occurs for the fast-drift case in August 

although with a broader peak. These cases, however, use constant phase lags which actually 

vary seasonally in response to the runoff itself. More information on the seasonal variability 

of the surface circulation and salinity distribution for the total area is required to determine 

the proper phase lags and thus the timing of the freshwater flux due to runoff leaving Hudson 

Strait. 

3.4 Correlation Results 

The following results are a preliminary effort to determine if the freshwater flux 

through Hudson Strait and from St. Lawrence River correlate with the salinity stratification 

and winter wind anomaly observed on the southern Newfoundland shelf. This work is only 

just begun and our comments in this section serve mainly as suggestions for future research. 
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Annual averages from runoff time series for Region I show weak correlation in the 

scatter plot (Figure 13) with RIVSUM, the composite series of St. Lawrence rivers' discharges 

(Table 6). 

Region I represents the large drainage area of the Prairies which neighbours in 

the northwest to the Great Lakes area represented by RIVSUM. Although, both these areas 

are affected by the same continental weather patterns, only a weak correlation is shown. On 

the other hand, the scatter plot between Region W (Ungava Bay) and the St. Lawrence River 

(Figure 14) show a negative weak correlation suggesting that the Ungava Bay region may be 

affected more by the Atlantic coastal weather patterns than the continental weather patterns. 

The precipitation rates of the continental and Atlantic weather patterns appear to be out of 

phase with each other. The James Bay Region VIb is affected by both and shows no definite 

correlation feature (Figure 15). 

Figure 13 may also reflect some of the man-made effects on the environment. The 

diversion of the Churchill River in 1975 and the increased irrigation on the Prairies has 

decreased the runoff of Region I since 1975 (ignoring the two post El Nino years of 1973 and 

1974). At the same time land clearing due to large urban developments around the Great 

Lake Basins may have increased the runoff there. This could perhaps explain the shift in 

location from the ,66275 year runoff group to the '76-'83 year group in Figure 13. The runoffs 

of 1963 to 1965 were very low in both regions indicating a prolonged dry spell for the North 

American continent. 

In Figure 16, the freshwater flux of the fast-drift scenario, is compared to the 

RIVSUM. The correlation is practically zero, yet the two year grouping still occurs. The 

statistical data for Figures 13 to 16 comparing regional and total runoff cycles of Hudson Bay 

with that of the St. Lawrence is listed in Table 7. 

As shown in Figure 17, there is a negative correlation, significant a t  something less 

than the 90% level after correction for autocorrelation, between the annual average runoff a t  

the mouth of Hudson Strait and the geostrophic winds over the Labrador Shelf for winter of 
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the same year. This suggest that anomalous southeast winds carry moist air and are 

associated with high runoff. 

Figure 18, relates the freshwater flux of the fast-drift case with Station 27 salinity. 

No correlation is found. However again here, as in Figures 11 and 14, the possibility arises 

that some other factor is imposing a separation into two groupings (e.g. bimodal). The results 

of Figure 19, fast-drift runoff versus Station 27 temperature, are similar. The statistical data 

for Figures 17 to 19 is listed in Table 8. 



4.0 CONCLUSION 

For the twenty-one year period of 1963-1983, time series of monthly mean runoff 

rates were obtained for eight drainage areas covering Hudson Bay, Foxe Basin and Hudson 

Strait. The data was presented in table and figure formats. Monthly mean runoff cycles of 

the total and subregions of Hudson Bay and Hudson Strait region show strong seasonal 

variability with low winter values and high spring values. The runoff ratios of spring to 

winter values range from 25 to 1 in northern areas to 5 to 1 in James Bay and to less than 3 to 

1 for the large drainage area of the Nelson River. Contributions for the total region's yearly 

mean runoff value of 2.7 X 104m3s-' is partitioned mainly between three regions; Hudson Bay, 

James Bay and Ungava Bay in a ratio of 4.5 to 3 to 2. Summations of the monthly runoff rates 

were done using three oceanic circulation conditions; zero-drift, base-drift and fast-drift. The 

zero-drift case is simply a summation of the subregions while the base-drift and fast-drift 

cases calculated time series of monthly freshwater fluxes leaving Hudson Strait using two 

different circulation conditions. Correlation analysis was done with the runoff rates 

(subregions and total) and oceanographic and atmospheric conditions of the Labrador Sea. It 

was found that the annual runoff variability is partly influenced by (correlated with) the 

continental weather patterns through the western drainage regions and partly by Atlantic 

Ocean weather patterns through Ungava Bay and James Bay drainage regions. 
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Table 1. Gauged and ungauged drainage areas in (1000 km2) of the eight subregions of the 
Hudson Bay - Ungava Bay Region. 

V (Mid-Que./NE Ont.) 
VIa (W James Bay) 
VIb (E James Bay) 
VII (Umgava/Hudson St.) 
W[ (Foxe Basin) 

256.4 
263.1 
0.0 

43.5 
96.3 
155.0 

299.9 
359.4 
155.0 

3125.9 
3485.3 
3640.3 

8.3 
9.9 
4.2 
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Table 2. Gauged and ungauged drainage areas and period of gauging for individual rivers. 

River and 
Region 

Region I (Man. +N. Ont.) 

Seal 
Nelson 
Churchill 
Hayes 
Gods 
Severn 

Total 

Region 11 (N.W.T.) 

Thelon 
Kazan 
Quoich 

Total 

Region III/IV (N. Que.) 

Innuksuak 
Kogaluk 
Povungnituk 
Kovik 
Others 

Total 

Region V (Mid. Que.) 

Denys 
Great Whale 
Little Whale 
Nastapoca 
Winisk 

Total 

Gauged Drainage 
Area ( X 103km2) 

48.2 
1010.0 

287.0 
103.0 
(65.5) 
94.3 

1542.5 

154.0 
72.3 
28.7 

255.0 

- 
- 
- 
- 
- 
- 
= 0.0 

4.7 
36.3 
10.4 
- 

50.0 

101.4 

Ungauged Drainage 
Area ( X 103km2) 

41.93 

1 98.25 

26.40 

- 166.60 

240.0 

240.0 - 

16.5 
13.0 
27.5 
10.0 
13.0 
- 
- 80.0 - 

3.5 
5.9 
6.3 

20.0 
29.0 
- 
77.0* 

Gauged 
Period (years) 

1963 67 71 75 79 83 

I I I I I I  
I/ 
I/ 

I 2  
u 

I 2  
I 2  

1963 67 71 75 79 83 

I  I I I I I  
I d  

I d  
I 2  

Not gauged 

1963 67 71 75 79 83 

I I I I I I  
I I  
I I  
I I  

I d  



Table 2 (continued). Gauged and ungauged drainage areas and period of gauging for individual 
rivers. 

963 67 71 95 79 83 

I I  
- 

1963 67 71 75 79 83 

I I I I I I  
I L  
I L  
I 
I d  

I- 

Region Vll (Ungava Bay and 
Hudson Strait) 1963 67 7% 75 79 83 

I I I I I I  
I L  
I L  
I L  
I d  
I I  
I I  

Region V (Mid. Que.) 

* 12.3 X lo3 km2 of region VIb is accounted for in Region V . 



Table 3. Drift speed and time lag estimates used in synthesizing a total runoff signal. 

Footnotes on references: 
i. Prinsenberg, 1986a; ii. Prinsenberg & Freeman, 1986; iii. Prinsenberg, 198613; 

iv. Drinkwater, 1986. 

Region 

I -SW Hudson Bay 
11-NW Hudson Bay 
III-NE Hudson Bay 
IV-E Hudson Bay 
V - SE Hudson Bay 
W a-W James Bay 
Wb-E James Bay 
VII-Ungava Bay 
MII-Foxe Basin 

Drift speed 

( c ~ s )  

base-drift 

51iI 
5[il 

1 O[i] 
51il 

lO[ii] 
1 O[ii] 
lO[i,ii] 
30[iv] 
3O[iii] 

Time lag to mouth 
of Hudson Strait 

(months) 

fast-drift 

20 
20 
20 
20 
20 
20 
20 
30 
5O[iii] 

base-drift 

6 
8 
1 
2 
4 
6 
5 
0 
2 

fast-drift 

2 
3 
1 
1 
2 
3 
2 
0 
1 



Table 4. Estimated standard deviation measurement uncertainties in regional time series 
of runoff. 

* Includes Region IIl 



Table 5. The uncertainties (% of mean) of the total runoff 
exiting Hudson Strait in  1963 for the fast-drift 
and base-drift cases. 

Table 6. Time series data used for correlations. Winter wind anomaly data provided 
by Dr. K. R. Thompson, Dept. of Oceanography, Dalhousie University, while 
remaining data by Dr. K. F. Drinkwater, Bedford Inst. of Oceanography. 

Station 27 
Temperature 

"C 

3.48 
2.57 
2.69 
3.05 
3.40 
3.35 
3.24 
3.40 
3.20 
2.27 
2.62 
2.16 
1.90 
2.84 
3.11 
3.07 
3.26 
2.53 
3.37 
3.18 
3.25 

Year 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

Labrador Shelf 
Wind Anomaly 

m/s 

-0.49 
-3.66 
-5.44 
-6.56 
-2.40 
-2.40 
-2.73 
-2.42 
-4.00 
-0.98 
-2.65 
-3.25 
-2.07 
-0.29 
-4.23 
-4.42 
-2.48 
-2.72 
- 
- 
- 

St. Lawrence 
RIVSUM 
100 m3/s 

84 
86 
89 

100 
106 
102 
109 
106 
102 
114 
127 
127 
110 
123 
106 
110 
118 
113 
115 
106 
115 

Station 27 
Salinity 

%o 

32.04 
32.25 
32.14 
32.09 
32.01 
31.95 
31.96 
31.58 
31.73 
31.95 
31.87 
31.77 
32.11 
32.06 
31.86 
32.00 
32.04 
32.03 
31.92 
32.12 
31.75 



Table 7. Statistics for comparison regional and total runoffs rates with St. Lawrence runoff 
shown in Figures 13 to 16. 

* with RIVSUM 

Std. Dev. Unc. (Iyr) 

Table 8. Statistics for comparison Labrador Shelf parameters and Hudson Strait fresh-water 
flux (fast-drift) as shown in Figures 17 to 19. 

Correlation* 
Data in Figure 

-- 

* with Fast-drift Hudson Strait freshwater flux. 

1.0 
13-16 

Hudson Strait 
Fast-drift 

0.24 
13 

Station 27 
Temperature 

-0.37 
14 

Station 27 
Salinity 

Labrador Shelf 
NW Wind 

-0.05 
15 

-0.07 
16 





Figure 2. Twenty-one year averaged monthly runoff cycles for James 
Bay (JB), western Hudson Bay (HB-W), eastern HudsonBay 
(HB-E) and Ungava Bay (UB). 
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Figure 12. Monthly runoff cycle (21-year average) for the zero-drift, 
basedrift and fast-drift cases. 



RIVSUM (1000 M"/S> 

Figure 13. Scatter diagrams of annual averaged runoffs of Region I , 
southwestern Hudson Bay, and St. Lawrence River 
(RIVSUM) for 1963-1983. 



RIVSUM C1000 M ~ / s )  

Figure 14. Scatter diagram of annual averaged runoff of Region W, 
Ungava Bay and St. Lawrence River (RIVSUM) for 1963- 
1983. 
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RIVSUM C1000 M ~ / s )  

Figure 15. Scatter diagram of annual averaged runoffs of Region VIb 
(eastern James Bay) and St. Lawarence River (RIVSUM) for 
1963-1983. 



RIVSUM (1.000 M ~ / s )  

Figure 16. Scatter diagram of annual averaged runoffs of fast-drift case 
and St. Lawrence River (RIVSUM) for 1963-1983. 



WIND CM ' / s >  

Figure 17. Scatter diagram of annual averaged runoffs of fast-drift case 
and average winter geostrophic wind anomaly over the 
Labrador Shelf. 
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Figure 18. Scatter diagram of annual averaged runoffs of fast-drift case 
and salinity values at Station 27. 
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Figure 19. Scatter diagram of annual averaged runoffs of fast-drift case 
and temperature at Station 27 (10-50 m). 





Appendix A. Tables of estimated uncertainties and monthly discharge factors. 

Table A.1. Monthly standard deviation uncertainties* (%) of rivers or their substitutes 
contributing to runoff of Region I . 

* The second uncertainty refers to ungauged area. 

TableA.2. Monthly standard deviation uncertainties (%) of rivers on their substitutes 
contributing to runoff of Region 11. 

Nelson 
Seal 
Churchill 
Hayes 
Gods 
Severn 

Total (Table 4) 

66-69 

5 
5/15 

3OISeal 
34lSeal 

511 5 
151Winisk 

6.6 

63-65 

5 
511 5 

30lSeal 
34fSeal 

511 5 
25lSeal 

6.7 

Thelon 
Kazan 
Quoich 

Total (Table 4) 

70-71 

5 
511 5 

3OISeal 
151Gods 

5/15 
511 5 

6.0 

63-65 

25lSeal 
20lSeal 

25129lSeal 

16.4 

72-73 

5 
511 5 

5 
151Gods 

5/15 
511 5 

3.3 

74-83 

5 
511 5 

5 
5 

511 5 
511 5 

3.2 
1 

66-71 

25lSeal 
5 

25129lSeal 

16.1 

72 

25lSeal 
5 

511 5 

10.6 

73-83 

5 
5 

5/15 

7.5 



Table A.3. Monthly standard deviation uncertainties (%) of rivers 
or their substitutes contributing to runoff of Region I1I and TV. 

25lLittle Whale 25lLittle Whale 

TableA.4. Monthly standard deviation uncertainties (%) of rivers or their substitutes 
contributing to runoff of Region V . 

Deny s 
Great Whale 
Little Whale 
Winisk 

Total 

64-65 

5 
511 5 
511 5 

25/29/G. Whale 

8.9 

63 

5 
5/15 

1011 8/G. Whale 
25/29/G. Whale 

8.9 

66-83 

5 
511 5 
5/15 
5/15 

3.9 



TableA.5. Monthly standard deviation uncertainties (%) of rivers or their substitutes 
contributing to runoff of Region VIa. 

TableA.6. Monthly standard deviation uncertainties (%) of rivers or their substitutes 
contributing to runoff of Region VIb. 

Ekwan 
Attawapiskat 
Albany 
Moose 
Abitibi 

Total 

63-66 

351 Moose 
35,) + 
201 Abitibi 

5 
5 

16.4 

Nottaway 
Broadback 
Rupert 
Eastmain 
LaGrande 

Total 

66-67 

291Albany 
291Albany 

5 
5 
5 

12.6 

63 

5 
5/15 

15lBroadback 
5 
5 

3.3 

68-83 

5 
511 5 

5 
5 
5 

4.9 

64-81 

5 
5/15 

5 
5 
5 

2.7 

82-83 

1 OIRupert 
1 OIRupert 

5 
5 
5 

4.4 



Table A.7. Monthly discharge ratios for river substitutions. 

Jan. 
Feb. 
Mar. 
Apr . 
May 
June 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

3.76 
4.63 
5.46 
4.36 
2.03 
1.48 
1.55 
1.97 
2.13 
2.22 
2.44 
2.73 

1.49 
1.45 
1.43 
1.35 
1.58 
1.72 
1.54 
1.52 
1.52 
1.45 
1.36 
1.44 

1.49 
1.58 
1.70 
1.38 
1.57 
1.58 
1.50 
1.67 
1.55 

' 1.28 
1.28 
1.46 

1.91 
1.87 
1.92 
1.80 
2.85 
1.73 
1.53 
1.74 
1.70 
2.05 
2.24 
2.10 

1-40 
11 .62 
1-87 
2.115 
1.94 
0.88 
0.79 
0.90 
1.06 
1.31 
1.30 
1.26 

0.76 
0,77 
0.75 
0.97 
1.12 
0.77 
0.81 
0.80 
0,79 
0.9% 
0.86 
0.72 

0.22 
0.23 
0.24 
0.20 
0.10 
0.20 
0.19 
0.19 
0.20 
0 20 
0.22 
0.21 



Appendix B. Tables and plots of monthly runoff rates for subregions. 

Monthly runoff rates for each of the subregions of the total Hudson Bay-Hudson 

Strait drainage area are listed in table format and shown by time-series plots. Rates are 

listed for the period of January 1963 to December 1983 along with the 21-year historical 

means and yearly means. Total runoff rates (sum of all regions) are given by files 1 0 , l l  and 

12 as a zero-drift, base-drift and fast-drift scenarios using the phase lags for each subregion as 

listed below the tables. The tables and figures are found at: 

Subregion 

Hudson Bay SW 
Hudson Bay NW 
Hudson Bay NE 
Hudson Bay E 
Hudson Bay SE 
James Bay W 
James Bay E 
Ungava Bay 
Foxe Basin 
Total (Zero-drift) 
Total (Base-drift) 
Total (Fast-drift) 

Region # 

I 
I I 
111 
N 
V 
VI a 
VIb 
W 
WI 
- 
- 
- 

File # 

1 
2 
3 

5 
6 
7 
8 
9 
10 
11 
12 

Pages 

50-51 
52-53 
54-55 

56-57 
58-59 
60-61 
62-63 
64-65 
66-67 
68-69 
70-71 
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Figure B-1. Runoff cycles of 1963 to 1983 for SW Hudson Bay, Region I . 
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Figure B-2. Runoff cycles of 1963 to 1983 for NW Hudson Bay, Region 11. 
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Figure B-3. Runoff cycles of 1963 to 1983 for E Hudson Bay, Regions El and IV. 
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Figure B-4. Runoff cycles of 1963 to 1983 for SE Hudson Bay, Region V . 
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Figure B-5. Runoff cycles of 1963 to 1983 for W James Bay, Region VIa. 
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Figure B-6. Runoff cycles of 1963 to 1983 for E James Bay, Region VIb. 
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Figure B-7. Runoff cycles of 1963 to 1983 for Ungava Bay, Region VII. 



i.ii I--. . .. 
I-. 

ccr 
ill 

iTi 

ill 
& 

w I-I- I- I--I-I- I-I-+-I- 

I:I:I -.Xi I+ i-Q --.J 1x1 I- i:f:i ixi s:i:i [ . i s  p 1x8 r,:~ p,:i #>:I --.I r c,:i I- I- 
El a El ai iM 1:rI a .1  W '.ii w cq 13 cd El ci:i $yi CO <I PI I 3  * 
1 5 1  --.I & - I:I:I C,:I -..J tTi em> * . i t  i-ll 17~ 1x1 & i-,:i r,> C.:I 1x1 -..J I- 



MONTH 

Figure B-8. Runoff cycles of 1963 to 1983 for Foxe Basin, Region VE. 
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Figure B-10. Runoff flux cycles of 1963 to 1983 leaving Hudson Strait (Zero-drift). 
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Figure B-11. Runoff flux cycles of 1963 to 1983 leaving Hudson Strait (Base-drift). 
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Figure B-12. Runoff flux cycles of 1963 to 1983 leaving Hudson Strait (Fast-drift). 
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