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. Canada’s hydrometric network commenced in the 1890’s, as a means to develop irrigation plans . Hydrometric gauges for this study are selected on the basis of two criteria: S - = ?eg’omtsl' 15 ol o
and reached maximum of 3417 operational hydrometric stations in 1984 (Scott ef al. 1999). 1) Hydrometric gauges must be near the river’s outlet. e T ) b elzlera ITenCANGIeases, 1evels O
. Most of the stations are located in the southern half of Canada leaving fewer stations to cover the 2) Rivers need to have a relatively long period of hydrometric record. ~5 D“{:z;";'it then decreases.
broad territorial expanse extending north of 60°N latitude (Scott ef al. 1999). E 3 0 Ontario 2 Since 1992 Canada’ ;
Arctic . The study period (1950-2008) is limited to 59 years since data availability and quality, particularly in e o uebee ) nzlce ¢ hana 4 erna.xuﬁunzl
. In comparison to other oceans, the influence of river runoff is more pronounced in the Arctic northern regions, degrades substantially prior to . S 3 @ Labrador ; ] ]
In comparison to oth , the infl f ff P d in the Arct rth degrades substantiall to 1950 S ot el
Ocean because it is the most land-locked (Vorosmarty ez al. 2001) and shallowest ocean in the ;:} i clined Dy 157%.
world (Jakobsson 2002). .+ Hydrometric Data for the period 1950 —2008 are extracted (when and where available) from: 2 3) The Mackenzie and the Nelson Ri
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. A disproportionate amount of global surface runoff (11%) flows into the Arctic Ocean that 1) Water Survey of Canada’s (WSC) hydrometric database (HYDAT;, available online at o, ) . ~ act e;)l Zie ?n } vl Sgl WF !
contains 1.2% of the total ocean water (Shiklomanov 2000). http://www.wsc.ec.gc.ca/). Sg i ;ms Eon H Tu o argedpl\o/[ ¥ - g
. Déry et al. (2009) estimated the average river discharge in northern Canada to be 1153 km’ yr™! 1) Ministére de I’Environnement du Québec (http://www.cehq.gouv.qc.ca/suivihysro/default.asp 0 & el e ?mto :
for 1964-2007 (Information generated by this research 1s provided online at http:/nhg unbc.ca/ipy). (Only for Québec). TRROIRNR (RRRiIBeR TvISiS e sRy TR eelan® management regions, respectively.
Previous Studies 1) Hydro-Québec (Only for the intensively dammed La Grande Riviere in Québec). Year
. Lammers ef al. (2001) and Shiklomanov ez al. (2002) reported a notable decline in the number of 2) United States Geologic Survey (http://waterdata.usgs.gov/nwis) (Only for the Yukon River). Keypoints: .
hydrometric stations in gauged area for the pan-Arctic domain of Eurasia and North America af- > Faa & | | . | | 1) Manitoba management region is re- Flgl:ls'e 2 :
ter 1985. | | | | | . For qomplllng hydrometric tlmc.e series foor the 91 rivers, different equ.atlons where used depending on the sponsible for 79% of the decline in 1958. :
. Lanfear & Hirsch (1999) examined the United States Geologic Survey (USGS) stream gauging location of gauges and completion of their hydrometric records. For instance: _ 081 0 /_/.4-\ - m .
stations within its management area and revealed long-term records have also been in decline. ~ < 2) NWT management region is responsi- é Z.: ! \P’\ g
X Speqce & Burke (2098) highlighted the need to improve the already very sparse hydrometric e e ble for 98% of ihe decline intloca. - - H_|'Lm_ R o [ _E
monitoring network in northern Canada. plete hydrological record = 0 T e T o 523
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. In Canada, appl;joxuinately 60% of river discharge flows to northern latitudes, contributing about throughout the period 1993—-1998. : % 2
4.2% (1987 km’ yr™) of the world’s renewable water supply. g - .4, @ a given management \ E 0* Ly
+ The combination of harsh environmental conditions, lack of infrastructure, and the redirection of \‘ D o t?:%;h:ugi}aélllg;%%i(} 4) NWT and Ontario management re- el - — Cumuiatve
government priorities and funds have made it increasingly more difficult to monitor river dis- .y - ble for the - -1 ' : : ' : °
: . tributing watersheds (e.g., sum gions are responsible for the increase in 1950 1960 1970 1980 1990 2000
charge in northern Canada (Grabs ef al. 2000; Shiklomanov ef al. 2002). S £ watersheds A B and C i 1999 Yea
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. Without an adequate hydrometric network, our understand of the hydrological cycle 1s limited. oo i T Fig. 2), ie..
. The goal of this paper 1s to assess the effectiveness of Canada’s monitoring of pan-Arctic river complete hydrological Figure 3 Keypoints: | |
discharge from 1950 to 2008. record) then we use, n 100 Y - 1) Yukon, Manitoba, Labrador have relatively constant
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. The Canadian pan-Arctic region covers an area of 8.23 x 10°km® or more than three-quarters of gg“gf;ﬁhﬁ cc?rsngllgitelp . A, = Total gauged area g ] : 3) Nunavut does not commence monitoring until 1964 and
Canada hydrometric records T, = Number of days for the %, S B _— gauged area does not exceed 25%.
. The study area 1s defined geographically by rivers flowing into high-latitude oceans, and downstream gauge § o —
politically by the hydrometric gauges established within Canada. 1, A, +1,4, . L Ap = Downstream gauged area S w01 - 4) Québec and Ontario’s gauged area declines dramati-
. Within the study area, we further grouped hydrometric gauges into management regions defined 4, = D T 2 2 D = Number of days for that g ] ' cally in recent history.
. D - - - . = 40 - d
by the drainage areas of each provincial and territorial boundary (referred hereafter as provincial ' ) year (1.e., 365 or 366) T ) _
management regions). . . | |Ty =Number of days for the § oA —aquesee 1 5) No more than 65% of the Canadian pan-Arctic is ever
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® # f::rzzzr I . As far as we know, the details of our methods for assessing the effectiveness of hydrometric . Significant declines 1in gauged area are apparent for the Ontario, Quebec, and Nunavut management regions.
monitoring 1s the first of its kind and different than previous studies (e.g., Lammers et al.
iy 2001; Shiklomanov ef al. 2002). . Because this study focuses on the most downstream gauges, a single decommissioned or malfunctioned
gauge could potentially have an adverse effect on the total gauged area. For example, the decommissioned
. This study provides supporting evidence for the deterioration of Canada’s river discharge gauge at Arctic Red River (station 10LC014) on the Mackenzie River in 1997 reduced the total gauged arca
3 = monitoring network 1n the pan-Arctic region. In particular, since 1988 Canada’s gauged by 14% (or 448,200 km” in area).
i E area has declined from 64% to 56 % (or 0.70 x10° km” in area), which is the equivalent of
; losing the monitored area of Alberta. . The Nunavut management region has the shortest hydrometric period and the worst gauged area representa-
P tion in Canada due to the harsh environmental conditions, remoteness, large arca, and small population. In

. The primary reason for the network decline in Canada can be attributed to the reduction of general, the Arctic Archipelago has less than 1% of its surface area gauged (Déry & Wood 2005).
government funds for water monitoring networks. In 1995, a government program review
targeted Environment Canada with an overall budget reduction of approximately 35% (Pilon . As inferred by Spence & Burke (2008), the lack of effective monitoring reduces our ability to accurately pre-
et al. 1996). As shown by our study, this resulted in an immediate decline in the total dict the state and dynamics of freshwater flux from the Arctic Archipe

gauged area for the Canadian pan-Arctic region.

chipelago.

REFERENCES ACKNOWLEDGEMENTS

Dery, S. 1. & Wood, E. F. 2005, Geophys. Res. Lert. 32, 1L10401, doi:10.1029/2005GL022845. Pilon, P. J., Day, T. I., Yuzyk, T. R. & Hale, R. A. 1996, Can. Water Resour. J. 21, 157-163.
Déry, S. J., Hemandez-Henriquez, M. A., Burford, J. E., and Wood, E. F. 2009, Geophys. Res. Lett., Scott, D., Yuzyk, T. R. & Whitney, C. 1999, In: Proceedings of the CWRA 52" annual conference 2 Tt A b * : 4§ \ o s e \ o vy _( R _
s e R We thank D. Morin, J. Lacasse, W. Larouche, and G Durand (Ministére de I’Environnement du Québec), D. Paquette and R. Roy (Hydro-Québec), L. Campo, T.

Grabs, W. E., Portmann, F. & de Couet, T. 2000, In: The Freshwater Budget of the Arctic Ocean. Shikl A L ,R.B. & Vor6 , C.J. 2002 Eos. Trans. AGU. 83(2), 13-16. 3 AN/ 3 ; £ o . : - i 5 . o [ e [ g e
e el e b s il il S e e @ Arseneault, H. Wills, R. Wedel, and C. Spence (Environment Canada) for providing hydrometric data and comments on their reliability. This study was sup-

Jakobsson, M. 2002, Geochem. Geophys. Geosyst. 3(5), 1028, doi:10.1029/2001GC000302. Spence, C. & Burke, A. 2008, J. Hydrol. 362, 247-259. : : : ? Z :

Lammers, R. B., Shiklomanov, A. 1., Vérdsmarty, C. J., Fekete, B. M. & Peterson, B. J. 2001, J. Geo- Vérdsmarty, C. J., Hinzman, L. D., Peterson, B. 1., Bromwich, D. H., Hamilton, L. C., Morison, J., ported by the Government Of Ca‘na’da’ S IPY progra'm
phys. Res. 106(4), 3321-3334. Romanovsky, V. E., Sturm, M. & Webb. R. 8. 2001, Arctic Research Consortium of the

Lanfear, K. J. & Hirsch, R. M. 1999, Fos. Trans. AGU. 80(50), 605-607. U.S.. Fairbanks, Alaska. p.84.



